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Summary

Autism is an early onset neurodevelopmental disorder affecting three core 

areas of behaviour -  communication, social interaction and restricted repetitive 

behaviour. Although family and twin studies indicate a genetic contribution to 

the aetiology of autism, definitive susceptibility genes have yet to be identified. 

Heterogeneity of autism phenotype has been proposed as a theory for lack of 

genetic associations. This research encompassed three aspects of autism 

genetic research: analysis of the autism phenotype, genetic based studies and 

molecular characterisation of positive associations.

One theory of the autism phenotype suggests that each behaviour is inherited 

separately and may be due to different genetic aetiologies. It was hypothesised 

that refinement of the phenotype into more homogenous sub-components 

would facilitate phenotype-genotype analyses which would enhance the 

understanding of the genetic aetiology of autism. A principal components 

analysis was undertaken on the Autism Diagnostic Interview-Revised to 

investigate the existence of sub-phenotypes. The principal components analysis 

was undertaken in the Irish autism sample and followed up in a large cohort of 

subjects recruited for a whole genome study as part of the Autism Genome 

Project. Effects of correlation matrices and missing data were tested, but neither 

had an effect on the overall outcome. Five components were revealed social 

communication, loss of language skills, verbal behaviours, insistence on 

sameness and repetitive sensory motor actions. There were utilised for 

phenotype-genotype studies.

Three phenotypes, social communication, insistence on sameness and 

repetitive sensory motor action, were assessed for association in hypothesis 

driven candidate gene selection. Two candidate gene systems were assessed, 

genes implicated in social cognition and serotonin genes implicated in 

obsessive compulsive disorder. The serotonin genes implicated in obsessive 

compulsive disorder were assessed for the role in the aetiology of autism as 

whole and with the derived restricted repetitive behaviour components, 

insistence on sameness and repetitive sensory motor action. The results from



this study support the hypothesis that different aspects of the autism phenotype 

may be due to different genetic aetiologies. Genes implicated in social cognition 

were evaluated for their relationship to autism as a whole as well as with the 

derived sub-phenotype social communication. Positive associations were seen 

in both the oxytocin receptor and vasopressin receptor implicating receptor 

malfunction. The social cognition set of genes remains an important candidate 

system in the aetiology of autism and in particular in the role of social 

communication behaviours in autism.

Positive associations from genetic analyses were assessed for molecular 

consequences. The three techniques were applied that involved understanding 

the regulation of RNA expression. The relationship between RNA expression 

levels of OXTR in the human amygdala and genotypes was explored. RNA 

expression between cases and controls in three genes {OXTR, OXT, and 

AVPR1A) and allelic expression imbalance were examined in lymphoblast cell 

lines. The study confirms the presence of c/s-acting variation influencing OXTR 

expression in both lymphoblast and post-mortem brain tissue arising mostly 

from the intron 3 region of the gene. Furthermore, expression differences 

between cases and controls were seen for OXT with expression of OXT higher 

in individuals with autism than controls. Finally, luciferase gene reporter assays 

were applied to assess effects of variants in regulatory regions. Polymorphisms 

were examined in a disease relevant cell line (human neuroblastoma cell line 

(SH SY-5Y)) and the Chinese hamster ovarian (CHO-K1) cell line. Gene- 

reporter assays showed both upstream promoter polymorphisms of AVPR1A, 

RS1 and RS3, are functional polymorphisms influencing promoter activity. 

Longer polymorphisms of both variants are relatively more transcriptionally 

active than shorter polymorphisms. Moreover, potent c/s-acting variation was 

seen in the AVPR1A gene but it did not clearly correlate to any currently known 

polymorphisms. The identification of unequivocally functional SNPs, possibly via 

re-sequencing, would be of relevance to future association studies. Indeed the 

inconsistencies in the associated SNPs between studies could be due to an 

inefficiently tagged unknown functional variant.
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1 Introduction

1.1 Autism
Autism is a complex neurodevelopmental disorder characterised by impairments of 

varying severity in three core areas: communication, social interaction and 

repetitive behaviour. The word autism was first coined in 1911 by the Swiss 

psychiatrist, Eugene Bleuler. He used the term with relation to schizophrenia to 

describe the difficulty patients had in relating to others. Over 30 years later the 

modern definition of autism as a disease state was described by Leo Kanner in 

1943 (Kanner 1943). Using a sample of only 11 children, Kanner described what is 

now known as the triad of behaviours -  social interaction, communication and 

repetitive behaviour. A year later Hans Asperger described a similar condition; in a 

larger sample of 400 individuals, Asperger noted deficiencies in speech, non-verbal 

communication and social interactions (Asperger 1944). Asperger’s sample was 

largely of normal IQ leading to the current understanding of Asperger’s syndrome 

as a condition in which autistic-like impairments are seen in individuals of 

otherwise normal functioning.

Today, autism and Asperger’s syndrome are known as autism spectrum disorder 

(ASDs). Further classification in the diagnostic manuals; International Classification 

of Diseases 10 (ICD-10) (Organization 1992) and Diagnostic and Statistical Manual 

of Mental Disorders (DSM-IV) (Association 2000) group ASDs with other conditions 

such as Rett syndrome to form a larger category known as Pervasive 

Developmental Disorders (PDDs). Pervasive Developmental Disorders comprise 

classic autism, childhood disintegrative disorder, Rett syndrome, as well as other 

disorders considered to be a part of the autism spectrum such as Asperger’s 

Syndrome and pervasive development disorder not otherwise specified (PDD-NOS 

or atypical autism) (Figure 2).
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Figure 1. DSM-IV Pervasive Developmental Disorder Classification. Autism and Asperger's 

Syndrome form a group Icnown as Autism Spectrum Disorders (ASDs). ASDs are part of a 

larger classification known as Pervasive Developmental Disorders (PDDs).

1.2 Epidemiology
A meta-analysis of autism epidemiological studies puts the current estimate of the 

prevalence of autism in the general population at 11 per 10,000 (Fombonne 2003). 

This figure increases to 37 per 10,000 when a broader diagnosis is used, 

encompassing all ASD (Fombonne 2005). The number of reported cases of autism 

has increased dramatically since the early 1980’s. An American study, by the US 

Department of Developmental Services, reported a 556% Increase in autism 

prevalence between 1991 and 1997 (Association 2000). The reason for this 

increase is unknown as yet. It is hypothesised to be due to increased awareness of 

autism including increased recognition of milder forms of autism, both in the 

general population and among the medical profession. Changing diagnostic criteria 

may also have affected prevalence rates. In the U.S., increase in autism diagnosis 

was associated with declines in other diagnostic categories, indicating a diagnostic 

substitution had occurred (Shattuck 2006). However, unidentified environmental 

risk factors cannot be ruled out.

Like many psychiatric disorders, autism affects males about 4 times more than 

females (Tsai, Stewart et al. 1981). A number of recent epidemiological studies
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have stated the sexual dimorphism is different between low and high functioning 

autism (Abrahams and Geschwind 2008). High functioning autism carries a much 

higher prevalence of males, approximately 10 to 1 (Chakrabarti and Fombonne 

2005). High functioning autism is a colloquial term for individuals with autism who 

have an IQ which falls within the normal range. The sex ratio is reduced to a near 

1:1 ratio in lower functioning groups. The observed sexual dimorphism differences 

between high and low functioning autism may be indicative of different genetic 

aetiologies in those individuals with high functioning autism compared to those with 

low functioning autism.

Only a small number of studies have analysed ethnicity in relation to autism 

prevalence. Croen et al (2002) found increased prevalence of autism in children of 

black mothers and decreased prevalence in children of Mexican-born mothers in 

comparison with children of white, Asian or US-born Hispanic mothers, all of which 

were comparable. Mandell et al (2009) found diagnostic disparity between white 

children and children of ethnic minorities especially pertained to children in the 

ethnic minority group with an IQ lower than 70. They concluded that for children of 

ethnic groups the presence of intellectual disability prevented clinicians from 

assessing any developmental delay.

An American national survey found decreased parental report of an autism 

diagnosis in Hispanic children in comparison with white and black children 

(Schieve, Rice et al. 2006). This may be due to actual genetic differences between 

ethnic groups or possibly different socio-economic levels between ethnicities. A 

number of studies have shown a correlation between socio-economic status and 

prevalence of autism (Hoshino, Kumashiro et al. 1982; Croen, Grether et al. 2002; 

Bhasin and Schendel 2007; Maenner, Arneson et al. 2009). This correlation is 

believed to be a result of ascertainment bias, with parents from a higher socio

economic status better able to access medical help for their children (Wing 1980). 

This has been corroborated in two studies in which access to services was not
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dependent on socio-economic status, and no correlation was seen (Larsson, Eaton 

et al. 2005; Bhasin and Schendel 2007).

1.3 Diagnosis of Autism for Researcli Purposes
Autism is increasingly recognised as a spectrum of disorders with varying levels of 

severity. Furthermore it is recognised that autistic features may occur in the context 

of several intellectual disability syndromes, e.g. Fragile X Syndrome (OMIM 

300624), and other genetic disorders such as Tuberous Sclerosis (OMIM 191100). 

In order to define autism for the purposes of research, diagnostic instruments were 

developed. The most widely used instruments for the purposes of research 

diagnosis are the Autism Diagnostic Interview-Revised (ADI-R) (Lord, Rutter et al. 

1994) and the Autism Diagnostic Observation Schedule (ADOS) (Lord, Risi et al. 

2000). The combined sensitivity and specificity of the ADI-R and the ADOS 

diagnosis is 80% (Risi, Lord et al. 2006). In addition to autism specific research 

diagnostic instruments, measures for intellectual ability and/or a measure of 

adaptive functioning are usually administered.

1.3.1 Autism Diagnostic Interview

The most comprehensive and widely used diagnostic tool for autism remains the 

Autism Diagnostic Inten/iew (ADI). The ADI was created in 1989 by LeCouteur et al 

(1989) and revised (ADI-R) in 1994 by Lord et al (1994). The ADI-R is a semi

structured interview administered to primary care givers by trained interviewers 

with established research reliability. The ADI-R was originally shown to be valid for 

the ages of four to twenty-one (Le Couteur, Rutter et al. 1989). Later studies 

expanded this to individuals with mental ages from 18 months and above (Lord, 

Rutter et al. 1994).

The ADI-R was developed for the purposes of generating research diagnoses of 

autism for molecular genetic studies. It contains 111 items with an ‘ever’ and 

‘current’ score covering the three main diagnostic domains: communication, social 

interactions, and restricted repetitive behaviours. Questions are organised around
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content area and definitions of all behavioural items are provided. It also includes 

questions about developmental milestones and other questions that aid in 

differentiating between autism, language impairments, intellectual disability and 

other pervasive developmental disorders (Lord, Rutter et al. 1994).

Each item has a score on a categorical ordinal scale between 0 and 3. A score of 0 

means the behaviour is not present while a score of 3 indicates extreme severity of 

the behaviour in question. Scores of 1 and 2 encompass the severity of behaviour 

displayed. Furthermore, there are scores of 7, 8 and 9. A score of 7 means there Is 

something abnormal about the behaviour but not of the type specified. A score of 8 

means the question is not applicable and a score of 9 indicates the question was 

not asked or the answer is not known.

Diagnosis of autism is reached through use of the ADI algorithm, which takes 

thirty-six questions from the questionnaire that most capture the three key 

behaviours (communication, social interaction and repetitive behaviours) and 

developmental history. Scores of 3’s are recoded to 2’s on the algorithm. 

Questions are grouped into sub-scales with specified cut-offs. Individuals must 

meet predefined cut-offs in four areas to obtain a diagnosis of autism. Reaching a 

cut-off in three of the four areas is not sufficient for diagnosis. Greater algorithm 

raw scores indicate greater severity of symptoms.

Three different versions of the ADI-R exist. The short version contains only the 36 

questions included on the algorithm. It was created to reduce the amount of time 

needed to complete the questionnaire. The original ADI-R is often referred to as 

the 1995 long version and contains the full 111 items with ‘current’ and ‘ever’ 

portions. The WPS version is an updated form of the 1995 long version with a 

slight reduction in the number of questions (n=93). It has been streamlined to be 

more time efficient than the 1995 long version.
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There are a few limitations to the use of the ADI-R. Parental bias and/or mennory 

are potential confounders on the information collected by the ADI-R. A number of 

questions on the ADI-R deal specifically with behaviours between four and five 

years of age. The older a child is at assessment, the more time has past since 

these key age ranges in the ADI-R. However, the validity and diagnostic reliability 

of the ADI-R have been well established (Lord, Rutter et al. 1994).

1.3.2 Autism Diagnostic Observational Schedule

The Autism Diagnostic Observational Schedule (ADOS) is a semi-structured 

assessment of communication and social interaction. It uses direct observation by 

a trained interviewer to assess the presence and severity of symptoms. The 

current ADOS consists of four modules that are differentiated by patient’s level of 

language and chronological age. Each module contains standard activities that 

allow the examiner to assess specific behaviours associated with autism.

A calibrated severity scale was created for the ADOS to allow for comparability 

across modules (Gotham, Pickles et al. 2009). The scale takes into account the 

module given, chronological age and total raw score. Since the module applied is 

determined by language abilities, the raw score is influenced by verbal IQ. The 

calibrated severity scale takes this into account to reduce the effect of verbal 10 on 

results.

Although the ADOS may be more reliable than the parental observation used by 

the ADI-R, it does require that the child express the behaviour within the allotted 

time, e.g. complex mannerisms, abnormal sensory Interest. Thus it is not of 

sufficient length to adequately assess restricted/repetitive behaviour. In addition, 

developmental delay is not assessed.

1.3.3 Intelligence Quotient (IQ)

The role of 10 in autism is still under debate. It is thought that genetic variation 

affecting autism for normal range 10 individuals is different to, and may not be
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relevant for severe intellectual impairment (Volkmar 2002). Comorbidity between 

autism and intellectual disability has been reported as high as 70% (Gillberg 1992; 

Chakrabarti and Fombonne 2005). Genetic intellectual disability syndromes 

account for approximately 10% of all ASD cases (Abrahams and Geschwind 2008).

IQ level has been used as the main determinant for separating high functioning 

autism from low functioning autism. High-functioning autism is not defined by DSM- 

IV or ICD-10 but has become a common informal term. By colloquial definition, a 

person with high functioning autism generally has a an average or above average 

range IQ, meaning above 70 on a standard IQ test, but still have social- 

communication deficits. A recent study has found that higher verbal and non-verbal 

IQ were linked to better adaptive communication but not socialization (Black, 

Wallace et al. 2009).

A number of recent epidemiological studies have stated that sexual dimorphism is 

different between low and high functioning autism (Abrahams and Geschwind 

2008). Splitting the disorder based upon individuals’ IQ alters the sex ratio. High 

functioning autism carries a much higher prevalence of males, approximately 10 to 

1 (Chakrabarti and Fombonne 2005). The sex ratio is reduced to a near 1:1 ratio in 

lower functioning groups (Chakrabarti and Fombonne 2005). The observed sexual 

dimorphism differences between high and low functioning autism may be indicative 

of different genetic aetiologies in those individuals with high functioning autism 

compared to those with low functioning autism.

Furthermore, it has been suggested that different types of repetitive behaviours are 

associated with IQ scores (Szatmari, Georgiades et al. 2006). Individuals with 

lower IQ tend to have a specific type of restricted/repetitive behaviour that differs to 

those individuals with higher IQs. People with higher IQ are more likely to display 

instance on sameness (IS) behaviours which encompass rituals and compulsions. 

Individuals with lower IQ tend to have more repetitive sensory motor actions 

(RSMA) which include rocking and complex mannerisms. In general, cognitive
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ability and severity of repetitive behaviours are inversely correlated (Cuccaro, Shao 

et al. 2003; Szatmari, Georgiades et al. 2006). Not only is IQ highly correlated with 

RSMA but also age of first phrases, ADOS and ADI-R scores (Hus, Pickles et al. 

2007). Nishiyama et al (2009) used a twin cohort to study if genetic susceptibility 

underlying autism may be the same as those that affect intellectual disability. They 

concluded there was substantial genetic correlation in the genetic factors 

underlying both conditions. They further conclude specific aspects of the autism 

phenotype to be more susceptible to effects of IQ. Social deficits were reported to 

be independent of IQ, but communication impairment and stereotypical behaviours 

were correlated to intellectual abilities (Nishiyama, Taniai et al. 2009).

Recent findings in chromosomal abnormalities particularly copy number variants 

(CNVs), suggest different genetic aetiologies particularly concerning de novo 

CNVs. De novo mutations are observed more frequently in those with more severe 

intellectual disability or dysmorphology (Jacquemont, Sanlavllle et al. 2006). A 

study of CNVs in 100 individuals with ASD found that in the absence of intellectual 

disability (IQ>70) no pathogenic CNVs were found yet nine were found in 

individuals co-morbid with intellectual disability (Qiao, Riendeau et al. 2009). These 

studies suggest that correcting for intellectual disability in cohorts of autism could 

reduce noise by removing a confounding factor from genetic association tests.

1.3.4 Phenotypic Heterogeneity

Phenotypic heterogeneity refers to variation within presentation of the disorder 

phenotype. Phenotypic homogeneity is important in research, particularly in genetic 

studies. Heterogeneity may weaken the magnitude of the effect and therefore the 

power of the study to identify susceptibility genes. Certain genetic disorders, such 

as Fragile X Syndrome (QMIM 300624), Rett Syndrome (QMIM 312750) and 

Tuberous Sclerosis (QMIM 191100), are known to be pheno-copies of autism i.e. 

show the same symptoms as autism but are due to a different genetic aetiology. In 

order to maintain as homogenous a sample as possible, individuals with conditions 

with a known genetic aetiology are excluded from genetic studies of autism.
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Notwithstanding the reliability of autism diagnosis for research purposes, it is clear 

that differences exist between individuals diagnosed with autism. The amount of 

phenotypic variation in the population with autism may be a key reason for the lack 

of consistency in genetic linkage and association studies. With such a high 

complexity it is likely that division of samples into phenotypically more homogenous 

groups may permit a clearer picture regarding genetic susceptibility to emerge.

It has been hypothesized that heterogeneity exists across the broad diagnosis of 

autism but underlying homogeneity exists within defined clusters, e.g. insistence on 

sameness versus repetitive sensory motor action (Constantino and Todd 2003; 

Constantino, Gruber et al. 2004). Surprisingly, only modest correlation was seen 

between deficits in the three core areas of autism -  social interaction, 

communication and restricted repetitive behaviours (Ronald, Happe et al. 2006). A 

large, normally developing twin sample has also been studied with regard to 

autistic traits. It was found that each of the three core areas of autism was 

independently highly heritable. Interestingly, individuals who had an extreme score 

on one domain did not necessarily have an extreme score on the others.

Diagnostic categories might not best represent true underlying genetic risk. 

Genetic risk factors may correspond to changes at that level of specific brain 

structure or neural systems that contribute to autism, such as those serving 

language or social cognition, rather than the broad syndrome of autism itself 

(Geschwind 2007). Linkage studies have used sub-phenotypes to identify distinct 

loci that are related to different core domains (Alarcon, Cantor et al. 2002; Chen, 

Kono et al. 2006; Schellenberg, Dawson et al. 2006). These preliminary 

phenotype-genotype analyses stratified the autism population based on language 

and showed increased evidence of linkage at some loci (Bradford, Haines et al. 

2001; Buxbaum, Silverman et al. 2001; Alarcon, Cantor et al. 2002; Shao, Raiford 

et al. 2002; Wassink, Piven et al. 2004; Alarcon, Yonan et al. 2005; Spence,
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Cantor et al. 2006). This suggests that perhaps distinct genetic risl< factors may be 

related to specific phenotypic features (Geschwind 2008).

Subsequently, studies have attempted to derive behavioural domains for the 

purposes of phenotype-genotype analysis using the rich behavioural data 

contained in the ADI-R the clinical diagnostic instrument used to diagnose autism 

for genetic studies (Szatmari, Merette et al. 2002; Nurmi, Dowd et al. 2003; Shao, 

Cuccaro et al. 2003; Tadevosyan-Leyfer, Dowd et al. 2003; McCauley, Olson et al. 

2004; Ma, Jaworski et al. 2005; Mulder, Anderson et al. 2005; Sutcliffe, Delahanty 

et al. 2005; Hus, Pickles et al. 2007). A majority of these studies have used some 

aspect or derivative of repetitive behaviours. Given the evidence of highly heritable 

and possibly distinct aetiologies of this group of behaviours, they are ideal 

candidates for preliminary phenotype-genotype studies (Silverman, Smith et al. 

2002; Cuccaro, Shao et al. 2003; Hollander, King et al. 2003; Ronald, Viding et al. 

2006).

1.4 Genetic Evidence
A number of potential causes of autism have been suggested. Early theories 

focused on potential environmental causes, for example maternal interactions 

(Kanner 1949). The discovery of genetic aetiologies of autism-related conditions 

such as Rett syndrome and Fragile X syndrome suggested that a genetic 

contribution to other behavioural disorders, such as autism, was a possibility. The 

contribution of genetics to the development of autism has been demonstrated 

using family and twin studies.

1.4.1 Family and Twin Studies

Family and twin studies have been used to show the contribution of genetics to the 

development of autism. Increased prevalence in first degree relatives of affected 

individuals, compared to the general population prevalence rates indicates that 

genetics plays a role in the aetiology of the condition. Family studies have reported 

a much higher incidence of autism in first degree relatives of affected individuals
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than is seen  in the general population. Sibling recurrence rates of a s  high as  8.6% 

have been  reported, representing a  75-fold increase over the population risk of 

0.11%  (August, Stewart et al. 1981; Baird and August 1985; Ritvo, Jorde et al. 

1989; Jorde, H asstedt et al. 1991; Bolton, Macdonald et al. 1994). A small num ber 

of th ese  studies highlight an increased risk in the siblings of fem ales affected with 

autism, com pared with the siblings of m ales with autism (Tsai, Stewart et al. 1981; 

Ritvo, Jorde et al. 1989). This could imply that genetics plays a  stronger role in the 

developm ent of autism In fem ales than in m ales, or that there are  different genetic 

aetiologies for the developm ent of autism In m ales and fem ales.

The recurrence risk also increases in relatives when specific traits associated  with 

autism (i.e. communication, social impairments or restricted behaviours) are 

studied alone (Bolton, M acdonald et al. 1994; Pickles, Starr et al. 2000). Sibling 

and parents of an affected child are more likely to show subtle cognitive or 

behavioural features that are  qualitatively similar to those observed in the proband, 

this is known as  the broader autism phenotype (Bolton, M acdonald et al. 1994; 

Bishop, Maybery et al. 2004). Bolton (1994) reported that in a  sam ple of 99 

individuals with autism, 12.4-20% of their siblings displayed autism -related traits. 

Pickles et al (2000) also reported an increased recurrence risk for specific autism 

traits.

Twin studies com pare concordance rates of a condition in monozygotic (MZ) and 

dizygotic (DZ) twin pairs. MZ twins share  100% of their genes w hereas DZ twins 

sh are  50%; both MZ and DZ twins have similar shared environment. Increased 

concordance for a  condition in MZ twins, com pared with DZ twins, indicates a 

genetic contribution to the aetiology of a condition. Concordance ra tes ranging 

from 36% to 96% have been  reported In monozygotic (MZ) twins, while the rate for 

dizygotic (DZ) twins is significantly lower (0-30%) (Folstein and Rutter 1977; Ritvo, 

Freem an et al. 1985; Bailey, Le Couteur et al. 1995; Rosenberg, Law et al. 2009). 

Initial twin studies all used a  strict diagnosis of autism for inclusion. A recent study 

investigating concordance ra tes of twins with autism, Asperger syndrom e or PDD-
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NOS found concordance rates of 86% for MZ twins and 30% for DZ twins 

(Rosenberg, Law et al. 2009). These are in line with previous results which had 

focused on a strict diagnosis of autism. Interestingly, they found concordance rate 

between MZ females to be 100% while male MZ twins was 86%, suggesting 

different aetiologies by gender. The sex difference is further seen in DZ twins with 

female DZ pairs having lower concordance than male DZ pairs or female-male DZ 

pairs, suggesting increased susceptibility in males (Rosenberg, Law et al. 2009).

A heritability score can be calculated from recurrence rates and MZ:DZ 

concordance ratios. In autism, heritability scores of 90% have been reported, the 

highest heritability score for any psychiatric disorder (Bailey, Le Couteur et al. 

1995). Recent estimates show increased incidence of autism. Accounting for this 

increase would result in a corresponding decrease in the estimated heritability 

(Skuse 2007).

1.4.2 Mode of Inheritance

The mode of inheritance of autism is still unclear. It is acknowledged that it is not a 

Mendelian disorder and multiple genes are likely to be involved. Three studies 

have supported a multilocus aetiology for the development of autism, although the 

number of genes implicated in each study varies. Jorde et al (1991) suggest a 

mixed model that includes polygenic inheritance and environmental contribution, 

although the number of genes involved was not specified. Pickles et al (1995) are 

more specific in their support of a multilocus model of three genes, although the 

number of genes could vary between 2 and 10. The third study analysed identity by 

descent (IBD) in affected sibpairs (ASPs) and discordant sibpairs (DSPs) (Risch, 

Spiker et al. 1999). Increased IBD in ASPs (51.7% vs. 50.8% in DSPs) indicated a 

multilocus model with a large number of loci. The authors suggested that a small 

number of loci (i.e. <10) are unlikely to produce an effect size large enough to be 

responsible for this increase.
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Recent studies have identified a higher occurrence of spontaneous mutation in 

affected individuals of simplex families in comparison with affected children of 

multiplex families (see section 1.5). In a small number of cases, rare causal 

mutations have been Identified. Zhao et a! (2007) proposed an alternative theory 

for the genetic aetiology of autism. Citing this increased incidence in spontaneous 

mutation, the authors suggest the majority of cases of autism are a result of de 

novo mutations. Their model suggests there are two levels of risk -  low and high 

risk families. Autism in low risk families is a result of de novo mutation, with 

differing penetrance in males and females. Penetrance in males is high, leading to 

increased incidence of autism in males. Penetrance in females is low, leading to 

females who are unaffected but are carriers of causal mutations. Autism in high 

risk families is a result of transmission of causal mutations from carrier females to 

their offspring. This theory may account for the large divergence of concordance 

rates between MZ and DZ twins in autism. In this scenario, MZ twins are both 

affected by an inherited de novo mutation, resulting in high concordance rates. The 

reduced DZ twin concordance rates represent a mixture of inherited and de novo 

mutation. Autism as a result of single de novo mutation is an example of pleiotropic 

inheritance, with a mutation in one gene resulting in all aspects of the phenotype 

(e.g. language impairments, repetitive behaviours etc) which combine to form 

‘autism’ (Figure 1.3).

Gene A

Trait A Trait C

AUTISM

PLEIOTROPIC

Figure 1.2. Pleiotropic inheritance described one gene affecting multiple traits, e.g. language 

impairments, repetitive behaviours, etc.
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It has been argued that genetic heterogeneity exists across the core areas but not 

within them, such that deficits in communication, social interaction and repetitive 

behaviour patterns may be influenced by separate genetic causes (Ronald, Happe 

et al. 2006). Surprisingly only modest correlations were seen between deficits in 

the three core areas of autism -  social interaction, communication and 

restricted/repetitive behaviours. A large typically developing twin sample was also 

studied with regard to autistic traits. It was found that each of the three core areas 

of autism was independently highly heritable. Genetic modelling of the three core 

areas suggested that genetic effects were trait specific, i.e. genes contributing to 

variation in social impairments were independent of genes contributing to variation 

in communication impairments. The model suggests that the triad of impairments 

are heritable but weakly correlated, and are quantitatively distributed in the 

population, suggesting that autism is the extreme end of a long continuum. Autism 

as a result of variation in multiple genes is an example of polygenic inheritance, 

with each gene causing a single discrete trait that combine to form ‘autism’ (Figure 

1.4). The independent heritability of distinct ASD core domains supports the 

importance of common variation in disease risk and phenotypic presentation 

(Geschwind 2008).

Trait A TraitC

AUTISM

Gene CGene BGene A

POLYGENIC

Figure 1.3. Polygenic inheritance describes multiple different genes affecting multiple 

independent traits, e.g. language impairments, repetitive behaviours etc.

The models referenced above suggest there may be two forms of autism -  

syndromic autism and idiopathic autism (Figure 1.5) (Bourgeron 2008; Plomin
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2008). This theory proposes that syndromic autism is caused by pleiotropic rare 

variants in a small number of genes, with a large effect size whereas idiopathic 

autism is caused by polygenic inheritance of many common variants, all with a 

small effect size.

Rare variant 
'syndromic 

9  autisnd'

Many common 
variants of 

0  small effect

Number of Genes

Figure 1.4. There are two models for the development of autism - 'syndromic autism' caused 

by rare variants of large effect size and autism caused by a number of common variants of 

small effect size

Evidence for both these inheritance patterns is available. Rare mutations in genes 

such as NLGN3 and NLGN4X have been identified, and are believed to be 

causative in the development of autism, providing evidence for the theory of Zhao 

et al (2007). Results of linkage and association studies in autism lend support to 

the theory of Happe et al (2006). Linkage studies from a region of chromosome 2q 

are increased when the presence of phrase speech delay (PSD) is incorporated 

into the analysis (Buxbaum, Silverman et al. 2001). A gene in this region may be 

contributing to a specific language impairment rather than overall autism 

phenotype. Similarly, a marker in SLC25A12 gene has shown association with the 

presence of ritualistic behaviour in autism (Silverman and Brosco 2007). The actual 

mode of inheritance of autism may be a combination of both of these theories, with 

some cases the result of pleiotropic rare mutations and some the results of 

polygenic inheritance (Bourgeron 2008; Plomin 2008).
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As discussed in section 1.4.1, autism concordance rates in MZ twins are high, 

ranging from a low 36% to a high of 96% (Folstein and Rutter 1977; Freeman, 

Ritvo et al. 1985; Steffenburg, Gillberg et al. 1989; Bailey, Le Couteur et al. 1995). 

While this demonstrates that genetics is important in the aetiology of autism, the 

fact that the concordance rate is not 100% indicates that genetics does not 

completely explain the aetiology. This could be due to the incomplete penetrance 

of genetic risk factors or the contribution of environmental factors. Penetrance is a 

measure of how many people with a genetic risk factor will develop the associated 

condition. When the penetrance is less than 100%, i.e. individuals may carry the 

genetic risk factor but not have the condition, it is called incomplete penetrance. In 

MZ twins, both twins may carry the same genetic risk factor but only one twin 

develops the condition. Environmental risk factors can also influence the 

development of a genetic disorder. There have been no environmental risk factors 

which have shown conclusive association with autism. However some factors, 

such as prenatal infection/maternal immune response, prenatal stress and prenatal 

smoking/drug use have been associated increased risk of autism (Kolevzon, Gross 

et al. 2007). This further complicates genetic studies in autism. The development of 

autism may be due to a combination of genetic and environmental factors, with 

both required for autism to develop. Alternatively, the presence of autism may be 

entirely due to genetics with environmental factors playing a modifier role, affecting 

clinical presentation or outcome.

1.5 Chromosomal Abnormalities
As described above, syndromic autism is the result of a single mutation event 

giving rise to the development of autism. This may take the form of either gross 

cytogenetic abnormalities, copy number variant (CNV) or a single nucleotide 

change. Chromosomal abnormalities are thought to account for as much as 10- 

20% of autism cases (Abrahams and Geschwind 2008).

Gross cytogenetic abnormalities can take multiple forms, including deletion, 

duplication, inversion and ring chromosome. They have been identified on all
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autosomes and sex chromosomes. The most commonly reported regions for 

abnormalities associated with autism include 2q (Ghaziuddin and Burmeister 1999; 

Konstantareas and Homatidis 1999; Borg, Squire et al. 2002; Wolff, Clifton et al. 

2002; Gallagher, Becker et al. 2003; Pescucci, Meloni et al. 2003; Casas, 

Mononen et al. 2004; Lukusa, Vermeesch et al. 2004), 7q31 (Ashley-Koch, Wolpert 

et al. 1999; Vincent, Herbrick et al. 2000; Warburton, Baird et al. 2000; Cheung, 

Petek et al. 2001; Scherer, Cheung et al. 2003), 15q11-13 (Hou, Wang et al. 1998; 

Schroer, Phelan et al. 1998; Buoni, Sorrentino et al. 2000; Wolpert, Menold et al. 

2000; Wassink, Piven et al. 2001; Estecio, Fett-Conte et al. 2002; Filipek, Juranek 

et al. 2003) and Xp22 (Rao, Klinepeter et al. 1994; Bolton, Powell et al. 1995; 

Ishikawa-Brush, Powell et al. 1997; Thomas, Sharp et al. 1999).

CNVs differ from gross cytogenetic abnormalities in size of the infarct. CNVs are 

genomic deletions and duplications that range from one kb to several megabases 

(Mb) in size (Cook and Scherer 2008). CNVs can only be identified through recent 

advancements in genetic technology, such as comparative genomic hybridisation 

and single nucleotide polymorphism arrays. They may also be identified using 

intensity ratios from SNP genotyping. If a series of SNPs show a significant 

increase or decrease in intensity, a duplication or deletion may have taken place 

(Figure 1.6).

PR1379 9q33.3

f t  o  
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o

Figure 1.5. Example of the identification of a CNV. SNPs in one region can be seen to have 

an increased intensity ratio compared with surrounding SNPs. Therefore a deletion event 
may have talten place.
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Recently, an Increased prevalence of CNVs was identified in individuals with 

autism (Sebat, Lakshmi et al. 2007). Furthermore, an increased number of CNVs 

were seen in individuals with sporadic cases of autism compared to multiplex 

cases suggesting different genetic aetiologies particularly concerning de novo 

CNVs. (Sebat, Lakshmi et al. 2007). The Autism Genome Project Consortium 

(AGP) screened a sample of 1400 affected families for the presence of CNVs 

(Szatmari, Paterson et al. 2007). As well as identifying families with de novo CNVs 

and CNVs which overlap with published autism chromosome rearrangement 

regions, recurrent or overlapping CNVs in unrelated individuals were reported. A 

recent large case-control whole genome CNV study found recurrent CNVs 

increased in genes involved in neuronal cell-adhesion or ubiquitin degradation 

(Glessner, Wang et al. 2009). They further replicated these findings in a large 

independent multiplex sample and validated their significant findings implicating 

CNVs in these two gene networks, neuronal-cell adhesion and ubiquitin 

degradation, in the aetiology of autism.

While causality remains to be demonstrated for most CNVs, a substantial subset 

may be important in modulating disease risk (Geschwind 2008). Regions which 

appear to be susceptible to CNVs in individuals with autism (>1% frequency) 

include 1q21, 22q11.71, 22q12.3, 15q11-13, 11q12.1 and 16p11 (Daly 2007; 

Christian, Brune et al. 2008; Kumar, KaraMohamed et al. 2008; Marshall, Noor et 

al. 2008; Mefford, Sharp et al. 2008; Weiss, Shen et al. 2008; Bucan, Abrahams et 

al. 2009; Miller, Shen et al. 2009). Interestingly the CNV commonly reported at the 

16p11 locus has been found to not segregate to all cases and is also transmitted to 

unaffected siblings indicating it may not be sufficient to be causal of ASD 

(Glessner, Wang et al. 2009). Furthermore, 16p11 CNVs have been implicated in 

individuals with intellectual disability, complicating the role of the CNV in the 

aetiology of autism specifically (Bijisma, Gijsbers et al. 2009; Fernandez, Roberts 

et al. 2009). In fact, de novo mutations are observed more frequently in those with 

more severe intellectual disability or dysmorphology (Jacquemont, Sanlaville et al.
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2006). A study of CNVs in 100 ASDs found that in the absence of intellectual 

disability (IQ>70) no pathogenic CNVs were found yet nine were found in 

individuals co-morbid with intellectual disability (Qiao, Riendeau et al. 2009). These 

studies suggest that correcting for intellectual disability in cohorts of autism may 

remove a confounding factor from genetic association tests.

1.6 Genetics Studies
While progress is being made in identifying causative genes in syndromic autism, 

investigating the genetic aetiology of idiopathic autism represents a greater 

challenge. While the heritability estimates for autism are high, there are a number 

of confounding issues with regards to genetics. Genetic studies of complex 

disorders like autism are complicated by locus heterogeneity, imprecisely specified 

traits, incomplete penetrance and interaction with environmental factors 

(Burmeister, Mclnnis et al. 2008). At the outset of this study, three main 

methodologies were utilised in identifying common variants contributing to the 

aetiology of complex traits -  linkage studies, candidate gene studies and genome 

wide association studies.

1.6.1 Linkage Studies

Linkage studies can be used to identify genomic regions which may harbour an 

association to autism. These regions can then be analysed more closely for 

potential candidate genes.

Linkage studies work by analysing the co-segregation of markers with a disease 

state within family pedigrees. A panel of DNA markers is genotyped, either in one 

large multi-generational family, or in a large number of smaller families with 

multiple affected people. Two types of markers can be used in linkage analysis -  

microsatellites and single nucleotide polymorphism (SNPs) (Figure 1.7). When 

using microsatellites, a marker density of one every 5-10 cM is optimal, requiring 

approximately 400 markers for a genome-wide study. SNPs are less informative 

than microsatellites, and so require increased marker density (1-2 SNPs ever cM).
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For a genome-wide linkage screen, the density requires 5,000-10,000 SNPs be

genotyped.

Microsatellite Single Nucleotide
Polymorphism

Figure 1.6. Two types of DNA markers are commonly used - microsatellites and single 

nucleotide polymorphisms (SNPs). Microsatellites are multi-allelic markers comprised of 

short, repeating sequences of DNA. SNPs are bi-allelic and comprise changes in a single 

base.

There are two forms of linkage analysis -  parametric and non-parametric. 

Parametric linkage requires the genetic model, i.e. the proposed mode of 

inheritance, be specified in advance. When the specified model is correct, this is 

the most powerful form of linkage. This form of linkage is most often used for large 

pedigrees. Non-parametric linkage is model-free. Although this reduces the power, 

it allows the use of small nuclear families with affected sib pairs (ASPs), for which 

the genetics model is unknown. These families are more readily available than 

large multi-generational families.

A number of statistics can be used in linkage analysis including logarithm of odds 

(LOD) score, multi-point LOD score (MLS, using multiple adjacent markers), non- 

parametric LOD score (NPL) and Z score. The most common calculation used in 

linkage studies Is the LOD score. This is a two-point LOD score, involving linkage 

between two loci -  a disease locus and a marker locus. Four levels of significance 

have been proposed (Lander and Kruglyak 1995). A LOD score of above 3.6 is 

considered ‘significant’. A LOD score of above 5.4 is considered ‘highly significant’.
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Finally, ‘confirmed’ linkage requires replication of an initially significant results, at 

the p<0.01 level.

1.6.2 Candidate Genes

Candidate gene studies analyse markers in a single gene for association with a 

condition. Genes may be selected based on their location or their function. 

Chromosomal abnormalities and linkage studies can be used to identify 

chromosomal regions which may harbour a susceptibility gene. Alternatively, 

genes may be selected because their function is relevant to a condition, e.g. genes 

involved in brain development in a neurodevelopmental disorder. Two main 

association study designs exist -  case-control and family based.

1.6.2.1 Case Control Studies

Case-control studies compare allele and genotype frequencies between an 

affected group (cases) and an unaffected group (controls). Case and control 

samples are matched in terms of age, ethnicity and gender. Alleles or genotypes 

which are at significantly different frequencies between the two samples are 

indentified. Case-control studies are the most commonly used study design, 

primarily because it is relatively easy to collect large samples, without having to 

recruit family members.

Even with the matching of case and control samples in case-control studies, 

population differences between cases and controls are problematic. Allele 

frequencies differ between populations irrespective of disease state. The problem 

of hidden, or cryptic, sub-populations which differ in their representation in case 

and control groups, as well as allele frequency, is known as population stratification 

and can lead to false positive results.

1.6.2.2 Famiiy Based Studies

Family based association studies overcome many of the problems associated with 

case-control studies. Family based samples reduce the problem of population 

stratification, as there is a common genetic background among the family
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members. Additionally, genotyping errors can be detected via Mendelian 

inconsistencies.

Family based association studies work under the principle that allele transmission 

to a child is random. For a DNA marker that is heterozygous in the parent, there Is 

a 50% chance of either allele being transmitted to the child. If in a population of 

families the transmission ratio from heterozygous parents is 50% transmitted, 50%  

untransmitted we say there is transmission equilibrium. This is the null hypothesis 

for family based association studies. Family based association studies look for 

deviations from this norm, using the transmission disequilibrium test (TDT) 

(Spielman, McGinnis et al. 1993).

TDT uses the Chi Squared statistic to measure transmission disequilibrium (Figure 

1.8). The effect size of specific marker can be calculated using the Odds Ratio 

(OR) test (Figure 1.9).

Chi Sa=Cfli Sq

Figure 1.7. The Chi Squared statistic is used to measure transmission disequilibrium. 

T=transmitted, NT=not transmitted.

OR= ^
NT

Figure 1.8. The Odds Ratio statistic is used to measure effect size. T=transmitted, NT=not 
transmitted.

Markers which are tested in genes fall into two broad categories -  causative and 

linked. The first is potentially causative markers, which may have a direct impact 

on gene expression or function. These markers could include coding markers 

which change the amino acid sequence of the final protein, or markers in the 

promoter region of a gene which could influence the level of gene expression. The
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second category of markers is those that are unlikely to have a functional role 

directly, but may be in linkage disequilibrium (LD) with a potential functional 

marker.

1.6.2.3 Linkage Disequilibrium

When two biallelic DNA markers are looked at in combination, there are four 

possible combinations of alleles (Figure 1.10). When there is no relationship 

between these markers, all four of these haplotype combinations can be observed. 

This is termed linkage equilibrium (LE). However, adjacent DNA markers are often 

not independent of each other, and can show non-random assortment. This means 

that an allele at one locus is found to occur more often than expected by chance 

with another allele at another locus, increasing the frequency of that haplotype; this 

is called linkage disequilibrium (LD). A more extreme example of LD occurs if one 

or more of the four possible haplotypes combinations are not observed in a 

population (Ardlie, Kruglyak 2002). While the extent of LD is expected to decease 

with increased distance between markers, some markers with a large inter-marker 

distance may show high LD.

1
A
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GT
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Figure 1.9. For any two biallelic markers, there are four possible allele combinations. If all 

four combinations are present in the population, the markers are said to be in linkage 

equilibrium. If one or more of these combinations is absent, the markers are said to be in 

linkage disequilibrium.
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A number of processes contribute to the presence of LD and influence the level of 

LD across the genome, including rate of mutation, recombination and genetic drift 

(Ardlie, Kruglyak et al. 2002). The most important of these is recombination. 

Recombination is a process whereby pairs of chromosomes can interact and swap 

sections of DNA during meiosis (Figure 1.11). Over many generations, ancestral 

chromosomes have become mixed together, with small sections of DNA from each 

chromosome interspersed. As the sections of the ancestral chromosomes become 

smaller, the chance of a recombination event occurring to break up the section also 

becomes smaller. Markers in these sections are in high LD with each and so are 

always inherited together.

Figure 1.10. During meiosis, chromosome pairs can 'swap' pieces of DNA in a process called 

recombination. Over many generations, the ancestral chromosomes become mixed together.

The rate of recombination affects the level of linkage disequilibrium (LD) between 

markers. Recombination happens at different rates across the genome. This 

results in regions with low recombination and high LD (haploblocks), interspersed 

with regions of high recombination and low LD (recombination hot spots, Figure 

1.12).

Many Generattons i

Ancestral
Chromosomes

Many Generattons i
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Recombination hotspots

Haploblock

Figure 1.11. Pattern of LD across a genomic region in a specific population. Red colour 

represents a high level of LD between the markers, which are represented in chromosomal 

order at the top of the diagram. Regions of high LD are known as haploblocks. Haploblocks 

are split up by regions of low LD and a high degree of recombination, known as 

recombination hotspots. The top track represents a measure of recombination, with peaks 

indicating recombination hotspots.

In addition to analysing single markers for association with a trait, a number of 

markers in combination can be studied. This is known as haplotype analysis. A 

haplotype is made up of a specific combination of alleles at adjacent SNPs (Figure 

1.13). In the example shown, the alleles at three SNPs in three individuals can be 

seen. When the identical sequence surrounding the alleles is removed, the alleles 

can be combined to form a haplotype.
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SNP1 SNP2 SNP3

Seq 1 A C  A C 3 C C .  . . .  T C G G G G T . . . . G T C G A C C

Seq 2 A C  A C 3 C C .  . . .  T C G A G G T . . . . G T C A A C C

Seq 3 A C  A T 3 C C .  . . . T C G G G G T . . . . G T C A A C C

Haplotype 1 CGG

Haplotype 2 CAA

Haplotype 3 TGA

Figure 1.12. A haplotype is made up of particular combination of alleles at nearby SNPs. In 

the above example, there are three biallelic SNPs, highlighted by the red rectangles. The 

alleles of these SNPs are shown in three different individuals, surrounded by sequence 

which is identical across all. The haplotype is made up by combining the alleles across each 

sequence, and removing the identical sequence. Adapted from www.hapmap.org.

Markers genotyped in an association study are not necessarily directly contributing 

to disease, but may be in LD with a marker that is. Haplotype analysis can be used 

to identify SNPs which are not tested in the original array. For example, in Figure 

1.12, assume that only SNP1 and SNP3 have been genotyped. If the A allele at 

SNP2 is the risk allele, this can be detected using haplotype analysis. The A allele 

at SNP2 is only present with a C allele at SNP1 and an A allele at SNP3. 

Therefore, the CA haplotype of SNP1 and SNP3 ‘tags’ the A allele at SNP2.

As mentioned above, a haploblock is a region of high LD. There are two main 

methods of defining a haploblock. The first is the Gabriel method (Gabriel, 

Schaffner et al. 2002). This uses the D prime (D’) measurement of LD. 95% 

confidence bounds are generated for each marker pair and each comparison is 

termed ‘strong LD’, ‘inconclusive’ or ‘strong recombination’. A haploblock is created 

if 95% of comparisons are termed ‘strong LD’. The second method available is the 

four gamete rule. For each two-marker pair, the population frequencies of the four
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possible haplotypes are estimated. If all four haplotypes are present above a 

specified frequency (e.g. >1%), a recombination event is deemed to have taken 

place and the markers are deemed to be in linkage equilibrium (Figure 1.9). The 

observation of less than four haplotypes indicates the presence of LD (Figure 1.9). 

Blocks are formed by consecutive markers where only three haplotypes are 

observed.

Hapiotype association analysis can be performed using three main approaches - 

using the haploblock method, the sliding window method or random assortment. 

The haploblock method utilises haploblocks, areas of low recombination where 

SNPs are in high LD with each other. Haploblocks are defined using either the 

Gabriel method or the four gamete rule. All haplotypes within each block are then 

tested for transmission disequilibrium. It allows for biologically relevant hapiotype 

testing, therefore reducing the multiple testing burden.

An alternative method uses a sliding window approach, a window of a specified 

size moves across the markers. For example a three-marker sliding window would 

analyse markers 1, 2, and 3 in combination, then examine markers 2, 3 and 4 and 

so on. There are two main disadvantages to this method. Firstly, this method 

performs a large amount of tests. In a sliding three-marker window, each marker is 

tested as part of up to three different windows. Assume that 10 SNPs have been 

genotyped and a three-marker sliding window hapiotype is performed. If we 

assume that five haplotypes are present in each window, the sliding window 

method would test 40 different haplotypes for association. The nominal level of 

significance generally used to indicate an association is p<0.05. This means that if 

40 haplotypes are tested for an association, assuming independence, we would 

expect at least two positive associations by chance alone. These positive 

associations are termed false-positives. The second main disadvantage to the 

sliding window method is lack of biological input. Recent advances in our 

knowledge of the genome allow for haplotypes to be derived by observed LD
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structure. The sliding window method does not take into account any real biological 

relationship between markers that may or may not be present.

A third method of random assortment can also be used in haplotype analysis. This 

method can look at each available marker pairing available, for example SNP1 with 

SNP2, SNP1 with SNP3 etc. Alternatively, associated markers can be combined in 

a haplotype. For example if SNP2 and SNP7 showed evidence of association at 

the single marker level, these can be combined to form a haplotype. This random 

assortment method is less methodologically sound than either haploblock or sliding 

window method. It further increases the multiple testing burden and the number of 

potential false-positive results which could be obtained.

1.6.3 Genome Wide Association Study

Genome wide association study (GWAS) utilises advancements in technology to 

allow examination of up to 1 millions SNPs in large sample populations at one time. 

GWAS assumes that many different common SNPs each have a small effect on 

the overall disease and could be found if a large enough sample were genotyped. 

It is looking for common SNPs that influence disease. Since the pathobiology of 

autism remains unknown, GWAS is an unbiased way to search for potential 

causative genetic factors. There have been only three SNP based GWAS 

published to date for autism (Ma, Salyakina et al. 2009; Wang, Zhang et al. 2009; 

Weiss, Arking et al. 2009).

The sheer coverage of SNPs by GWAS permits whole gene network or pathways 

to be examined. This approach attempts to identify biological pathways which have 

overrepresentation of significantly associated SNPs or genes compared to what is 

expected by chance alone. Genes can be grouped into pathways based on their 

function, location and biological processes. Each pathway created can be 

compared to Identify those pathways which contain more significant associated 

SNPs than expected (Wang, Li et al. 2007; O'Dushlaine, Kenny et al. 2009).
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Whole genome association studies have some limitations. A major setback for 

GWAS has been assembling together the correct large sample sizes needed to 

detect the variants with an odds ratio as low as 1.1, which have been estimated at 

8,000 to 20,000 cases for good power (Cichon, Craddock et al. 2009). Moreover, 

the large number of statistical tests undertaken increase the risk of type I error. 

Determining the acceptable level of evidence for a GWAS study is still under 

debate. The Wellcome Trust Case Control Consortium (WTCCC) published one of 

the first GWAS studies and used a significance threshold of p<5x10'^ (WTCCC 

2007). However, association with evidence at the level of p<1x10'^ were also 

reported as significant. Recently it has been suggested that a significance 

threshold of p<7.2x10 ® would be appropriate for the WTCCC (Dudbridge and 

Gusnanto 2008). While this significance level may reduce the number of type I 

errors, it could increase the likelihood of type I! error. The level of evidence 

accepted in GWAS studies denoting a significant association is an arbitrary 

number attempting to remove spurious results while simultaneously retaining true 

associations. Too stringent a threshold applied can increase type II error, causing 

true associations to be overlooked. In recent schizophrenia GWAS, the strongest 

associations observed using replication samples were at p=1X10 ‘* to p=1x10’  ̂ in 

the initial studies (Purcell, Wray et al. 2009; Stefansson, Ophoff et al. 2009). If a 

stringent genome-wide significance threshold had been applied the significant 

replication result would have been missed.

1.7 Molecular Genetic Studies in Autism 

1.7.1 Linkage Studies in Autism

Of the twenty-three chromosomes, nineteen have regions which show at least 

suggestive evidence of linkage in autism (LOD>2.2). A summary of linkage peaks 

Identified in independent samples is shown in Table 1.1. However, few of the 

Identified linkage peaks have shown genome-wide significance (LOD 5.4). A 

number of regions in particular, 2q, 7q, 15q and 16p (Monaco and Bailey 2001; 

Barnby and Monaco 2003; Lamb, Barnby et al. 2005), have been highlighted in
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genome screens. A large consortium of autism groups, tlie Autism Genome Project 

(AGP), recently highlighted region 11p12-p13 in their large scale linkage study 

(Szatmari, Paterson et al. 2007).

Table 1.1. Autism linkage peaks identifies in independent samples. Adapted from Abrahams 

and Geschwind (2008). N=number of pedigrees, l\1LS=multipoint LOD score, NPL=non- 

parametric linkage, PSD=phrase speech delay, AFW=age of first word, SRS=social 

responsiveness scale.

Region Publication Diagnosis N Result P Value

1q21-23 Ylisaukko-oja et al (2004) Asperger 30 Z=3.6 2x10"*
Auranen et al (2002) Autism 38 MLS=2.6 0.002

2q24-31

IMGSAC (2001) Autism 152 MLS =4.8 2x10"^

Buxbaum et al (2001) Autism 100 NPL=2.4 0.003
Autism + PSD 49 NPL=3.3 5x10"^

Shao et al (2002) Autism 99 MLS=1.1 0.01
Autism + PSD 45 MLS =2.9 0.001

Lamb et al (2005) Autism 219 MLS=2.5 0.003

3q25-27 Auranen et al (2002) Autism 38 MLS =4.8 2x10“̂
Coon et al (2005) Autism 1 NPL=3.5 xIO'^

5p13-14
Szatmari et al (2007) Autism 1181 Z=3.4 3x10^

Uuetal(2001) Autism 110 MLS=2.5 0.003
Yonan et al (2003) Autism 345 MLS =2.5 0.003

7q22-36

IMGSAC (1998) Autism 170 MLS =3.1 8x10"^
Barrett et al (1999) Autism 75

127
MLS =2.2 0.022

IMGSAC (2001) Autism MLS=3.2 4x10^
Alarcon et al (2002) Autism + AFW 152 Z=3.0 0.001
Alarcon et al (2005) Autism + AFW 291 Z=2.1 0.02

Schellenberg et al (2006) Autism 169 NA 0.005
Trikalinos et al (2006) Autism (MA) 721 HEGESMA=6.24 X o

9q33-34 Schellenberg et al (2006) Autism + AFW 222 Z=3.5 2x10^
Szatmari et al (2007) Autism 1181 Z=3.3 5x10"*

11p12-13 Szatmari et al (2007) Autism 1181 Z=4.0 3x10"^
Duvall et al (2007) Autism + SRS 99 Z=3.2 7x10^

17q11-21

IMGSAC (2001) Autism 83 LOD=1.87 0.01
Yonan et al (2003) Autism 345 MLS =2.8 0.002
Stone et al (2004) Autism 257 MLS =4.3 5x10'®
Cantor et al (2005) Autism 91 MLS =4.1 8x10'®

McCauley et al (2005) Autism 158 NPL=2.26 0.012
Alarcon et al (2005) Autism 291 Z=1.75 0.005
Duvall et al (2007) Autism 121 Z=1.56 0.007
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1.7.2 Candidate Gene Studies in Autism

Genes which have been previously reported in autism and which are further 

studied in this thesis include OXTR, AVPR1A, SLC6A4, MAOA, TPH2, HTR1B, 

and HTR2A. Details of these previous association studies involving these genes 

are described in later chapters. There are many other genes that have been 

examined for association with autism, namely SLC25A12 andi Engrailed 2 (EN2). 

The data for most associated genes in autism are inconclusive and sometimes 

contradictory.

Candidate gene studies in autism have yielded inconsistent findings. There could 

be a number of reasons for these inconsistent findings. Some genes may 

contribute to the aetiology of autism in specific populations only. The samples used 

may differ phenotypically, so positive associations reported in one sample may 

actually be with aspects of the autism phenotype rather than autism as a whole. 

False positive or false negative findings are also likely. Statistically, at least, some 

of these significant associations are likely to be false positives. False positive 

association can be dealt with to a certain extent through correction for multiple 

testing or replication of the result in an independent sample. False negative results 

are more problematic as genes which show no association the first time they are 

studied are unlikely to be followed up.

1.7.3 Genome Wide Association Studies in Autism

There have been nine recently published whole genome studies in autism. Two 

types of genome-wide association studies can be undertaken -  CNV and SNP 

(Table 1.2). Most genome-wide CNV studies in autism implicated the 16p11 region 

being important in the aetiology of the disorder. Three SNP based genome wide 

association studies have been published to date. Two have highlighted the 5p14.1 

region as being linked to autism (Ma, Salyakina et al. 2009; Wang, Zhang et al. 

2009) and one implicated the 5p15 regions (Weiss, Arking et al. 2009). The 5p15 

region harbours one gene of interest semaphorin 5A {SEM5A) which is involved in 

axonal guidance (Weiss, Arking et al. 2009). SEM5A was also shown to have
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reduced expression in the brain of individuals with autism compared to controls. 

The 5p14.1 region harbours two cadherin genes {cadherin-9 and cadherin-10). The 

cadherin family of genes are a group of proteins containing members that are 

involved in calcium-dependent cell-cell junctions in the nervous system and which 

are possible targets of regulatory action (Ma, Salyakina et al. 2009). However, this 

was not replicated in a third whole genome association study (Weiss, Arking et al. 

2009).
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Table 1.2. Autism genome-wide association study results. Two types of genome-wide studies can be undertaken - CNV and SNP. Most whole 

genome CNV studies to date implicate the 16p11 region as being important in the aetiology of autism. Three SNP based whole genome 

studies have been published to date in autism. Two show evidence for association of the 5p14.1 and one in the 5p15 region in the aetiology 

of autism. It should be noted that there is substantial sample overlap between all three studies undertaken. Independent samples were used 

to follow up the top results from the initial studies in an attempt to replicate significant findings.

Study Year Type Initial Sample (Case/Control) Replication Sample 
(Case/Control) Genome-Wide Findings

Sebat et al 2007 CNV 118 (sporadic)/196 Increased de novo C W s  in cases

Kumar et al 2008 CNV 180/372 532/465 Increased 16p11.2 deletions in cases

Marshall et al 2008 CNV 427/500 1,152 controls Increased de novo CNV in cases 
Increased 16p11.2 deletions in cases

Weiss et al 2008 CNV 751 Multiplex Families/2814 
(Cases from AGRE)

512/434;
299/18,834

Increased 16p11.2 CNV in cases 
siqnificant in all three samples

Christian et al 2009 CNV 397/372 (Cases from AGRE) 11.6% of cases had a CNV unique to cases

Glessner et al 2009 CNV 859/1409 (ACC) 1336/1110 
(Cases from AGRE)

CNVs concentrated in neuronal cell adhesion and ubiquitin 
degradation gene networks

Bucan 2009 CNV 912 Multiplex Families (AGRE) Hundreds of distinct rare exonic CNVs were seen in 
individuals with ASD

Wang et al 2009 SNP
943 Multiplex Families (AGRE); 

Second sample: 1453/7070 (ACC)

447 Multiplex 
families; 
108/540

rs4307059 of 5p14.1 p=3.4x10‘“ from the initial samples; 
not true replication but replication samples have strong 

GWAS association in the 5p14.1 region

Ma et al 2009 SNP 487 Multiplex Families 680 Multiplex 
Families (AGRE)

No GWAS Significant SNPS; 
eight SNPs at 5p14.1 with p value between 3x10'' and 3x10 ®

Weiss et al 2009 SNP
780 Multiplex Families (AGRE); 
Second sample: 341 Multiplex 

Families

318 Trios; 
1755 Trios

rs10513025 p=9.8x10‘®, rsl 0513026 p= 4.5x1 O'® and 
rs10874241 p=9.8x10'^ after all sample combined
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The lack of truly robust findings and failure for true replication from whole 

genome association studies may be due to the challenge of accurately 

assessing the phenotype, which is more difficult to define in psychiatric 

disorders than in non-psychiatric disorders. A major setback for GWAS has 

been assembling together the correct large sample sizes needed to detect the 

variants with an odds ratio as low as 1.1, which is estimated to be 8,000 to 

20,000 cases for good power (Cichon, Craddock et al. 2009). The remaining 

variance may be due to rare SNPs, CNVs, gene-gene or gene-environment 

interactions, epigenetic effects, or other unsuspected genomic mechanisms 

(Cichon, Craddock et al. 2009).

1.8 Functional Assessment of Genetic Associations

The translation of genetic association to functional effect may help to elucidate 

the biological aetiology of the trait. When a statistical association between a 

genetic marker and trait is observed the causative source of the association 

signal is still unclear. For one, the associated SNP may not be the true culprit 

of the association or it may be variation that is in linkage disequilibrium with the 

associated SNP that is truly the causative variant. In order for a variant to truly 

be associated in the aetiology of disease, it should somehow perturb either the 

protein itself or gene expression. However, a gene can be affected by multiple 

functional variants which all may occur at different frequencies (Neale and 

Sham 2004). These association signals have yet to be translated into a full 

understanding of the genes or genetics elements that are mediating disease 

susceptibility (Cookson, Liang et al. 2009). By applying a number of molecular 

and cellular tools we are able to examine the biological role of the associated 

variant, for example at the level of transcription.

Many functional variants have been studied for association to disease. 

However, few disease associated SNPs have been further followed up for 

functional relevance. Recent papers in schizophrenia have shown functionality 

of a disease associated promoter SNP in neuregulin 1 {NRG1). A 5’ promoter 

region SNP, rs7014762, was shown to be associated with schizophrenia in a 

case-control sample (Nicodemus, Law et al. 2009). Furthermore, the same SNP
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was shown to significantly predict expression levels of NRG1 in patients. 

Another study found that previously reported 5’ disease associated SNPs 

increased expression of NRG1 in the hippocampus of individuals with 

schizophrenia (Deakin, Law et al. 2009). These studies demonstrate the link 

between positive statistical association and the beginnings of disease aetiology. 

Functional assays of gene expression can be used to elucidate the mechanism 

by which putative susceptibility variation in known candidates influences risk to 

the disorder (Bray 2008).

1.9 Hypotheses and Aims

This research was concerned with better understanding the genetic aetiology 

underlying susceptibility for autism. I address issues of phenotype heterogeneity 

by assessing the autism phenotype for behavioural sub-phenotypes to be used 

in genetic association studies. Use of sub-phenotypes in association to 

hypothesis driven candidate gene selection could lead more enhanced 

association findings. Positive associations from genetic analyses were 

assessed for molecular consequences to move closer to disease pathology. 

The overarching aim of this thesis was to utilise more discrete phenotypic 

information to provide robust genetic analysis. The subsequent findings from 

these genetic analyses would then be interrogated for impact on normal 

molecular functioning.

Investigation into the structure of the autism phenotype for the purpose of future 

phenotype-genotype studies was undertaken through a principal component 

analysis performed on data from the Autism Diagnostic Interview-Revised 

collected on a cohort of subjects recruited to genetic studies in Ireland and in a 

larger cohort of subject recruited for a whole genome study as part of the 

Autism Genome Project. The results from these studies would be used for 

phenotype-genotype analyses in autism in the aim to reduce phenotypic 

heterogeneity.

Phenotypes derived from the principal components analysis were used for 

genetic association studies of autism. Two candidate gene systems will be 

assessed, genes implicated in social cognition and serotonin genes implicated
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in obsessive compulsive disorder. Genes were investigated for association with 

the categorical diagnosis of autism and sub-phenotypes to try to identify 

differences in association patterns. Genes implicated in social cognition were 

evaluated for their relationship to autism as a whole as well as with the derived 

sub-phenotype social communication. Social cognition genes are could be 

specifically associated with the social communication aspect of autism. 

Moreover, based upon the hypothesis that dysregulation of serotonergic 

function leads to aberrant obsessive behaviour patterns, genes were 

investigated for association with the categorical diagnosis of autism and two 

derived areas of behaviour from the principal components analysis: insistence 

on sameness and repetitive sensory motor action.

Finally, statistical associations were examined for molecular function to provide 

more disease aetiological relevance. The three techniques applied involved 

understanding the regulation of RNA expression. The relationship between RNA 

expression levels of the oxytocin receptor (OXTR) in the human amygdala and 

genotypes was explored. If expression levels of OXTR in the human amygdala 

are correlated to genotype, aberrant levels of OXTR are implied in a disease 

population where allele frequency is skewed. RNA expression between cases 

and controls in three genes {OXTR, oxytocin {OXT), and arginine vasopressin 

1A {AVPR1A)) were examined in lymphoblast cell lines to determine if 

expression levels were aberrant in cases. RNA allelic expression imbalance 

was assessed for three genes {OXTR, AVPR1A and cluster of differentiation 38 

{CD38)) to investigate any c/s-acting genetic variants. Finally, luciferase gene 

reporter assays were applied to assess effects of variants in regulatory regions 

on relative promoter transcription. Polymorphisms were examined in a disease 

relevant cell line (human neuroblastoma cell line (SH SY-5Y)) and the Chinese 

hamster ovarian (CHO-K1) cell line. Contrasts between differences in relative 

promoter activity between cell lines would allow for assessment of possible 

human and/or neuron specific regulation.

Thus the proposed study will investigate the aetiology of autism in three key 

areas of phenotype, genotype and molecular biology. A strong foundation in all
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three areas provides a robust strategy in which to progress research into the 

genetic aetiology of autism.
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2 Material and Methods

2.1 Sample Descriptions

2.1.1 Irish Autism Study

The Irish autism sample consists of 179 affected Individuals. It was collected 

with ethical approval from the Eastern Regional Health Authority, Child and 

Adolescent Psychiatry Ethics Committee, Ireland. Affected autism trios 

(probands and both parents) were recruited through schools, advocacy groups 

and professionals.

Individuals were assessed using the Autism Diagnostic Interview-Revised (ADI-

R) (Lord, Rutter et al. 1994), Autism Diagnostic Observation Schedule (ADOS)

(Lord, Rutter et al. 1989) (Lord, Risi et al. 2000), Vineland Adaptive Behaviour

Scale (VABS) (Sparrow and Cicchetti 1985), neurological examination, skin

examination with Wood’s lamp and karyotyping/Fragile X testing. ADI-R, ADOS,

and VABS data was collected by clinicians (psychiatrist/mental health

nurse/psychologist) trained in the administration of the test and with established

research reliability. ADI-R data was collected by clinicians (LG, EM and GK)

trained in the administration of the test and with established research reliability.

Regular reliability exercises on all item codes were inherent to the clinical data

collection. All subjects included met the ADI-R criteria for autism or autism

spectrum. Autism spectrum is derived from the ADI-R by use of an extended

algorithm originally proposed in (Risi, Lord et al. 2006). The classification of the

broadest spectrum range from Risi is described as follows:

Autism spectrum diagnosis 2 (ASD2): meets criteria on Social and 
Communication domains or meets criteria on Social and within 2 points on 
Communication criteria or meets criteria on Communication and within 2 
points of Social criteria or within 1 point on both Social and 
Communication domains.

Individuals also met criteria for autism/autism spectrum disorder on the ADOS- 

G confirmed by two independent trained examiners, and a mental age greater 

than 18 months (VABS) or 10 above 35.
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Individuals were excluded from the study if they had an abnormal karyotype or 

presence of the Fragile X anomaly, had a known medical cause of autism (e.g. 

tuberous sclerosis, extreme prematurity, congenital rubella), IQ less than 35 (or 

mental age less than 18 months), or exposure to medications in utero that might 

be causative of autism.

2.1.2 Centre D’Etude du Polymorphisme Humain (CEPH)

The Centre D’Etude du Polymorphisme Humain (CEPH) sample consists of 90 

Utah residents of Northern and Western European descent 

(http://www.ceph.fr/). This sample is one of the four original samples which have 

been extensively genotyped by the HapMap consortium in an attempt to identify 

regions of shared genetic variation within and between populations 

(http://www.hapmap.org). The four original populations, including the CEPH 

population, have also recently been used in a genome-wide study of gene 

expression variation (Stranger, Forrest et al. 2005). Both the genotype data 

from the HapMap consortium and the gene expression data from the Sanger 

Centre are publicly available datasets which have been used in this study. Cell 

lines from selected CEPH samples have also been used in this study (Cornell 

Institute, Camden, New Jersey, USA).

2.1.3 Autism Genome Project Consortium

The Autism Genome Project Consortium (AGP) is an international collaboration 

which began in 2002 with over 120 scientists from more than 50 institutions 

representing 19 countries, including the Irish autism sample. Together the 

project has genotyped 2800 trios on the lllumina 1M genotype array (lllumina, 

San Diego, California, USA). The AGP sample was used in this thesis for the 

analysis of the phenotype. The inclusion/exclusion criteria imposed on the 

sample for that purpose is described below.

Only subjects with either the 1995 long version of the ADI-R or the WPS version 

were included in the analysis as they contained the greatest number of 

overlapping questions for analysis. Subjects with the short version (n=7) were 

dropped. Only subjects with a diagnosis of autism or autism spectrum disorder

39



(ASD) on the ADI-R were included. Autism spectrum is derived from the ADI-R 

by use of an extended algorithm originally proposed in (Risi, Lord et al. 2006) 

(see section 2.1.1). Thirteen individuals did not meet diagnostic criteria based 

on the ADI-R diagnostic algorithm and were subsequently dropped from the 

analysis. Individuals were excluded who were over the age of 21 years at the 

time the test was given (n=37) and under the age of four (n=145). For inclusion, 

subjects needed an autism or autism spectrum diagnosis on the ADOS. ADOS 

information was not available for 332 individuals. A further 21 individuals had an 

ADOS diagnosis of ‘not affected’ and were excluded from the analysis.

Three individuals were dropped from the analysis because they had no 

information about verbal status, which was essential to the analysis. Datasets 

were created based upon verbal status of individuals, for which these 

individuals had no information, making it impossible to utilise them in the study. 

These individuals were also missing 97% of the data.

After quality control of the AGP sample, the analysis included 1292 individuals 

with autism. Nine hundred and twenty were verbal and 372 were non-verbal 

individuals as determined by question 19 of the ADI-R 1995 Long version or 

question 30 of the ADI-R WPS version.

2.1.4 Replication Samples 

2.1.4.1 Portuguese Sample

One hundred and ninety-nine patients with autism and their parents originating 

from Portugal were recruited at the Hospital Pediatrico de Coimbra. The male to 

female ratio was 7.29:1. Patients were diagnosed using Diagnostic and 

Statistical Manual of Mental Disorders (DSM-IV) criteria, the Autism Diagnostic 

Interview-Revised (ADI-R) (Lord, Rutter et al. 1994), the Childhood Autism 

Rating Scale (CARS) (Schopler, Reichler et al. 1980) and, for 67% of cases, the 

Autism Diagnostic Observation Schedule (ADOS) (Lord, Risi et al. 2000). 

Idiopathic subjects were included after clinical assessment and screening for 

known medical and genetic autism associated conditions such as Fragile X, 

abnormal karotyping, endocrine disorders, and metabolic disorders (Oliveira,
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Ataide et al. 2007). Developmental or intellectual quotients were determined 

using the Ruth Griffiths Mental Scale II, for children with mental age below the 

chronological age, or the Wechsler Intelligence Scale for Children (WISC) (for 

children with mental age near chronological age) (Berg 1948). A blood sample 

from patients and their parents was used for DNA extraction by salting out 

(Lahiri and Nurnberger 1991).

2.1.4.2 University College London (UCL)

Sixty parent-child trios with a diagnosis of ASD (autism (n=36), Asperger 

syndrome (n=29) or atypical autism n=17) were recruited through the Social and 

Communication Disorders Clinic at Great Ormond Street Hospital (London UK). 

The male to female ratio was 5.5:1. Diagnosis was established using the 

Developmental, Dimensional and Diagnostic Interview (3Di) (Skuse, Warrington 

et al. 2004), and ADOS (Lord, Rutter et al. 1989) and confirmed by consensus 

clinical judgement. Asperger syndrome diagnosis was based on adapted 

guidelines from Szatmari et al (2000); symptoms above threshold on all three 

main ADI-R algorithm domains (derived from 3-Di data), plus normal early 

language development, phrase speech by 36 months, and no marked or 

persistent deviant language development (including delayed echolalia, 

pronominal reversal, and neologisms). Atypical autism scored above the 

diagnostic threshold on ADI-R algorithms (also derived from 3-Di data) 

measuring qualitative abnormalities in reciprocal social interaction, and above 

threshold on either qualitative abnormalities in communication or on restricted, 

repetitive and stereotyped patterns of behaviour. Exclusion criteria included 

known medical conditions associated with autism, e.g. fragile X syndrome or 

other known heritable disorder, and IQ<70 on a standardized IQ test.

Saliva samples from each participant were collected in Oragene-DNA kit (DNA 

Genotek Inc, Ontario, Canada). DNA was then extracted from the cells in the 

saliva by following the Oragene protocol. Buccal cells were collected from the 

participants by using sterile cytology buccal brushes. DNA purification from the 

brushes was performed according to the procedures in the 5'-Prime 

ArchivePure DNA Purification manual. Whole genome amplification was
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preceded on those samples with low DNA quantity. DNA amplification using 

lllustra TempliPhi^'^ V2 Amplification Kit was applied.

2.2 Sample Power 

2.2.1 TDT

Three issues are important in determining the power of a sample to detect an 

effect (Risch and Merikangas 1996). The first is the effect size. This is 

measured using relative risk (RR). RR is a measure of how much a specific 

factor (e.g. genotype) increases an individual’s risk of developing a disease. It is 

calculated as a ratio of individuals exposed to a factor versus those not 

exposed, e.g. carriers of a specific genotype versus non-carriers. A small RR is 

much harder to detect and requires large sample sizes.

The minor allele frequency (MAP) of a marker is also important in determining 

the power of a sample to detect an association. Large samples are required for 

markers of low MAP to ensure that a reasonable proportion of the sample will 

carry that minor allele and be informative for the TDT statistic.

The final issue important in determining the power of a sample to detect an 

association is the level of significance required. As the required significance 

level becomes stricter, the number of trios needed to demonstrate a positive 

association increases. Por example, using a relative risk of 1.4 and MAP of 

20%, 156 trios are required to demonstrate a positive association at p<0.05. If 

the level of significance is lowered, for example to p<0.01, the number of trios 

required increases to 254.

Post-hoc power calculations were performed to determine the power of the 

samples used in this study (Risch and Merikangas 1996). The Irish autism 

sample consists of 179 trios. It was determined that the Irish autism sample has 

80% power to detect a relative risk of approximately 1.5, at a MAP of 10% at a 

level of significance of p<0.05.
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2.3 Genotyping

2.3.1 Tagging SNPs

Tagging SNPs make use of linkage disequilibrium (LD) across genes (see 

section 1.6.2.3). If two markers have a high degree of LD between them, the 

genotype at one marker will predict the genotype at the other. Therefore, it is 

only necessary to genotype one marker to know the genotype of both. Where 

blocks of LD encompassing a number of SNPs are present over a gene, the 

number of SNPs to be genotyped can be reduced. SNPs are chosen which 

predict the genotypes of a number of other SNPs in the block. These are 

known as tagging SNPs.

CEPH genotypes for the gene of interest were obtained from HapMap 

(http://www.hapmap.org). Tagging SNPs were then chosen using Haplovlew 

(Barrett, Fry et al. 2005). Tagging SNPs were chosen to encompass all 

haplotypes present at a frequency of >1%.

2.3.2 KASPar Assay

KASPar assays are the proprietary assays of commercial genotyping company 

KBioscience (Herts, UK). KASPar assays use allele specific forward primers in 

conjunction with a common reverse primer. Fluorescent probes in the reaction 

are primer specific. The fluorescent probe binds a specific primer which is then 

incorporated into the PCR sequence. As the probe becomes double stranded, 

the fluorescent tag becomes active and the dye can be detected. Fluorescence 

levels of each dye can then be measured and used as the basis for a genotype 

call.

2.3.3 Taqman Allelic Discrimination Assays

TaqMan allelic discrimination (Applied Biosystems, Foster City, CA, USA) uses 

two labelled probes, one specific for each allele of the SNP of interest. Each 

probe contains both a fluorescent group and a quencher group. While the probe 

remains intact, the quencher group absorbs any fluorescence from the 

fluorescent group. As the DNA polymerase moves along the DNA and meets
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the annealed probe, the quencher group Is cleaved. The quencher is no longer 

able to absorb the fluorescence and the dye can be detected. Fluorescence 

levels of each dye can then be measured and used as the basis for a genotype 

call. Reagents and conditions for this reaction can be seen in Table 2.1. 20ng 

genomic DNA or 1|il of the reverse transcription reaction were amplified in a 

total volume of 10|il.

Table 2.1. Allelic Expression Imbalance protocol for use with TaqMan Allelic 

Discrimination Assays.

TaqMan Allelic 
Expression 
Imbalance

Reagents Program

H20 2.75|jl
50°C 2 mins
95°C 10 mins
95°G15sec}

x40
60°C 1 min }

40x Assay Mix 0.25|jl

Universal
Mastermix 5|jl

gDNA/cDNA 20ng/1 |jl

Samples were analysed using the SDS absolute quantification program 

(Applied Biosystems, Foster City, California, USA).

2.3.4 Microsatellite Genotyping

Microsatellites were genotyped by size differentiation of the PCR product. PCR 

is performed over the region of interest. The forward PCR primer used is 

fluorescently tagged. An ABI 3130XL Genetic Analyzer (Applied Biosystems, 

Foster City, California, USA) is then used to determine the length of each PCR 

product. Samples were analysed using Genemapper v2.7.

2.3.5 Whole-Genome Genotyping

Trios consisting of an affected offspring and both parents were genotyped using 

the lllumina 1M genotyping array (lllumina, San Diego, California, USA). 250ng 

of DNA per sample is first whole genome amplified and than fragmented. Once 

fragmented, the DNA is loaded onto a Human1M-Duo BeadChip (lllumina, San 

Diego, California, USA). The Human1M-Duo BeadChip has just fewer than 1.2
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million markers. The BeadChip is covered with 50-mer probes to which the DNA 

hybridizes. One of two beads corresponds to each allele per SNP locus. Allele 

specificity is conferred by enzymatic single base extension with fluorescently 

labelled nucleotides and is then read by the lllumina BeadArray Reader 

(lllumina, San Diego, California, USA). Fluorescence levels of each dye can 

then be measured and used as the basis for a genotype call.

2.4 DNA Sequencing

DNA sequencing uses a similar process to standard PCR. Fluorescently 

labelled ddNTPs are used in addition to standard dNTPs. This causes the 

extension of the primer to terminate randomly as a ddNTP is incorporated into 

the sequence. The reaction is then separated by electrophoresis using the ABI 

3130XL Genetic Analyser (Applied Biosystems, Foster City, California, USA).

The sequence of reactions required for DNA sequencing can be seen in Figure 

2.1. After the initial PCR, a clean-up step is required to remove unincorporated 

primers and dNTPs. The microCLEAN PCR clean up kit was used (Microzone 

Ltd, West Sussex, UK). DNA sequencing was performed using the ABI BigDye 

Terminator (v3.1) Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, 

USA). Post sequencing clean up was done using the BiDye XTerminator 

Purification Kit (Applied Biosystems, Foster City, California, USA). Samples 

were analysed using SeqScape v2 (Applied Biosystems, Foster City, California, 

USA) and Finch Trace Viewer (Geospiza, Seattle, Washington, USA).
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microCLEAN

Reaeents Protocol

PCR Product lOpl Spin @ 2000-4000g for 40 mins 
Place pUte upside down onto tissue paper 

Pulse centrifuge to 40g for 30 secs 
Resuspend pellet in  lo p l H2OmicroCLEAN lo p l

I

BigDve
Sequencing

Reaction

Reaeents Program
microCLEAN

product 5(j1

95°C 20 sec 
95°C 30 sec} 
53°C 30sec}x25  
6o°C 3 mins}

BigDye Reaction 
Mix V3.1 ip l

5X BigDye 
Reaction Buffer 

v :^.i
2pl

Sequencing
Primer

(2opm ol/p i)
iMl

H2O to lOul

BigDye X- 
Tern iinator  
Purification  

Kit

Reagents Program
Sequencing

Product lOpl Vortex plate for 30 mins 
Spin @ looog fbr 2 mins 

Transfer supernatant to clean plate and 
run on ABl 3130 Genetic Analyser

SAM Solution 45Ul
X-Terminator

Solution 10|jl

Figure 2.1. DNA Sequencing Protocol

2.5 Genetic Statistical Analysis 

2.5.1 Transmission Disequilibrium Test

The transmission disequilibrium test (TDT) is a family-based genetic association 

test. It detects the presence of genetic linkage between a genetic marker and 

the disorder phenotype (Spielman, McGinnis et al. 1993). It can also be used to 

analyse sub-phenotypes or quantitative traits, as well as the categorical 

phenotype of autism. Families consist usually of trios encompassing the mother, 

father and the affected offspring. TDT examines the transmission of alleles of a 

single marker.

For a DNA marker that is heterozygous in the parent, there is a 50% chance of 

either allele being transmitted to the child. If in a population of families the 

transmission ratio from heterozygous parents is 50% transmitted, 50%
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untransmitted we say there is transmission equilibrium. This is the null 

hypothesis for family based association studies. Family based association 

studies look for deviations from this norm, using the transmission disequilibrium 

test (TDT) (Spielman, McGinnis et al. 1993).

TDT uses the Chi Squared statistic to measure transmission disequilibrium 

(Figure 2.2). The effect size of specific marker can be calculated using the Odds 

Ratio (OR) test (Figure 2.3).

Chi sq= CtND! <-rii bq

Figure 2.2. The Chi Squared statistic is used to measure transmission disequilibrium. 

T=transmitted, NT=not transmitted.

OR=
NT

Figure 2.3. The Odds Ratio statistic is used to measure effect size. T=transmitted, NT=not 

transmitted.

Markers which are tested in genes fall into two broad categories -  causative 

and linked. The first is potentially causative markers, which may have a direct 

impact on gene expression or function. These markers could include coding 

markers which change the amino acid sequence of the final protein, or markers 

in the promoter region of a gene which could influence the level of gene 

expression. The second category of markers is those that are unlikely to have a 

functional role directly, but may be in linkage disequilibrium (LD) with a 

potentially functional marker.

Allele frequencies differ between populations irrespective of disease state. The 

problem of hidden, or cryptic, sub-populations which differ in their 

representation in case and control groups, as well as allele frequency, is known

47



as population stratification and can lead to false positive results. Family based 

samples reduce the problem of population stratification, as there is a common 

genetic background among the family members. Additionally, genotyping errors 

can be detected via Mendelian inconsistencies.

There are a number of disadvantages to family based studies. The nature of the 

TDT statistic means that only heterozygous parents can be used to measure 

transmissions. Certain family structures are not informative for the TDT statistic 

(Figure 2.4). Therefore, a certain amount of data is lost. Other drawbacks to 

family based studies include increased genotyping in comparison with a two 

person case-control pair.

1 NT 2 NT

2T 2T

1 NT1 NT
22

2T

1 NT 1 NT

2T

1 NT 2 NT 1 NT 1 NT

Figure 2.4. Informative transmission for the transmission disequilibrium test (TDT). 

Informative transmissions are marked with a green arrow and uninformative 

transmissions are marked with a red arrow. In general, all transmissions from 

heterozygous parents are considered informative for TDT. However, if both parents and 

affected child are heterozygous for a marker, it cannot be determined which parent 

transmitted which allele. In this case the family is considered uninformative.
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2.5.1.1 PLINK

PLINK was used to run basic TDT analysis (Purcell, Neale et al. 2007). 

Inclusion criteria for markers and individuals can be seen in Table 2.2. 

Conditions were chosen to include as many genotypes as possible in the 

analysis -  i.e. maximum genotype missingness per SNP and per individual 

were both set to 1.0.

Table 2.2. Inclusion criteria for TDT analysis in PLINK and haplotype analysis in 

Haploview. Inclusion levels were chosen to include as many genotypes as possible.

Criteria Inclusion Level

Minimum Minor Allele Frequency 

(MAF)
0.005

Maximum Per-SNP Missing 

(GENO)
1.0

Maximum Per-Person Missing 

(MIND)
1.0

Minimum Hardy-Weinberg disequilibrium 

p Value (HWE)
0.001

2.5.1.2 Haplotype Analysis

Haplotype analysis was done using Gabriel’s confidence intervals in Haploview 

(Gabriel, Schaffner et al. 2002). Haplotypes are defined in section 1.6.2.3. 

Haploview was used instead of the sliding window technique to 1) cut down on 

number tests done and 2) have a more biologically relevant hypothesis to our 

haplotype analysis. Inclusion criteria are the same as those used for single 

marker TDT analysis (Table 2.2).

2.5.1.3 UNPHASED

UNPHASED was used in the analysis of multi-allelic microsatellite markers. 

Each allele is tested for transmission disequilibrium. A global p value is then 

calculated for the marker as a whole.
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2.5.2 Quantitative Trait Analysis

Quantitative trait analysis attempts to identify relationships between continuous 

quantitative variables (e.g. expression levels or sub-phenotypic trait) and 

genetic markers.

2.5.2.1 QTLSNP

Quantitative trait analyses of autosomal markers were performed using the 

qtlsnp routine in STATA10 (Stata Inc, College Station, Texas, USA). The qtlsnp 

routine uses linear regression to compare the equality of means across 

genotypes while allowing for covariate adjustment (Cleves 2005).

Three different genetics models of mode of inheritance were tested: dominant, 

recessive, and additive. The dominant model of inheritance hypothesises the 

major allele to be conferring risk (AA|Aa>aa) while the recessive model 

hypothesises the minor allele to confer risk (AA>Aa|aa). The additive model 

hypothesises risk for disease shows a trend for increase between heterozygous 

and one homozygous group with the risk for heterozygous half that of the 

homozygous group (AA>Aa>aa). ‘Dominant’ and ’recessive’ are arbitrary labels, 

as the mode of inheritance of a quantitative trait can only be determined using 

transmission from parents. A model of each of these effects is shown in Figure 

2.5.
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Figure 2.5. QTLSNP tests for three possible effects of genotype on a quantitative trait 

codominant, dominant and recessive.

2.5.3 Students T-Test

A t-test is a statistical hypothesis test in which the null hypothesis is no 

difference between the two groups being compared. A one-tailed t-test 

hypothesises that one sample differs from the other in a specific direction, i.e. 

sample 1 > sample 2. A two-tailed t-test also hypothesises that one sample 

differs from the other, but in either direction, i.e. sample 1 ^ sample 2. Students 

t-tests were performed in STATA10 (Stata Inc, College Station, Texas, USA).

2.6 Expression Studies

2.6.1 Samples

2.6.1.1 Brain Samples

Seventeen Amygdala brain sections from different individuals were obtained 

from the MRC Edinburgh Brain Bank. Mean age of death was 41.18 years 

(range 16-57 years), with a mean post-mortem interval time of 51.29 hours 

(range 28-76 hours). In the majority of cases heart disease was the cause of 

death.



2.6.1.2 Lymphoblast Cell Lines

Human lymphoblast cell lines were sourced from both patient and control 

biobanks. For patient samples, blood samples were sent immediately following 

collection by an International Courier service to Rutgers University Cell and 

DNA repository (RUCDR, Piscataway, New Jersey, USA). These were either 

used to generate lymphoblast cell lines from which DNA was extracted, or DNA 

was extracted directly from a portion of the blood sample and lymphocytes 

cryopreserved for future recovery. Lymphoblast cell lines were requested based 

on age and IQ. Eleven individuals with a diagnosis of autism were requested 

from RUCDR (9 male; 2 female). HapMap CEPH lymphoblast cell lines were 

obtained from the Cornell Institute (Camden, New Jersey, USA).

Cells are grown in suspension and cultured in Roswell Park Memorial Institute 

(RPMI) media supplemented with 15% foetal bovine serum, 10mM glutamine 

and stored at 37°C, 5%C02 in 75cm^ culture flasks. Phosphate buffered saline 

(PBS) was used to wash cells. Cells were split every 3-4 days. The protocol for 

splitting cells is shown in Table 2.3.

Table 2.3. Protocol used for splitting lymphoblast cell lines. Cells were split every 3-4 

days.

1. Centrifuge cells to pellet

2. Remove supernatant

3. Wash cells with 10ml PBS

4. Centrifuge cells to pellet

6. Resuspend cells in 10ml media

7.
Add 9ml media 1ml cell 
suspension to two new flasks for a 1 
in 10 dilution
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2.6.2 RNA Extraction

RNA extraction is the process of isolation and extracting RNA from cells. RNA 

stabilization is an absolute prerequisite for reliable gene-expression analysis. 

Immediate stabilisation of RNA in biological materials is necessary because, 

directly after harvesting the biological sample, changes in the gene-expression 

pattern occur due to specific and nonspecific RNA degradation as well as to 

transcriptional induction. The major reason for this is RNase activity in cells.

Cells are lysed in the presence of a strong denaturant (e.g. guanidine 

isothiocyanate). This step removes the cell and nuclear membranes, allowing 

RNases access to nuclear RNA. Addition of (3-mercaptoethanol denatures 

RNases and protects RNA from degradation. RNA is isolated by silica-gel 

membrane. See Table 2.4 for a general flow chart protocol for RNA extraction.

Table 2.4. RNA Extraction Flow Chart

Harvest Cells (~10 )̂

Disrupt Samples and Lyse Cells with 
strong denaturant (e.g. guanidine 

isothiocyanate)

Homogenise Sample

Wash with Ethanol and Elute RNA with 
RNase Free Water.

Apply Sample to silica-gel membrane.
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2.6.2 cDNA Synthesis

RNA is a highly unstable and difficult to work on. It is made into the more stable 

complementary DNA (cDNA). 1[ig of total RNA was reverse transcribed using 

the Quantitect Reverse Transcriptatse kit (Qiagen, Hilden, Germany) according 

to the manufactures’ description. It is a two step reaction with the first step 

ensuring complete elimination of genomic DNA and the second the creation of 

the cDNA library. The reverse transcriptase primers used by the Qiagen kit 

contain an optimised olgio-dTs blend and random primers dissolved in water. 

The protocol used for cDNA synthesis is shown in Table 2.5.

Table 2.5. cDNA synthesis procedure using the Quantitect Reverse Transcriptase kit 

(Qiagen, Hilden, Germany)

Reagents Program

gDNA Wipeout 
Buffer 2pl

Template RNA Up to 1M9 42°C 2 mins

c DNA Synthesis

RNase-free
water

Variabfe, create 
total volume of 

14pl

Product from 
above 14pl

Reverse 
T ranscriptase 1|j|

42° C 30 mins 
95°C 3 mins

Reverse 
T ranscriptase 

Buffer
4m

Reverse 
I  ranscriptase 

Primers
1MI

2.6.3 TaqMan Gene Expression Assays

TaqMan gene expression assays (Applied Biosystems, Foster City, California, 

USA) use probes designed specifically for mRNA and bind to exon-exon 

junctions. TaqMan gene expression assays contain a probe with a fluorescence 

group at its 5’ end and a quencher group at its 3’ end. While the probe remains 

intact the quencher groups absorbs any fluorescence from the fluorescent
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group. As the DNA polymerase moves along the DNA and meets the annealed 

probe, the quencher group is cleaved. The quencher group is no longer able to 

absorb the fluorescence and the dye can be detected. Fluorescence levels can 

be measured and used as the basis for a Ct value (see section 2.6.3.1). 

Reagents and conditions can be seen in Table 2.6. Lymphoblast samples were 

analysed using the SDS absolute quantitation program (Applied Biosystems, 

Foster City, California, USA). Brain expression samples were run on the 

Stratagene MX5003P with cyclic values determined using the MxPro software 

(Stratagene, La Jolla, California, USA).

Table 2.6. TaqMan Gene Expression Protocol

TaqMan Gene 
Expression Assay

Reagents Program

H20 3|jl
50°C 2 mins 

95°C 10 mins 
95°C 15sec}x40  

60° C 1 min }

Universal
Mastermix 5|jl

20x Assay Mix 1|jl

cDNA 1|j|

2.6.3.1 Relative Expression (Delta Ct [ACt])

Expression levels using TaqMan based technology report Ct values. The Ct 

value represents the number of PCR cycles where the reporter dye signal is 

sufficiently high to cross an automatically or manually determined threshold 

value. The threshold levels for all Ct values in this study were automatically 

detected. The earlier the signal passes the threshold value, the higher the 

expression of that gene in that sample. Ct "undetermined" means that the signal 

stays under the threshold during all the 40 cycles, meaning expression is too 

low to be detected.

Sample preparation can create small difference between samples. To minimize 

the effect of these differences, all results are normalised against an 

endogenous control. Delta Ct is calculated by subtracting the Ct of the
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housekeeping gene fronn the Ct of the gene of interest: A Ct = Gene of Interest 

Ct -  Endogenous Control Ct. The value created is inversely proportion to the 

level of expression, i.e. the lower the A Ct value the higher the expression in the 

gene of interest.

2.6.4 Statistical Analysis 

2.6.4.1 RNA Expression Studies

Statistical analysis was run using the qtlsnp package (Cleves 2005) of 

STATA10 (Stata Inc, College Station, Texas, USA) for the statistical analysis of 

expression levels to genotypes (see section 2.5.2.1). Student’s t-tests were 

used for the case-control expression study (see section 2.5.3).

2.6.4.2 Allelic Expression Imbalance

Amount of allelic expression imbalance (AEI) ranged from 0 to 1, with 0 being 

total expression of allele 2, 1 being total expression of allele 1 and 0.5 being 

equal expression of both alleles. In order for a sample to be said to have AEI, it 

must fall out the 0.4 to 0.6 range, an approximate 20% range. Individuals found 

positive for AEI by these standards harbour c/s-acting variants which effect 

expression of the gene of interest. These results are generally reproducible and 

unlikely to be caused by measurement error (Yan, Yuan et al. 2002; Bray, 

Buckland et al. 2003).

The statistical procedure for differentiating output data to relative allele dose 

has been developed from DNA pooling applications (Sham, Bader et al. 2002). 

Threshold amplification cycle data (Ct) is used to determine relative allele 

frequency (rF) (Figure 2.6). cDNA Ct values are normalised against gDNA Ct 

values, representing a 50:50 ratio of allelei vs. allelea. This corrects for any 

inequalities in allelic ratios arising from the assay itself (Hoogendoorn, Norton et 

al. 2000).
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rF = ------- -̂-------
(2 ACt +1)

ACt = [(Ct allele^ (cDNA) -  Ct allele2 (cDNA)) -  (ACt gDNA )]

Figure 2.6. Relative Frequency Equation. Threshold amplification cycle data (Ct) is used 

to determine relative allele frequency. cDNA Ct values are normalised against gDNA Ct 

values, representing a 50:50 ratio of allelel vs. allele2. rF=relative frequency, ACt’ = 

normalised cDNA Ct differences.

All statistical procedures were performed with STATA10 (Stata Inc, College 

Station, Texas, USA). Kappa-coefficients were calculated as previously 

described (Lim, Pinsonneault et al. 2007). A kappa-coefficient tests for 

agreement between two pfienomenon in this case heterogeneity and allelic 

expression imbalance. The kappa coefficient can be seen in Figure 2.7 (Lim, 

Pinsonneault et al. 2007). k  > 0.75: excellent agreement; 0.4 to 0.75 = fair to 

good agreement; < 0.4 = poor agreement (Lim, Pinsonneault et al. 2007). A 

Kappa-coefficient comes with a z-score. A z-score is analogous to the Student’s 

t-statistic were the parameters of the population are known. A z-score is 

transformed into a p-value.

Figure 2.7. Kappa-coefficient, a = proportion of samples heterozygous & AEI positive; b = 

proportion of samples heterozygous & AEI negative; c = proportion of samples 

homozygous & AEI positive; d = proportion of samples homozygous & AEI negative; p̂  = 

proportion of samples that are heterozygous for a given SNP; q̂  = proportion of samples 

that are homozygous for a given SNP; p̂  = proportion of samples that are AEI positive; q̂  

= proportion of samples that are AEI negative

K“
2 (a d -b c )
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2.7 Gene Reporter Assay

Gene-reporter assays provide a system in which to study gene promoter 

function and regulation under conditions that are more easily defined by the 

investigator compared to that of an in vivo system. DNA regions of interest are 

cloned into a vector (bacterial plasmid) upstream of a promoter-less gene. The 

vector is then transfected into the desired cell line and its protein is expressed 

via the endogenous transcriptional system. The expression level of the gene 

product is related to the activity of the promoter driving it. Typically these genes 

encode proteins that are easily detectable e.g. a secreted enzyme substrate. 

More recently proteins of the luciferase family have been used.

In order to minimise differences in expression levels due to transfection 

efficiency, a control vector, consisting usually of a viral promoter driving another 

easily detectable protein, is co-transfected with the test plasmid. This allows 

the relative expression of the test plasmid to be calculated.

The Dual-Luciferase Reporter Assay System (Promega, Madison, Wisconsin, 

USA) provides a method that measures both firefly {Photinus pyralis) and 

Renilla {Renilla reniformis) luciferases allowing the test and control constructs to 

be measured in a single sample. The system utilises the pGL3 plasmid 

containing a promoter-less modified firefly luciferase gene (Figure 2.8) and the 

pGL3-Control vector containing a modified firefly luciferase gene driven by an 

SV40 promoter (Figure 2.9). The pRL-CMV plasmid contains a modified Renilla 

luciferase gene driven by the CMV immediate early enhancer/promoter region 

(Figure 2.10).
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pGL3-Basic
Vector B 'llll

Figure 2.8. pGL3 Basic Reporter Vector. The pGLS basic vector contains a luciferase 

reporter gene, a multiple cloning site and an ampicillin resistance gene.

Syr 'h.-!! (■.. : , ' A |

pGL3-Control
Vector Bqlii

PrcM V  !.- f

Figure 2.9. pGL3-Control vector. The pGL3-Control vector contains an SV40 promoter 

driving the expression of a modified firefly luciferase gene. This provides a positive 

control, by confirming the efficiency of the transfection procedure.
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pRL-CMV
Vector

CMV Immediate Early 
Enhancer'Promoter

Figure 2.10. pRL-CMV Renilla plasmid. The pRL-CMV Vector contains the CMV enhancer 

and early promoter elements to provide high-level expression of Renilla luciferase in co

transfected mammalian cells.

Differential detection is achieved by taking advantage of the differences in 

substrates used by the two enzymes. The sample is initially incubated with the 

firefly substrate, a luminescence reading made, followed by addition of the Stop 

and Glo reagent which simultaneously quenches the firefly reaction while 

providing the substrate for the Renilla luciferase. The use of a dual assay 

reduces variability by allowing a way to normalise transfection efficiencies 

between samples.

The general protocol used to produce the test constructs and perform the 

luciferase assay is shown in Figure 2 . 1 1 .
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Design of Insert

I
PCR and Poly-A Tail of Insert Sequence 

Ligation of Insert into pGEM T-Easy Vector

_______________________________ X_______________________________
Transformation of Insert-pGEM T-Easy into JM109 Gonnpetent Cells

 ±_______________________
Restriction Digest of Insert Sequence

 ̂ ~  
Ligation of Insert into pGL3 Control

I
Transformation of lnsert-pGL3 into JM109 Competent Cells 

Confirmation of Insert in pGL3 Control 

Transfection into SH SY-5Y and CHO Cell Lines

Background Positive Control Condition A Condition B

Control pGL3 Control pGL3 Control + Allele 1 pGL3 Control + Allele 2

pGL3 Basic Renilla Renilla Renilla

Measure Firefly and Renilla Luciferase Activity

Figure 2.11. General protocol used in the luciferase gene reporter assay.

After design and construction of vectors, they are transfected into eukaryotic 

cell lines to assay their transcriptional efficiency. Two cell lines used in the 

luciferase assay -  CH0-K1 and SH-SY5Y. The CHO-K1 cell line originates 

from a Chinese hamster ovary. It is a standard cell line which is both easy to 

transfect and easy to maintain. SH-SY5Y is a human neuroblastoma cell line.

2.7.1 Intermediate Vector

The pGEM-T Easy vector (Promega, Madison, Wisconsin, USA) is a linear 

vector with a thymine nucleotide overhang at each end (Figure 2.12). During a
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PCR reaction, Taq DNA Polymerase adds an extra adenine nucleotide at the 

end of the PCR product. The combination of the thymine overhang on a pGEM- 

T Easy vector and adenine overhang on a PCR product facilitates sticky-end 

cloning of the PCR product into the vector. Once inserted, the vector is 

circularised. This provides a stable cloned template.
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Figure 2.12. The pGEM-T Easy Vector has a T-overhang at each end of the vector. This 

allows easy cloning of PCR fragments which have an A-overhang at each end as a result 

of DNA polymerase activity.

2.7.2 A-tailing Reaction

The addition of a string of adenine allows for more success in cloning into the 

pGEM-T Easy vector. A poly-A tailing reaction adds additional adenine 

nucleotides to the end of a PCR product. The protocol used for poly-A tailing is 

shown in Table 2.7.
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Table 2.7. Poly-A Tailing Protocol

Poly-A Tailing 
Reaction

Reagents Program

PCR Construct 10|jl

70°C for 30 mins
PCR Buffer 2 Ml

dATP 0.8 Ml

Taq 1 Ml

H2O 16.2 Ml

2.7.3 Restriction Digest

Restriction digest was used to prepare both the Insert and the pGL3 vector for 

ligation. Restriction enzymes are enzymes which cleave particular nucleotide 

sequences of DNA, called consensus sequences. Consensus sequences are 

usually palindromic, meaning it reads the same on the reverse strand as on the 

forward strand. Each restriction enzyme has Its own consensus sequence which 

is typically four to eight base pairs long. Restriction enzymes can produce two 

different DNA ends -  sticky and blunt. Sticky ends have an overhang where 

blunt ends are a straight cut (Figure 2.13).

gIa a t t c ccc

c t t a />|g ggg

jjGG
ccc

sticky Ends Blunt Ends

Figure 2.13. The difference between sticky end and blunt ends in restriction digests.

A general protocol for restriction digests can be seen in Table 2.8.
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Table 2.8. Protocol for Restriction Digest Reaction.

Restriction
Digest

Reaction

Reagents Program

Digestion
Buffier 2[i\

3 7 X fb r4
hours

Restriction
Enzyme 1mI

BSA 0.2|jl

DNA Up to 500ng

H20 Up to 20|jl 
reaction

Restriction digest are separated using gel electrophoresis. Digests are run on a 

1 % agarose gel for separation of bands. DNA was extracted from the agarose 

using QIAquick gel extraction kit (Qiagen Inc., Hilden, Germany) (see section 

2.7.4).

2.7.4 Gel Extraction

DNA can be purified using gel electrophoresis. Gel electrophoresis can 

separate different size DNA molecules. DNA molecules travel at different rates 

depending on their size, with smaller strands travelling faster than larger 

strands. DNA must be isolated from the gel through a purification procedure 

which removes primers, nucleotides, enzymes, mineral oil, salts, agarose, 

ethidium bromide, and other. Gel extraction uses a silica membrane for binding 

of DNA in high-salt buffer and elution with low-salt buffer or water. The DNA 

was extracted from the agarose using QIAquick gel extraction kit (Qiagen Inc., 

Hilden, Germany) (Table 2.9).
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Table 2.9. Protocol for extracting DNA from agarose gel using QIAquick gel extraction kit 

(Qiagen Inc., Hilden, Germany).

1. Cut DNA band from gel.

2. Weight cut DNA band and add 3 volumes of Buffer QG to 1 volume 
of cut DNA band.

3. Incubate at 50°C for 10 mln (or until gel dissolves).

4. Add 1 cut DNA band volume of isopropanol.

5. Place in silica membrane column and centrifuge at full speed for 1 
min.

6. Discard flow-through.

7. Add 0.5ml Buffer QG and centrifuge at full speed for 1 min.
8. Discard flow-through.

9. Add 0.75ml Buffer PE and centrifuge at full speed for 1 min.

10. Discard flow-through and centrifuge at full speed for 1 min.

11. Elute DNA with 30pl Buffer EB and centrifuge at full speed for 1 min.

2.7.5 Ligation

Ligation links two DNA strands together by utilising the DNA ligase enzynrie. It 

works by forming two covalent phosphodiester bonds between the 3' hydroxyl 

ends of one nucleotide with the 5' phosphate end of another.

A molar ratio was used to determine the mass of the insert and vector to be 

added to the ligation reaction. For example in a 1:1 ratio, an equal number of 

molecules of the insert and the vector are required. A formula which takes into 

account the length of the insert and vector, the desired vector mass and the 

ratio required is used to determine the mass of insert to be used (Figure 2.14).
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Insert mass (ng) = Ratio (10/1/0.1) x Insert length (bp) ^ vector mass (ng)
Vector Length (bp)

Figure 2.14. A formula was used to determine the correct weight of insert needed in each 

ligation condition. A standard weight of 20ng of vector was used in each condition. 

Three vectoriinsert ratios were tested -10:1 ,1 :1  and 1:10.

20ng of vector was used in each reaction. Three vectoninsert ratios were 

tested -  10:1, 1:1 and 1:10. Ligation was performed using the enzyme T4 DNA 

Ligase (New England Bioloabs, USA). The ligation protocol used in cloning of 

PCR products is shown in Table 2.10.

Table 2.10. Reagents and reaction protocol used for DNA ligation

Ligation Protocol

Reagents Program

T4 DNA Ligase 
Buffer (10x) 1|j|

15°C for 3 hrs

Vector 1|J| (50ng)

PCR Product Molar Ratio 
(10:1, 1:1, 1;10)

14 DNA Ligase 0.5|jl

H20 Make Up to 10|jl

2.7.6 Transformation

Transformation is a technique that allows the introduction of foreign DNA into a 

cell. Plasmids were transformed into competent JM109 competent cells 

(Promega, Madison, Wisconsin, USA), using a ‘heat-shock’ protocol (Table 

2.11). The cells and plasmid are mixed together, cooled on ice then subjected 

to a heat-shock, followed by a further two minutes on ice. This causes pores in 

the cell surface to open, allowing the plasmid to enter.
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Table 2.11. Transformation Protocol for JM109 Competent Cells

1. Prechill tube on ice

2. Preheat SOC Media to 42°C

3. Thaw cells on ice. When thawed, gently mix and aliquot 
50ul of cells into prechilled tubes

4. Add lOng experimental DNAto tube. Gently flick tube 
several times.

5. incubate on ice for 10 minutes

6. Heat-pulse the tubes in 42°C water bath for 45 seconds

7. Incubate on ice for two minutes

8. Add 0.9ml SOC Media

9. Incubate at 37°C for one hour

10. Centrifuge for two minutes and resuspend in ~200|jl

11. Plate out onto agar plate containing 10Opg/mi carbenicillin 
antibiotic and incubate overnight at 37°C

S O C  M edia is used in the transformation procedure because it is nutrient rich 

and is thought to aid in the recovery of cells after heat-shock better than normal 

LB Media (Table 2 .12).

Table 2.12. SOC Media Recipe

Ingredients (per 1L)

T ryptone 20g

Yeast Extract 5g

SOC Media
NaCI lOg

1M KCI 2.5ml

IM M g C lj 10ml

MgS04 10ml

1M Glucose 20ml
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2.7.7 Colony Selection and Growth

Colonies were screened using PCR (up to 96 per plate). Colonies were 

inoculated in 100(il of LB media (Table 2.13), containing 100mg/ml carbenicillin 

antibiotic. These mini-cultures were covered with a PCR plate seal with holes 

poked through as the cells need access to air to stay alive. They were 

incubated overnight with shaking (150 rpm) at 37°C. 95(jl of the mini-cultures 

from colonies that were shown by PCR to contain a fragment of appropriate size 

by PCR were used to inoculate overnight growth in 3ml of LB media, containing 

lOOmg/ml carbenicillin antibiotic. Plasmids were extracted from each successful 

growth using an ammonium acetate extraction protocol (Table 2.14).

Table 2.13. LB Media Recipe

Ingredients (per 1L)

LB Media Tryptone 20g

Yeast Extract 5g

NaCI 10g
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Table 2.14. Ammonium Acetate Extraction Protocol

Buffer A

50mM TrisHCL pH 8.0

10mM EDTA

100|jg / nnl Rnase A

Buffer B
200mM NaOH

1%SDS

1. Pellet and resuspend 1.5ml of overnight 
culture in 200|jl of Buffer A

2. Add 400|jl of Buffer B, mix by inversion 
and incubate on ice for ten minutes

3. Add 300|jl 7.5M ammonium acetate, 
mix and incubate on ice for ten minutes

4. Spin at full speed for ten minutes

5. Transfer supernatant into new tube with 
500|jl isopropanol and mix

6. Spin at full speed for 10-15 minutes

7. Discard supernatant and wash pellet 
with 1 ml 70% EtOH

8. Spin at full speed for ten minutes

9. Dry pellet and resuspend in 50|j| TE

2.7.8 Dephosphorylation

Dephosphorylation removes the phosphate group from the ‘sticky ends’ left by 

restriction digest. Removal of the phosphate groups prevents a restriction 

digested vector religating back on itself. Dephosphorylation was performed 

using the enzyme Antarctic Phosphatase (New England Bioloabs, Ipswich, 

Massachusetts, USA). The protocol for dephosphorylation is shown in Table 

2.15.
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Table 2.15. Dephosphorylation Protocol

Antarctic
Phosphatase

Dephosphorylation

Reagents Program

Extracted
Digest -3 0 |jl

37°C 60 mins 
65°C 5 mins

Antarctic
Phosphatase 1|jl

Antarctic
Phosphatase

Buffer
3|j|

2.7.9 Cell Culture

Two cell lines were used -  CHO K1 and SH-SY5Y. Cells were grown using 

Roswell Park Memorial Institute (RPMI) medium containing 2mM glutamine and 

10% foetal bovine serum (FBS) and store at 37°C in 5% C02 in 75cm^ culture 

flasks. The cells were split every 3-4 days. The protocol for splitting of cells is 

shown in Table 2.16.

Table 2.16. Protocol used for splitting of SH SY-5Y and CHO K1 cell lines. Cells were split 

every 3-4 days.

1. Pour media into waste

2. Wash cells with 10ml PBS

3. Add 5ml trypsin

4. Incubate at 37°C for approx 5 mins

5.
Add equal volume media to cells (5ml) 
to deactivate trypsin

6. Centrifuge @  1300rpm for 2 minutes In 
15ml falcon tube

7. Pour off supernatant and resuspend 
cells in 10ml media

8.
Add 9ml media + 1 ml cell suspension 
to two new flasks for a 1 in 10 dilution
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2.7.9.1 Transfection

Transfection is the introduction of foreign material (e.g. DNA) into a eukaryotic 

cell. A lipid based transfection protocol was used which takes advantage of the 

ease with which liposomes can fuse with the cell membrane. A commercially 

available reagent was used called Lipofectamine 2000 (Invitrogen Corporation 

Carlsbad, California, USA). Lipofectamine uses a cationic lipid system for the 

delivery of DNA into cells. It is reported to transfect a wide variety of cell lines 

with high efficiency including transfection ‘resistant’ cell lines. The protocol used 

for transfection of plasmids into the cell lines used in this study is shown in 

Table 2.17.

Table 2.17. Protocol used for transfection of plasmids into SH SY-5Y and CHO K1 cell 

lines

1.
Plate 0.5-2 x 10  ̂cells in SOOpI growth medium 
without antibiotics into 24 well place and 
incubate for 24 hrs

2. Dilute DNA in 50|jl serum free media

3. Mix Lipofectamine gently

4.
Mix Lipofectamine / well in 50|jl serum free 
media (i.e. for 3 wells, dilute 9|jl Lipofectamine 
in 150|jl media)

5. Incubate Lipofectamine for 5 mins at room 
temperature

6. Combine diluted DNA and diluted 
Lipofectamine and mix gently

7. Incubate for 20 mins at room temperature

8. Wash 24 well plate with 400|jl PBS

9. Add 400|jl heat-inactivated serum media to 
each well

10. Add 100|jl DNA-Lipofectamine mix to each well

11. Incubate at 37°C for 48 hrs

Cells were co-transfected with either 1.5[ig test construct or empty pGL3 

plasmid and 3ng pRL-CMV plasmid. Transfections were performed in 

experimental and biological triplicate for each reaction.
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2.7.10 Luciferase Assay

The Dual-Luciferase Reporter Assay System (Promega, Madison, Wisconsin, 

USA) was used to measure luminescence from each transfection condition. 

The protocol for this is shown In Table 2.18. The Wallac Victor luminometer 

was used to measure luminescence.

Table 2.18. Protocol used to measure luminescence using the Promega Dual-Luciferase 

Reporter Assay System

1. Wash cell in 400|jl PBS

2. Add 100|jl lysis buffer to each well and leave at 
room temperature for 10 mins

3.
Transfer 20|jl lysed cells to 96-well luminometer 
plate

4.
Add 100|jl Luciferase Assay Reagent to each well 
and mix

5.
Measure firefly luminescence from each well using 
luminometer

6. Add 100|jl Stop-Glo solution to each well and mix

7. Measure Renilla luminescence from each well 
using a luminometer

The relative expression level of each vector is then determined by dividing the 

firefly luminescence by the Renilla luminescence.
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3 Analysis of the Autism Phenotype

3.1 Introduction

Phenotypic variation refers to variation within presentation of the disorder 

phenotype and in autism may explain in part lack of consistent replication in 

genetic linkage and association studies. Division of samples into more 

phenotypically homogenous subgroups may facilitate phenotype-genotype 

analyses, crucial to understanding the genetic underpinnings of the condition. 

As discussed previously (section 1.3), a diagnosis of autism requires the 

presence of deficits in the three core domains of communication and social 

behaviours associated with restricted repetitive behaviours. It has been argued 

that deficits in these three areas may be influenced by separate genetic factors 

that are only weakly correlated (Ronald, Happe et al. 2006). Separating out the 

core behaviours into traits with which to examine the genetic aetiology may aid 

in finding genes responsible for those specific behaviours.

The classic triad of behaviours in autism is based on clinical judgment rather 

than empirical evidence (Szatmari, Georgiades et al. 2006). Multiple studies 

have been undertaken to determine, if present, an empirical structure of the 

autism phenotype. These studies have suggested both a single underlying 

factor and multiple factors ranging from 2 to 6 components (Szatmari, Merette 

et al. 2002; Tadevosyan-Leyfer, Dowd et al. 2003; Constantino, Gruber et al. 

2004; Lecavalier, Aman et al. 2006; Georgiades, Szatmari et al. 2007).

Multivariate analytic studies can also aid in identifying which behaviours are 

most associated with the domains of autism and thereby identify relevant 

behaviours for consideration in genetic studies (Snow, Lecavalier et al. 2008). 

These studies aim to detect an underlying structure in large datasets with high 

covariance.

3.1.1 Multivariate Statistics in Autism

The primary focus of studies investigating the empirical behavioural 

classification of autism has been on the ADI-R, the standard research
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diagnostic instrument in genetic studies of autism (section 1.3.1). A variety of 

approaches have been undertaken, differing with respect to the questions 

incorporated from the ADI-R, in the analysis and in the preferred analytic 

approaches. Three studies to date have incorporated a majority of the ADI-R 

items (Tadevosyan-Leyfer, Dowd et al. 2003; Constantino, Gruber et al. 2004; 

Snow, Lecavalier et al. 2008).

Analytic approaches utilised in these studies have largely centred on the use of 

factor and principal component analyses. A factor analysis is a statistical 

method to reduce the number of variables, revealing the underlying structure of 

the dataset. Principal component analysis (PCA) is closely related to factor 

analysis in that they both are variable reduction techniques, but they are 

fundamentally different (Dunteman 1989). Factor analysis focuses on explaining 

common variance, rather than total variance, in relatively few underlying 

variables (Dunteman 1989). Field et al (1999) outline four basic criteria for 

factor analytic studies; 1) Items included should represent the full range of 

possible behaviour of the autism triad, 2) participants should be from across the 

spectrum rather than to a strict diagnosis, 3) studies should use a well validated 

measure, and 4) sample size should be sufficient to justify the number of items. 

A few studies to date have reached this criterion.

The largest and most comprehensive study to date was a factor analysis 

performed on individuals with FDD split into verbal (n=1329) and non-verbal 

(n=532) sub-groups (Snow, Lecavalier et al. 2008). Snow et al (2008) ran an 

exploratory factor analysis on half of each subgroup selected at random and 

then a confirmatory factor analysis on the entire subgroup. A two factor solution 

consisting of social communication factor and a restricted repetitive behaviour 

factor resulted. Social and non-verbal communication items loaded onto the 

same factor which has been seen across studies (Tanguay, Robertson et al. 

1998; Tadevosyan-Leyfer, Dowd et al. 2003; Lecavalier, Aman et al. 2006; van 

Lang, Boomsma et al. 2006; Georgiades, Szatmari et al. 2007; Gotham, Risi et 

al. 2007; Frazier, Youngstrom et al. 2008). They did not include any verbal 

communication questions and separated the sample into verbal and non-verbal 

individuals with autism before analysis.
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Verbal communication questions make up about a third of the diagnostic portion 

of the ADI-R and communication itself is an important part of the autism triad of 

aberrant behaviours. Inclusion of verbal communication items is problematic 

due to presence of non-verbal individuals. In a typical autism sample 

approximately 30% can be non-verbal. Usually, non-verbal individuals are given 

a ‘not applicable’ informative score on the verbal communication questions to 

indicate their lack of language abilities. Most studies either separate verbal and 

non-verbal individuals or remove verbal communication questions. Two studies 

have attempted to utilise the verbal communication questions of the ADI-R in 

analyses of both verbal and non-verbal individuals. Tadevosyan-Leyfer et al 

(2003) undertook a principal component analysis on ninety-eight questions 

where they recoded non-verbal individuals ‘not applicable’ informative scores, 

indicating insufficient language to a score of ‘3’, meaning severely affected. The 

assumption being that those without language were phenotypically more 

severe. They identified six factors which explained 41% of the variance: spoken 

language, social intent, compulsions, developmental milestones, savant skills, 

and sensory aversions. The spoken language factor had a bimodal distribution 

and the authors concluded there could be two different autism populations 

separated by language ability.

Tanguay et al (1998) also included verbal communication questions in their 

analysis. They restricted their analysis to questions consisting of social and 

communication behaviours. For non-verbal individuals ‘not applicable’ 

informative scores, indicating insufficient language were replaced with the mean 

score for those questions. They found that this did not affect their analysis by 

excluding non-verbal individuals and obtained a similar result. Three main 

factors emerged that explained 50.5% of the variance: Affective Reciprocity, 

Joint Attention, and Theory of Mind. All three factors correlate very strongly 

with the social domain of the ADI-R.

A study examining the structure of the autism phenotype between siblings found 

reduced behavioural variability among sibling pairs, compared to between 

family groups and at identical twin pairs (Silverman, Smith et al. 2002;
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Kolevzon, Smith et al. 2004). They found severity in one aspect of the disorder 

did not directly impact severity in another. Furthermore, they found the different 

behavioural aspects of autism, social-communication and repetitive behaviours, 

were largely independent and may have separate underlying causes 

(Silverman, Smith et al. 2002; Kolevzon, Smith et al. 2004).

A cluster analysis, which groups similar objects into categories to maximize the 

association between them, of the ADI-R undertaken on multiplex families with 

autism was unable to find any discernable differences between behaviours 

(Spiker, Lotspeich et al. 2002). They could not derive groups of individuals with 

social-communication problems and no repetitive behaviours. They found 

differences existed by degree of impairment (mild, moderate or severe) across 

all three behavioural domains (communication, social interaction, 

restricted/repetitive behaviours) (Spiker, Lotspeich et al. 2002). Instead severity 

of impairments was determined to be heritable. Another principal component 

analysis (PCA) and cluster analysis of ADI-R items from individuals with and 

without PDD also concluded there was no discernable separation of behaviours 

but instead a single underlying factor of major effect (Constantino, Gruber et al. 

2004).

Other factor-analytic approaches have investigated the three domains using 

information derived from the ADI-R algorithm. The ADI-R algorithm utilises a 

reduced amount of phenotypic information collected in the ADI-R to derive a 

semi-quantitative diagnosis according to the DSM-IV and ICD-10 criteria. The 

algorithm items are those with the greatest reliability and validity (Lord, Rutter et 

al. 1994). Three studies using the 12 ADI-R algorithm subscales summary 

scores found behaviour domains that differed from the three organised in the 

original algorithm and from each other (van Lang, Boomsma et al. 2006; 

Georgiades, Szatmari et al. 2007). The former study performed confirmatory 

factor analysis in a mixed sample of individuals with PDD and social- 

communication problems and identified three factors: impaired social 

communication, impaired make-believe and play and stereotyped language and 

behaviour (van Lang, Boomsma et al. 2006). The latter study also found three 

components being social-communication, inflexible language and behaviour
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and repetitive sensory and motor behaviour which explained 50% of the 

variance in their data (Georgiades, Szatmari et al. 2007). They further analysed 

these factors against VABS and IQ scores and discovered higher inflexible 

language and behaviour was correlated with a higher general level of 

functioning. Frazier et al (Frazier, Youngstrom et al. 2008) performed a large 

(n=1170) principal component analysis and confirmatory factor analysis on the 

algorithm subscales which extracted two large components: social interaction 

and communication items, and stereotyped speech and restricted/repetitive 

behaviour. These results are different from other similar smaller sample size 

studies (van Lang, Boomsma et al. 2006; Georgiades, Szatmari et al. 2007).

One study has been published which focuses on the thirty six questions 

included on the algorithm (Lecavalier, Aman et al. 2006). However, they 

concluded that their three factor solution did not differ significantly from the 

original algorithm; except non-verbal items loaded with social items rather than 

verbal items. While the questions included in the ADI-R algorithm are those with 

greatest reliability of procuring accurate DSM-lV/lCD-10 diagnoses, the 

symptoms necessary for a diagnosis are not solely relevant to the clinical 

presentation or quantitative trait analyses for the purposes of genetic studies. 

The algorithm is designed to give the most reliable and valid diagnosis of autism 

and may not be the optimal method for procuring behavioural sub-components.

In summary, while results are not replicated between studies, a trend of 

separation between social and communication behaviours and repetitive 

behaviours can be seen. Furthermore, many studies have reported questions 

pertaining to social behaviours and communication questions loading onto the 

same components (Tanguay, Robertson et al. 1998; Tadevosyan-Leyfer, Dowd 

et al. 2003; Lecavalier, Aman et al. 2006; van Lang, Boomsma et al. 2006; 

Georgiades, Szatmari et al. 2007; Gotham, Risi et al. 2007; Frazier, 

Youngstrom et al. 2008; Snow, Lecavalier et al. 2008). The variation in results 

obtained from previous studies is mostly due to differing statistical approaches 

and inclusion of different sub-sets of questions from the ADI-R. A summary of 

the previous multivariate analyses in autism can be seen in Table 3.1.
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Table 3.1. Summary of Previous Multivariate Analyses in Autism.

Author (Year) Sample Dagnosis Statistical T est Instrument Results: Factors Variance

Tanguayetal (1998) 63 Autism, Asperger, PDD- 
NOS Factor Analysis 25 ADI-R items Affective Reciprocity, Joint 

Attention, Theory of Mind 50.50%

Bolte and Poustka (2001) 262 Autism, atypical autism Factor Analysis ADI-R all algorithm items
Social Communication 1, Speech, 

Social Communication II 46.10%

Szatmari et al (2002) 62 low functioning; 
67 high functioning Autism Factor Analysis 3 domains of ADI-R, 3 domains 

from the Vineland
Autistic symptoms, Level of 

functioning 68%

Spiker et al (2002) 171 multiplex 
families

Autism Cluster Analysis 10 ADI-R algorithm subscores Continuous severity gradient not
reported

Tadevosyan-Leyfer et al (2003) 292 Autism
Principal

Component
Analysis

98 ADI-R items

Spoken Language, Social Intent, 
Compulsions, Developmental 

Milestones, Savant SMIIs, Sensory 
Aversions

41%

Constantino et al (2004) 226
PDD, ADHD, unspecified 
developmental disorder, 

other Non-PDD

Factor Analysis; 
Cluster Analysis

63 items from ADI (n=44), SRS 
(maternal report, n=168), SRS 

(teacher report, n=61)

Singular, continuously distributed 
underlying factor 27-40%

van Lang et al (2006); 
Boomsma et al (2008) 255; 263 Autism, Asperger, PDD- 

NOS, non-autism Factor Analysis 12 ADI-R algorithm subscores
ImpairedSocial Communication, 
Impaired Play Skills, Stereotyped 

Lanquaqe/Behaviour

not
reported

Lecavalier et al (2006) 226 Autism, Asperger, PDD- 
NOS

Factor Analysis 34 algorithm items Fits the Original Algaithm not
reported

Georgiades et al (2007) 209 Autism, Asperger, PDD- 
NOS

Principal
Component

Analysis
12 ADI-R algorithm subscores

Social-Communication, Inflexible 
Language and Behaviour, 

Repetitive Sensory and Motor 
Behaviour

50%

Snow et al (2008) 1329 Verbal; 532 
Non-verbal PDD Factor Analysis

34 ADI-R algorithm items for 
verbal, 28 ADl-R algorithm items 
for non-verbal; 48 ADI-R items for 

verbal, 38 ADI-R items f a  non
verbal

Social Communication, Restricted 
Repetitive Behaviours

not
reported

Frazier e ta l (2008) 1170 PDD Factor Analysis 12 ADI-R algorithm sutiscores

Social Interaction and 
Ccmmunicstion, and Stereotyped 
Speech and Restricted/Repetitive 

Behaviours

not
reported



Further factor analytic studies have focused on the restrictive repetitive 

behaviours domain of the ADI-R and found two separate factors, insistence on 

sameness and repetitive sensory motor actions (Shao, Raiford et al. 2002; 

Cuccaro, Shao et al. 2003; Tadevosyan-Leyfer, Dowd et al. 2003; Bishop, 

Richler et al. 2006; Szatmari, Georgiades et al. 2006; Richler, Bishop et al. 

2007). Insistence on sameness (IS) encompasses compulsions and ritualistic 

behaviours while repetitive sensory motor actions (RSMA) includes rocking and 

complex mannerisms (see Table 3.2). Furthermore, two of these studies found 

patterns of inheritance across the two factors, particularly in IS (Cuccaro, Shao 

et al. 2003; Szatmari, Georgiades et al. 2006).
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Table 3.2. Table shows result from five factor analytic studies for restricted repetitive behaviour items of the ADI-R. RSMA refers to repetitive 

sensory motor action, IS indicates insistence on sameness. Adapted from Hus, Pickles et al 2007.

ADI-R Items Cuccaro e ta l 
2003

Shao et al 
2003

Richler et al 
2006

Bishop et al 
2006

Szatmari et al 
2006

Tadevosyan et al 
2003

Hand and Finger Mannerisms RSMA RSMA

RSMA

RSMA RSMA RSMA Other

Other Complex Mannerisms RSMA RSMA RSMA RSMA

Repetitive Use of Objects RSMA RSMA RSMA RSMA RSMA

Unusual Sensory Interests RSMA RSMA RSMA RSMA RSMA

Unusual Preoccupations RSMA RSMA Compulsions

Rocking RSMA RSMA RSMA RSMA

Unusual Attachments RSMA Compulsions

Stereotyped Speech Compulsions
Resistance to Trivial Change in 

Environm ent IS IS IS IS/S A IS Compulsions

Compulsions'Rituals IS IS IS IS/S A IS Compulsions
Difficulties with Minor Changes in 

Routine or Environment
IS IS IS IS/S A IS

Undue General Sensitivity to 
Noise

Other Sensory Aversion

Negative Response to Sensory 
Stimuli

Other IS/S A Sensory Aversion

Circumscribed Interests Other IS/S A

Verbal Rituals Other



Additionally, it has been suggested that different types of repetitive behaviours 

are associated with IQ scores (Szatmari, Georgiades et al. 2006). RSMA scores 

are correlated with adaptive level or IQ, while IS scores are not (Cuccaro, Shao 

et al. 2003; Bishop, Richler et al. 2006; Hus, Pickles et al. 2007). Individuals 

with predominantly more RSMA behaviours than IS behaviours have lower IQ 

scores, or level of functioning, than individuals with predominantly IS 

behaviours. Following on from this study, it has been found that RSMA is 

indicative of global developmental delay, while IS may be specific to autism 

(Carcani-Rathwell, Rabe-Hasketh et al. 2006). IS is positively correlated with 

autistic symptoms in the communication and language domain (Szatmari, 

Georgiades et al. 2006). IS could therefore be the ‘true’ repetitive behaviour 

phenotype for autism, while RSMA could be related to the presence of co- 

morbid developmental delay.

3.1.2 Principal Component Analysis

Principal component analysis (PCA) is a multivariate technique in which a 

number of related variables are transformed into sets of uncorrelated variables 

(Jackson 1991). Multivariate analyses involve observation and analyses of more 

than one statistical variable at a time. PCA is the simplest of the true 

eigenvector-based multivariate analyses. Fundamentally, it aims to reduce the 

number of variables, revealing the underlying structure of the dataset explaining 

the majority of the variance of the data (Dunteman 1989; Manly 2005).

PCA is non-parametric meaning no assumption about the data is made (Jolliffe 

2002). It is often used for exploratory data analysis where the underlying 

structure of a dataset is unknown. PCA seeks a linear combination of variables, 

such that the maximum variance is extracted. It then removes this variance and 

seeks a second linear combination, which explains the maximum proportion of 

the remaining variance, and so on. This results in orthogonal components, 

meaning uncorrelated components. PCA is very useful when one has a large 

dataset with variable redundancy (Dunteman 1989). Variables in the original 

dataset must be correlated, preferably highly, for optimal results from a PCA 

(Manly 2005). Results from PCA are given as optimal weights of the observed
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variables, which can be used to reduce the dataset into as small a number of 

dimensions as possible (Jolliffe 2002).

The number of components extracted from a PCA is equal to the number of 

variables which are not limited (O'Rourke, Hatcher et al. 2005). The 

components are ordered so the first few explain the most variance present in all 

of the original data (Jolliffe 2002). The first component explains the majority of 

variance observed in a dataset and each subsequent component explains a 

declining amount of the remaining variance. Only the first few components 

account for meaningful amounts of variance. There are four different techniques 

applied to determine which components to retain: eigenvalues (see section 

3.1.2.2), scree plots, amount of variance explained,and interpretability.

The results of a PCA are discussed in terms of component scores and loadings 

(Shaw 2003). Every item will load onto every component, but vary by loadings, 

which are correlations. The size of the correlation between an item and a 

particular component directly reflects the importance of the component in 

explaining variation in that item (Dunteman 1989). Variables are considered to 

be relevant to a component if they load with an absolute value greater than 0.4 

(Stevens 1986). More than three variables should load onto a component with a 

correlation above 0.4 to be retained as a meaningful component (Morrison 

1976; Spector 1992). Behavioural names are arbitrarily assigned to a 

component as to best describe the items with loadings greater than 0.4 on the 

component.

The Cattell’s scree plot is one way to determine the number of components. It 

plots the components as the X axis and the corresponding eigenvalues as the Y 

axis (Cattell 1966). As one moves to the right, toward later components, the 

eigenvalues drop. When the drop ceases and the curve makes an elbow toward 

less steep decline, Cattell's scree plot denotes that all further components after 

the one starting the elbow should be dropped. This technique is problematic 

when there is no clear break or multiple break points exist in the scree plot 

(Figure 3.1).
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Figure 3.1. Example of ambiguous scree plots. A - The scree plot is a fairly continuous 

line lacking clear evidence of a break point. B - depicts multiple break points in a scree 

plot. Difficulty lies in determining which break point to consider as the cut-off point for 

retaining components. C - is the ideal scree plot with a clearly evident 'elbow'. The use of 

scree plots as a sole determinant in retaining components is not wise as sometimes they 

are non-informative.

PCA makes a few assumptions about the data. PCA utilities eigenvectors in the 

covariance matrix and thus assumes statistical importance lies in the mean and 

variance of the data. This may or may not be true. Additionally, PCA assumes 

that large variances have important dynamics. For this to be true, input data 

must have a high signal to noise ratio so components that explain a large 

amount of variance have a more interesting impact than components that 

explain little variance and mostly arise due to noise.

PCA is closely related to factor analysis in that they both are variable reduction 

techniques, but PCA attempts to explain the total variance of the data rather 

than just the common variance like factor analysis (Dunteman 1989). A main 

strength of using PCA over factor analysis is that PCA works independent of 

hypothesis.
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3.1.2.1 Correlation Matrices

The input data for a PCA may take the form of either a correlation or covariance 

matrix. A covariance matrix is sensitive to the unit of measurement used and 

only appropriate when all the variables in the analysis have the same scalar 

units. As this was not the case here, a correlation matrix, permitting the use of 

varied scalar units, was utilised. A further advantage of the correlation matrix is 

to allow more direct comparison to previous analysis (Jolliffe 2002).

A correlation matrix informs about the relationship strength and direction 

between two variables. Correlations range between 1 and -1, with 1 or -1 

indicating complete correlations and 0 meaning no relationship between them. 

PCA uses the correlation matrix to determine the amount of variance. It 

decomposes the correlation matrix on the diagonal and the amount of variance 

is equal to the sum of the diagonals (Jolliffe 2002). The amount of variance is 

vital to the PCA process, as PCA seeks to find linear combinations that explain 

the most variance as possible. Thus the input correlation matrix may have an 

effect on the outcome of the PCA.

3.1.2.2 Eigenvalues

PCA creates a new coordinate system, by mean centring each variable and 

then calculating the decomposing eigenvalue of the data matrix (Jolliffe 2002). 

Eigenvectors are a special set of vectors associated with a linear system of 

equations that are sometimes also known as characteristic vectors, proper 

vectors, or latent vectors (Marcus and Mine 1988). Every eigenvector has its 

own corresponding scalar value, called an eigenvalue. The eigenvalue reflects 

the amount the eigenvector is scaled under the linear transformation. 

Eigenvectors with the largest eigenvalues have the strongest correlation in the 

data set. The first principal component will have the largest eigenvalue and 

explain the majority of the variance in the original data.

The eigenvalue is a ratio of explanatory importance of the components, with 

respect to the variables. Eigenvalues represent the variance in the data 

explained by the component. Eigenvalues greater than one imply more than
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one variable is contributing to the variance explained by that component (Kaiser 

1960). If a component has a low eigenvalue, then it is contributing little to the 

explanation of variance in the original variables and may be ignored as it is 

redundant. In a PCA, eigenvalues cannot be negative (Manly 2005).

Retaining only eigenvalues greater than one only works if the numbers of 

variables are small (less than 30) (Stevens 1996). For more variables, or 

variables with reduced communality, retaining all components with eigenvalues 

greater than one is problematic. It can lead to retaining an excess number of 

components, where the additional variance explained by the components is 

trivial.

3.1.2.3 Rotations

After determining the number of retained components, a rotation aids in making 

the output more understandable and is usually necessary to facilitate the 

interpretation of components (Abdi 2003). Rotations rotate a set of points 

around their mean in order to align with the first few principal components 

(Jolliffe 2002). This moves as much of the variance as possible onto the first 

few components.

There are a variety of types of rotations, with varimax rotation being the most 

widely used (Abdi 2003). Varimax rotation is an orthogonal rotation of the 

components, to maximise the variance of the squared loadings of a component 

on all the variables. Afterwards, each factor will have a small number of large 

loadings and a large number of small loadings (Abdi 2003). A varimax solution 

yields results which make it as easy as possible to identify each variable with a 

single component.

Other orthogonal rotations, not utilised in this study, include quartimax and 

equimax. Quartimax minimises the number of components needed to explain 

each variable (Abdi 2003). It is the opposite of varimax in that it works on 

maximising the variance explained by the variable, instead of the component. 

Equimax is a compromise between varimax and quartimax.
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Interpreting rotated solution involves ranking variables fronn high- to low- 

loadings and determining if the highly loaded variables have a commonality. 

Variables are considered to be loaded to a component if the loadings absolute 

value exceeds 0.4 (Stevens 1996).

3.1.2.4 Missing Data

Only complete datasets can be used for PCA. There are various ways of 

dealing with missing data. All individuals can be dropped who have missing 

data. This is called list-wise deletion and can be very deleterious, especially as 

sample size grows. A large amount of information is being lost and people who 

are most likely to complete datasets, or questionnaires, may have a specific 

quality that is being over-inflated by eliminating those who do not complete 

them. In a large sample, removing all individuals with missing information is 

impractical.

Another similar option is called pair-wise deletion. Pair-wise deletion excludes 

cases with missing information from any calculation involving the variable in 

which they have missing data. In the case of correlations, each pair of variables 

is determined only by individuals with observations. Every correlation in a 

correlation matrix could potentially be from a different sample group with 

different standard deviations. Pair-wise deletion is not recommended for large 

samples or samples with a high proportion of missing data.

Several previous published studies have replaced missing items with the mean 

for that item (1998; 2003). Another similar replacement technique would be to 

insert the median for all missing values. However, one of the major limitations of 

PCA is that significance is placed upon the mean and variance of data. 

Replacing with the mean or the median for missing data could bias the results 

of the PCA by pulling values towards the mean and reducing the true observed 

natural variance. Therefore, it is not an ideal option for multivariate analyses.

Instead of single imputation using the mean or median, a multiple imputation 

technique can be undertaken. This method allows for preservation of the natural 

variance in the data. Instead of filling in a single value for each missing value or
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replacing with the mean, multiple imputation replaces each missing value with a 

set of plausible values that represent the uncertainty about the right value to 

impute. By imputing multiple times, the uncertainty arising from the missing data 

could be reflected in the results.

A summary of techniques for handling missing data can be seen in Table 3.3.

Table 3.3. Summary of the pros and cons of different missing data solutions. While 

multiple imputation has the disadvantage of needing more time and energy, the benefit of 

utilising all available information to maximum benefit is worthwhile.

Type Strength Weakness

List-wise Deletion Straightforward and quick Large amounts of data is lost

Pair-wise Deletion Utilises all information available
Each correlation has a different 

sample size and standard error in 
the matrix

Single Imputation Straightforward
Could potentially bias the PCA 
which assumes the mean and 

variance have significance

Multiple Imputation Replaces the missing data with a 
plausible value

More complex and time-consuming 
with multiple different datasets 

needed to be created

3.1.2.4.1 Multiple Imputation

Multiple imputation (Ml) provides a useful strategy for dealing with data sets 

containing missing values. Instead of filling in a single value for each missing 

value or replacing with the mean, Rubin’s (1987) Ml procedure replaces each 

missing value with a set of plausible values that represent the uncertainty about 

the right value to impute. Instead of replacing the missing value with one value, 

it is imputed with several values. This method allows for the uncertainty in the 

values that are imputed. Uncertainty reflects sampling variability about the 

reason for non-response if known, but also ambiguity about the reasons for 

non-response (Rubin 1987). Imputation used in this study was an ordinal linear 

regression chained equation model. Imputations are repeatedly drawn at 

random in an attempt to represent the natural distribution of the data (Figure 

3.2).
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Figure 3.2. Example of multiple imputation for one variable. The histogram depicts the 

answer patterns for the variable. The blue indicates the number of answers from 

complete data. The red line shows the imputed data. The black bar is the combination of 

the real and imputed data together. The imputed data follows the natural distribution of 

the real data.

By creating more than one imputed dataset, the sensitivity of the data to the 

imputation can be assessed. The number of imputed datasets is usually quite 

low to gain efficiency in the estimate of the missing data (Figure 3.3). Each of 

the simulated complete datasets is analysed by standard methods and the 

results are combined to produce estimates and confidence intervals that 

incorporate missing-data uncertainty. Although this process adds additional 

steps, the specification of an imputation model and the creation of multiple data 

sets can produce less-biased estimates in the presence of missing data across 

a wide variety of data analysis techniques (Schafer 1997).
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r
m 0.1 0.3 0.5 a7 0.9

3 97 91 86 81 77

5 98 94 91 88 85

10 99 97 95 93 92

20 100 99 98 97 96

Figure 3.3. Efficiency in estimation table. Across the top (y) is the rate of missing 

information and along the left (m) is the number of imputed datasets needed to produce 

efficiency of the estimated for the missing data in the data set. With 90% of the data 

missing, 20 imputed dataset will give 96% efficiency in the estimate. Taken from Rubin 

1987.

A Ml approach can not be used for non-verbal individuals on verbal 

communication items. One of the major assumptions of Ml is that the missing 

values are missing at random, meaning the missing values carry no information 

about probabilities of missingness (Rubin 1976; Little and Rubin 1987). For non

verbal individuals, verbal communication questions are not missing at random 

and are carrying information with them. These individuals have not given an 

informative answer for a specific reason, which can be clearly ascertained, i.e. 

insufficient language abilities.

3.1.3 Aims

The aims of this study were to investigate the structure of the autism phenotype 

for the purpose of future phenotype-genotype studies. A principal component 

analysis was performed on all the Autism Diagnostic Interview-Revised data 

collected on a cohort of subjects recruited to genetic studies in Ireland and in a 

larger cohort of subjects, recruited for a whole genome study as part of the 

Autism Genome Project. It was proposed that the results from these studies 

would be used for phenotype-genotype analyses in autism.
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3.2 Materials and Methods

3.2.1 Irish Study

One hundred and fifty nine individuals met criteria for Inclusion In the analysis of 

the Irish data. For specific details on the inclusion/exclusion criteria see section 

2 .1.1.

3.2.1.1 Data

Both ‘ever’ and ‘current’ portions of questions were retained, to Investigate If the 

developmental trajectory had an effect on the derived factors. No significant 

differences in results were observed when people over the age of 21 (n=8) were 

excluded from the analysis.

Some questions In the ADI-R only pertain to certain sub-sets of patients, I.e. 

there are thirteen questions that are relevant only to individuals who have 

experienced loss of skills or have special abilities. These questions were 

excluded from the analysis. A further thirteen questions have parts that are only 

relevant to individuals based on chronological age. These items were also 

excluded from the analysis.

Certain items were recoded as follows. Non-verbal Individuals’ ‘not applicable’ 

informative scores (indicating insufficient language for verbal communication 

questions) were recoded as the most severe rating plus one. This creates a 

new separate rating group for non-verbal individuals on these questions. On 

other domains. Individuals who responded as ‘8’ (not applicable) and ‘9’ (not 

known/not asked) were treated as missing data and those Individuals were 

excluded from the analysis (n=41), since the codes are non-lnformative with 

respect to that item. Items were not recoded from ‘3’ to ‘2 ’ (as is performed for 

the diagnostic algorithm) to retain as much Information about the severity of 

symptoms as possible and to contribute a broader range of the clinically 

observed phenotypic variation for the analysis (Frazier, Youngstrom et al. 2008; 

Snow, Lecavalier et al. 2008).
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3.2.1.2 Statistical Software Package

All statistical analyses were undertaken using the statistical software package 

STATA10 (Stata Inc, College Station, Texas, USA). A principal component 

analysis (PCA) using the correlation matrix, varimax rotation and orthogonal 

solution were performed on the items of the ADI-R in order to gain the most 

independent robust components as possible. Code lines used to perform the 

analysis were as follows:

factor data, factors(IO) minieigen(l) 

rotate, varimax

3.2.2 AGP study

The Autism Genome Project (AGP) is an international collaboration, collating 

together over 4113 autism trios. Data was cleaned in an effort to ensure validity 

of diagnosis and robustness of the ADI-R data, while maintaining as many 

questions answered in common as possible. For inclusion/exclusion criteria for 

this analysis see section 2.1.3.

After quality control of the sample, the analysis included 1292 individuals with 

autism; 920 of these were verbal and 372 were non-verbal individuals (as 

determined by question 19 of the ADI-R 1995 Long version or question 30 of 

the ADI-R WPS version).

3.2.2.1 Data

Given varying age of ascertainment within the sample, current scores on 

questions might reflect differences in age, rather than differences in clinical 

expression (Szatmari, Merette et al. 2002). For all questions, only the ‘ever’ 

scores were included in the analysis to avoid this problem.

As performed in the analysis of the Irish data, items were not recoded from ‘3’ to 

‘2 ’ (as is carried out for the diagnostic algorithm) to retain as much information 

about the severity of symptoms as possible and to contribute a broader range of 

the clinically observed phenotypic variation for the analysis (Frazier, 

Youngstrom et al. 2008; Snow, Lecavalier et al. 2008).
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Only questions occurring in both the ADI-R 1995 Long version and the WPS 

version were included for analysis in this study.

3.2.2.2 Datasets

Different datasets were created in which to run the analysis, so as to best 

assess the effect, if any, of non-verbal individuals and verbal comnnunication 

items on the PCA.

Dataset 1 {Max+1) included both non-verbal and verbal individuals. Non-verbal 

individuals were recoded on language items where non-verbal individuals’ ‘not 

applicable’ informative scores (indicating insufficient language for verbal 

communication questions) were recoded as the most severe rating plus one. 

This creates a new separate rating group for non-verbal individuals on these 

questions. These questions included questions 31 to 41 on the WPS version 

and items 20 to 28 on the 1995 Long version. Verbal status of individuals was 

determined by their answers to question 19 for the 1995 Long version or item 

30 for the WPS version. The complete number of observations for this dataset 

was 507 individuals.

For Dataset 2 {Max), non-verbal individuals’ ‘not applicable’ informative scores 

(indicating insufficient language on verbal communication questions) recoded to 

the most extreme rating, as was applied in Tadevosyan-Leyfer et al (2003). 

Both non-verbal and verbal individuals were included. The complete number of 

observations for this dataset was 507 individuals.

Dataset 3 {Verbal Only) included only verbal individuals with no recoding 

(n=920). Individuals who responded with either a ‘1’ or a ‘2’ on question 30 from 

the WPS version or question 19 from the 1995 Long version (indicating 

insufficient language) were dropped from this dataset. The complete number of 

observations for this dataset was 362 individuals.

Datasets 1 to 3 contained 61 questions for analysis. Dataset 4 {No 

Communication) included all individuals, but excluded all verbal communication 

questions (questions 13 to 16 and 30 to 41 from the WPS version and questions
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19 to 28 and 38 to 41 on the 1995 Long version) that non-verbal individuals 

were unable to answer. This dataset contained only 45 questions. The connplete 

number of observations for this dataset was 618 individuals.

A sumnnary of the different datasets can be seen in Table 3.4.

Table 3.4. Summary of the different datasets used in the Principal Component Analysis of 

the AGP.

Dataset

Includes Verbal 

Communication 

Questions

Includes

Non-Verbal

Individuals

Recoding
Number of 

Questions

MAX Yes Yes Maximum Seventy 61

MAX+1 Yes Yes Maximum Severity+ 1 61

Verbal Only Yes No NA 61

No Verbal 

Communication
No Yes NA 45

S.2.2.3 Multiple Imputation

Multiple imputation (Ml) was undertaken on the full dataset (n=1292) and on 

subsets of sites. Missing data included true missing, meaning the question did 

not contain a usable code. The rate of missing in the sample was 5.25% (Figure 

3.4). The sample size of datasets, without inclusion of individuals with missing 

data, varied by analysis dataset. MAX and MAX+1 contained 507 complete 

observations, Verbal Only had 362 complete observations and No Verbal 

Communication consisted of 618 complete observations.
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Ordered bv number of missing items

Figure 3.4. White space indicates missingness. Individuals are ordered by the amount 

missing along the x-axis, ranging from the no missing on the left to the most missing on 

the right. Variables are listed in the y-axis, with the most missing at the bottom and the 

least missing at the top.

Imputation by site was undertaken to ensure the specific missing pattern of 

individual sites was not impacted by the overall imputation (Figure 3.5). No site 

was analysed separately. All sites had binary variables, meaning that not all the 

possible observations were available. Sites were combined to ensure all 

variables contained all possible observations for optimal imputation. Sites were 

combined so that only one combination was needed to remove all binary 

variables and to create similar sample sizes (Table 3.5).

Table 3.5. Combined sites listed with their respective sample size and percentage of data 

missing.

Sites n % Missing

Site 1 & 14 297 2.46
Site 2, 3 & 6 413 4.05
Site 4 & 13 219 2.49

Site 5 & 8 363 19.67
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Site 1 Site 2 Site 3

Figure 3.5. The amount of missing data by AGP site. There are nine different sites 

included in the analysis which vary in size. Variables are shown on the y-axis and range 

from those variables with the most missing towards the bottom to those with the least 

missing at the top. Individuals are unordered along the x-axis. Some sites have a more 

distinct pattern of missingness which necessitated the need for imputation by site 

analysis.

Multiple Imputation was undertaken using the mi: Missing Data Imputation and 

Model Checking package (Su, Gelman et al. 2009). The Ml undertaken in this 

study was an iterative regression imputation, using a multinomial log-linear 

model for ordered-categorical variables (Su, Gelman et al. 2009). Regression 

imputations are calculated on the initial correlation matrix and the missing points 

imputed (Beale and Little 1975). The new imputed correlation matrix and 

associated regression are calculated and used to impute new values. While the 

number of iterations was set to 150, all datasets converged before this mark.
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Iterations continue until regression weights between iterations nnet a 

predetermined minimum (the default, 1.1).

Ml was performed on both site specific datasets and entire datasets. After 

imputation, the separate site datasets were combined before the PCA.

3.2.2A Correlation Matrices

Three different correlation matrices were assessed in the AGP study: 

Pearson’s, Spearman’s and polychoric (summary in Table 3.6). A Pearson’s 

correlation is a parametric test, which means it assumes the data comes from a 

normal distribution. A Spearman’s correlation is non-parametric so it makes no 

assumption about the nature of the data. A polychoric correlation differs from 

the other two, as it is designed for use on ordinal data. However, it is a 

parametric test and therefore like the Pearson’s, it assumes a normal 

distribution in the data. Ordinal data denotes a non-linear relationship between 

observations for variables and instead represents a rank order which is the data 

used in the study. A polychoric correlation is correct for the type of data but the 

assumption about distribution of the data is still incorrect.

Table 3.6. Correlation Matrices used in the Principal Component Analysis of the AGP.

Matrix Data Type Data Distribution

Pearson’s Continuous Parametric

Spearman’s Continuous Non-Parametric

Polychoric Ordinal Parametric

S.2.2.5 Restricted Repetitive Behaviour Analysis

In the analysis of the Irish autism data, the restricted repetitive behaviour 

domain split into two different components; insistence on sameness and 

repetitive sensory motor actions. These two components have been observed in 

previous studies undertaken on just the restricted repetitive behaviour domains 

(see section 3.1.1). However, the same was not true in the larger AGP dataset; 

the restricted repetitive behaviour domain did not show a definite split. It is
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possible that the split is a spurious result, due to small sample size. To test this, 

PCA analysis was run on the restricted repetitive behaviour domain itself.

Only questions pertaining to the restricted repetitive behaviours and on both test 

forms (1995 Long and WPS) were included in this analysis. Questions 

corresponding to 67 through to 79 on the WPS version and 70 though to 78, 81, 

82 84 and 36 on the 1995 Long version were considered for the PCA. Multiple 

imputation was undertaken to replace any missing values (see section 

3.1.2.4.1). The percentage of missing data was 5.16%. Table 3.7 shows the 

breakdown of missing data by question. Analysis was run on both complete 

data (n=1024) and imputed data. Both verbal and non-verbal individuals were 

included.

Table 3.7. Missing amounts and rates for the questions included in the restricted 

repetitive behaviour Principal Component Analysis.

Questions
Number

Missing
% Missing

Unusual Preoccupations 6 0.46

Circumscribed Interests 43 3.33

Repetitive Use of Objects 16 1.24

Compulsions/Rituals 6 0.46

Unusual Sensory Interests 7 0.54

Undue General Sensitivity to Noise 104 8.05

Negative Response to Sensory Stimuli 132 10.22

Difficulties with Minor Changes in Routine or Environment 108 8.36

Resistance to Trivial Change in Environment 119 9.21

Unusual Attachments 143 11.07

Hand and Finger Mannerisms 5 0.39

Other Complex Mannerisms 6 0.46

Midline Hand Movements 173 13.39

The PCA method used for the restricted repetitive behaviour domain was the 

same as that carried out on the entire dataset and is described in section 

3.2.2.6.
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3.2.2.6 Statistical Software Package for the PCA

All data management was performed using the statistical software package 

STATA10 (Stata Inc, College Station, Texas, USA). All statistical analyses were 

undertaken using the R project for statistical computing (Team 2009).

Three different correlation matrices were created with the data: Pearson’s, 

Spearman’s and polychoric. Principal component analysis (PCA) was 

performed using the psych: Procedures for Psychological, Psychometric, and 

Personality Research package (Revelle 2009). A varimax rotation was 

performed after setting the number of retained components (n=5). The number 

of retained components was determined by scree plot, proportion of additional 

variance explained and interpretability. After rotation, components were re

examined for retention. Components had to have at least three variables with 

loadings of an absolute value greater than 0.4. PCA was run for all three 

correlation matrices on complete, full imputed and site imputed datasets, to 

ensure the imputation was not biasing results. An example of the code lines 

used to perform the analysis can be seen in Figure 3.6.

Multiple Imputation Code Lines: 

mi.info(mydata)
mi(mydata, n.imp=5, n.iter=150, max.minutes= 1500, preprocess=TRUE)

Correlation Code Lines:

cor(mydata, method=”pearson”) 
cor(mydata, method=”spearman”) 
poly.mat(mydata, ML=FALSE)

PCA Code Lines:

principal(mydata. nfactors=61, rotate=”none”) 
varimax(mydata$loadings[, 1:5])

Figure 3.6. Example of the code lines used to perform the statistical procedure in R. 

Mydata is an ambiguous term which refers to the dataset of choice.

98



Results from the PCA from the different imputed datasets were combined by 

taking the average of component loadings across all five data sets. Standard 

deviation and 95% confidence intervals are also reported to give the amount of 

uncertainty within the data, created through the use of multiple imputation. 

Results summaries, standard deviations and 95% confidence intervals for the 

complete loading matrices across the five imputation and all four dataset can be 

found in Appendix II.

3.3 Results 

3.3.1 Irish Data

Thirty-three components had an eigenvalue of greater than 1. After the first five 

factors, the amount of additional variance explained by each subsequent 

component is nominal (Table 3.8 and Figure 3.7). Of the five components 

identified, items with loadings of greater than 0.4 were considered meaningful to 

a component.

Table 3.8. The five retained components from the Irish PCA study. The first component, 

verbal communication, explains 22.35% of the total variance in the sample. The variance 

explained by the first five components was 40.39%.

Component Behavioural Name Eigenvalue Proportion
Variance

Cumulative
Variance

Connponent 1 Verbal Communication 28.6041 22.35 22.35

Connponent 2 Social-Most Abnormal 4-5 10.19145 7.96 30.31

Component 3 Social-Current 4.88756 3.82 34.13
Component 4 Insistence on Sameness 4.23066 3.31 37.43

Component 5 Repetitive Sensory Motor Action 3.79026 2.96 40.39
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Figure 3.7. Scree plot for the Irish PCA study showing the components across the x-axis 

and their respective eigenvalues on the y-axis.

The Cattell scree plot displays the components on the X axis with the 

corresponding eigenvalues on the Y axis (Cattell 1966). The scree plot for the 

Irish data shows three components. However, interpretability and amount of 

variance explained suggests five components.

The total variance of the data explained by the five factors was 40.43%. Factors 

were arbitrarily named: 1) verbal communication, 2) social-ever, 3) social- 

current, 4) insistence on sameness and, 5) repetitive sensory-motor actions.

3.3.1.1 Component 1 -  Verbal Communication

Component 1 explains a majority of the variance and contains questions related 

to verbal communication. In general, questions contributing to this component 

are comprised of both ‘ever’ and ‘current’ portions of pragmatic language. 

Questions related to showing and directing attention (current), offering to share 

(current) and hand and finger mannerism (current) also loaded onto this 

component (Table 3.9).

100



Table 3.9. Items loaded onto component 1 for the Irish PCA study. Results shown here 

are only items with loadings greater than 0.4. The majority of the questions pertain to 

verbal communication. Both 'ever' and 'current' parts of questions loaded onto this 

component. Summary of item phrasing only. NA=not applicable.

ADI-R Item Portion
Facta 1 
Verbal 

Communication

1 ntonation/Vdume/Rhythm/Rate Current 0.950

1 ntonationA/ d ume/R hyth m/Rate Ever 0.944

Current Communicative Speech Current 0.930

Neologisms/Idiosyncratic Language Current 0.929

Vocal Expression Current 0.926
Reciprocal Conversation Current 0.919

Neologisms/Idiosyncratic Language Ever 0.915

Overall Level of Language NA 0.914

Vocal Expression Ever 0.914

Verbal Rituals Current 0.914

Pronominal Reversal Current 0.912

Complexity Non-echoed Utterances Current 0.903

Pronominal Reversal Ever 0.888

Verbal Rituals Ever 0.886

Talk Expressing Interest in Others Current 0.852

Reciprocal Conversation Ever 0.849

Inappropriate Questions Current 0.825

Inappropriate Questions Ever 0.810
Current Communicative Speech Ever 0.809

Talk Expressing Interest in Others Ever 0.789

Complexity Non-echoed Utterances Ever 0.739
Artie ulati on /Pron und ati on Current 0.729

Comprehension of Simple Language Current 0.703

Age of Rrst Phrase NA 0.696

Comprehension of Simple Language Ever 0.634

Artie ulati on/Pron und ation Ever 0.611
Immediate Echolalia Current 0.582

Stereotyped Utterances Current 0.575

Social Vocalization /"Chat" Current 0.565

Stereotyped Utterances Ever 0.489

Showing and Directing Attention Current 0.442

Use of Other's Body to Ccmmunicate Ever 0.435

Offering to Share Current 0.421

Social Vocalization/"Chat" Ever 0.420

Immediate Echolalia Ever 0.414

Hand and Finger Mannerisms Current 0.407
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3.3.1.2 Component 2 -  Social Most Abnormal 4.0-5.0

Items that loaded onto component 2 related to social behaviour and also 

included questions referring to non-verbal communication, such as head 

shaking, conventional/instrumental gestures and nodding (Table 3.10). 

Questions were solely from the ‘most abnormal 4.0-5.0’ portion of these items, 

which is similar to ‘ever’ scores in the other domains. Component 2 did not 

include any ‘current’ aspects, except for curiosity.
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Table 3.10. Items loaded onto component 2 for the Irish PCA study. Results shown here 

are only items with loadings greater than 0.4. The majority of the questions pertain to 

social behaviours. Only questions involving most abnormal behaviours between 4 and 5 

loaded onto this component. Summary of item phrasing only.

ADI-R Item Portion Factor 2 
Most Abnormal 4-5

Imaginative Play with Peers Ever 0.676

Facial Expression used to Communicate Ever 0.631

Appropriateness of Social Responses Ever 0.627

Imaginative Play Ever 0.611

Greeting Ever 0.597

Conventional/Instrumental Gestures Ever 0.593

Curiosity Ever 0.574

Head Shaking Ever 0.571

Sharing Others' Pleasure and Excitement Ever 0.562

Showing and Directing Attention Ever 0.547

Offers Comfort Ever 0.538

Spontaneous Imitation of Actions Ever 0.530

Share His/her enjoyment with Others Ever 0.526

Social Vocalization/"Chat" Ever 0.524

Nodding Ever 0.524

Affection Ever 0.521

Group Ray with Peers Ever 0.517

Quality of Social Overtures Ever 0.497

Response to Approaches of Other Children Ever 0.491

Imitative Social Play Ever 0.474
Coming for Comfort Ever 0.471

Initiation of Appropriate Activities Ever 0.464

Social Smiling Ever 0.450

Offering to Share Ever 0.449

Interest in Children Ever 0.443

Attention to Voice Ever 0.427

Pointing to Express Interest Ever 0.420

Curiosity Current 0.415

3.3.1.3 Component 3 -  Social Current

Component 3 contained many of the same items as component 2 but only the 

‘current’ portions (Table 3.11). They continued to cover both social and non

verbal items. Unlike component 2, only curiosity ‘current’ loaded onto this factor, 

not curiosity ‘most abnormal 4.0-5.0’.
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Table 3.11. Items loaded onto component 3 for the Irish PCA study. Results shown here 

are only items with loadings greater than 0.4. The majority of the questions pertain to 

social behaviours. Only questions probing current behaviour loaded onto this 

component. Summary of item phrasing only.

ADI-R Item Portion
Factor 3 
Social 

Current
Offers Comfort Current 0.609

Head Sfiaking Current 0.606

Sharing In Others' Pleasure and Excitement Current 0.598

Social Smiling Current 0.583

Greeting Current 0.568
Showing and Directing Attention Current 0.546

Share His/Her Enjoymert with Others Current 0.536

Conventional/Instrumental Gestures Current 0.523

Appropriateness of Social Responses Current 0.499
Nodding Current 0.476

Initiation of Appropriate Activities Current 0.468

Quality of Social Overtures Current 0.465

Pointing to Express Interest Current 0.440

Social Anxiety/Avoidance Current 0.414

Curiosity Current 0.405

3.3.1.4 Component 4 -  Insistence on Sameness

Component 4 is derived from the restrictive repetitive behaviours domain of the 

ADI-R. It contains items covering the inability to cope with change, such as 

resistance to trivial changes in the environment. Both ‘ever’ and ‘current’ 

responses to the ADI-R items loaded onto this component (Table 3.12).
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Table 3.12. Items loaded onto component 4 for the Irish PCA study. Results shown here 

are only items with loadings greater than 0.4. The majority of the questions pertain to 

restricted repetitive behaviours. Both portions of questions ('current' and 'ever') loaded 

onto the component. Summary of item phrasing only.

ADI-R Item Portion
Factor 4 

1 nsistence 
On 

Sameness

Difficulties with Minor Changes in Routine or Environment Current 0.685
Difficulties with M ina Changes in Routine or Environment Ever 0.661

Ccm pulsions/Rituals Current 0.650

Com pulsions/Rituals Ever 0.602

Resistance to Trivial Changes in Environment Current 0.404

3.3.1.5 Component 5 - Repetitive Sensory-Motor Actions

Questions which loaded onto component 5 refer to unusual aspects of sensory 

and motor stimulation, such as unusual sensory interests and is derived from 

the restrictive repetitive behaviours domain. Component 5 loaded with both 

‘ever’ and ‘current’ responses to the ADI-R items (Table 3.13).

Table 3.13. Items loaded onto component 5 for the Irish PCA study. Results shown here 

are only items with loadings greater than 0.4. The majority of the questions pertain to 

restricted repetitive behaviours. Both portions of questions ('current' and 'ever') loaded 

onto the component. Summary of item phrasing only.

ADI-R Item Portion

Factor 5 
Repetitive 
Sensory 

Motor 
Action

Unusual Sensory Interests Ever 0.540

Unusual Sensory Interests Current 0.524

Other Complex Mannerisms Current 0.484
Repetitive use of Objects Current 0.458

Repetitive use of Objects Ever 0.438

Other Complex Mannerisms Ever 0.417
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3.3.2 AGP data

3.3.2.1 Correlation Matrices

Three correlation matrices, Pearson’s, Spearman’s and polychoric were tested 

for their effect on the PCA. No major differences were seen between the 

correlation matrices (Table 3.14). Values for the polychoric correlation are 

higher compared with the other two. However, the directionality of the 

correlations are consistent between matrices.

Table 3.14. Example of the differences between correlation matrices showing the first five 

variables. The Pearson's correlation (A) and Spearman's correlation (B) are quite similar. 

The polychoric correlation (C) while generally higher than the previous two, shows a 

trend in the same direction. This does not have an impact on the results from the PCA as 

will be shown. Data presented here is from the complete dataset 2 (MAX).

A
Pearson's m9_12_8 m10_13_9 m13e_38e_n m14e_39e_n m15e_40e_n

m9_12_8 1 0.45899 -0.12718 -0.08694 -0.13257

ml0_13_9 0,45899 1 -0.04463 -0 04417 -0 15932

m 13e_38e_n -0.12718 -0.04463 1 0.83046 0.70757

m14e_39e_n -0 08694 -0 04417 0 83046 1 0 74751

m15e_40e_n -0.13257 -0.15932 0.70757 0.74751 1

B
Spearman's m9 12 8 m10_13_9 m13e_38e_n m14e_39e_n m15e_40e_n

m9_12_8 1 0.44383 -015774 -0 11411 -014093

m10_13_9 0.44383 1 -0.04188 -0,03637 -0,15967

m13e_38e_n -0.15774 -0.04188 1 0.81543 0,69892

m14e_39e_n -0.11411 -0.03637 0.81543 1 0.70616

m15e_40e_n -0.14093 -0.15967 0.69892 070616 1

C

Polychonc m9_12_8 m10_13_9 m13e_38e_n m14e_39e_n m15e_40e_n

m9_12_8 1 0,61829 -0 23542 -017693 -0 32901

m10_13_9 0.61829 1 -0,12574 -0,08178 -0,28823

m13e_38e_n -0.23542 -0,12574 1 0 94037 090609

m14e_39e_n -0.17693 -0,08178 0,94037 1 0.91608

m15e_40e_n -0 32901 -0,28823 0,90609 0 91608 1

Component loading scores for the three different correlation matrices can be 

seen in Table 3.15. The loadings for the polychoric correlation are generally 

higher than the Pearson's and Spearman's correlation, but are in the same
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direction. In summary, differences in loading patterns between the correlation 

matrices were similar and not different (Figure 3.8).

Table 3.15. Example of loading pattern of the first five variables on the first five 

components for the three different correlation matrices. The loadings between Pearson's 

correlation (A) and Spearman's correlation (B) are quite close. The loadings for the 

polychoric correlation (C) are generally higher than the other two, with the numbers in 

the same direction as the Pearson's and Spearman's correlation. The overall conclusion 

about variable loadings between correlation matrices is that they are not different. Data 

shown here is from the complete dataset 2 (MAX).

A
Pearson's PCI PC2 PCS PC4 PC5

m10_13_9 0.4987 -0.5588 -0.1846 -0.0921 0.0650

m13e_38e_n 0.1657 0.0393 0.8845 -0.0095 0.0374

m14e_39e_n 0 1555 -0 0268 0 8825 -0 0573 0 0566

m15e_40e_n 0.0962 0.0429 0 8609 -0.0791 0.0772

m16e_41e_n 0.1000 -00152 08175 -0.0292 0.0526

B

Spearman's PCI PC2 PC3 PC4 PC5

m10_13_9 0.5064 -0 5317 -0.1892 -0.1104 0 0933

m13e_38e_n 0 1561 0 0352 0 8793 -0 0533 -0 0003

m14e_39e_n 0.1486 -0.0355 0 8639 -0.1001 0.0303

m15e_40e_n 0.0791 0 0448 0.8525 -0.1154 0.0369

m16e_41e_n 0 0841 -0 0168 0 8024 -0 0671 0 0349

C
Poiychoric PCI PC2 PC3 PC4 PC5

m10_13_9 0.5540 -0.6049 -0.2896 -0 0894 0.0826

m13e_38e_n 0.2821 0.0793 0.9059 0.0475 0.0001

m14e_39e_n 0.2752 -0 0364 09133 -00188 0 0420

m15e_40e_n 0.1800 0.0996 0.9316 -0,0519 0.0547

m16e_41e_n 0.2002 -0 0248 09127 0 0129 00170
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Figure 3.8. A comparison between the loadings of the first component across the three 

different correlation matrices. A - loading results from Pearson's correlation (x-axis) is 

plotted against loading results from Spearman's correlation (y-axis). B - loading results 

from Spearman's correlation (x-axis) is plotted against loading results from the 

polychoric correlation (y-axis). C - loading results from Pearson's correlation (x-axis) is 

plotted against loading results from the polychoric correlation (y-axis). The differences 

between loadings for all three correlation matrices are not different. The results shown 

here are from the completed dataset 2 (MAX).

The same behavioural component name was given to components in analyses 

by all three correlation matrices (Table 3.16). Difference between the input 

correlation matrices did not affect outcome results. Complete loading results 

compared across the three correlation matrices can be seen in Appendix I.
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Table 3.16. Behavioural component names by correlation matrix. The results shown here 

is from the completed dataset 2 (MAX). C=component, RRB= restricted repetitive 

behaviours.

Component Pearson’s Spearman’s Polychoric
C1 Social Communication Social Communication Social Communication
C2 Verbal Behaviours Verbal Behaviours Verbal Behaviours
C3 Loss of Language Loss of Language Loss of Language
C4 RRB RRB RRB
C5 RRB RRB RRB

S.3.2.2 Imputation

Analyses were run on the complete data, full imputed and site specific imputed 

datasets. Complete data indicates that only individuals with data present for 

each item were included. Sample size of datasets without including individuals 

with missing varied by analysis dataset. MAX and MAX+1 had 507 complete 

observations, Verbal Only had 362 complete observations and No Verbal 

Communication had 618 complete observations.

No marked differences in the correlation matrices were seen between the 

complete data, full imputed and site specific imputed data (Table 3.17). 

Correlations for complete data are slightly lower than both the imputed data 

sets. However, the complete data has half the sample (n=507 versus n=1292) 

which may account for the slight differences in numbers.
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Table 3.17. Example of the differences between complete, full imputed and site specific 

imputed datasets using Spearman's correlation showing the first five variables. The full 

imputed data (B) and site specific imputed data (C) are quite similar. The complete data 

(A) shows slightly lower values than the last two but shows a trend in the same direction. 

This does not have an impact on the results from the PCA as will be shown. Results from 

the five imputed datasets for both full imputed and site specific imputed were averaged 

to give a general overview of the loading patterns across the five imputed datasets. Data 

presented here is from the complete dataset 2 (MAX).

A
Complete Data m9_12_8 m 10J3_9 m13e_38e_n m14e_39e_n m15e_40e_n

m9_12_8 1 0.44383 -0 15774 -0.11411 -0,14093

m10_13_9 044383 1 -0 04188 -0 03637 -0.15967

m13e_38e_n -0 15774 -0.04188 1 0,81543 0,69892

m14e_39e_n -0.11411 -0.03637 081543 1 0,70616

m15e_40e_n -0.14093 -0.15967 0,69892 0,70616 1

B
Full Imputed m9_12_8 m10_13_9 m13e_38e_n m14e_39e_n m15e_40e_n

m9_12_8 1 0.48468 -0 17028 -0 12943 -0,16811

m10_13_9 0 48468 1 0,03612 0,05937 -0,09876

m13e_38e_n -0,17028 0.03612 1 0 82997 066709

m14e_39e_n -0.12943 0.05937 0,82997 1 0,65494

m15e_40e_n -0,16811 -0.09876 0,66709 0 65494 1

C
Site Imputed m9_12_8 m10_13_9 m13e_38e_n m14e_39e_n m15e_40e_n

m9_12_8 1 0.49174 -0 16864 -0.12734 -0,15213

m10_13_9 0,49174 1 0,02414 0.03808 -0,05826

m13e_38e_n -0.16864 0,02414 1 0.81349 067510

m14e_39e_n -0.12734 003808 0 81349 1 0,66836

m15e_40e_n -0.15213 -0 05826 0.67510 0,66836 1

No major differences were seen between the complete, full imputed and site 

specific imputed data in loading patterns (Table 3.18). Complete data has 

slightly lower values than both the imputed data sets, although again, the 

complete data has half the sample (n=507 versus n=1292), which may account 

for the slight differences in numbers. Full imputed and site specific imputed data 

are very similar.
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Table 3.18. Example of loading pattern of the first five variables on the first five 

components for complete, full imputed and site specific imputed datasets using 

Spearman's correlation. The loadings between full imputed (B) and site specific imputed 

(C) are quite close. The loadings for complete data (A) are lower than the other two, with 

the numbers showing a trend in the same manner. Results from the five imputed 

datasets for both full imputed and site specific imputed data were averaged to give a 

general overview of the loading patterns across the five imputed datasets. Data shown 

here is from the complete dataset 2 (MAX).

A
Complete Data C1 C2 C3 C4 C5

m9_12_8 0.2548 -0.1462 -0.232 -0.142 0.0846

m10_13_9 0.5064 -0.5317 -0.1892 -0.1104 0.0933

m13e_38e_n 0.1561 0.0352 0.8793 -0.0533 -0.0003

m14e_39e_n 0.1486 -0.0355 08639 -0.1001 0.0303

m15e_40e_n 0.0791 0.0448 0.8525 -0.1154 0.0369

B
Full Imputed C l C2 C3 C4 C5

m9_12_8 0,3358 -0.2167 -0.2651 00636 -0.1163

m10_13_9 05632 -0.5009 -0.0842 -0.0147 -0.0044

m13e_38e_n 0.1906 0 0887 0.8376 -0.2299 0 0677

m14e_39e_n 0.1884 0.0454 0.8219 -0.2561 0.0658

m15e_40e_n 0.0944 0.1356 0.8058 -0 2101 0.1261

C
Site Imputed C l C2 C3 C4 C5

m9_12_8 0.3261 -0.2123 -0.2786 0.0537 -0,1192

m10_13_9 05502 -0.4833 -0.1161 -0.0075 -0,0047

m13e_38e_n 0.1966 0.0648 0.8363 -0.2026 0,0593

m14e_39e_n 0.1928 0.0367 0.8167 -0.2334 0,0558

m15e_40e_n 0.1448 0.0814 0.8287 -0,2000 0,1249

The same behavioural component name for complete data, full imputed and site 

specific imputed data for the four analysis datasets can be seen in Table 3.19. 

Differences between the dataset and imputation technique did not affect 

outcome results. Complete loading results compared across the three different 

imputation strategies can be seen in Appendix II.
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Table 3.19. Summary of the behavioural component names for complete data, full 

imputed and site specific imputed data. Results shown are for the Spearman's 

correlation. C=component, RRB=restricted repetitive behaviours.

A
Complete Data C1 C2 C3 C4

No \/erbal Communication Social Communication RRB

NVMAX+1 Social Communication Verbal Behaviour Loss of Language RRB

NVMAX Social Communication Verbal Behaviour Loss of Language RRB

Verbal Only Social Communication RRB Loss of Language Verbal Behaviour

B
Full Imputed C l C2 C3 C4

No Verbal Communication Social Connmunication RRB

NVMAX+1 Social Communication Verbal Behaviour Loss of Language RRB

NVMAX Social Communication Verbal Behaviour Loss of Language RRB

Verbal Only Social Communication RRB Loss of Language Verbal Behaviour

C
Site Imputed C l C2 C3 C4

No Verbal Communication Social Communication RRB

NVMAX+1 Social Communication Verbal Behaviour Loss of Language RRB

NVMAX Social Communication Verbal Behaviour Loss of Language RRB

Verbal Only Social Communication RRB Loss of Language Verbal Behaviour

3.3.2.3 Datasets

Components were retained based on eigenvalue greater than 1, scree plot 

result, and interpretability. Components had to have more than 3 items with 

loadings greater than 0.4 to be retained. Of the components identified items 

with loadings greater than 0.4 were deemed to be influential to that component.

Four components were seen in MAX+1, MAX and Verbal Only datasets, 

consisting of social communication, verbal behaviour, loss of language skills 

and restricted repetitive behaviour. Dataset No Verbal Communication had only 

two components; social communication and restricted repetitive behaviours. 

There are no verbal behaviour or loss of language component, since questions 

regarding verbal communication were not included in this dataset.
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In all four datasets, eigenvalues for complete data, full imputed and site specific 

imputed data were similar, supporting the observation that there was no effect 

of imputation or bias by site missingness (Table 3.19). The complete dataset 

explained more of the cumulative variance than the imputed dataset. The 

polychoric correlation had higher values in all three data than the Pearson's or 

the Spearman's correlations. However, the behavioural component names 

between correlation matrices did not differ (Table 3.20).

Table 3.20. Summary of the behavioural component names for Pearson's, Spearman's 

and polychoric correlation matrices. Results shown are for the full imputed data. 

C=component, RRB=restricted repetitive behaviours.

A
Pearson's Cl C2 C3 C4

No Verbal Communication Social Communication RRB

MAX+1 Social Communication Verbal Behaviour Loss of Language RRB

MAX Social Communication Verbal Behaviour Loss of Language RRB

Verbal Only Social Communication RRB Loss of Language Verbal Behaviour

B
Spearman's Cl C2 C3 C4

No Verbal Communication Social Communication RRB

MAX+1 Social Communication Verbal Behaviour Loss of Language RRB

MAX Social Communication Verbal Behaviour Loss of Language RRB

Verbal Only Social Communication RRB Loss of Language Verbal Behaviour

C
Polychoric Cl C2 C3 C4

No Verbal Communication Social Communication RRB

MAX+1 Social Communication Verbal Behaviour Loss of Language RRB

MAX Social Communication Verbal Behaviour Loss of Language RRB

Verbal Only Social Communication RRB Loss of Language Verbal Behaviour

In the Verbal Only analysis, the complete data and site specific imputed 

datasets for the polychoric correlation had a different order to the components 

(Table 3.21). Component 2 in these analyses was loss of language, whereas in 

the rest of the Verbal Only analyses component 2 was restricted repetitive 

behaviours. The change was mostly due to the proximity of eigenvalues and 

amount of variance explained for the two components, as shown in the Cattell’s 

scree plots (Figure 3.9).
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Table 3.21. Summary of the ascribed behavioural component names for complete, full 

imputed and site specific imputed data for all three correlation matrices; Pearson's, 

Spearman's and polychoric. The main difference is observed in the polychoric 

correlation for the complete and site specific imputed datasets. Loss of Language 

becomes C2 and RRB becomes C3. C=component, RRB=restricted repetitive 

behaviours.

A
Complete Data Pearson's Spearman's Polychoric

C1 Social Communication Social Communication Social Communication

C2 RRB RRB Loss of Language

C3 Loss of Language Loss of Language RRB

C4 Verbal Behaviour Verbal Behaviour Verbal Behaviour

B
Full Imputed Pearson's Spearman's Polychoric

C l Social Communication Social Communication Social Communication

C2 RRB RRB RRB

C3 Loss of Language Loss of Language Loss of Language

C4 Verbal Behaviour Verbal Behaviour Verbal Behaviour

C
Site Imputed Pearson's Spearman's Polychoric

C l Social Communication Social Communication Social Communication

C2 RRB RRB Loss of Language

C3 Loss of Language Loss of Language RRB

C4 Verbal Behaviour Verbal Behaviour Verbal Behaviour
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Figure 3.9. Scree plots for complete data, full imputed and site specific imputed data for 

the three correlation matrices. The scree plots show the components across the x-axis 

and their respective eigenvalues on the y-axis. Full imputed (B) and site specific imputed 

(C) show the four components stand out from the rest of the components which form a 

nearly horizontal line. For complete data (A), the four components can only be seen 

clearly distinguished from the others in the polychoric correlation. In complete data, full 

imputed and site specific imputed data, for all three, correlation matrices show the 

closeness of component 2 and component 3.

Results by each analysis dataset {MAX+1, MAX, Verbal Only and No Verbal 

Communication) can be seen in Appendix III.

3.S.2.4 Social Communication

A social communication component was seen across the four different datasets, 

in all three correlation matrices and in complete data, full imputed and site 

specific imputed datasets. Social communication was the first component 

across all analyses, meaning it is explaining the majority of the variance in the 

data. Items loaded onto this component with a value greater than 0.4 

encompassed social interaction, non-verbal communication and conversation
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(Table 3.22). The mean variance explained by this component across all four 

different datasets, correlation matrices and imputation strategies was 21.17% of 

the total variance.

Table 3.22. Rotated Loadings of ADI-R items onto the Social Communication component 

across the four analysis datasets. Results shown here are only items with loadings 

greater than 0.4 in at least one dataset. Variables are considered to be relevant to a 

component if they load with an absolute value greater than 0.4. Results are from the full 

imputed Spearman's correlation. Some non-verbal communication items loaded onto this 

component such as social smiling. Items encompassing conversation and current level 

of speech also loaded onto this component. In general, the loadings for items across the 

four datasets are relatively similar. Numbers in red print did not obtain a loading greater

than 0.4 for that dataset, but did in other datasets. Summary of item phrasing only.

ADI-R Item MAX+1 MAX Verbal
Only

No Verbal 
Communication

Inserts in Children 0.676 0.671 0.647 0.498
Imaginative Play with Peers 0.672 0.670 0.678 0.479

Response to Approaches of other Children 0.658 0.654 0.605 0.481
Imaginative Play 0.654 0.652 0.673 0.468

Quality of Social Overtures 0.625 0.623 0.599 0.523
Appropriateness of Social Responses 0.624 0.628 0.603 0.515

Showing/Directing Attention 0.623 0.626 0.625 0.515
Group Play with Peers 0.614 0.610 0.593 0.450

Imitative Social Play 0.609 0.604 0.603 0.450
Social Smiling 0.588 0.588 0.577 0.513

Offering Comfort 0.558 0.556 0.558 0.459
Seek Share Enjoyment with Others 0.555 0.556 0.579 0.439
Conventional/Instrumental Gestures 0.552 0.553 0.554 0.478

Offering to Share 0.548 0.548 0.513 0.441
Spontaneous Imitation of Actions 0.541 0.540 0.558 0.416

Range of Facial Expressions 0.509 0.508 0.522 0.422
Initiation of Appropriate Activities 0.502 0.497 0.511 0.364

Direct Gaze 0.492 0.496 0.443 0.435
Attention to Voice 0.484 0.487 0.470 0.431

Comprehension Simple Language 0.451 0.468 0.438 0.401
Pointing for Interest 0.425 0.430 0.455 0.386

Social Verbalization/Chat 0.361 0.435 0.456
Current Communicative Speech 0.331 0.376 0.524

Reciprocal Conversation 0.278 0.347 0.431
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3.3.2.S Verbal Behaviour

A component encompassing aspects of verbal behaviour was seen in the three 

datasets {MAX, MAX+1 and Verbal Only). No Verbal Communication did not 

have a loss of language component because these questions were not included 

in the dataset. For the analyses in MAX and MAX+1 datasets, verbal behaviour 

was consistently the second component across the three correlation matrices 

and imputation strategies. For the Verbal Only dataset, verbal behaviour was 

consistently component four. Items that loaded onto this component with a 

value greater than 0.4, encompassed aspects of verbal behaviours including 

conversation, current level of speech, development of language and verbal 

rituals (Table 3.23).

Table 3.23. Rotated Loadings of ADI-R items onto the Verbal Behaviour component 

across three analysis datasets. No Verbal Communication results are not shown since it 

did not include any verbal communication items. Results shown here are only items with 

loadings greater than 0.4 in at least one dataset. Variables are considered to be relevant 

to a component if they load with an absolute value greater than 0.4. Results are from the 

full imputed Spearman's correlation. Items encompassing conversation, current level of 

speech and verbal rituals loaded onto this component. In general, the loadings for items 

across the four datasets are relatively similar. Numbers in red print did not obtain a 

loading greater than 0.4 for that dataset, but did in other datasets. Summary of item 

phrasing only.

ADI-R Item MAX+1 MAX Verbal
Only

Level of Language 0.936 0,911
Neologism/Idiosyncratic Language 0.846 0.769 0.016

Pronominal Reversal 0.838 0.756 0.390
Reciprocal Conversation 0.837 0.714 0.387

Verbal Rituals 0.833 0.795 0.093
IntonationA/olume/Rhythm/Rate 0.819 0.791 0.037
Current Communicative Speech 0.813 0.752 0.446

Inappropriate Questions/Statements 0.785 0.568 0.362
Articulation/Pronunciation 0.757 0.717 0.492

Age of First Phrases 0.722 0.724 0.677
Stereotyped Utterances 0.610 0.565 0.181

Use of Others' Body to Communicate 0.509 0.521 0.448
Social Verbalization/Chat 0.489 0.251 0.270

Comprehension Simple Language 0.369 0.386 0.446
Age of First Word 0.340 0.361 0.558
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3.3.2.6 Loss of Language

A component containing items relevant to the loss of language skills was seen 

in the three datasets, which included verbal communication questions {MAX, 

MAX+1 and Verbal Only). No Verbal Communication did not have a loss of 

language component because these questions were not included in the dataset. 

For the analyses in MAX and MAX+1 datasets, loss of language was 

consistently the third component across the different correlation matrices and 

imputation strategies used. In the Verbal Only dataset, loss of language was, for 

the most part, component three. However, in complete data and site specific 

imputed datasets for the polychoric correlation, loss of language was the 

second component. Items loaded onto this component encompassed loss of 

language skills (Table 3.24).

Table 3.24. Rotated Loadings of ADI-R items onto the Loss of Language component 

across three analysis datasets. No Verbal Communication results are not shown since it 

did not include any verbal communication items. Results shown here are only items with 

loadings greater than 0.4 in at least one dataset. Variables are considered to be relevant 

to a component if they load with an absolute value greater than 0.4. Results are from the 

full imputed Spearman's correlation. Items encompassing loss of language skills loaded 

onto this component. In general the loadings for items across the four datasets are 

relatively similar. Summary of item phrasing only.

ADI-R Item MAX+1 MAX Verbal
Only

Loss of Spontaneous Use of Words 0.884 0.889 0.872
Loss of Communicative Intent 0.877 0.878 0.882

Loss of Articulation 0.834 0.847 0.821
Loss of Syntax Skills 0.842 0.857 0.862

3.3.2.7 Repetitive Restricted Behaviour

A component containing items relevant to the loss of language skills was seen 

in the three datasets, which included verbal communication questions {MAX, 

MAX+1, Verbal Only and No Verbal Communication). For the analyses in MAX 

and MAX+1 datasets, restricted repetitive behaviour was consistently the fourth 

component. In the Verbal Only and No Verbal Communication, restricted
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repetitive behaviour was component two. Items loaded onto this component 

encompassed aspects of repetitive behaviours including difficulty with changes 

to environment, compulsions, sensitivity to noise as well as verbalised repetitive 

behaviours (Table 3.25). The restricted repetitive behaviour component did not 

follow previously reported RRB component split (see section 3.1.1).

Table 3.25. Rotated Loadings of ADI-R items onto the Restricted Repetitive Behaviour 

component across the four analysis datasets. Missing results in No Verbal 

Communication are due to the exclusion of verbal communication questions. Results 

shown here are only items with loadings greater than 0.4 in at least one dataset. 

Variables are considered to be relevant to a component if they load with an absolute 

value greater than 0.4. Results are from the full imputed Spearman's correlation. Items 

encompassing repetitive behaviours, including verbalised repetitive behaviours, loaded 

onto this component. Items did not load in a clear pattern as has been previously 

reported. In general, the loadings for items across the four datasets are relatively similar. 

Numbers in red print did not obtain a loading greater than 0.4 for that dataset but did in 

other datasets. Summary of item phrasing only.

ADI-R Item MAX+1 MAX Verbal
Only

No Verbal 
Communication

Difficulties with Minor Changes 0.610 0.626 0.564 0.538
Negative Response Sensory Stimuli 0.543 0.548 0.429 0.426

Undue Sensitivity to Noise 0.488 0.488 0.480 0.410
Resistance to Trivial Changes in Environment 0.481 0.490 0.477 0.433

Compulsions/Rituals 0.462 0.458 0.453 0.416
Gait 0.439 0.440 0.348 0.299

Unusual Sensory Interests 0.416 0.403 0.416 0.272
Repetitive Use of Objects 0.400 0.384 0.395 0.244

Unusual attachments to Objects 0.389 0.404 0.426 0.312
Stereotyped Utterances 0.193 0.208 0.431

Verbal Rituals 0.119 0.131 0.454
Neologism/Idiosyncratic Language 0.091 0.128 0.438

3.3.2.7.1 Restricted Repetitive Behaviour Analysis

An analysis was undertaken on just items from the restricted repetitive 

behaviour (RRB) domain of the ADI-R. Previous studies have found two 

components within the RRB domain; insistence on sameness and repetitive 

sensory motor action (see section 3.1.1).
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Two components resulted from the PCA on the restricted repetitive behaviour 

domain (see Table 3.26). Six items loaded onto the first component, five of 

which have been previously reported as being part of the derived component 

insistence on sameness (IS). Four items loaded onto the second component, all 

of which have been previously associated with the derived component repetitive 

sensory motor action (RSMA). IS encompasses compulsions and ritualistic 

behaviours while RSMA include repetitive tasks and complex mannerisms.

Table 3.26. Results from the PCA undertaken on the restricted repetitive behaviour 

domain. Only questions pertaining to the restricted repetitive behaviours and on both 

test forms (1995 Long and WPS) were included in this analysis. Two components were 

retained. The first (C1) contains mostly items previously described as insistence on 

sameness (IS). The second (C2) contains items previously described as repetitive 

sensory motor action (RSMA). A few questions did not load onto either component. 

Results shown are from the full imputed data set using the Spearman's correlation. 

IS=insistence on sameness, RSMA=repetitive sensory motor action, C1=component 1, 

C2=component 2.

ADI-R Items Cl C2
Circumscribed Interests IS 0.508 0.137

Compulsions/Rituals IS 0.579 0.055
Difficulties with Minor Changes in Routine or 

Environment IS 0.726 0.107
Resistance to Trivial Change in Environment IS 0.595 0.009

Negative Response to Sensory Stimuli IS 0.463 0.329
Undue General Sensitivity to Noise 0.451 0.279

Repetitive Use of Objects RSMA 0.177 0.648
Unusual Sensory Interests RSMA 0.104 0.663

Hand and Finger Mannerisms RSMA 0.034 0.608
Other Complex Mannerisms RSMA 0.010 0.594

Unusual Preoccupations RSMA 0.330 0.136
Unusual Attachments RSMA 0.388 0.200

Midline Hand Movements 0.161 0.082
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3.4 Discussion

A comprehensive principal component analysis of the questions from the ADI-R 

was undertaken in this study. Analysis was initially run in a pilot study of the 

Irish autism data. The large dataset analysis was applied on multiple datasets, 

in order to best answer questions about phenotypic differences between verbal 

and non-verbal individuals and the effect of verbal communication questions on 

the analysis. An assessment of the effect of correlation input matrices and 

multiple imputation method were also considered. Overall, the conclusion 

favours the existence within the datasets of five behavioural components 

consisting of social communication, verbal behaviour, loss of language, 

insistence on sameness and repetitive sensory motor action.

3.4.1 Analysis Strategy

A number of issues differed in the analysis between the study conducted on the 

Irish autism data and the AGP data. These included the use of only ‘ever’ 

questions, multiple imputation for missing data, age of participants, and the 

creation of multiple datasets to deal with non-verbal individuals on verbal 

communication questions. These changes were made in an effort to streamline 

the analysis and obtain broader conclusions.

In the analysis of the Irish autism data, a noticeable spilt occurred in the 

component encompassing social interaction and non-verbal communication. 

While it is not completely certain as to why this occurred, longitudinal studies, 

conducted to study the developmental trajectory of autism, have shown 

alleviation of symptoms with time (Gillberg and Steffenburg 1987; Kobayashi, 

Murata et al. 1992; Piven, Harper et al. 1996). Furthermore, the greatest 

improvement has occurred within the social domain (Fecteau, Mottron et al. 

2003). McGovern et al (2005) stated social deficits were alleviated more in 

higher-functioning individuals than lower-functioning, so the spilt in the social 

domain may be the effect of improvement over time. Also, improvement in 

social deficits appears to be an effect of peer socialisation or, in other words, 

the effect of schooling and most of the sample is over the schooling age 

(McGovern and Sigman 2005).
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For the analysis of the AGP data, only ‘ever’ portions of questions were used. 

Since the purpose of the study was to derive sub-phenotypes from the ADI-R 

for phenotype-genotype analyses, the ‘ever’ items were considered more 

robust. The subset of individuals in the analysis differed substantially at age of 

ascertainment. Consequently, current scores on the ADI-R items might have 

reflected differences in age, rather than differences in clinical features 

(Szatmari, Merette et al. 2002). To avoid this problem, for all questions, only the 

“ever” scores and not the “current” scores were included in the analysis.

Age restrictions were imposed on the analysis in the AGP data that were not in 

the analysis of the Irish autism data. The ADI-R was originally shown to be valid 

for the ages of four to twenty-one (Le Couteur, Rutter et al. 1989). In the 

analysis of the Irish autism data, this affected only a small minority of the 

samples (n=14). Including individuals outside the age range did not significantly 

change the results of the analysis in this dataset. However, the same was not 

true for the larger AGP sample. Specifically, the AGP sample contains more 

individuals under the age of four (n=145), compared with the Irish study (n=1). 

This is particularly problematic with questions concerning social interaction, 

which requires information for the period between four and five years of age and 

in turn increases the missingness for these items in the group aged less than 

four years. Thus, AGP analysis was restricted to those individuals within the 

age range four to twenty-one years.

3.4.2 Non-Verbal Individuals on Verbal Communication Items

An alternative type of missing data arises in relation to the responses for non

verbal individuals on verbal communication questions. These items are given a 

‘not applicable’ informative score to indicate lack of language abilities. However, 

it would be inappropriate to use a multiple imputation technique for non-verbal 

individuals on verbal communication questions. One of the major assumptions 

of Ml is that the missing values are missing at random, meaning the missing 

values carry no information about the probability of missingness (Rubin 1976; 

Little and Rubin 1987). Non-verbal individuals have not given a useable answer
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on verbal communication questions for a specific reason, which can be clearly 

ascertained, i.e. insufficient language abilities.

Previous analyses, including the analysis of the Irish autism data, have 

attempted to deal with informative missing data for non-verbal individuals on 

verbal communication questions. Previous studies have used both a recoding 

method (Tadevosyan-Leyfer, Dowd et al. 2003) and a replacement with the 

mean approach (Tanguay, Robertson et al. 1998). Others have separated 

samples based on language ability, before running their analysis (Snow, 

Lecavalier et al. 2008) or excluded non-verbal individuals altogether 

(Constantino, Gruber et al. 2004). Verbal communication questions make up 

about a third of the diagnostic portion of the ADI-R and communication itself is 

an important part of the autism triad of aberrant behaviours. Thus, exclusion of 

these items was likely to lead to a loss of significant data. In the analysis of the 

AGP data, the aim was to retain the information because verbal communication 

is a core component of the autism triad of behaviour, as well as an important 

and vital part of a diagnosis of autism.

In the analysis of the Irish autism data, a recoding method was implemented. 

Tadevosyan-Leyfer et al (2003) replaced the scores on verbal communication 

items for the non-verbal individuals with the greatest severity rating. This 

effectively grouped the non-verbal individuals with the most severely affected 

verbal individuals. In the analysis of the Irish autism data, non-verbal individuals 

were recoded on language items where non-verbal individuals’ ‘not applicable’ 

informative scores (indicating insufficient language for verbal communication 

questions) were recoded as the most severe rating plus one. This creates a 

new separate rating group for non-verbal individuals on these questions. While 

the implicit assumption in this approach is not ideal, it maintained a distinction 

between someone with verbal language problems and individuals who are 

entirely non-verbal.

For the analysis of the AGP data, a more comprehensive analysis on the role of 

non-verbal individuals on verbal communication questions was undertaken. 

Four different datasets were created to best analyse the impact of verbal
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communication in autism (see section 3.2.22). Two datasets involved recoding 

of non-verbal individuals’ scores on verbal communication questions; one 

followed the approach undertaken in the Irish analysis (maximum severity plus 

one) and the other followed Tadevosyan-Leyfer et al’s (Tadevosyan-Leyfer, 

Dowd et al. 2003) approach (maximum severity). Another dataset excluded 

non-verbal individuals from the analysis to determine what effect, if any, the 

recoding may be having on the results. The last dataset included all individuals 

but contained no verbal communication questions. The four datasets would 

allow conclusions to be drawn about the effect of non-verbal individuals and 

verbal communication items in the behavioural dynamics of autism.

Overall, between the four datasets similar results were obtained. The three 

datasets which included verbal communication items {MAX+1, MAX au6 Verbal 

Only) all had four components consisting of social communication, verbal 

behaviour, loss of language skills, and restricted repetitive behaviour. Dataset 

No Verbal Communication had only two components, social communication and 

restricted repetitive behaviour, since questions regarding verbal communication 

were not included in this dataset. The main difference between the three 

datasets with verbal communication items was the order of components. For 

MAX+1 and MAX, verbal behaviour was the second component, while in Verbal 

Only it was the fourth. In the analysis of the Irish autism data, verbal 

communication was the first component. The inflation of importance of verbal 

communication in the datasets, where recoding of non-verbal individuals 

occurred, could be a by-product of the recoding.

3.4.3 Correlation Matrices

The default correlation matrix implemented in most statistical software 

packages for PCA is the Pearson’s correlation, which was used in the analysis 

of the Irish autism data. A Pearson’s correlation is a parametric test, which 

means it assumes the data comes from a normal distribution. Since this is not 

the case with the data used in this study, two other types of correlation matrices 

were tested, to determine whether the assumption of normal distribution was 

affecting results. A Spearman’s correlation is non-parametric so it makes no 

assumption about the nature of the data. A polychoric correlation differs from
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the other two as it is designed for use on ordinal data. However, it is a 

parametric test and therefore like the Pearson’s, it assumes a normal 

distribution in the data. Ordinal data denotes a non-linear relationship between 

observations for variables and instead represents a rank order, which is the 

data used in the study. A polychoric correlation is correct for the type of data but 

the assumption about distribution of the data is still incorrect.

Three correlation matrices, Pearson’s, Spearman’s and polychoric, were tested 

for their effect on the outcome of the PCA. A correlation matrix is the input for 

the PCA and different underlying assumptions in the correlation matrix could be 

impacting results. However, no marked differences were seen between the 

correlation matrices. The polychoric correlation had slightly higher numbers 

than the Pearson’s or Spearman’s, but directionality of the correlations are 

consistent between matrices.

The use of all three matrices did not create significant differences in the final 

output from the PCA. The behavioural component name and items, with 

loadings greater than 0.4 on those components across the four datasets for the 

three correlation matrices, were fairly consistent with one exception. In the 

Verbal Only analysis, the complete data and site specific imputed datasets for 

the polychoric correlation had a different order to the components. Component 

2 in these analyses was loss of language, whereas in the rest of the Verbal 

Only analyses component 2 was restricted repetitive behaviours. The change 

was mostly due to the proximity of eigenvalues for the two components, as 

shown in the Cattell’s scree plots. However, this slight change does not alter the 

number of components retained or the retention of both loss of language and 

restricted repetitive behaviour. The slight variation had no marked impact on the 

entire analysis.

The correlation matrix more favourable for further analyses is the Spearman’s 

correlation. While it is not a perfect match for the type of data presented in this 

study, the assumption of normality by the Pearson’s and polychoric correlations 

is sensitive to outliers in the dataset. A non-parametric correlation, like the
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Spearman’s, does not make this assumption about the data. It uses ranks and 

is less susceptible to outliers or other influential values.

In summary, the three correlation matrices tested, Pearson’s, Spearman’s and 

polychoric did not majorly influence the end result of the PCA. The conclusion 

would be that input correlation matrices used in this analysis did not affect 

outcome.

3.4.4 Multiple Imputation

Various methods exist to deal with missing data. In the analysis of the Irish 

autism data, individuals with missing data were dropped. As a result, 42 

individuals (23%) were dropped from the analysis. Taking the same approach 

with the AGP sample would have reduced the sample to 370 individuals (out of 

an original sample size of 1292) or a loss of 71% of the individuals from the 

AGP study. It was considered impractical to undertake this approach, and other 

methods were applied.

The multiple imputation procedure undertaken for the AGP sample was used to 

include as much information available as possible into the analysis of the autism 

phenotype. The procedure was tested for biases using three methods. Analyses 

were run on the complete data, full imputed and site specific imputed datasets. 

The site specific imputed data was run due to the varying amount of missing 

data between different AGP sites and a noticeable pattern of missing from one 

site in particular. Complete data means data needed to be present for every 

item for an individual to be included. Sample size of complete data differed 

between analytical datasets, but was consistently less than half the original 

data.

The use of complete data, full imputed and site specific imputed datasets had 

no marked impact on the results of the PCA. The behavioural component 

names and items, with loadings greater than 0.4 on those components across 

the four datasets for the three data sources, were fairly consistent.
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A major limitation to this technique is the pooling together of the different 

imputed datasets. With multiple imputation, multiple different imputed datasets 

are created (m=5 in this study). Each PCA was run on every imputed dataset 

separately, with results from the different imputed datasets combined by taking 

the average of component loadings across the five imputed data sets. The 

method used in this study is not ideal. A method which takes into account both 

the variance between, as well as the variance within, the datasets is necessary 

to implement this technique into the field of multivariate analyses in autism.

The use of multiple imputation allows for the inclusion of valuable information 

into the study. Without the use of multiple imputation, the sample size for the 

analysis in the AGP data would have been approximately 70% less which would 

have greatly reduced the power of the study. In the complete data analysis, 

individuals with only one questions missing were excluded. These individuals 

had answers for the other sixty questions in the analysis. Multiple imputation is 

a useful technique for retaining as much information as possible without adding 

any bias and had no adverse effects on the end results of the PCA undertaken 

in this study.

3.4.5 Principal Component Analysis

A PCA was undertaken to assess the structure of the autism phenotype using 

the information from the ADI-R for the purpose of creating quantitative traits for 

genetic studies. Refinement of the phenotype into more homogenous sub

components would facilitate phenotype-genotype analyses.

The criteria for PCA have been discussed in section 3.1.1. To fulfil these criteria 

in this study, information was used representing the full range of possible 

behaviours by the inclusion of verbal communication items. Individuals were not 

incorporated from across the full autism spectrum and did not include many 

autism spectrum individuals (68 out of 1292 individuals). A well validated 

measure was used, the Autism Diagnostic Interview-Revised and the sample 

size from the AGP study was sufficient to justify the number of items included.
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The conclusion of five components was based upon the results the overall 

analysis undertaken from the Irish autism data and AGP data. The five 

components were: 1) social communication, 2) loss of language skills, 3) verbal 

behaviours, 4) insistence on sameness and 5) repetitive sensory motor actions. 

No Verbal Communication only showed two components; social communication 

and restricted repetitive behaviours, but this was due to the exclusion of 

questions pertaining to the other two components. While the AGP study only 

resulted in one restricted repetitive behaviour component, results from the 

analysis of the Irish autism data and domain specific analysis in the AGP, 

revealed two components for restricted repetitive behaviours.

The social communication component is consistent across all four datasets and 

is always the first extracted component, as it is explaining the majority of the 

variance seen in the data. It consists of items arising from the social domain of 

the questionnaire and includes non-verbal communication items. The loading of 

non-verbal communication items with social behaviours was also evident in the 

analysis of the Irish autism data. Non-verbal communication relates to 

communication by wordless gestures, such as nodding, head shaking and 

social smiling. Social and non-verbal communication items loaded onto the 

same factor, which is a trend seen across a number of studies (Tanguay, 

Robertson et al. 1998; Tadevosyan-Leyfer, Dowd et al. 2003; Lecavalier, Aman 

et al. 2006; van Lang, Boomsma et al. 2006; Georgiades, Szatmari et al. 2007; 

Gotham, Risi et al. 2007; Frazier, Youngstrom et al. 2008; Snow, Lecavalier et 

al. 2008). In Kanner’s (1943) original description of the disorder, he highlighted 

two behavioural aspects; inability of children to relate themselves to others in 

the usual way and the obsessive desire for the maintenance of sameness. The 

social communication component maps onto Kanner’s first criterion. The 

component deals with the social aspect of communication and social interaction 

between people, the observation of and maintenance of appropriate and 

‘normal’ social cues and morays.

Verbal communication plays a major role in autism. The non-verbal population 

of autism is around 30% of individuals. In the pilot study on the Irish autism 

data, verbal behaviour was the first component explaining a majority of the
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variance (22.35%). This is very sinnilar to Tadevosyan-Leyfer et al’s (2003) 

Spoken Language factor, which they found to involve verbal language but not 

non-verbal communication. Furthermore, they discovered their sample followed 

a bimodal distribution based upon the individuals’ factor sub-scores on their 

verbal communication factor. Their other five factors did not show the same 

distribution. The bimodal distribution of verbal communication further suggests a 

distinction in the autism phenotype between those who acquire language and 

those who remained verbally impaired. In both the analysis of the Irish autism 

data and the study by Tadevosyan-Leyfer et al (2003), non-verbal individuals 

were recoded on verbal communication items. The recoding may have 

influenced the outcome of the analyses. The Verbal Only analysis of the AGP 

sample has a verbal behaviour component, but it is not explaining the majority 

of the variance in the data. It could be that deficits in verbal behaviours are not 

as influential a behavioural sub-phenotype as to whether or not verbal abilities 

are acquired.

Prior studies on the restricted repetitive behaviour domain of the ADI-R 

highlighted two different components; insistence on sameness and repetitive 

sensory motor actions (Shao, Raiford et al. 2002; Cuccaro, Shao et al. 2003; 

Tadevosyan-Leyfer, Dowd et al. 2003; Bishop, Richler et al. 2006; Szatmari, 

Georgiades et al. 2006; Richler, Bishop et al. 2007). This was not found in the 

large AGP dataset, but was present in the analysis of the Irish autism data. In 

the AGP analysis, all items from the restricted repetitive behaviour domain 

created one component. However, when the analysis was re-run on just the 

questions from the restricted repetitive behaviour domain, the two components 

emerged. Interestingly, (Snow, Lecavalier et al. 2008) looked at 1861 people 

with autism and also found no discernable spilt in restricted repetitive 

behaviours. The spilt therefore may be an artefact of small sample size. A more 

likely explanation is that the split in the restricted repetitive behaviours is real 

and the variability in the thirteen questions covered in the restricted repetitive 

behaviour domain is being weakened by the remaining forty seven questions.

In the analysis of the AGP data, a component comprised of loss of language 

skills was clearly evident in three of the datasets. It included four questions;
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items 13-16 on the WPS version and items 38-41 on the 1995 Long version. 

Moreover, the questions were specifically for the loss of language abilities and 

not loss of general skills or motor abilities. Around 30% of the sample 

experienced loss of language skills, which is in line with other studies that have 

reported between 15% and 40% of children with ASD experiencing loss of 

language (Tuchman and Rapin 1997; Lord, Shulman et al. 2004; Luyster, 

Richler et al. 2005; Bishop, Richler et al. 2006; Woo, Ball et al. 2007; Hansen, 

Ozonoff et al. 2008; Meilleur and Fombonne 2009; Pickles, Simonoff et al. 

2009). Loss of abilities commonly occurs in the second year of life and is often 

followed by improvement in skills and recovery. Individuals who regress in 

behaviours were reported to not be normally developing prior to the regression 

and it has been hypothesised that loss of language in particular could be more 

prevalent than reported and hidden by delay in language development (Lord, 

Shulman et al. 2004; Pickles, Simonoff et al. 2009). Since loss of abilities 

usually occurs between two and three years of age, prior to clinical involvement, 

level of abilities are not well documented. Most studies assessing regression 

rely on parental reports, which could be influenced by parental bias or 

retrospective recall. However, individuals displaying loss of language skills may 

be a distinct sub-population of individuals with autism. Regression is a core 

feature of another pervasive development disorder. Rett syndrome is 

characterised by loss of abilities and has a known genetic aetiology; mutations 

in the methyl-CpG-binding protein-2 gene {MECP2). Individuals with autism who 

experience loss of language skills and regress in behaviour could be a unique 

sub-set with a separate genetic aetiology. Deeper investigation into why some 

individuals with autism regress and others do not is warranted, with a particular 

focus on the loss of language abilities.

Despite replication of previous findings there are limitations to the approaches 

used in this study. Principal component analysis is sensitive to sample size and 

method of ascertainment. Slight variations in sample composition can yield 

different results, which may explain the difficulty to replicate the findings of 

others in the current published literature. The ADI-R relies upon retrospective 

recall to describe the lifetime ‘ever’ scales. Retrospective recall bias is a 

problem in these clinical samples. Parental bias and/or memory are hindrances
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on the information collected by the ADI-R. The use of longitudinal 

measurements throughout early development would reduce such bias, but is 

largely unfeasible in non-clinical population studies considering the prevalence.

The use of the ADI-R limits the scope of this study. The ADl-R was created for 

molecular genetic studies, for the purpose of obtaining a DSM-IV/ICD-10 

reliable diagnosis. The PCA undertaken in this study only refers to the autism 

phenotype as defined by the diagnostic criteria. Three of the four components 

extracted from this study form the classic autism triad of behaviours; verbal 

behaviour, social communication and restricted repetitive behaviour. Currently 

in the field of autism, a variety of behavioural tests exists to study the autism 

phenotype but were not utilised in this study. Utilising the information from these 

other scales, such as the ADOS, IQ measures, Vineland Adaptive Behaviour 

Scale, Social Responsiveness Scale, etc., offers a broader, more 

encompassing picture of the autism phenotype, which can be studied for any 

empirical structure. Including more information into the study of the autism 

phenotype can only enhance understanding of the autism phenotype.

Overall, the data presented here replicates some of the previous studies in the 

extant literature (Tanguay, Robertson et al. 1998; Tadevosyan-Leyfer, Dowd et 

al. 2003; Lecavalier, Aman et al. 2006; van Lang, Boomsma et al. 2006; 

Georgiades, Szatmari et al. 2007; Gotham, Risi et al. 2007; Frazier, 

Youngstrom et al. 2008; Snow, Lecavalier et al. 2008). The consistent 

separation of social communication and restricted repetitive behaviour is also 

observed in this study. This study further finds questions pertaining to social 

behaviours and communication loading onto the same components. The loss of 

language component has not been reported in previous studies and suggests 

regression may be a separable and important aspect of the autism phenotype.

3.4.6 General Conclusions

This study aimed to analyse the structure of the autism phenotype, using the 

ADI-R for the purpose of creating sub-phenotypes for phenotype-genotype 

studies. The results from the PCA were not affected by correlation matrix or 

imputation strategy. Five behavioural components were found; social
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communication, loss of language skills, verbal behaviours, insistence on 

sameness and repetitive sensory motor actions. Loss of language was the only 

component observed here that was not seen in previous studies and does not 

make up part of the classic autism triad of behaviours. Future work will hopefully 

explore the role of regression, particularly in language abilities, in the autism 

phenotype and potentially as a distinct sub-population of individuals with autism. 

The use of these sub-phenotypes in phenotype-genotype studies may highlight 

interesting genetic architecture behind the complex autism phenotype.
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4 Serotonergic System and Restricted Repetitive 

Behaviours in Autism

4.1 Introduction

A majority of phenotype-genotype studies in autism have used an aspect or 

derivative of repetitive behaviours. As only modest correlation is seen between 

deficits in the three core areas of autism (social interaction, communication and 

restricted/repetitive behaviours), this suggests different underlying genetic 

aetiologies (Ronald, Happe et al. 2006). Repetitive behaviours have been 

shown to be highly correlated amongst individuals with autism and their family 

members, suggesting heritability (Bolton, Macdonald et al. 1994; Spiker, 

Lotspeich et al. 1994; Bolton, Pickles et al. 1998; Folstein, Santangelo et al. 

1999; Silverman, Smith et al. 2002; Wilcox, Tsuang et al. 2003; Micali, 

Chakrabarti et al. 2004). Furthermore, it has been suggested that different types 

of repetitive behaviours are associated with IQ scores (Szatmari, Georgiades et 

al. 2006). Given the evidence of high heritability and possible distinct aetiology 

of repetitive restricted behaviours, they are ideal candidates for preliminary 

phenotype-genotype studies (Silverman, Smith et al. 2002; Cuccaro, Shao et al. 

2003; Hollander, King et al. 2003; Ronald, Happe et al. 2006).

Repetitive behaviours are seen in a range of psychiatric impairments, but are a 

core component of two disorders; autism and obsessive-compulsive disorder 

(OCD). According to the hypothesis that dysregulation of serotonergic function 

leads to aberrant obsessive behaviour patterns, genes were examined for 

association with autism and the two derived areas of behaviour from the 

principal components analysis, presented in section 3.3.2.7.1: insistence on 

sameness and repetitive sensory motor action. The main aim of this study is to 

investigate serotonergic candidate genes for OCD with influence on specific 

aspects of the autism phenotype.

133



4.1.1 Serotonergic System and Autism

One of the most widely replicated biological findings in autism is the occurrence 

of hyperserotonemia in one-third of individuals with autism. Hyperserotonemia 

is defined as serotonin (5-HT) levels that are greater than 2 standard deviations 

above the mean 5-HT level (Cook, Leventhal et al. 1990). Most studies have 

found increases of 25% to 50% in platelet 5-HT in individuals with autism 

(Schain and Freedman 1961; Ritvo, Yuwiler et al. 1970; Campbell, Friedman et 

al. 1974; Hoshino, Yamamoto et al. 1984; Minderaa, Anderson et al. 1989; 

McBride, Anderson et al. 1998). Variation in this magnitude can be partly 

explained by age (McBride, Anderson et al. 1998). Blood 5-HT is produced in 

the gut and absorbed into platelets, with 99% of whole blood 5-HT being found 

in platelets (Anderson, Freedman et al. 1987). However how whole blood 5-HT 

levels correlate with 5-HT levels in the central nervous system (CNS) is 

uncertain.

Measurements of CNS 5-HT levels and autism have been less conclusive. 5-HT 

in the CNS is measured by a 5-HT metabolite (5-hydroxyindoleacetic acid, 5- 

HIAA) in cerebral spine fluid. Across seven studies, no consistent differences 

were seen between autism and controls (Cohen, Shaywitz et al. 1974; Cohen, 

Caparulo et al. 1977; Winsberg, Sverd et al. 1980; Gillberg, Svennerholm et al. 

1983; Gillberg and Svennerholm 1987; Narayan, Srinath et al. 1993). However, 

5-HT synthesis has been shown to be elevated in some brain regions of 

individuals with autism and decreased in others (Chugani, Muzik et al. 1997). 

This could explain why overall measures of 5-HIAA were not significant. 5-HT 

levels decrease over time for normally developing children; however, they do 

not decrease for children with autism (Chugani, Sundram et al. 1999). Levels of 

5-HT in children with autism are at first lower than controls, but with no 

decrease over time, resulting in higher 5-HT levels by adolescence (Chugani, 

Sundram et al. 1999).

Evidence for the potential role of 5-HT in autism also comes from 

pharmacological observations. Selective serotonin reuptake inhibitors (SSRIs) 

are widely used in the reduction of restricted repetitive behaviours associated
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with autism (McDougle, Naylor et al. 1996). Irritable and 

stereotypical/compulsive behaviours can be reduced in some individuals with 

autism by the administration of the HTR2A receptor antagonist (McCracken, 

McGough et al. 2002). Deterioration of autism behaviours has also been 

reported following administration of drugs such as HTR1B/D receptor agonist 

and those that stimulate release of 5-HT (Varley and Holm 1990; Hollander, 

Kaplan et al. 2000).

4.1.2 Serotonergic System and Obsessive Compulsive 

Disorder

Obsessive compulsive disorder (OCD) is characterised by two main 

components, obsessions and compulsions. Obsessions are defined as 

persistent, intrusive and inappropriate thoughts, images or impulses that are 

distressing to the patient. Compulsions are repetitive behaviours or mental acts 

that a person feels driven to perform which are generally aimed at reducing the 

stress of the obsession. The Diagnostic and Statistical Manual of Mental 

Disorders (DSM-IV) has the following criteria for diagnosis of OCD: 1) either 

obsession or compulsion; 2) realisation that the above are excessive or 

unreasonable; 3) that they cause distress, are time-consuming, or interfere with 

life; 4) not due to another psychiatric illness; 5) not due to substance abuse or 

medical problem (Association 2000). An OCD prevalence rate between 1.1% 

and 3.3% have been reported worldwide and has not been shown to have a sex 

specific bias (Karno, Golding et al. 1988; Weissman, Bland et al. 1994; Ruscio, 

Stein et al. 2008).

Heritability of OCD has been shown through family and twin studies. A meta

analysis of twin studies in OCD concluded heritability ranges between 27% and 

65%, implicating a genetic factor (van Grootheest, Cath et al. 2005). Family 

studies have further supported this notion (Lenane, Swedo et al. 1990; Riddle, 

Scahill et al. 1990; Black, Noyes et al. 1992; Leonard, Swedo et al. 1992; 

Nicolini, Weissbecker et al. 1993; Pauls, Alsobrook et al. 1995; Nestadt, 

Samuels et al. 2000; Reddy, Reddy et al. 2001; Albert, Maina et al. 2002; 

Chabane, Delorme et al. 2005; do Rosario-Campos, Leckman et al. 2005; 

Hanna, Himie et al. 2005). While estimates of recurrence risk vary, the overall
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conclusions are the same; the rate of OCD was significantly increased in 

relatives of individuals with OCD when compared to the normal population 

prevalence.

Candidate genes studies for OCD have focused mainly on genes implicated 

from pharmacological evidence. Treatment of OCD in 40% of patients is 

through the use of serotonin reuptake inhibitors (SSRIs) (Goodman, Price et al. 

1989). SSRIs have consistently demonstrated efficacy in the treatment of OCD 

and are considered first-line pharmacotherapy (Ackerman and Greenland 2002; 

Geller, Biederman et al. 2003; Bloch, Landeros-Weisenberger et al. 2008). 

SSRIs increase the level of 5-HT in the synapse by inhibiting its reuptake into 

presynaptic cell. Psychotropic drugs that are antagonistic to the 5 -HT2 receptors 

have anti-obsessional effects (Koran, Gamel et al. 2005; McDougle 2005). The 

reduction of symptoms in response to SSRI treatment implicates dysfunction of 

the serotonin system in the aetiology of OCD.

4.1.3 Overlap between Autism and Obsessive Compulsive 

Disorder

Repetitive behaviours are seen in a range of psychiatric impairments, but are a 

core component of two disorders, autism and obsessive-compulsive disorder 

(OCD). Repetitive restricted behaviours are a necessary diagnostic criteria of 

autism. Individuals with ASD have been found to have similar levels of 

obsessive-compulsive symptoms as individuals with OCD as derived from the 

Yale-Brown Obsessive-Compulsive Scale and Symptom Checklist (Russell, 

Mataix-Cols et al. 2005). Around 2% of individuals diagnosed with autism are 

co-morbid for OCD and about 20% of an OCD cohort was reported to have 

autistic-like traits (Bejerot, Nylander et al. 2001; Lehmkuhl, Storch et al. 2008). 

Both parents of ASD children and OCD children report above normal levels of 

repetitive behaviour in their children but generally individuals with ASD have 

less sophisticated behaviours than OCD cohorts (McDougle, Kresch et al. 2000; 

Zandt, Prior et al. 2007). Furthermore, family members of people with autism 

have been reported to have above normal levels of OCD behaviours (Bolton, 

Pickles et al. 1998; Micali, Chakrabarti et al. 2004). OCD was reported to be 

more common in parents of probands with high restricted repetitive behaviour
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scores, but this finding was not replicated in a Japanese study (Hollander, King 

et al. 2003; Kano, Ohta et al. 2004).

There is evidence of similar neurocognitive deficits between the two disorders 

as well. Both individuals with ASD and individuals with OCD have separately 

been shown to have impaired executive function (Turner 1999; Greisberg and 

McKay 2003; Lopez, Lincoln et al. 2005). Turner et al (1999) found higher levels 

of repetitive behaviours were related to poor performance on executive function 

tests, assessing word, ideational and design fluency. This finding was partially 

replicated by Lopez et al (2005), who determined repetitive behaviours in adults 

with autism were associated with specific executive functions as assessed by 

the Delis-Kaplin Executive Function Scale.This observation was not found in 

two other studies (Ozonoff, Cook et al. 2004; Zandt, Prior et al. 2009). The 

relationship between OCD and executive function has not been shown to be 

related to severity of symptoms (Zandt, Prior et al. 2009). Recent findings have 

shown that unaffected parents of people with autism and OCD have similar 

shared executive dysfunction, as assessed by Tower of London, verbal fluency, 

design fluency, trail making and association fluency, suggesting a common 

intermediate phenotype, which may have a similar genetic underpinning 

(Delorme, Gousse et al. 2007).

4.1.4 Serotonin System

The serotonergic system is a key neurotransmitter system in the brain 

responsible for regulation of mood. Serotonin, 5-hydroxytryptamine, is a 

monoamine neurotransmitter. Synthesis of serotonin can be seen in Figure 4.1. 

5-hydroxytryptamine (5-HT) is produced by from the hydroxylation of tryptophan 

by the enzyme tryptophan hydroxylase (TPH). This conversion by TPH is rate 

limiting and the enzyme is not fully saturated under normal physiological 

conditions. Increases in dietary tryptophan can result in increases in serotonin. 

Tryptophan conversion by TPH results in the formation of 5-hydroxytryptophan 

(5-HTP). The decarboxylation of this product gives rise to 5-HT.
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Tryptophan 5-Hydroxytryptophan Serotonin

COOH COOH

Tryptophan
Hydroxylase

Aromatic L-Amino 
Acid Decarboxylase

Figure 4.1. Serotonin is synthesized from tryptophan. The first and rate-limiting step in 

synthesis is carried out by tryptophan hydroxylase. The second synthetic step is 

decarboxylation by aromatic L-amino acid decarboxylase (AADC) enzyme. Hare and Loer 

2004.

5-HT is packaged into vesicles and released from the pre-synaptic cell into the 

synaptic cleft, where it can activate both post-synaptic and pre-synaptic 

receptors. Termination of 5-HT activity (around 90%) is mainly through re

uptake into pre-synaptic neurons via the serotonin transporter (SLC6A4). 

Following re-uptake, 5-HT can be recycled back into pre-synaptic vesicles. It 

can also undergo degradation in the synaptic cleft by monoamine oxidase 

(MAO), leading to the formation of 5-hydroxyindoleacteic acid which is excreted 

from the body with urine.

The principle area of the brain responsible for the majority of the 5-HT released 

in the brain is the raphe nuclei. The raphe nuclei are located in the brainstem 

and have ubiquitous serotonergic projections reaching out to the nucleus 

accumbens, frontal cortex, striatum, hippocampus and the amygdala. 5-HT has 

been implicated as a modulator for a variety of behaviours ranging from anxiety 

and aggression to sleep and appetite.

4.1.4.1 Serotonin Transporter (SLC6A4)

After release from synaptic terminals, 5-HT is removed from the synaptic cleft 

back into presynaptic cells by the serotonin transporter, which is encoded by the 

SLC6A4 gene. SLC6A4 is approximately 38kb and located at 17q11.1-q12.

SLC6A4 is the most commonly associated serotonergic gene with OCD 

(Delorme, Betancur et al. 2005). The serotonin transporter is the main target for 

SSRIs which alleviate symptoms in 40% of people with OCD. Total clinical
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improvement in people with OCD given SSRIs, were not shown to be linked to 

genotypes in SLC6A4, but improvement in compulsions was associated with 

individuals heterozygous for a polymorphism in the promoter of SLC6A4 (Di 

Bella, Erzegovesi et al. 2002). The association of drug efficacy relationship to 

heterozygous for serotonin transporter linked polymorphic region (5-HTTLPR) 

individuals was also seen in OCD patients given serotonin and noradrenalin 

reuptake inhibitors (SNRIs) (Denys, Van Nieuwerburgh et al. 2007). Individuals 

with OCD have shown reduced amounts of SLC6A4 in the brain by photon 

emission tomography (PET) imaging (Stengler-Wenzke, Muller et al. 2004; 

Hesse, Muller et al. 2005; Hasselbalch, Hansen et al. 2007). Some studies have 

found decreased SLC6A4 binding activity on platelets of patients with OCD 

relative to controls (Flament, Rapoport et al. 1987; Sallee, Richman et al. 1996; 

Marazziti, Dell'Osso et al. 1999).

A well characterised 44 base pair insertion/deletion functional promoter 

polymorphism in the SLC6A4 gene has been identified called 5-HTTLPR (Heils, 

Teufel et al. 1995). The long variant of the polymorphism is more than twice as 

efficiently transcribed as the short variant and therefore leads to a more efficient 

reuptake of serotonin (Heils, Teufel et al. 1995; Collier, Stober et al. 1996). The 

short variant of the polymorphism (the deletion) decreases promoter activity, as 

determined by gene-reporter assays. Subsequently, a G/A SNP within the 44bp 

element has been reported giving rise to the possibility of tri-allelic studies (Hu, 

Oroszi et al. 2005; Parsey, Hastings et al. 2006). Lower expression was shown 

for the G allele of the long variant compared to the A allele, which corresponds 

to the functional effect of the short variant.

Early family based studies in OCD found an association with the long variant of 

5-HTTLPR (McDougle, Epperson et al. 1998; Bengel, Greenberg et al. 1999), 

but subsequent replication studies have been inconsistent (Billett, Richter et al. 

1997; Frisch, Michaelovsky et al. 2000; Di Bella, Erzegovesi et al. 2002; Meira- 

Lima, Shavitt et al. 2004; Hasselbalch, Hansen et al. 2007). A recent meta

analysis between 5-HTTLPR and OCD found an association with the short 

variant, which is the opposite of the original finding (Lin 2007). Furthermore, 

they found an inverse association between heterozygosity at 5-HTTLPR and
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OCD susceptibility (Lin 2007). This finding was not replicated in a separately 

conducted meta-analysis, which found no positive association (Bloch, 

Landeros-Weisenberger et al. 2008). Bloch et al (2008) included two more 

case-control studies over the previous meta-analysis. When the SNP within the 

long variant is analysed, the A allele (corresponding to higher expression) was 

over-transmitted by two-fold in individuals with OCD (Hu, Lipsky et al. 2006).

Fourteen studies have investigated the role of 5-HTTLPR in the aetiology of 

autism, but have had inconsistent results (Huang and Santangelo 2008). The 

majority of the studies reported an over-transmission of the short variant; 

however a comprehensive meta-analysis of published association studies of 5- 

HTTLPR and autism studies found no significant association (Huang and 

Santangelo 2008). Tordjman et al (2001) found an association between severity 

of symptoms and over-transmission of the short variant. Interestingly, a study of 

gene expression differences between discordant monozoygotic twins found 

SLC6A4 expression to be decreased in the more severely affected twin (Hu, 

Frank et al. 2006).

Another extensively studied polymorphism in SLC6A4 is a 16/17 bp variable 

number tandem repeat (VNTR) in intron two (Lesch, Bengel et al. 1996). It has 

three common alleles: 9-, 10- and 12-repeat units and has been reported to be 

a transcriptional enhancer (MacKenzie and Quinn 1999). While most studies in 

autism report an over-transmission of the 12-repeat, a comprehensive meta

analysis of published studies reported no significant association between intron 

2 VNTR and autism (Huang and Santangelo 2008). Only one study has 

reported an association between OCD and the intron 2 VNTR. Baca-Garcia 

(2007) found an association between the 12-repeat of the VNTR and a cohort of 

individuals with OCD.

4.1.4.2 Tryptophan hydroxylase 1, 2 (TPH1, TPH2)

TPH is responsible for the primary conversion step of tryptophan to 5- 

hydroxytryptophan, which is the rate limiting step in the synthesis of 5-HT. 

Variants in TPH can therefore influence 5-HT turnover. There are two isoforms 

of the TPH gene, namely TPH1 and TPH2. TPH1 is expressed throughout the
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periphery, as well as in the CNS, while TPH2 is primarily expressed in the 

central nervous system. Sequence homology between the two isoforms is 71% 

(McKinney, Knappskog et al. 2005). mRNA studies have shown both TPH1 and 

TPH2 are expressed in the cortex, thalamus, hypothalamus, hippocampus, 

amygdala, cerebellum and raphe nuclei regions of the brain (Zill, Buttner et al. 

2007). Furthermore, Zill et al (2007) showed TPH2 was expressed at 4 times 

the level of TPH1 in the raphe nuclei and TPH2 had a 7-fold increase in 

expression in the raphe nuclei, compared to other areas of the brain. TPH2 

knockout mice demonstrated that brain 5-HT synthesis is solely maintained by 

TPH2. In the absence of TPH2, but not TPH1, TPH1 does not recover the 

synthesis of 5-HT in the raphe nuclei of the brain, despite TPH1 being 

expressed in the region (Gutknecht, Kriegebaum et al. 2009). This suggests 

that while TPH1 may be expressed in the brain, it is not performing a valuable 

task in the production of 5-HT. Therefore it may not be meaningful to analyse 

both genes when only TPH2 appears to be responsible for the production of 5- 

HT in the brain.

TPH2 is located at 12q21.1 and is approximately 94kb in size. Knockout mouse 

models for TPH2 have severe depletion of 5-HT signalling in the brain, leading 

to growth retardation (Alenina, Kikic et al. 2009). There is a 50% lethality rate in 

the first 4 weeks of postnatal life. Mice that do survive show extended daytime 

sleep, suppressed respiration, altered body temperature, and decreased night

time blood pressure and heart rate. TPH2 knockout mice also exhibit increased 

compulsive behaviours, as assessed by the marble burying test (Savelieva, 

Zhao et al. 2008).

Stereotypic and repetitive behaviours are influenced by 5-HT, and initial studies 

report an association of TPH2 alleles with childhood-onset OCD, as well as 

autism. Mossner et al (2006) found a haplotype comprised of rs4570625 and 

rs456946 to be significantly preferentially transmitted in childhood onset OCD. 

Weak correlation between rs4570625 and AEI (see section 6.1.2.1) was seen in 

the human pons (Kappa-coeffficient=0.311, p=0.053) (Lim, Pinsonneault et al. 

2007). rs4570625 is located in the promoter region of TPH2, but was not shown 

to affect relative activity in a luciferase gene reporter assay (Scheuch,
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Lautenschlager et al. 2007). Scheuch et al (2007) further reported preferential 

transmission of the C allele of rs4565964 with individuals displayin early onset 

OCD (OR=2.58; 95% Cl 0.98-6.82). Sacco et al (2007) genotyped two TPH2 

SNPs, rs4570625 and rs4565946, in a sample of individuals with autism but 

failed to find an association to presence or absence of prominent repetitive and 

stereotyped behaviours.

Coon et al (2005) found that two variants showed frequency differences 

between individuals with autism and control subjects (rs4341581 p = 0.01, and 

rsl 1179000 p = 0.02). The SNPs were also related to higher summed scores on 

the Autism Diagnostic Interview (ADI) domain describing repetitive and 

stereotyped behaviours. A haplotype which included these two SNPs was also 

found associated with autism (p = 0.005). This finding was not replicated in 

another autism cohort or sub-sets of families with autism clinically defined as 

severe obsessive-compulsive behaviours (sOCB) or self-stimulatory behaviours 

(SSB) (Ramoz, Reichert et al. 2006).

4.1.4.3 Monoamine oxidase A, B (MAO-A, IVIAO-B)

Serotonin activity is catabolised by monoamine oxidase (MAO) converting it to 

5-Hydroxyindoleacetic acid (5-HIAA). MAO has two isoforms; MAOA and 

MAOB. MAOA is an enzyme that degrades biogenic amines, 5-HT and to a 

lesser degree dopamine. MAOB has a high affinity for phenylethylamine (a 

monoamine neurotransmitter). Both MAOA and MAOB are mitochondrial 

enzymes.

MAOA is a 90kb gene located at Xpl 1.3. A mouse model of MAOA deficiency 

showed increased serotonin and noradrenaline levels, as well as architectural 

changes in somatosensory cortex (Cases, Seif et al. 1995). Behavioural 

abnormalities included trembling and fearfulness in pups and excessive 

aggression in adult males.

MAOA contains a polymorphism linked to enzymatic activity level. This is a 30 

base pair variable number tandem repeat (VNTR) located twelve hundred base 

pairs from the transcription start site. There are 5 known common repeats: 2, 3,
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3.5, 4, and 5. The 3.5- and 4- repeats are transcribed 2-3 times more efficiently 

than the 2-, 3- and 5- repeats (Caspi, McClay et al. 2002). Carriers of the low 

activity alleles show approximately 8% decrease in grey matter volume in the 

brain, particularly in the cingulated gyrus, amygdala, and hypothalamus (Meyer- 

Lindenberg, Buckholtz et al. 2006). Male low-activity carriers showed increased 

orbito-frontal cortex volumes. The low-activity allele of this VNTR has recently 

been associated with increased cortical volume in children with autism (Davis, 

Hazlett et al. 2008). Low-activity carriers showed increased amygdala activity 

during emotional arousal and decreased activity of regulatory prefrontal regions. 

Male and female results differ, with male-only low-activity carriers showing 

increased activity of the amygdala and hippocampus during aversive recall and 

impaired cingulated activation during cognitive inhibition. The VNTR was found 

to influence the reaction of children to maltreatment, determining the likelihood 

of developing antisocial behaviour as adults (Caspi, McClay et al. 2002). 

Presence of the high-activity alleles reduced the risk of developing antisocial 

behaviours. This finding has been replicated in two further studies (Huang, Cate 

et al. 2004; Nilsson, Sjoberg et al. 2006). Animal studies have also confirmed 

the functionality of this marker; in that rhesus monkeys carrying the low-activity 

allele had higher aggression scores (Newman, Syagailo et al. 2005).

In autism, low-activity carriers were found to have lower IQ and more severe 

autistic behaviour than high-activity carriers (Cohen, Liu et al. 2003). Yirmiya et 

al (2002) examined the transmission of the 30 base pair microsatellite in an 

autism cohort but found no evidence of over-transmission of any allele to 

affected probands. They did, however, find an association with the 4-repeat 

allele and low IQ. Jones et al (2004) reported a maternal modifier effect at an 

MAOA marker. The mothers’ genotype at the locus was significantly associated 

with the Leiter IQ scores of the child.

A Korean study of males with OCD found a higher 3-repeat frequency of the 

VNTR than their normal counterparts (Kim, Kim et al. 2006). The T allele of the 

rs1137070 in exon 14 has been shown to be associated with females with OCD 

(Camarena, Rinetti et al. 2001). The T allele of rs1137070 is related to lower
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enzymatic activity (Hotamisligil and Breakefield 1991). However, a second study 

did not find replicate this finding in OCD (Hemmings, Kinnear et al. 2003).

4.1.4.4 Serotonin Receptors

There are fifteen serotonin receptors that are grouped into seven families (Moy, 

Nadler et al. 2009). Serotonin receptors are usually G-coupled proteins. Two 

families of serotonin receptors are investigated in this study: 5-HTi and 5 -HT2. 

Both are G-coupled proteins located in the central nervous system. 5-HTi 

receptors are found on the soma or axon terminals of presynaptic neurons. 5- 

HT2 receptors are located on the dendritic spines of postsynaptic neurons.

4.1.4.4.1 Serotonin Receptors 1 (5-HTi)

5 -HT1 receptors are presynaptic Gi receptors which are responsible mainly for 

decreasing cellular cAMP. They are thought to modulate further release of 5-HT 

in the presynaptic terminal in the striatum and basal ganglia.

4.1.4.4.1.1 Serotonin Receptor lA (HTRIA)

HTR1A is located 5q11.2-q13. HTR1A is located primarily on the cell bodies 

and acts as an autoreceptor mediating cell firing.

Deletion of the HTR1A leads to increased anxiety behaviour in animal models 

(Heisler, Chu et al. 1998; Parks, Robinson et al. 1998; Ramboz, Costing et al. 

1998; Gross, Zhuang et al. 2002). Knockout HTR1A mice have an increased 

response to stress, which may reflect the involvement of increased anxiety and 

emotional reactivity when mutant mice are exposed to inescapable stress 

(Heisler, Chu et al. 1998; Parks, Robinson et al. 1998; Ramboz, Costing et al. 

1998; Gross, Zhuang et al. 2002). This could be due to HTRIA ’s role in 

regulating the release of 5-HT. The HTR1A receptor agonist, pindolol, shortens 

latent response to SSRIs by turning off the inhibitory action of HTR1A, allowing 

for normal levels of 5-HT to be released into the synapse increasing the efficacy 

of SSRIs (McAskill, Mir et al. 1998).

Coutinho et al (2007) examined the relationship between the promoter region 

variant rs6295 (-1019C/G) and autism, but found no evidence for association
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with autism or 5-HT platelet levels. rs6295 has been shown to be functional 

(Lemonde, Turecki et al. 2003). The G allele has been shown to be more active 

than the C allele in a variety of cell lines using luciferase gene reporters. 

Despite differences in promoter activity, no significant differences in receptor 

density between alleles have been reported (Huang, Cate et al. 2004).

HTR1A has not been studied in relation to OCD.

4.1.4.4.1.2 Serotonin Receptor IB  (HTR1B)

HTR1B is located at 6q13. It regulates the release of 5-HT from the presynaptic 

cell and is primarily located near axon terminals. It provides a negative 

feedback loop controlling synaptic 5-HT release.

Knockout mouse models for HTR1B show increased aggression and activity, 

elevated alcohol consumption and increased cocaine intake (Saudou, Amara et 

al. 1994; Crabbe, Phillips et al. 1996; Rocha, Scearce-Levie et al. 1998; 

Brunner, Buhot et al. 1999; Malleret, Hen et al. 1999). Activation of HTR1B in 

rats lowers alcohol self-administration (Tomkins and O'Neill 2000). HTR1B 

agonists have been shown to exacerbate OCD symptoms (Gross-lsseroff, 

Cohen et al. 2004). One hypothesis suggests HTR1B are supersensitive in 

OCD resulting in chronic reductions in synaptic levels of 5-HT (Goddard, 

Shekhar et al. 2008).

Orabona et al (2009) found under-transmission of an HTR1B haplotype 

containing the A allele of rsl 30058 (-161A/T) and G allele of rsl 1568817 (- 

261G/A) with an ASD cohort of Brazilian males of European ancestry (p=0.003). 

Both promoter polymorphisms have been shown to influence promoter activity 

(Duan, Sanders et al. 2003). The GA haplotype of rsl 1568817_ rsl 30058 

increased relative transcriptional activity 2.3 times over the TA and GT 

haplotypes. It could be that lower expression of HTR1B is associated with 

autism.

The G allele of rs6296 (G861C) has been associated with OCD in some studies 

(Mundo, Richter et al. 2000; Mundo, Richter et al. 2002), but not in others
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(Camarena, Rinetti et al. 2001; Di Bella, Cavallini et al. 2002; Walitza, 

Wewetzer et al. 2002; Hemmings, Kinnear et al. 2003) The role of HTR1B in the 

aetiology of OCD, if any, has yet to become clear.

4.1.4.4.1.3 Serotonin Receptor ID  (HTR1D)

HTR1D is located at 1p36.3-p34.3 and is approxinnately 3kb in length. It 

contains only one exon. HTR1D is an autoreceptor predominantly located at the 

nerve terminal and provides a negative feed-back loop controlling synaptic 5-HT 

release.

HTR1D agonists have been reported to exacerbate OCD symptoms (Pigott, 

Zohar et al. 1991; Hollander, DeCaria et al. 1992; Khanna, John et al. 2001; 

Koran, Pallanti et al. 2001). Yet, other studies have failed to replicate this 

finding (Goodman, McDougle et al. 1995; Rian, Westenberg et al. 1998). 

Coutinho et al (2007) found interactions between rs6300 in HTR1D and the two 

SLC6A4 polymorphisms (5-HTTLPR and intron 2 VNTR) were significantly 

contributing to determination of platelet 5-HT levels (p=0.013), which has been 

shown in previous studies to be decreased in individuals with autism.

4.1.4.4.2 Serotonin Receptors 2 (5 -HT2)

5 -HT2 receptors are post-synaptic Gq receptors mainly responsible for 

increasing cellular levels of inositol triphosphate (IP3) and diacyl glycerol 

(DAG), which results in elevation of intracellular calcium levels. Gq activates 

phospholipase C (PLC) which hydrolyses phosphatidylinositol (PIP2) into DAG 

and IPS. DAG activated protein kinase C (PKC) and together with IP3 mobilises 

intercellular calcium from organelles, increasing calcium levels in cells.

The 5 -HT2 receptor sub-group consists of three receptors; HTR2A, HTR2B and 

HTR2C. 5 -HT2 antagonists have been shown to have anti-obsessional 

properties (McDougle, Epperson et al. 2000; Koran, Gamel et al. 2005). 

However, only HTR2A and HTR2C activation have been implicated in the 

improvement seen in people with OCD after treatment with an SSRI 

(Greenberg, Benjamin et al. 1998).
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4.1.4.4.2.1 Serotonin Receptor 2A (HTR2A)

HTR2A is located at chromosome 13q14.1-14.2. It is the main excitatory 

receptor among its sub-type and contains several sites of genetic variation. It 

has been extensively investigated in psychiatric disease.

Psychotropic drugs that antagonise HTR2A have anti-obsessional effects 

(McDougle, Epperson et al. 2000; Koran, Gamel et al. 2005). It has been 

hypothesised that treatment with both SSRIs and HTR2A antagonists is better 

than SSRIs alone (Marek, Carpenter et al. 2003). HTR2A may antagonise 

behavioural effects by activating other 5-HT receptors, particularly HTR1A and 

HTR2C (Goddard, Shekhar et al. 2008). Interestingly, response in OCD patients 

given SSRIs was associated with the G/G genotype polymorphism of rs6311 (- 

1438G/A) in HTR2A (Denys, Van Nieuwerburgh et al. 2006).

Association results between OCD and HTR2A are mixed. While some studies 

have found an association between OCD and the A allele of rs6311 (Enoch, 

Kaye et al. 1998; Enoch, Greenberg et al. 2001; Walitza, Wewetzer et al. 2002), 

other studies have not found significant associations (Nicolini, Cruz et al. 1996; 

Frisch, Michaelovsky et al. 2000; Hemmings, Kinnear et al. 2003; Tot, Erdal et 

al. 2003; Meira-Lima, Shavitt et al. 2004; Denys, Van Nieuwerburgh et al. 

2006). rs6311 influences promoter activity with the A, allele showing 

significantly greater relative promoter activity than the G allele (Parsons, 

D'Souza et al. 2004). Cho et al (2007) did find a significant haplotype 

associated with autism in a Korean population, containing the A allele of rs6311 

and the T allele of rs6313 (p=0.04).

No associations have been found between rs6313 (102T/C) and OCD 

(Hemmings, Kinnear et al. 2003; Meira-Lima, Shavitt et al. 2004). rs6313 and 

rs6311 are in linkage disequilibrium and since rs6313 is a synonymous coding 

SNP, it is likely that functionality at the rs6311 would underlie any associations 

at rs6313 (Masellis, Basile et al. 1998; Ohara, Nagai et al. 1999). One study 

found association between rs6305 (C516T) and OCD (Meira-Lima, Shavitt et al. 

2004), but this has yet to be replicated.
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The relationship between autism and HTR2A also remains unclear. Three 

studies have examined a role for known functional SNPs in HTR2A with autism, 

but none have found a single marker association in an American, Korean or 

Indian population (Veenstra-VanderWeele, Kim et al. 2002; Cho, Yoo et al. 

2007; Guhathakurta, Singh et al. 2009). All studies have been limited in their 

number of SNPs and coverage of the gene. While SNPs previously examined 

may have a role in effecting transcriptional regulation of HTR2A, other unknown 

function SNPs may still exist.

4.1.4.4.2.2 Serotonin Receptor HTR2C

HTR2C is located on chromosome Xq24. If mice are exposed to excessive 

levels of HTR2C, through various drug based receptor agonists, they show 

reduction of compulsive behaviours (Tsaltas, Kontis et al. 2005). Conversely, 

HTR2C knockout mice exhibit compulsive behaviour (Chou-Green, Holscher et 

al. 2003). A mixed 5-HT receptor agonist, targeting HTR2C, HTR2A and HTR1A 

reduces OCD symptoms in humans (Moreno, McGahuey et al. 2006).

Two studies have investigated the involvement of HTR2C in the aetiology of 

OCD, but neither showed any association (Cavalllnl, Dl Bella et al. 1998; Frisch, 

Michaelovsky et al. 2000). However, both studies examined only one SNP, 

rs6318 (Cys23Ser). Inclusion of more SNPs covering the entire gene may give 

a different idea to the involvement of genetic variation at HTR2C in OCD. Only 

one study has examined the possible role of HTR2C in autism. Orabona et al 

(2009) examined HTR2C in an autism cohort of Brazilian males of European 

ancestry, but they found no statistical significantly associations.

The promoter of HTR2C contains substantial sequence variation. Yuan et al 

(2000) described a 600bp fragment of the promoter containing multiple sites of 

variation, but only three have been shown to possibly Influence promoter 

activity; rs3813908 (-997G/A), rs3813929 (-759CAT) and rs518147 (-697G/C). 

The A allele of rs3813908, the T allele of rs3813929, and the C allele of 

rs518147 have all been shown to alter transcription through luciferase gene 

reporter assays (Yuan, Yamada et al. 2000; Buckland, Hoogendoorn et al.
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2005; McCarthy, Mottagui-Tabar et al. 2005; Hill and Reynolds 2007). 

Luciferase gene reporter assays conducted in a human neuroblastoma cell 

line(SH-SY5Y) found the presence of the T allele of rs3813929 and C allele of 

rs518147 reduced promoter activity (Hill and Reynolds 2007). None of these 

polymorphisms have been linked to OCD or autism.

4.1.5 Repetitive Behaviours in Autism

Studies examining the structure of restrictive repetitive behaviours in autism 

using the ADI-R have found two separate and distinct factors, insistence on 

sameness and repetitive sensory motor actions. Insistence of Sameness (IS) 

encompasses compulsions and ritualistic behaviours, while repetitive sensory 

motor actions (RSMA) encompasses rocking and complex mannerisms (see 

Table 3.2). Furthermore, two studies found patterns of inheritance across the 

two factors, particularly in IS.

Additionally, it has been suggested that different types of repetitive behaviours 

are associated with IQ scores (Szatmari, Georgiades et al. 2006). RSMA scores 

are correlated with adaptive level or IQ, while IS scores are not (Cuccaro, Shao 

et al. 2003; Bishop, Richler et al. 2006; Hus, Pickles et al. 2007). Individuals 

with predominantly more RSMA behaviours than IS behaviours have lower IQ 

scores or level of functioning than individuals with predominantly IS behaviours. 

Moreover, it has been reported that RSMA is indicative of global developmental 

delay, while IS may be specific to autism (Carcani-Rathwell, Rabe-Hasketh et 

al. 2006). IS is positively correlated with autistic symptoms in the 

communication and language domain (Szatmari, Georgiades et al. 2006). IS 

could therefore be the ‘true’ repetitive behaviour phenotype for autism, while 

RSMA is related to the presence of co-morbid developmental delay.

4.1.5.1 Genotype-Phenotype Studies

The complex heterogeneity of the autism phenotype has been hypothesised as 

a reason for lack of consistent genetic studies. Recently, it was found that each 

of the three core areas of autism is independently highly heritable (Ronald, 

Happe et al. 2006). Under a polygenic hypothesis of autism, variations at
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multiple genes, each causing a single discrete trait, combine to form ‘autism’. 

Results from multiple multivariate studies undertaken in autism, utilising the 

ADI-R (see chapter 3), have consistently separated social-communication 

behaviours from repetitive behaviours. Investigating the genetic factors of these 

two aspects of the autism disorder separately could reveal genes responsible 

for those specific behaviours.

Multiple studies to date analysing the genetics of repetitive behaviours in autism 

have been undertaken. The first study to look for genetic determinants of 

repetitive behaviours, specifically in autism, used the derived factor, insistence 

on sameness (IS), in an ordered-subset analysis (OSA) and showed increased 

linkage for 15q11-q13 region (LOD=4.71) in families with high IS scores (Shao, 

Cuccaro et al. 2003).

The mechanism of action by which SSRIs act makes SLC6A4 an ideal 

candidate for phenotype-genotype studies in repetitive behaviours in autism. 

McCauley et al (2004) found increased heterogeneity LOD for a marker near 

SLC6A4 (17q11.2) (HLOD=3.62), in families with compulsive behaviours and 

rigidity. Follow-up genotyping in 5-HTTLPR and seven SNPs showed no 

association with the rigid-compulsive subset, but autism overall showed a 

nominal association with a SNP in intron 5 (p=0.02) and 5-HTTLPR (p=0.01). 

Further investigation found four coding substitutions at highly conserved 

positions and 15 other variants in 5' non-coding and other intronic regions of 

SLC6A4, transmitted in those families exhibiting increased rigid-compulsive 

behaviours, implicating a role for SLC6A4 in compulsive behaviours (Sutcliffe, 

Delahanty et al. 2005). The role of SLC6A4 in rigid-compulsive behaviours was 

supported by another study, demonstrating that individuals homozygous for the 

12-repeat allele of intron 2 VNTR and have greater severity of rigid-compulsive 

behaviours (p=0.008) (Mulder, Anderson et al. 2005). These studies implicate 

SLC6A4 in repetitive behaviours of autism; albeit that the associations are not 

complete replications.

TPH2, the rate limiting enzyme in the synthesis of serotonin, has also been 

examined in the aetiology of repetitive behaviours in autism. Coon et al (2005)
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found that two variants which showed frequency differences between 

individuals with autism and control subjects (rs4341581 p=0.01, and

rs11179000 p=0.02) were also related to higher summed scores on the ADI-R 

domain describing repetitive and stereotyped behaviours. This finding was not 

replicated in another autism cohort or sub-sets of families with autism clinically 

defined as severe obsessive-compulsive behaviours (sOCB) or self-stimulatory 

behaviours (SSB) (Ramoz, Reichert et al. 2006). Sacco et al (2007) genotyped 

two SNPs, rs4570625 and rs4565946, associated with OCD in TPH2 in an 

autism sample, but failed to find an association to presence or absence of 

prominent repetitive and stereotyped behaviours.

A summary of previous genotype to phenotype studies using the repetitive 

behaviours phenotype can be seen Table 4.1.
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Table 4.1. Table showing genetic studies using repetitive behaviour phenotypes. Adapted from Hus, Pickles et al 2007.

Authors Year Variable Results Area/Gene Implicated
Shao et al 2003 IS Increased LCD 15q11-q13

McCauley et al 2004 Compulsions Increased LOD 17q11.2
Sutcliffe et al 2005 Compulsions Increased LOD SLC6A4

Mulder et al 2005 Compulsions Higher Mean Scores Intron 2 VNTR of 
SLC6A4

Coon et al 2005 Higher ADI Repetitive Scores Increased Association TPH2

Ramoz et al 2006
Severe Obsessive- 

Compulsive Behaviours or 
Self-Stimulatory Behaviours

No association detected TPH2

Sacco et al 2007 Higher ADI Repetitive Scores No association detected TPH2



4.1.6 Aims

The main aim of this study was to investigate the influence of serotonergic 

candidate genes implicated in OCD, on specific aspects of the autism 

phenotype. Genes were investigated for association with the categorical 

diagnosis of autism and sub-phenotypes to try to identify differences in 

association patterns. Based upon the hypothesis that dysregulation of 

serotonergic function leads to aberrant obsessive behaviour patterns, genes 

were investigated for association with the categorical diagnosis of autism and 

two derived areas of behaviour from the principal components analysis: 

insistence on sameness and repetitive sensory motor action.

4.2 Methods

4.2.1 Genotyping Methodology

Two microsatellites in the SLC6A4 and one in MAOA were genotyped in the 

Irish autism sample using the ABI 3130XL (see section 2.3.4). The 44 base pair 

insert/deletion in the promoter region of SLC6A4 (5-HTTLPR) and the VNTR in 

intron 2 were genotyped. The 30 bp promoter region microsatellite for MAOA 

was genotyped. Primers for these genotyped polymorphisms can be seen in 

Table 4.2.
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Table 4.2. Primers and reaction conditions for genotyping of SLC6A4 and MAO-A 

polymorphisms.

Reaction Primers Cond itions

5-HTTLPR

SLC6A4

5’-GGGGTTGCCGCTCTGAATGC-3’

95 °C 10min 

95°G 30 sec}

68°G 30 sec }x9 -1 °G  per cycle 

72°C 30 sec}

95°C 30 sec}

60 °C 60 sec } X45 

72 °G 60 sec}

72°G 10m in

5’-GAGGACTGAGCTGGACAACCA-3’

intron 2 

VNTR 

SLC6A

5 ’-TGGATTTCCTTCTCTCAGTGATTG-3’
95 °C 1 0 min 

95°C 30 sec }

52°C 60 sec } x35 

72°G 60sec }

72°C 10 min
5’-TCATG TT CCT AG TCTTACGCC A G T-3 ’

MAO A 

VNTR

5’-GTCCAGAAACATGAGGACAAAC-3’
95°G 10 min 

95°G 30 sec }

55°G 30 sec } x30 

72°G 30 sec }

72°G 10 min
5’-CTGTAGGAGGTGTCGTGCAAG-3’

Additional marker SNPs were taken from available whole genome data 

available for the Irish sample. Samples were genotyped on the iScan system 

using the humanlM-duo beadchip (lllumina, San Diego, California, USA) in a 

collaborating laboratory. SNPs were selected by proximity to the gene, as 

determined by NCBI, with an additional 20kb taken 5’ and 3’ of the gene 

transcript. Gene size, location and function, as well as the number of tagging 

SNPs selected, are described in Table 4.3.

154



Table 4.3. Size, location and number of SNPs in serotonergic candidate genes.

Gene Location Size (kb) Exons 
(from NCBI) No. SNPs

HTR1A 5q11.2-q13 1.3 1 5
HTR1B 6q13 1.2 1 16
HTR1D 1p36.3-p34.3 2.8 1 17

HTR2A 13q14.1-14.2 62.9 3 63
HTR2C Xq24 326 6 53

MAOA Xpl 1.3 90.6 15 38
SLC6A4 17q11.1-q12 13.5 5 15

TPH2 12q21.1 93.6 11 51

4.2.2 TDT Analysis

Single marker association analysis was performed using PLINK. Parameters 

can be seen in see section 2.5.1.1.

The intron 2 VNTR of SLC6A4 and the promoter region VNTR of MAOA cannot 

be analysed using PLINK since they are multi-allelic. These two markers were 

analysed in UNPHASED (see section 2.5.1.3). Each allele is tested 

independently for transmission disequilibrium. The VNTR marker of MAOA was 

converted to a dichotomous trait for the purposes of this analysis. Alleles at this 

VNTR are known to associate with either high- or low- MAO activity (see section 

4.1.4.3) (Sabol, Hu et al. 1998). Based on this data, the 2-repeat, 3-repeat and 

5-repeat alleles were grouped together as low-activity alleles. The 4-repeat and 

3.5-repeat alleles were grouped as high-activity alleles. The MAOA 

dichotomous trait was also tested for association to autism using PLINK. The 

promoter polymorphism of SLC6A4 is a biallelic marker and can be analysed 

using PLINK.

4.2.3 Quantitative Trait Analysis

A principal component analysis (PCA) was conducted on the restricted 

repetitive behaviour domain (see section 3.2.2.5) to see if a spilt in the 

behaviours exists as previous studies have reported. Only questions pertaining
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to the restricted repetitive behaviours and on both test forms (1995 Long and 

WPS) were included in this analysis. Questions corresponding to 67 through 79 

on the WPS version and 70 though 78, 81, 82 84 and 36 on the 1995 Long 

version were considered for the PCA. Multiple imputation was undertaken to 

replace any missing values (see section 3.2.2.3). Both verbal and non-verbal 

individuals were included.

Differences between the three correlation matrices tested and were deemed 

minimal (see section 3.4.3). The Spearman’s correlation was chosen for the 

genotype-phenotype analysis because it is non-parametric test, which best 

aligns with type of data used in the study. PCA was performed as stated in 

section 3.2.2.6. Briefly, the analysis was run using the psych: Procedures for 

Psychological, Psychometric and Personality Research package (Revelle 

2009). A varimax rotation was performed after setting the number of retained 

components (n=2). The number of retained components was determined by 

scree plot and proportion of additional variance explained. After rotation, 

components were re-examined for retention. Components had to have at least 

three variables with loadings of an absolute value greater than 0.4.

Two components resulted from the PCA on the restricted repetitive behaviour 

domain. These were very similar to the previously reported IS and RSMA (Table 

4.4). Both of these components were used for a quantitative trait analysis to 

serotonin genes.
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Table 4.4. Results from the PC A undertaken on the restricted repetitive behaviour 

domain. Only questions pertaining to the restricted repetitive behaviours and on both 

test forms (1995 Long and WPS) were included in this analysis. Two components were 

retained. The first (C1) contains mostly items previously described as insistence on 

sameness (IS). The second, C2, contains items previously described as repetitive 

sensory motor action (RSMA). A few questions did not load onto either component. 

Results shown are from the full imputed data set using the Spearman's correlation. 

IS=insistence on sameness, RSMA=repetitive sensory motor action, C1=component 1, 

C2=component 2.

ADI-R Items C1 C2
Circumscribed Interests IS 0.508 0.137

Compulsions/Rituals IS 0.579 0.055
Difficulties with Minor Changes in Routine or

Environment IS 0.726 0.107
Resistance to Trivial Change In Environment IS 0.595 0.009

Negative Response to Sensory Stimuli IS 0.463 0.329
Undue General Sensitivity to Noise 0.451 0.279

Repetitive Use of Objects RSMA 0.177 0.648
Unusual Sensory Interests RSMA 0.104 0.663

Hand and Finger Mannerisms RSMA 0.034 0.608
Other Complex Mannerisms RSMA 0.010 0.594

Unusual Preoccupations RSMA 0.330 0.136
Unusual Attachments RSMA 0.388 0.200

Midline Hand Movements 0.161 0.082

Two quantitative traits were analysed; insistence on sameness and repetitive 

sensory motor action (see section 3.3.2.7.1). Spearman’s correlation results 

were used as It Is the only correlation matrix tested that is non-parametric, like 

the data. Differences between the three correlation matrices were deemed 

nominal (see section 3.4.3).

Component scores for IS and RSMA were calculated by multiplying observed 

variables by their respective loading weights on the components (see Figure 

4.2) (O'Rourke, Hatcher et al. 2005). Component scores were calculated for 

individuals from the Irish autism sample using the loading scores from the AGP 

PCA analysis to standardise calculations. The two components were
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transformed by square rooting to obtain nearly continuous distribution for 

quantitative trait analysis (Figure 4.3).

Ci = b„(Xi) + bi2(X2) + ...bip(Xp)
Figure 4.2. The equation to calculate component scores for individuals. C1 is the 

individual’s score on component 1, b1p is the weight for observed variable p obtain 

through the PCA and Xp is the subject’s score on observed variable p. Taken from 

O'Rouke 2005.

ot>

O  i - r — —  I----------------------------------------1---------------------------------   ■ I-----------—.  o  » f  - -T- - ............................   - r-  •- -T
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IS Com ponent Scorcs RSM A Component Scores

Figure 4.3.

Histogram showing the distributions of IS and RSMA after transformation. Both 

components were square rooted to give a nearly continuous distribution. IS=insistence 

on sameness, RSMA=repetitive sensory motor action.

116 individuals in the Irish autism sample had the necessary phenotypic 

information to derive component scores with available genotype data. Summary 

data for the transformed component scores can be seen in Table 4.5.
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Table 4.5. Mean, standard deviation and range for the transformed components 

insistence on sameness (IS) and repetitive sensory motor action (RSIVIA) for the Irish 

autism sample. IS=insistence on sameness, RSMA=repetitive sensory motor action.

Sam pie Component Mean Standard Deviation Range

Irish
IS 1.86 0.53 0.35-3.00

RSMA 1.96 0.42 0.95-2.85

4.2.3.1 Autosomal Markers

Quantitative trait analyses of autosomal markers were performed using the 

qtlsnp routine in STATA10 (STATA Inc, College Station, TX, USA) (see section 

2.5.2.1).

Three different genetic models of inheritance were tested: dominant, recessive 

and additive. The dominant model of inheritance is the major allele to be 

conferring risk (AA|Aa>aa), while the recessive model is the minor allele to 

confer risk (AA>Aalaa). The additive model means that risk for disease shows a 

trend for increase between heterozygous and one homozygous group with the 

risk for heterozygous half that of the homozygous group (AA>Aa>aa).

All autosomal genotyped markers were analysed in the Irish autism sample 

using qtlsnp.

4.2.5.2 X-Linked Markers

Markers in X-linked genes were analysed separately from autosomal markers 

for two reasons: (i) because all males are hemizygous for X-linked markers and 

(ii) because of the X-inactivation process in females. It is not possible to 

determine which allele has been inactivated in heterozygous females. 

Heterozygote females are dropped from the analysis, leaving two homozygous 

groups for each marker. Quantitative trait analyses of markers in X-linked genes 

were performed using a Student’s t-test (section 2.5.3) in STATA10 (STATA 

Inc, College Station, TX, USA).
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The VNTR marker in MAOA promoter was analysed for association with IS and 

RSMA. The VNTR marker was converted to a biallelic marker for the purposes 

of this analysis. Alleles at this VNTR are known to associate with either high- or 

low- MAO activity (see section 4.1.4.3) (Sabol, Hu et al. 1998). Based on this 

data, the 3-repeat and 5-repeat alleles were grouped together as low-activity 

alleles. The 4-repeat and 3.5-repeat alleles were grouped as high-activity 

alleles.

4.3 Results 

4.3.1 TDT Analysis

This study looked at 3 polymorphisms in two different genes in the Irish autism 

sample and 258 SNPs in eight different genes extracted from available whole 

genome data. Full details of TDT results can be seen in Appendix V.

No association was observed between the two SLC6A4 polymorphisms or the 

MAOA microsatellite with autism in the Irish autism sample.

Markers in HTR2A and SLC6A4 showed association with autism in the Irish 

autism sample (
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Table 4.6). Five markers in HTR2A and seven markers in SLC6A4 showed 

nominal association with autism in the Irish sample. All associations were 

nominal and would not stand correction for multiple testing.
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Table 4.6. Summary of associated markers (p<0.05) in serotonergic genes implicated in 

obsessive compulsive disorder for the Irish autism sample. Associations to autism in the 

Irish sample was localised into two genes, HTR2A and SLC6A4. Chr=chromosome, 

T:U=Transmitted:Untransmitted, OR=odds ratio, CI=confidence interval, CHISQ=Chi

Squared Test, P=p value.

Gene Chr Marker Position Allele T:U OR 95% Cl GHISQ P

HTR2A 13

rs732821 46370880 A 66:43 1.535 1.045-2.254 4.853 0.028
rs2760345 46336575 A 28:14 2.000 1.053-3.799 4.667 0.031
rs2039093 46383571 A 28:14 2.000 1.053-3.799 4.667 0.031
rsl 328684 46364231 G 64:42 1.524 1.033-2.249 4.566 0.033
rs4942578 46330611 A 45:28 1.607 1.003-2.576 3.959 0.047

SLC6A4 17

rs140701 25562658 A 66:38 1.737 1.165-2.589 7.538 0.006
rs8071667 25576899 G 40:19 2.105 1.219-3.635 7.475 0.006
rs8081028 25547440 C 13:3 4.333 1.235-15.207 6.250 0.012
rs7224199 25547852 A 71:47 1.511 1.045-2.184 4.881 0.027
rs3813034 25548930 0 69:47 1.468 1.013-2.127 4.172 0.041
rsl 042173 25549137 C 69:47 1.468 1.013-2.127 4.172 0.041
rs8073965 25583308 A 12:4 3.000 0.968-9.302 4,00 0.046

4.3.2 Quantitative Trait

Quantitative trait analysis was used to investigate the relationship between 

gene markers and derived restricted repetitive behavioural components, 

insistence on sameness (IS) and repetitive sensory motor action (RSMA). Full 

details of quantitative trait results can be seen in Appendix VI.

The MAOA polymorphism and the intron 2 VNTR of SLC6A4 did not show any 

association to IS or RSMA. The promoter polymorphism of SLC6A4, 5- 

HTTLPR, did show a nominal association to RSMA but not with IS (see Table 

4.7). 5-HTTLPR did not shown association to autism overall.
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Table 4.7. Summary of SLC6A4 marker showing association with RSMA in the Irish autism sample. Markers were analysed using three 

models - dominant, co-dominant and recessive. Recessive model compares one homozygous group (e.g. AA) to the remaining two 

genotypes (e.g. AG and GG). A=allele, n=number of individuals, RSMA=repetitive sensory motor action.

Gene Marker Model Ai A2 N-11 N i2 N22

Repetitive Sensory Motor Action 
(Standard Deviation) P value

11 12 22

SLC6A4 5-HTTLPR Recessive Insert Deletion 97 19 1.99 (0.40) 2 .19 (0 .33 ) 0.041
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No association was seen between markers in HTR1A, HTR1D, or HTR2C and 

IS or RSMA.

In MAOA, four markers showed nominal association with the derived 

behavioural component IS (rs3859959 1.66 vs 1.93, p=0.0231; rs5906893 1.69 

vs 1.93, p=0.0376; rs6520894 1.69 vs 1.93, p=0.0376; rs5906938 1.93 vs 1.70, 

p=0.0483) (Table 4.8 and Figure 4.4). No SNP in MAOA was associated with 

RSMA.

Table 4.8. Summary of all X-linked markers showing nominal association (p<0.05) with 

derived restricted repetitive behavioural components, insistence on sameness (IS). No X- 

linked marker showed association to repetitive sensory motor action (RSMA). X-linked 

markers were analysed using a t-test comparison of each homozygous genotype. 

A=allele, N=number of individuals.

Gene Marker A1 A2 N11 N22
Insistence or 

(Standard 
11

Sameness
Deviation)

22

P value

MAOA

rs3859959 A G 79 27 1.66 (0.55) 1.93 (0.50) 0.0231
rs5906893 A G 76 29 1.69 (0.55) 1.93 (0.51) 0.0376
rs6520894 A C 76 29 1.69 (0.51) 1.93 (0.51) 0.0376
rs5906938 A G 28 76 1.93 (0.51) 1.70 (0.55) 0.0483
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Figure 4.4. Quantitative trait analysis results for MAOA. Each SNP was tested for 

association with insistence on sameness and repetitive sensory motor action. As MAOA 

is an X-linked genes, markers were analysed using a Student's t-test.
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Two markers in HTR1B were associated with RSMA using the dominant model 

(rs130060, 1.98 vs 1.55, p=0.024; rsl 343491, 1.31 vs 1.97, p=0.026) (Figure 

4.5). rsl 30060 is a missense mutation causing a phenylalanine to cysteine 

change, rsl 343491 is located in the 5’ flanking region of HTR1B. Neither has 

been associated with disease or is in LD with any disease associated variant.
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Figure 4.5. QTLSNP results in HTR1B and SLC6A4. Each SNP was tested for association 

with the derived restricted repetitive behavioural components, insistence on sameness 

and repetitive sensory motor action. Three models were tested in each sample - 

dominant, codominant and recessive. Four markers in SLC6A4 were nominally 

associated in either component and two markers in HTR1B were nominally associated 

with repetitive sensory motor action. The horizontal line indicates p=0.05.
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For SLC6A4, four markers showed nominal association with the derived 

behavioural components (Figure 4.5). Two were associated with RSMA, one 

under the dominant model (rs3813034, 2.09 vs 1.90, p=0.023) and another 

using the recessive model (rs7224199, 1.90 vs 2.10, p=0.016). Both were also 

associated with IS. rs3813034 was associated with IS under both the 

codominant and dominant models (codominant 2.07 vs 1.73 vs 1.89, p=0.007; 

recessive 2.07 vs 1.77, p=0.004). rs3813034 was also associated with autism 

as a whole (p=0.041). rs7224199 was associated with IS under both the 

codominant and recessive models (codominant 1.91 vs 1.70 vs 2.10, p=0.001; 

recessive 1.76 vs 2.10, p=0.001) and was associated with autism as a whole 

(p=0.027). A further two SNPs were associated with IS in both the codominant 

and recessive models (rs140707 codominant 1.94 vs 1.69 vs 2.05, p=0.002; 

rsl 40707 recessive 1.76 vs 2.05, p=0.003; rs3794808 codominant 1.89 vs 1.69 

vs 2.05, p=0.003; rs3794808 recessive 1.74 vs 2.05, p=0.002). rs140701 was 

nominally associated with autism as a whole (p=0.006).

Nine markers in HTR2A were associated with the derived behavioural 

components (Figure 4.6). Two markers showed association to both IS and 

RSMA under the dominant model (rs9567731 IS 2.30 vs 1.84, p=0.039; 

rs9567731 RSMA 2.31 vs 1.94, p=0.0372; rs2770298 IS 1.98 vs 1.76, 

p=0.0264; rs2770298 RSMA 2.04 vs 1.89, p=0.0467). rs2296973 was 

associated with IS under both the codominant and dominant models 

(codominant 1.54 vs 1.94 vs 1.89, p=0.043; dominant 1.54 vs 1.91, p=0.0136). 

A further two SNPs were associated with IS, one using the codominant model 

(rs2760345, 2.54 vs 1.60 vs 1.90, p=0.012) and another using the dominant 

model (rs2770296, 1.97 vs 1.77, p=0.0449). rs2760345 was also associated 

with autism as a whole (p=0.031). rsl 7069005 was associated with RSMA 

using the dominant model (2.00 vs 1.80, p=0.0357). Under the recessive model, 

three SNPs were associated with RSMA (rs6310, 1.97 vs 0.99, p=0.0202; 

rs6312, 1.97 vs 0.99, p=0.0202; rs9534495, 2.01 vs 1.78, p=0.0205). The 

relationship between rs6310 and rs6312 can not be fully determined from this 

study as low observations mean there is only one homozygous individual for the 

analysis (Table 4.9).
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Table 4.9. Summary of all the autosomal markers showing association with the derived repetitive restricted behaviour component repetitive 

sensory motor action. Markers were analysed using three models - dominant, codominant and recessive. Dominant and recessive models 

compare one homozygous group (e.g. AA) to the remaining two genotypes (e.g. AG and GG). A codominant model tests for an additive 

effect, i.e. one homozygote (e.g. AA) has the lowest quantitative value, the other homozygote (e.g. GG) has the highest quantitative value and 

the heterozygote (e.g. AG) is between the two. A=allele, N=number of individuals.

Gene Chr Marker Model A, A2 N 11 N i2 N22

Repetitive Sensory Motor Action 
(Standard Deviation) P value

11 12 1 22

rs 130060 Dominant A C 110 5 1.98(0.41) 1.55 (0.62) 0.0244
n  1 n  1 D D

rs 1343491 Dominant A G 2 114 1.31 (0.50) 1.97 (0.41) 0.0257

rs17069005 Dominant A G 92 24 2.00 (0.42) 1.80 (0.37) 0.0357

rs2770298 Dominant A G 54 62 2.04 (0.42) 1.89 (0.41) 0.0467

rs95 67731 Dominant A G 6 110 2.31 (0.36) 1.94 0.42) 0.0372
n  1 n^M 1 O

rs6310 Recessive A G 115 1 1.97 (0.41) 0.99 (0) 0.0202

rs6312 Recessive A G 115 1 1.97 (0.41) 0.99 (0) 0.0202

rs9534495 Recessive A G 93 23 2.01 (0.41) 1.78 (0.42) 0.0205

SLC6A4 17
rs3813034 Dominant A 0 37 79 2 .09(0 .35) 1.90 0.44) 0.0227

rs7224199 Recessive A C 80 36 1.90 (0.44) 2.10 (0.35) 0.0157

Codominant A G 21 55 40 2 .18(0 .42) 1.92 (0.36) 1.90 (0.47) 0.029
rs 1 o /

Dominant A G 21 95 2.18 (0.42) 1.91 (0.41) 0.0079
1 r n ^ 1 ^

rs1487275 Dominant A C 45 68 1.85(0.47) 2.03 (0.38) 0.0304

rs 10879357 Recessive A G 79 37 2.02 (0.39) 1.83 (0.47) 0.026
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Figure 4.6. QTLSNP results in HTR2A and TPH2. Each SNP was tested for association 

with the derived restricted repetitive behavioural components, insistence on sameness 

and repetitive sensory motor action. Three models were tested in each sample - 

dominant, codominant and recessive. Nine markers in HTR2A and five markers in TPH2 

were nominally associated. The horizontal line indicates p=0.05.

In TPH2, five markers were nominally associated with the derived restricted 

repetitive behavioural components (Figure 4.6). Three markers showed 

association with IS and RSMA. rs10879357 was associated with RSMA using 

the recessive model (2.02 vs 1.83, p=0.026) and with IS under both the 

codominant (1.95 vs 1.95 vs 1.68, p=0.032) and recessive models (1.95 vs 

1.68, p=0.0086). rs1487275 was associated under the dominant model with 

both IS and RSMA (IS 1.73 vs 1.96, p=0.0253; RSMA 1.85 vs 2.03, p=0.0304). 

rsl 872824 was associated with IS using a recessive model (1.95 vs 1.71, 

p=0.0213) and with RSMA under both a codominant and dominant model 

(codominant 2.18 vs 1.92 vs 1.90, p=0.029; dominant 2.18 vs 1.91, p=0.0079).
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Under the recessive model, two further SNPs were associated with IS 

(rs10879355 1.94 vs 1.72, p=0.0342; rs1386483 1.94 vs 1.72, p=0.0342).

A summary of autosomal markers showing association with the derived 

restricted repetitive behavioural components IS and RSMA is shown in Table 

4.9 and Table 4.10.

169



Table 4.10. Summary of all the autosomal markers showing association with the derived repetitive restricted behaviour component 

insistence on sameness. A=allele, N=number of individuals.

Gene Chr Marker Model Ai A2 N11 N i 2 N 22
Insistence on Sameness 

(Standard Deviation) P value

11 12 22

HTR2A 13

rs2296 973 Codominant A C 14 46 56 1.54 (0.62) 1.94 (0.56) 1.89 (0.45) 0.043
Dominant A C 14 102 1.54 (0.62) 1.91 (0.50) 0.0136

rs2760345 Codominant A G 2 19 95 2.54 (0.65) 1.60(0.46) 1.90(0.52) 0.012
rs2770296 Dominant A G 56 60 1.97 (0.43) 1.77 (0.59) 0.0449
rs2770298 Dominant A G 54 62 1.98 (0.43) 1.76 (0.59) 0.0264
rs9567731 Dominant A G 6 110 2.30 (0.52) 1.84 (0.52) 0.039

SLC6A4 17

rs 140701 Codominant A G 20 54 42 1.94 (0.57) 1.69 (0.48) 2.05 (0.50) 0.002
Recessive A G 74 42 1.76 0.52) 2.05 (0.50) 0.0033

rs3794808
Codominant A G 16 48 42 1.89 (0.51) 1.69 (0.48) 2.05 (0.50) 0.003
Recessive A G 64 42 1.74 (0.49) 2.05 (0.50) 0.0018

rs3813034 Codominant A C 37 58 21 2.07 (0.46) 1.73 (0.52) 1.89 (0.56) 0.007
Dominant A C 37 79 2.07 (0.46) 1.77 (0.53) 0.0039

rs7224199 Codominant A C 22 58 36 1.91 (0.56) 1.70 (0.52) 2.10 (0.43) 0.001
Recessive A C 80 36 1.76 (0.54) 2.10 (0.43) 0.0011

TPH2 12

rsl 0879357
Codominant A G 21 58 37 1.95(0.52) 1.95(0.50) 1.68 (0.54) 0.032
Recessive A G 79 37 1.95 (0.50) 1.68 (0.54) 0.0086

rsl 487275 Dominant A C 45 68 1.73(0.57) 1.96(0.49) 0.0253
rsl 0879355 Recessive A G 77 39 1.94 (0.50) 1.72 (0.56) 0.0342
rs1386483 Recessive A G 77 39 1.94 (0.50) 1.72 (0.56) 0.0342
rsl 872824 Recessive A G 76 40 1.95 (0.47) 1.71 (0.60) 0.0213



4.4 Discussion

This study aimed to investigate the role of serotonergic candidate genes 

implicated in OCD in the aetiology of restricted repetitive behaviours in autism. 

Genes were Investigated for association with the categorical diagnosis of autism 

and sub-phenotypes to try to identify differences in association patterns. 

Quantitative trait analyses were performed to identify associations between 

these genes and the derived restricted repetitive behavioural components, 

insistence on sameness and repetitive sensory motor action.

4.4.1 TDT Analysis

No association was seen between the two SLC6A4 polymorphisms or the 

MAOA polymorphism with autism in the Irish autism sample. A small number of 

nominal associations were seen between autism and the serotonergic 

candidate genes for OCD at a nominal p<0.05, specifically HTR1B, HTR1D, 

HTR2C, MAOA and SLC6A4. No associations were seen in HTR1A, HTR1D, 

and TPH2.

The association signals from these genes are not sufficiently strong to suggest 

that these genes are playing a role in the aetiology of autism. The low number 

of very nominal associations would suggest the serotonergic system as a whole 

contributes negligibly to the aetiology of autism as a whole. The strongest 

association signals were from two SNPs in SLC6A4 at p=0.006. rs140701 is 

located in intron 6 while rs8071667 is located in intron 1. Neither has been 

previously reported as being associated with autism.

4.4.2 Quantitative Trait Analysis

The complex heterogeneity of the autism phenotype has been hypothesised as 

a reason for lack of consistent genetic studies. Using results from phenotypic 

analyses to create quantitative traits with these two core behaviours into 

quantitative traits could find genes responsible for those specific behaviours.

There are two concurrent theories about the implications of phenotype- 

genotype studies. Firstly phenotype-genotype studies enhance association
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signals through the use of more refined sub-phenotypes. The complex autism 

phenotype can be thought of as a pool of separable behaviours with the 

underlying genetic aetiology of autism arising from multiple different genes, 

each resulting in the separate behaviours. Refinement of association studies by 

the different sub-phenotypes may highlight genes responsible for these specific 

behaviours, which amalgamate together to create the autism phenotype. Four 

SNPs associated with autism showed enhanced associations in the quantitative 

trait analyses (rs3813034, autism p=0.041, RSMA p=0.023, IS p=0.007; 

rs7224199, autism p=0.027, RSMA p= 0.016, IS p=0.001; rsl 40707 autism 

p=0.006, IS p=0.003; rs2760345 autism p=0.031, IS p=0.012).

The second theory of phenotype-genotype studies is disease modifying. The 

autism phenotype, while complex in nature, is a set of clinically described 

behaviours. These behaviours may or may not be the result of separate genetic 

causes. Disease driven trans-eiiects could be responsible for separate genetic 

variants giving rise to different severity levels of behaviour. A developing neuron 

with a disease variant in one gene could have knock-on results to other genes, 

leading to multiple genes becoming aberrant. Thus a gene could not be 

associated with autism as a whole, but be associated to a specific trait seen in 

autism.

Some genes showed association to the quantitative traits which did not show 

association to autism overall. No markers in MAOA, HTR1B or TPH2 were 

associated to autism, but four markers in MAOA, two markers in HTR1B and 

five markers in TPH2 were associated with the quantitative traits. Moreover, no 

marker in MAOA showed association to RSMA while in HTR1B no marker 

showed association to IS. None of these SNPs has been previously reported as 

being associated to either autism or OCD. MAOA and HTR1B may therefore be 

playing a role in the aetiology of a specific aspect of restricted repetitive 

behaviours.

The SLC6A4 promoter polymorphism, 5-HTTLPR, showed an association to 

repetitive sensory motor action but not to autism in general. The relationship 

between this polymorphism, autism and OCD has been mixed. However, mixed
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results could be due to heterogeneity. 5-HTTLPR may possibly be playing a role 

In autism, but specifically to the aetiology of repetitive sensory motor actions, 

e.g. hand and finger mannerisms. Mixed results seen previously in 5-HTTLPR 

may be due to the natural phenotypic heterogeneity and sample ascertainment 

bias.

There are a number of weaknesses to this study. No correction for multiple 

testing was used. In the study undertaken, each SNR was tested four different 

times, once in the TDT analysis and three times in the quantitative trait analysis, 

once for each genetic model._Recent published genome-wide associations have 

suggested threshold levels between p<1x10‘  ̂ and p<5x10'^ (WTCCC 2007). 

However, lack of genome-wide significance or indeed meeting genome-wide 

significance does not provide definitive evidence of a role in disease. In recent 

schizophrenia genome-wide association studies, the strongest associations 

observed using replication samples were only at p=1x10‘  ̂ in the initial studies 

(Purcell, Wray et al. 2009; Shi, Levinson et al. 2009; Stefansson, Ophoff et al. 

2009). From the recent literature on genome-wide association studies and the 

number of statistical tests performed in this study, a level of significance of 

p<1X10"* would have been seen as a robust association.

The quantitative trait analysis undertaken is highly susceptible to the effects of 

minor allele frequency (MAP). In HTR2A, the four SNPs associated with 

insistence on sameness or repetitive sensory motor action have low 

representation of one allele group (n<6), suggesting the true link between these 

SNPs and social communication may not be best represented here. This effect 

of low MAP can also be seen in HTR1B. Caution must be taken when 

interpreting results from markers with low MAP, since power is dependent upon 

MAP. Purthermore, there were a high number of SNPs which were associated 

with social communication under more than one genetic model (n=7). The 

unclear genetic models were mostly likely due to lack of power in the study, 

since most SNPs affected lacked sufficient observations of one allele group. 

The quantitative traits used in this study are the results of a principal component 

analysis. The formation of these traits could be affected by sample 

ascertainment bias in the AGP sample. Purther replication and validation is
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warranted. It is important to show heritability in sub-phenotypes to imply the 

possibility of an underlying genetic factor. Information to derive heritability was 

not available for this study, but information could be gathered in the future to 

allow for heritability to be assessed.

4.4.3 General Conclusions

In summary, this study has shown that the serotonergic genes implicated in 

OCD are most likely not contributing to the development of autism. The use of 

quantitative traits derived from the restricted repetitive behaviour domain of the 

ADI-R does not rule out the involvement of some genes in specific sub

phenotypes of autism. The results from this study support the hypothesis that 

different aspects of the autism phenotype may be due to different genetic 

aetiologies.
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5 Social Cognition Genes in Autisnn

5.1 Introduction

Social cognition encompasses personality, trust, altruism, social bonding, 

cooperation and the ability to infer the emotional states of others. It is a set of 

rules and responses which make for a well integrated and adjusted member of 

society. Social cues, norms and understanding are learned through neural 

circuits. Successful social interactions require us to observe and predict other’s 

behaviour in relation to our own. Autism has been conceptualised as a disorder 

of social cognition. The inability to read and interpret another person’s 

emotional state and interact in group scenarios is a characteristic feature of 

autism.

Understanding the neurobiology behind normal social behaviours may provide 

insight to disorders characterised by aberrant social behaviours, like autism. 

Typical social behaviour in humans involves engagement in social activity, 

empathy and attachment (Hammock and Young 2006). Increasing our 

molecular understanding of social behaviour may lead us to better treatment 

and management of socially aberrant behaviours.

5.1.1 Neuropeptides and Social Cognition

The development of social cognition involves the amygdala, orbito-frontal cortex 

and temporal cortex, but also includes the medial prefrontal cortex and 

paracingulate cortex (Brothers, Ring et al. 1990). Normal functioning of the 

social cognition system requires oxytocin (OXT) and vasopressin (AVP) 

activiation of the dopaminergic receptors in the striatum and orbitofrontal cortex 

(Kringelbach 2005; Delgado 2007).

Both oxytocin and vasopressin are nonapeptide hormones consisting of a six 

amino acid ring with a three amino acid tail (Figure 5.1). They are considered 

neurohypophyseal hormones meaning that they are hormones that are excreted 

by the pituitary gland. They share an evolutionary origin and have high 

homology differing by just 2 of 9 amino acids (Goodson 2008). Both OXT and
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AVP are synthesised in the paraventicular and supraoptic hypothalamus and 

stored and released from the posterior pituitary gland (Debiec 2007). AVP is 

also produced in the suprachiasmatic nucleus of the hypothalamus, bed 

nucleus of the stria terminalis and the medial amygdala (De Vries and Panzica 

2006). Neuropeptides can activate receptors distant from the site of release, 

providing flexibility to their actions (Ludwig and Leng 2006). Most brain regions 

have been determined to have receptors for both neuropeptides.

Oxytocin
CYSTYR

GLYCYS PRO ARG

Vasopressin
CYSTYR

CYS LEUPRO GLY

PHE

ILE

GLU ASN

GLU ASN

Figure 5.1. Protein sequence differences between OXT and AVP. They are highly 

homologous and differ by only 2 of 9 amino acids.

Both OXT and AVP are located on chromosome 20. This appears to be the 

result of gene duplication early in evolution with the genes orientated in the 

opposite transcriptional direction (Figure 5.2) (Keverne and Curley 2004). Both 

genes consist of three exons and two introns. The two genes are separated by 

an intragenic region which is rich in regulatory DNA sequences (Gainer, Fields 

et al. 2001; Young and Gainer 2003). The region varies in length between
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different species. Neuronal expression and gene regulation of OXT and AVP 

appear to be conserved across vertebrates (Keverne and Curley 2004).

20pl3

OXT AVP

/

] - COOH COOH - -  nhj r
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Figure 5.2. Arrangement of OXT and AVP on chromosome 20. Taken from Lee, Macbeth 

at al 2009.

Both neuropeptides OXT and AVP have been implicated in the aetiology of 

autisnn (Insel, O'Brien et al. 1999; Young, Pitkow et al. 2002; Hollander, Novotny 

et al. 2003; Wu, Jia et al. 2005; Hamnnock and Young 2006; Urn and Young 

2006; Ylisaukko-oja, Alarcon et al. 2006; Hollander, Bartz et al. 2007; Jacob, 

Brune et al. 2007; Lerer, Levi et al. 2007; Choleris, Devidze et al. 2008; Meyer- 

Lindenberg 2008; Yrlgollen, Han et al. 2008; Zak 2008). Both have been shown 

to have widespread receptor-mediated effects on behaviour and physiology 

(Landgraf and Neumann 2004). They both play a central role in social bonding 

and in the regulation of a variety of social cognitive behavioural effects, 

encompassing social memory formation, social recognition, and social 

motivation (Carter 1998; Insel and Young 2001; Ferguson, Young et al. 2002; 

Carter 2003; Young and Wang 2004; Lim and Young 2006). As autism is a 

disorder marked by deficits in social behaviour and social cognition, the 

OXT/AVP system becomes a prime candidate for association with the disorder.
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5.1.1.1 Oxytocin

Oxytocin (OXT) is synthesised in the magnocellular neurosecretory cells located 

in the supraoptic and paraventricular nuclei of the hypothalamus (Gainer and 

Wray 1992; Debiec 2007). OXT that arises in the magnocellular neurons is 

released via the posterior pituitary into the general circulation for action in the 

periphery. OXT that is made in the paraventricular nuclei stays in the brain. 

Neurons from the paraventricular nuclei project to the amgydala, hippocampus, 

hypothalamus, nucleus accumbens, and to mid and hind brain nuclei (Swanson 

and McKellar 1979; Swanson and Kuypers 1980; Campbell, Morrison et al. 

2004; Lim and Young 2006).

OXT plays an important role in social recognition, maternal behaviour and 

maternal-infant bonding (Pedersen and Prange 1979; Kendrick, Da Costa et al. 

1997; Ferguson, Aldag et al. 2001). Manipulations of the OXT system have 

been shown to affect partner preference behaviour in voles (Hammock and 

Young 2006). Knockout mouse models for OXT or oxytocin’s receptor (OXTR) 

have shown deficits in social recognition and increased reaction to stressors, 

which were reversed with intraventricular OXT (Pedersen 1997; Carter 1998; 

Uvnas-Moberg 1998; Ferguson, Young et al. 2000; Winslow and Insel 2002; 

Mantella, Vollmer et al. 2003; Nomura, Saito et al. 2003; Mantella, Vollmer et al. 

2005; Ragnauth, Devidze et al. 2005; Pedersen, Vadlamudi et al. 2006). 

Conversely, mice given OXT infusions showed increased social affiliation, with 

reduced anxiety and aggression (Witt, Winslow et al. 1992; Dharmadhikari, Lee 

et al. 1997; Cho, DeVries et al. 1999; Harmon, Huhman et al. 2002; Lubin, 

Elliott et al. 2003). Animal models have shown that altering levels of OXT early 

in life can have long lasting effects on brain development (Carter 2003). 

Increasing evidence from knockout mouse models of OXT’s role in social 

responsiveness suggests a role for OXT in the impaired social skills observed in 

autism.

A selective increase in trust has been demonstrated following OXT 

administration (Kosfeld, Heinrichs et al. 2005; Baumgartner, Heinrichs et al. 

2008). It has been suggested this increase in trust is the result of decreased
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amygdala activation. It has been shown that exogenous doses of OXT reduce 

amygdala activation (Kirsch, Esslinger et al. 2005; Baumgartner, Heinrichs et al. 

2008; Petrovic, Kalisch et al. 2008). The amygdala plays an important role in 

emotional processing and recognition of facial emotions (Davis and Whalen 

2001; Adolphs 2002). Oxytocin’s receptor (OXTR) has been shown to be highly 

concentrated in the amygdala and OXT has significant binding in the region 

(Veinante and Freund-Mercier 1997; Bale, Davis et al. 2001; Landgraf and 

Neumann 2004; Huber, Veinante et al. 2005). OXT has been hypothesised to 

reduce the activation of the amygdala, inhibiting social anxiety, indicating a 

neural mechanism for the effects of OXT in social cognition in humans (Domes, 

Heinrichs et al. 2007). Failure to inhibit social anxiety seems a plausible 

explanation for some cases of autistic disorder (Hammock and Young 2006).

In general, plasma levels of OXT are higher in females than males. Higher 

levels of OXT may protect females from the development of social cognition 

deficits and social anxiety (Hammock and Young 2006; Carter 2007). 

Interestingly, plasma OXT levels have also been associated with maternal- 

foetal attachment and salivary OXT measures have been linked to bonding to 

one’s own parents in young adults (Levine, Zagoory-Sharon et al. 2007; 

Gordon, Zagoory-Sharon et al. 2008). Studies in autism have shown a reduction 

or dysregulation of OXT plasma levels. Firstly, a decrease in plasma OXT levels 

in male children with autism compared to typically developing controls has been 

observed (Modahl, Green et al. 1998). Secondly, elevated levels of the OXT 

precursor (neurophysin) have been found in male children with autism (Green, 

Fein et al. 2001). Hollander et al (2003; 2007) added further support to the 

hypo-oxytocin hypothesis by demonstrating that social comprehension 

improved and severity of repetitive behaviours decreased in high functioning 

adult males with autism following OXT injections. These results suggest that 

levels of OXT are crucial for formation of human social attachment and that 

aberrant levels of OXT in people with autism reflect abnormal human social 

attachments.

A generalised role for oxytocin in human social cognition has been suggested. 

OXT has been shown to affect a wide variety of behaviours ranging from
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increases in trust, increased positive communication between couples to 

increased gaze to the eye region and behavioural displays of love (Kosfeld, 

Heinrichs et al. 2005; Gonzaga, Turner et al. 2006; Zak, Stanton et al. 2007; 

Baumgartner, Heinrichs et al. 2008; Ditzen, Schaer et al. 2009). One study 

showed males given OXT were better at inferring the mental state of others 

(Domes, Heinrichs et al. 2007). All the behaviours indicate a role for OXT in 

enhancing social interactions and understanding in subjects. All of these studies 

have administered exogenous doses of OXT into male only human subjects. 

One recent study was completed in a female only cohort and reported the 

opposite effect of oxytocin compared to the male only studies (Domes, Lischke 

et al. 2009). The possibility of sexually dimorphic regulation of oxytocin is 

possible through interactions with gonadal steroids or sex differences in OXT 

receptor affinity (Domes, Lischke et al. 2009). Future studies should be 

undertaken in both sexes in order to best assess the effects of OXT across the 

genders.

5.1.1.1.1 Oxytocin Receptor

Oxytocin has just one receptor (OXTR) located on chromosome 3p25 and 

containing four exons and three introns. OXTR is a G-protein coupled receptor 

(GPCR) from the rhodopsin-like family. It is a Gq type receptor and activates 

phospholipase C (PLC) which hydrolyses phosphatidylinositol (PIP2) into diacyl 

glycerol (DAG) and inositol triphosphate (IPS) (GimpI and Fahrenholz 2001; 

Young and Gainer 2003). DAG activated protein kinase 0  (PKC) and IPS 

mobilises intercellular calcium from organelles. OXTR is expressed in the brain 

as well as the in thymus, heart and reproductive organs (GimpI and Fahrenholz 

2001). OXTR’s distribution is highly variable, both within and between species 

(Witt, Carter et al. 1991; Insel and Shapiro 1992; Insel, Winslow et al. 199S; Lim 

and Young 2006).

Israel et al (2009) genotyped 20S non-affected individuals for 15 SNPs in OXTR 

and tested them on the dictator and social values orientation (SVO) 

experiments. The dictator game makes participants decide the allocation of a 

fixed sum of money between themselves and an anonymous other (Eckel and 

Grossman 1996). It is used in laboratory experiments to model altruistic
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behaviour (Ebstein, Israel et al. 2009). In SVO experiments, subjects are given 

points to allocate to themselves and an anonymous individual. They are given a 

classification based on how they give out their points. Pro-social players give 

their points to themselves and their partner equally; individualistic players give 

points more to themselves; competitive players maximize the difference 

between themselves and the other (Van Lange 1999). Associations were seen 

between the dictator game and SVO with rsl 042778 (p=0.001 and p=0.002 

respectively) implicating variations in OXTR in altruistic behaviour modulation in 

humans.

There is increasing evidence to support a role for oxytocin in social 

responsiveness, OXT and its receptor {OXTR) are intriguing candidate genes 

for autism, where social deficits are a key component of the disorder. Genetic 

linkage and association studies in autism in part support a role for OXT in 

autism aetiology. Two genome-wide linkage scans in autism provided evidence 

for linkage at 3p25, a region of the genome that includes OXTR (McCauley, Li 

et al. 2005; Lauritsen, Als et al. 2006). Wu et al (2005) examined 4 SNPs in a 

sample of Chinese individuals with autism and found association with 

rs2254298 (uncorrected p=0.02) and rs53576 (uncorrected p=0.01). Jacob et al 

(2007) found association with one marker reported from Wu et al (2005) 

(rs2254298) but on the contrasting allele. Lerer et al (2007) investigated 18 

SNPs in a sample of Israeli individuals with autism and found multiple 

associations, concentrated mostly within intron 3, with the phenotypes of 

autism, IQ and various sub-domains of the Vineland Adaptive Behaviour Scale 

(VABS). Yrigiollen et al (2008) conducted an extensive investigation of several 

genes implicated in social cognition. A subset of SNPs in the OXTR gene (n=5) 

were investigated for association with multiple sub-phenotypes. Both Lerer et al 

(2007) and Yrigiollen et al (2008) detected interesting associations between 

OXTR, autism, and covariates, however a large number of statistical tests were 

utilised in both studies, increasing the risk of type 1 errors and thus the results 

should be interpreted cautiously.
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5.1.1.2 Vasopressin

Vasopressin (AVP) is synthesised in the magnocellular cells located in the 

supraoptic and paraventricular nuclei of the hypothalamus (Caldwell, Lee et al. 

2008). It is also released into the periphery via the posterior pituitary. In the 

periphery it mainly acts as an anti-diuretic. Centrally released AVP, like OXT, is 

synthesised in parvocellular neurons of the paraventricular nuclei as well as the 

stria terminalis, medial amygdala and suprachiasmatic nucleus (De Vries and 

Panzica 2006).

Pharmacological experiments in rodents have shown a role for vasopressin in 

learning and memory, aggression and affiliative behaviours. Increases in AVP 

are associated with stressful or defensive circumstances (Goodson and Bass 

2001). While AVP is also involved in social responsiveness, social recognition, 

paternal nurturing, social memory, and emotional reaction to stress, behavioural 

effects of AVP are more male specific than OXT (Skuse and Gallagher 2009). 

AVP is involved in aggressive behaviours and pair bonding, mostly in males. 

Male mice with reduced expression of arginine vasopressin receptor 1A 

{AVPR1A) show deficits in social behaviours that female mice lacking AVPR1A 

do not (Bielsky, Hu et al. 2004; Bielsky, Hu et al. 2005). Activation of AVPR1A 

has been shown to increase anxiety and aggression, but its effect is more 

pronounced in males than females (Storm and Tecott 2005). AVP regulates 

male social behaviour not just through higher expression in males but also in 

steroid-sensitive brain sexual dimorphisms in AVP neurons (Goodson and Bass 

2001; Bales, Plotsky et al. 2007).

Effects of exogenous doses of AVP into the brain are sex specific. When normal 

human males are administered exogenous AVP, they register neutral faces as 

more threatening (Thompson, George et al. 2006). However, when females 

were given exogenous doses of AVP in the same study, they rated neutral 

faces as friendlier. Moreover, females show greater affiliative facial motor 

programs such as smiling. The effect of AVP to stimuli perceived as dangerous 

or stressful could be context and gender-specific.
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Early exposure in rats to AVP inhibited the expression of OXTR in the 

paraventricular nuclei of the hypothalamus (Ostrowski 1998; Vaccari, Lolait et 

al. 1998). Conversely, neonatal changes to levels of OXT lead to significant sex 

differences on the binding of AVPR1A post-natally (Bales, Plotsky et al. 2007). 

Tissue and behavioural studies suggest considerable cross communication 

between the functional effects of OXT and AVP (Engelmann, Wotjak et al. 1996; 

Barberis, Mouillac et al. 1998; Cho, DeVries et al. 1999; Bales, Kim et al. 2004; 

Pedersen, Vadlamudi et al. 2006). OXT and AVP receptors can bind both OXT 

and AVP ligands and there is cross-receptor reactivity between OXT and AVP. 

This suggests that the relationship between the ligand and its receptor is on 

name alone, i.e. true binding might be affinity based.

Only one study has examined the relationship between AVP levels and autism. 

Boso et al (2007) found AVP levels to be higher in plasma from individuals with 

autism than controls (p=0.02).

5.1.1.2.1 Receptors

AVP has three receptors: AVPR1A, arginine vasopressin receptor IB  

(AVPR1B), and arginine vasopressin receptor 2 (AVPR2). Only AVPR1A and 

AVPR1B are expressed in the brain with AVPR1A being linked to social 

cognition. Studies have shown success in the use of AVPR1B as a drug target 

in the treatment of anxiety behaviours (Serradeil-Le Gal, Wagnon et al. 2005; 

Goekoop, de Winter et al. 2006).

AVPR2 is expressed mainly in the kidney tubule. It has not been shown to be 

expressed in the brain. Its primary function is maintaining water homeostasis.

5.1.1.2.1.1 Arginine Vasopressin Receptor 1A

Arginine vasopressin receptor 1A {AVPR1A) is a 6.4 kb gene located at 12q14- 

q15, containing two exons and one intron. Like OXTR, AVPR1A is a Gq receptor 

mainly responsible for increasing cellular levels of IPS and DAG which results in 

elevation of intracellular calcium levels. Gq receptors activate PLC which 

hydrolyzes PIP2 into DAG and IPS. DAG activated PKC and IPS mobilises 

intercellular calcium from organelles.
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AVPR1A is widely expressed in the brain and is considered to be the primary 

receptor for regulation of social behaviour. Distribution of vasopressin receptors 

varies not only between species but also within them. Their distribution patterns 

have been shown to affect social behaviour, with alterations to AVPR1A 

distribution producing major behavioural changes (Insel, Wang et al. 1994; 

Young, Winslow et al. 1997; Young, Toloczko et al. 1999; Lim, Bielsky et al. 

2005).

Knockout mouse models have shown impaired social recognition and 

decreased anxiety behaviours, while over expression of AVPR1A in mice 

resulted in increased social memory (Bielsky, Hu et al. 2004; Bielsky, Hu et al. 

2005). Activation of AVPR1A in male mice increases anxiety; however this is 

not the case in females (Bielsky, Hu et al. 2005). In non-human mammals, the 

differentiation in the expression of AVPR1A is responsible for changes in social 

bonding, parental rearing behaviours and social recognition and memory 

(Hammock and Young 2002).

A promoter microsatellite has been shown to alter transcriptional levels of the 

AVPR1A gene in voles (Hammock, Lim et al. 2005) (Figure 5.3). In voles, 

increased microsatellite length contributes to increased sociability in some, but 

not all, of the 4 cell lines tested suggesting cell-type dependent gene regulation 

(Hammock and Young 2005).
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Figure 5.3. Results from gene reporter assay performed on the vole AVPR1A 

microsatellite. Taken from Hammock and Young 2005.
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In humans, the nriicrosatellite region is not conserved and is thought to be four 

different regions, three pronnoter repeats (GT25, RS1 and RS3) and an intronic 

repeat (AVR) (Figure 5.4) (Thibonnier, Graves et al. 2000). The roles these 

repeat sequences have in expression of the receptor have yet to be fully 

researched (Thibonnier, Graves et al. 2000; Thibonnier 2004).
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Figure 5.4. Location of AVPRIa microsatellite repeats. The start site of protein synthesis 

is represented by ATG. Taken from Ebstein, Israel et al 2009.

Vasopressin’s modulation of human social behaviours has yet to be fully 

understood, however there is evidence from Born et al (1998) that AVP 

modulates cognitive functioning. Kim et al (Kim, Young et al. 2002) undertook 

the first published study of AVPR1A in autism. They reported an association 

between upstream promoter polymorphism RS3 and autism. Wassink et al 

(2004) reported associations in both RSI and RS3 upstream polymorphisms. 

However, their association was in ‘language-normal’ families with autism based 

on the degree of language impairment in the proband. Ylrmiya et al (2006) 

found an association between the ADOS and the polymorphism haplotype 

encompassing RS1-RS3-AVR. Knafo et al (2008) dichotomized alleles for the 

RS3 polymorphism into short and long and reported a highly significant 

association between RS3 length and IQ, Vineland Adaptive Behaviour Scale 

(VABS) Adaptive Behaviour Composite score (ABC) and VABS sub-domain
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scores. The long allele of RS3 was related to higher total VABS scores, 

indicating less impairment and greater level of functioning in those individuals.

5.1.1.2.1.1.1 RS3 polymorphism of AVPR1A

The RS3 polymorphism of APVR1A is a complex polymorphism (CT)4 -(TT)- 

(CT)8 -(GT) 2 4  located approximately 3.6kp from transcription start site. This 

repeat has been shown to have 16 different alleles. The RS3 polymorphism has 

been associated with autism previously (Wassink, Piven et al. 2004; Yirmiya, 

Rosenberg et al. 2006). Furthermore, various studies have linked different 

lengths of the polymorphism to different traits in non-clinical samples.

Subjects with shorter length RS3 polymorphisms were found to be less 

generous by the dictator game indicating less altruistic behaviour (Knafo, Israel 

et al. 2008). Another study found homozygosity of allele 334, which is a longer 

repeat length of this polymorphism, was associated with problems in pair- 

bonding in men, but not women. These problems included such traits as marital 

issues, partner bonding and spousal perception of marital quality (Walum, 

Westberg et al. 2008). This same allele (334) was shown to be overactive in the 

left amygdala in response to fearful face stimuli and overtransmitted to 

individuals with autism (Kim, Young et al. 2002; Knafo, Israel et al. 2008). 

Longer variants in general were associated with stronger amygdala activation, 

as well as higher AVPR1A postmortem hippocampal mRNA levels, possibly 

indicating a link between gene expression levels and behavioural manifestation 

through the amygdala (Knafo, Israel et al. 2008).

5.1.1.2.1.1.2 RSI polymorphism of AVPR1A

The RSI polymorphism of AVPR1A is a four base pair repeat GATA located 

approximately 550 base pairs from the start of transcription. The repeat can 

occur up to 14 times.

Longer RS1 polymorphisms show less activity in the left amygdala in a non- 

clinical sample (Meyer-Lindenberg, Kolachana et al. 2008). Furthermore allele 

320, which is a longer repeat length for this polymorphism, has been shown to 

be associated with decreased harm avoidance and novelty seeking (Meyer-
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Lindenberg, Kolachana et al. 2008). It has also been reported to be 

overtransmitted in language-normal families with autism (Wassink, Piven et al. 

2004). Thus the longer RS1 polymorphism could lead to decreased amygdala 

activation and tearfulness and anxiety to novel situations.

5.1.1.2.1.2 Arginine Vasopressin Receptor IB

Arginine Vasopressin Receptor IB  {AVPR1B) is a 7.2 kb long gene located at 

1q32, containing 2 exons and one intron. It has not in the past been considered 

to play a major role in social cognition in mammals, and therefore has not been 

studied as extensively as AVPR1A. Knock-out mice for AVPR1B showed 

reduced aggression compared to wild-type mice (Wersinger, Ginns et al. 2002). 

They do not however show reduced anxiety or impaired social recognition like 

knock-out AVPR1A mice. Yet, social motivation was shown to be reduced in 

these models (Wersinger, Kelliher et al. 2004).

Recently, expression of AVPR1B was shown in hippocampal pyramidal neurons 

(Caldwell, Wersinger et al. 2008). This suggests a possible role of AVPR1B in 

the formation of memory of novel social encounters (Caldwell, Wersinger et al. 

2008).

5.1.1.3 Cluster of Differentiation 38

Cluster of Differentiation 38 (CD38) is a transmembrane receptor with ADP- 

ribosyl cyclise activity. The gene is approximately 70kb and located on 

chromosome 4 at p15 containing 8 exons. It is expressed on the majority of 

natural killer cells, T cells, B cells and macrophages (Mehta, Shahid et al. 

1996). It is also involved in signal transduction, cell adhension and catalytic 

activity (Ferrero and Malavasi 1999; Deaglio, Mehta et al. 2001).

Recently CD38 has been shown to play a role in the regulation of OXT 

secretion (Jin, Liu et al. 2007). By regulating the secretion of OXT, CD38 

performs a vital function in social recognition. Knockout mice models for CD38 

showed marked social impairments that were recoverable with injections of 

OXT (Jin, Liu et al. 2007). Female mice that lack the CD38 gene have impaired 

social recognition which can be salvaged with injections of CD38 to the
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hypothalamus. Interestingly, these behaviours are also recovered by OXT 

infusion. Furthermore, mice lacking the CD38 gene have decreased plasma 

levels of OXT.

Ebstein et al (2009) examined 12 tagging SNPs in CD38 for association with 

autism spectrum disorders (ASDs) as well as IQ scores and VABS. They found 

significant association between ADI-R and ADOS with CD38 SNPs using 

multiple genetic models in PBAT. Furthermore, they showed mRNA levels of 

CD38 were significantly correlated to VABS social skills scores in individuals 

with autism.

5.1.1.4 Interactions with the Dopaminergic System

The dopaminergic reward system reinforces recognition and is integral in 

bonding in higher order primates (Koob and Le Moal 1997; Schultz, Tremblay et 

al. 2000; Liu and Wang). Both neuropeptides OXT and AVP interact with the 

dopamine receptors that are located in the reward centres of the brain (Young 

and Wang 2004). The linking of the system seemingly responsible for social 

interactions and that of the reward pathway would imply that social interactions 

are strived for since they are rewarded (see Figure 5.5).

Soaal RecogniUoo Learning

Courtship and Mating Pair Bonds

RvwiifO Lvnrnirty

Figure 5.5. The role of dopamine in social cognition. Concurrent activation of peptidergic 

social learning pathways and dopaminergic reward pathways reinforces partner 

approach behaviour and pair bonds. Taken from Young and Wang 2004. OT, oxytocin, 

AVP, vasopressin, DA, dopamine.

The striatum region of the brain is responsible for reward-related learning 

(Delgado 2007). Dopamine (DA), AVP and OXT receptors are located in this 

brain region. Neural circuits in the striatum are responsible for trust and altruistic
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behaviours (Caldwell, Lee et al. 2008). OXT increases trust feelings by 

inhibiting defensive behaviours while activating the dopaminergic reward circuits 

which enhances the social encounter (Campbell 2008). AVP aids in affiliation 

and social attachment by activating the dopaminergic pathways involved in 

motivation and reward (Ferguson, Young et al. 2000).

It is hypothesised that during mating release of OXT and AVP reinforces social 

signals by linking to the dopamine reward pathway (Insel 2003). Blocking 

dopamine receptor D2 (DRD2) impairs formation of social bonding in prairie 

voles whereas activating DRD2 induces it (Insel 2003). Additionally, oxytocin 

released shortly after giving birth in females facilitates the formation of the 

mother-infant bond by activating the dopamine reward system (Young 2009).

The two main DA receptors expressed in the striatal regions of the brain are DA 

receptor D1 {DRD1) and DA receptor D2 (DRD2) (Hurley and Jenner 2006). In 

general DRD1 and DRD2 are present at 10-100 times the level of other 

dopamine receptor sub-types (Hurley and Jenner 2006). DRD1 and DRD2 

stimulation have opposite effects. DRD2 has been shown to reward social 

interaction while DRD1 inhibits the rewarding nature of the stimulus (Curtis, Liu 

et al. 2006). DRD2 have a higher affinity for DA than DRD1 (Curtis, Liu et al. 

2006). Interestingly, low D2 receptor-binding is found in people who suffer from 

social anxiety (Schneier, Liebowitz et al. 2000).

5.1.1.4.1 Dopamine Receptor D1

Dopamine Receptor D1 (DRD1) is the most abundant dopamine receptor in the 

central nervous system. DRD1 is a Gs-protein couple receptor which activates 

adenylyl-cyclase increasing cAMP-dependent protein kinase activity. DRD1 is 

3.4kb long containing only 2 exons and is located on 5q35.1.

Two studies have considered a role for DRD1 in autism. Feng et al (1998) 

examined DRD1 coding regions in 25 individuals with autism but identified no 

sequence changes. Hettinger et al (2008) studied three polymorphisms in 

DRD1 in multiplex male only families with autism. They found association with 

autism in two of the markers genotyped (rs265981 p=0.04 and rs4532 p=0.038)
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and over-transmission of the entire three marker haplotype (C-A-T of rs265981, 

rs4532 and rs686, p=0.022). Furthermore, genotype-phenotype analysis 

showed these associations were linked to increased severity of symptoms.

5.1.1.4.2 Dopamine Receptor D2

Dopamine Receptor D2 (DRD2) is a Gi-protein coupled receptor which inhibits 

adenylyl-cyclase, decreasing cAMP-dependent protein kinase activity. DRD2 is 

located at 11p23 and is about 15kb long. It contains 7 exons, but can be 

alternatively spliced into a long (7 coding exons) and short (6 coding exons) 

isoforms.

Only two studies have looked at DRD2 in relation to autism. Comings et al 

(1991) genotyped rsl 800497 (TaqI polymorphism) in DRD2 across a variety of 

psychiatric disorders and found allele A l significantly increased in people with 

autism compared to controls. However, this polymorphism was later shown to 

be in exon 8 of the adjacent gene {ANKK1) and not DRD2. Anderson et al 

(2007) found DRD2 polymorphisms were not associated with increased 

prolactin after risperidone treatment in individuals with autism. Gene x gene 

interactions between DRD2 and DRD4 were shown to be associated with 

antisocial behaviours in adult males (Beaver, Wright et al. 2007).

5.1.1.5 Relationship with the Sex Hormones

Sex hormones consist of the oestrogens and the androgens. Central actions of 

both these hormone groups in the regulation of social behaviour are mediated 

by OXT and AVP. OXT and AVP are influenced by the sex hormones making 

their distribution in the brain sexually dimorphic. Sexually dimorphic brain 

regions result from the regulation of steroids which have strong organizational 

and activational effects (De Vries, Best et al. 1983; Wang and Johnston 1993).

While both play a role in the regulation of social behaviours for both sexes, 

vasopressin is more important in male behaviours due to interaction by the 

androgens (Ferris, Naran et al. 2005). Oxytocin plays a greater role in female 

behaviour because of involvement of oestrogen (Ferris, Naran et al. 2005). The 

role of sex hormones on these systems heightens their candidacy for a role in
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autism and autism spectrum disorders, where the ratio of affected males to 

affected females is highly skewed (4:1) (Chakrabarti and Fombonne 2005). This 

striking sex difference becomes more pronounced when individuals are 

separated by level of functioning. High functioning individuals have a ratio of 10 

males to 1 female (Abrahams and Geschwind 2008) where low functioning 

individuals have a sex ratio much closer to 1 ;1.

The synthesis of OXT is regulated by the oestrogen sex hormone. Estrogen 

receptor 1 (ESR1) stimulates production of OXT in the amygdala while estrogen 

receptor 2 (ESR2) stimulates OXT creation in the hypothalamus (Mitra, Hoskin 

et al. 2003; Broad, Curley et al. 2006). Both ESR1 and ESR2 knockout mice are 

impaired in social recognition tests similar to OXT knockout mice (Ferguson, 

Young et al. 2000; Ferguson, Aldag et al. 2001; Choleris, Gustafsson et al. 

2003). It is thought that estradiol up-regulates OXT (Shepard, Michopoulos et 

al. 2009). Estradiol in the hypothalamus acts through ESR2 to increase OXT 

and in the amygdala through ESR1 to increase OXTR expression (Choleris, 

Gustafsson et al. 2003; Patisaul, Adewale et al. 2009). Yet, alterations in ESR1 

expression in male mice are inversely correlated with pro-social behaviour

(Hnatczuk, Lisciotto et al. 1994; Cushing, Razzoli et al. 2004; Cushing and

Wynne-Edwards 2006). The multiple levels of regulation of OXT and OXTR 

allow for various methods of dysregulation and dysfunction.

AVP neurons in the amygdala express both oestrogen receptors (ER) and the 

androgen receptor (AR) (De Vries, Jardon et al. 2008). AVP expression in the 

amygdala of males is androgen-dependent (DeVries, Guptaa et al. 2002; Dong, 

Liu et al. 2006). Exposure to androgens during key stages of brain development 

can change brain structure, distribution of steroid receptors and OXT and AVP 

gene expression (Simerly 2002; Morris and Ludwig 2004). Girls exposed to high 

levels of androgens prenatally display an increase in typical male behaviour, 

suggesting an effect of the hormone on development in humans (Auyeung, 

Baron-Cohen et al. 2009). Furthermore, it has been hypothesised that over

exposure to testosterone prenatally may create a predisposition to ASD

(Tordjman, Ferrari et al. 1997; Baron-Cohen 2002; Lutchmaya, Baron-Cohen et 

al. 2004; Baron-Cohen and Belmonte 2005).
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5.1.1.5.1 Estrogen Receptor 1

Estrogen receptor 1 {ESR1) is a nuclear receptor located on 6q25.1 and is 

about 412kb long. It contains 10 exons alternatively spliced into four isofornns. 

Oestrogens activate the receptor to form dimers, either with itself or with ESR2. 

These dimers interact with DNA sequences thought to contain oestrogen 

response elements (EREs) to alter transcriptional activity. There are three 

different oestrogens: oestriol, oestradiol and oestrone. ESR1 binds oestradiol 

equally as well as ESR2, but ESR1 binds oestrone at greater efficiency than 

ESR2.

Polymorphisms in ESR1 have been associated with high anxiety in both males 

and females (Comings, Muhleman et al. 1999; Comings and Blum 2000; 

Prichard, Jorm et al. 2002). Only one study has examined a role for ESR1 in 

autism. Chakrabarti et al (2009) showed rsl 1155819 and rs7774230 of ESR1 to 

be nominally associated to scores on the Autism Spectrum Quotient (p=0.028 

and p=0.046 respectively).

5.1.1.5.2 Estrogen Receptor 2

Estrogen receptor 2 (ESR2) is a nuclear receptor approximately 61 kb long and 

located on chromosome 14q 21-q22. It contains 9 exons that are alternatively 

spliced into 5 different isoforms. ESR2 interacts with DNA sequences to activate 

transcription after binding estradiol by forming a dimer, either with itself or ESR1 

(Li, Huang et al. 2004). Both OXT and AVP in the hypothalamus are subject to 

regulation by estradiol, as ESR2 is co-localised with both AVP and OXT 

neurons (Hrabovszky, Kallo et al. 2004). Both ESR1 and ESR2 bind oestradiol 

with the same efficiency but ESR2 has a greater affinity for oestriol than ESR1.

Only one study has examined a role for ESR2 in autism. Chakrabarti et al 

(2009) showed rsl 271572 and rsl 152582 of ESR2\o be nominally association 

with scores on the Autism Spectrum Quotient (p=0.0001 and p=0.001 

respectively).
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5.1.1.5.3 Androgen Receptor

Androgen receptor (AR) is a nuclear receptor located on chromosome Xq11-12. 

Binding of androgen to AR enables the receptor to form a dimer with itself. After 

dimer formation, the receptors bind to a hormone response element in the DNA 

sequence which can increase or decrease transcriptional activity.

Females have two X chromosomes but only express genes on one through a 

process known as X chromosome inactivation where one X chromosome is 

essential ignored. It is hypothesised that X chromosome genes may contribute 

to this higher sex ratio through unusual skewing of X chromosome inactivation. 

A study of X chromosome skewness in females with autism compared to 

matched controls using AR  found significantly increased X chromosome 

skewness in the autism group (Talebizadeh, Bittel et al. 2005). X chromosome 

skewness was also seen in half the mothers with autistic daughters. 

Henningsson et al (2009) studied a possible role for polymorphisms in AR and 

autism. They found females with autism had greater short alleles of a CAG 

repeat and an increase in the A allele of rs6152 in a case-control study. Both 

rs6152 and the CAG repeat are located in exon one of AR. They also performed 

a TDT study and found under-transmission of the 20-repeat allele of the GGN 

polymorphism in males, but the 23-repeat allele being over-transmitted to 

females. Re-sequencing of forty-six patients revealed no mutations or rare 

variants.

5.1.2 Social Communication as a Sub-Phenotype for Autism

Complex heterogeneity of the autism phenotype has been hypothesised as a 

reason for lack of consistent genetic studies. Recently it was found that each of 

the three core areas of autism was independently highly heritable (Ronald, 

Happe et al. 2006). Under a polygenic hypothesis of autism, variations at 

multiple genes, each causing a single discrete trait, combine to form ‘autism’. 

Results from multiple multivariate studies undertaken in autism utilising the ADI- 

R (see section 3.4.6) have consistently separated social-communication 

behaviours from repetitive behaviours. Investigating the genetic factors of these
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two aspects of the autism disorder separately could reveal genes responsible 

for those specific behaviours.

Results from the principal components analysis undertaken in section 3.4.5 

revealed the importance of social communication in the autism phenotype. The 

social communication component was consistently the first component across in 

all four different datasets used {MAX, MAX+1, Verbal Only, No Verbal 

Communication) explaining the majority of the variance in the data (about 22%). 

The component deals with the social aspect of communication and social 

interaction between people, the observation of and maintenance of appropriate 

and ‘normal’ social cues and morays which is social cognition. The OXT/AVP 

genes are implicated in the development of social cognition and could be 

specifically associated with the social communication aspect of autism.

5.1.3 Aims

The aims of this study was to investigate the contribution of genes implicated in 

social cognition to the aetiology of autism. Specifically;

1) To genotype markers in OXTR, CD38 and AVPR1A and test for 

association in the Irish autism sample.

2) To attempt replication of the finding in aim 1 in two independent samples 

(Portugal and UCL).

3) To utilise available whole genome data in the Irish autism sample to test 

for association of AR, AVP, AVPR1B, DRD1, DRD2, ESR1, ESR2, and 

OXT.

4) To ascertain if polymorphisms In these genes contribute to the severity of 

social communication in autism.
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5.2 Materials and Methods

5.2.1 Candidate Gene Selection

Genes encoding receptors OXTR, AVPR1A and CD38 were chosen for 

association testing with autism in the Irish sample. Using HapMap CEPH data, 

tagging SNPs for each gene of interest were chosen using the tagger function 

of Haploview (Barrett, Fry et al. 2005) (see section 2.3.1). The gene was 

defined as gene locus +/- 2kb. SNPs were selected using pair-wise tagging with 

an r̂  threshold of 0.8. The markers in OXTR were also genotyped in two 

replication samples, from Portugal and UCL (see section 2.1.4). All SNP 

genotyping was carried out by a commercial genotyping company, 

Kbiosciences (Herts, UK) using their proprietary KASPar assays (see section 

2.3.2). Three polymorphisms (RSI, RS3, and AVR) in the AVPR1A gene were 

genotyped using the ABI 3130XL (see section 2.3.4). Primers and reaction 

conditions for the genotyped polymorphisms of AVPR1A can be seen in Table 

5.1. Gene size, location and function, as well as the number of tagging SNPs 

selected are described in Table 5.2. Details on all SNPs genotyped can be seen 

in Appendix IV.
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Table 5.1. Primers and reaction conditions for genotyping the AVPR1A polymorphisms.

AVPR1A

Polymorphism
Primers Reaction

RSI

5’-AG GG A CTG GTTCTAC AATCTG C- 3’
95°G 10 min 

95°G 30 sec }

55°G 30 sec } x30 

72 °G 40 sec }

72°G 10 min
5’-ACCTCTCAAGTTATGTTGGTGG-3’

RS3

5’-CCTGTAGAGATGTAAGTCGT-3’
95°G 10 min 

95°G 30 sec }

55°G 30 sec } x30 

72°G 40 sec }

72°G 10 min
5’-TCTGGAAGAGACTTAGATGG-3’

AVR

5’-ATCCCATGTCCGTCTGGAC-3’
95°G 10 min 

95°G 30 sec }

58°G 30 sec } x30 

72°G 40 sec }

72°G 10 min
5’-AGTGTrCCTCGAAGGTGGG-3’

Table 5.2. Size, location and number of SNPs genotyped in social cognition candidate 

genes.

Gene Location Size (kb)
Exons 

(from NCBI)
No. SNPs

OXTR 3p25 19.2 3 18

AVPR1A 12q14-q15 6.4 2 4

CD38 4p15 70 8 15

It was not feasible to examine all genes implicated in social cognition due to 

genotyping cost. However, the availability of whole genome data for the Irish 

autism sample (n=132), meant that additional genes discussed above that are 

implicated in social cognition could be assessed for association. These included 

ESR1, ESR2, AVPR1B, AR, DRD2, and DRD1 (Table 5.3). Genotyped data for 

AVPR1A, CD38, and OXTR were taken from the whole genome sample for the 

quantitative trait assessment (see section 5.2.3). Samples were genotyped on 

the iScan system using the human1M-duo beadchip (lllumina, San Diego, 

California, USA) in a collaborating laboratory. Genotyping chips from lllumina
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are gene-centric, meaning SNPs are centred on genes and not evenly spaced 

throughout the genome. SNPs were selected by proximity to gene as 

determined by NCBI with an additional 20kb taken 5’ and 3’ of the gene 

transcript. A wider range was taken in the SNPs extracted from whole genome 

data since cost of genotyping was no longer a concern.

Table 5.3. Size, location and number of SNPs taken from available whole genome data for 

the social cognition genes.

Gene Location Size (kb)
Exons 

(from NCBI)
No. SNPs

AR Xq11-12 180 8 14

AVR 20p13 2.2 3 4

AVPR1A 12q14-q15 6.4 2 12

AVPR1B 1q32 7.2 2 4

CD38 4p15 70 8 22

DRD1 5q35.1 3.4 2 11

DRD2 11p23 15 7 32

ESR1 6q25.1 412 10 140

ESR2 14q21-q22 61 9 41

OXT 20p13 0.89 3 7

OXTR 3p25 19.2 3 21

5.2.2 Family Based Association Testing

Hardy-Weinberg equilibrium and single marker association analysis were 

performed using PLINK (see section 2.5.1.1) (Purcell, Neale et al. 2007). As 

conventional correction for multiple testing may be too severe, permutation 

procedures were performed in PLINK using the mperm function (n=10000). 

Haplotype analysis was done using Gabriel’s confidence intervals in Haploview 

(Gabriel, Schaffner et al. 2002). Haploview was used instead of the sliding 

window technique to 1) reduce the number tests done and 2) have a more 

biologically relevant hypothesis to haplotype analysis.

All SNPs in OXTR were analysed in the Irish, Portuguese and UCL samples. 

Two SNPs failed Kbiosciences quality control in the Portuguese sample due to
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poor call rate (rs237889 and rs13316193). Both are located in intron 3 of OXTR, 

and their failure to genotype reduces the coverage in this region. The samples 

were also analysed as a combined group.

PLINK is not suitable for multi-allelic markers, therefore the three microsatellites 

from AVPR1A were analysed in UNPHASED (Dudbridge 2008) (see section 

2.5.1.3). Each allele is tested independently for transmission disequilibrium. 

Alleles were also grouped in ‘long’ alleles and ‘short’ alleles for each marker. 

For RS3, ‘long’ alleles were greater than or equal to allele 327 and ‘short’ alleles 

were less than or equal to allele 325. This was based on a previously reported 

association study in the RS3 polymorphism (Knafo, Israel et al. 2008). The RSI 

and AVR polymorphisms were dichotomised based on size. For RSI, ‘long’ 

alleles were greater than or equal to allele 314 and ‘short’ alleles were less than 

or equal to allele 310. For AVR, ‘long’ alleles were greater than or equal to allele 

213 and ‘short’ alleles were less than or equal to allele 215. Dichotomised 

variables were tested for association using PLINK.

5.2.3 Quantitative Trait Analysis

Genes were analysed by the quantitative trait social communication (see 

section 5.1.2). The social communication component was taken from the AGP 

PCA results presented in section 3.4.5. Spearman’s correlation results were 

used as it is the only correlation matrix tested that is non-parametric, like the 

data from the ADI-R. Differences between the three correlation matrices were 

deemed nominal. The rotated social communication component from the full 

imputed results for all four datasets {NVMAX, NVMAX+1, Verbal Only and No 

Verbal Communication) were averaged to give a single social communication 

component from across the study.

Social communication component scores were calculated by multiplying 

observed variables by the loading scores (Figure 5.6) (O'Rourke, Hatcher et al. 

2005). The list of questions and their respective weight can be found in Table 

5.4. Component scores were calculated for individuals from the Irish sample 

using the loading scores from the AGP PCA analysis. The component had a
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nearly continuous distribution as desired for quantitative trait analyses (Figure 

5 .7).

Table 5.4. The weights used for each question of the social communication component. 

The weights were a combination of results from the four different imputed datasets 

(NVMAX, NVMAX+1, Verbal Only and No Verbal Communication) using a Spearman's 

correlation matrix. Only items are shown with weights greater than 0.4. Item description 

are summary phrasing only.

Brief Description Weight Standard
Deviation

Imaginative Play with Peers 0.625 0.097
Interest in Other Children 0.623 0.085

Imaginative Play 0.612 0.096
Response to Approaches of Other Children 0.6 0.083

Showing/Directing Attention 0.597 0.055
Ouality of Social Overtures 0.592 0.053

Appropriate of Social Responses 0.592 0.048
Social Smiling 0.567 0.036

Imitative Social Play 0.566 0.078
Group Play with Peers 0.566 0.078

Conventional/Instrumental Gestures 0.534 0.037
Seek Share Enjoyment with Others 0.532 0.049

Offering Comfort 0.532 0.063
Spontaneous Imitation of Actions 0.514 0.065

Offering to Share 0.513 0.050
Range of Fadal Expressions 0.49 0.046

Initiation of Appropriate Activities 0.469 0.070
Attention to Voice 0.468 0.026

Direct Gaze 0.467 0.032
Comprehension Simple Language 0.439 0.028

Pointing for Interest 0.424 0.029

Social Verbalization/Chat 0.417 0.050
Current Communicative Speech 0.41 0.101

Ci -  b ii(X i) + bi2(X2) + ...bip(Xp)

Figure 5.6. The equation to calculate component scores for individuals. C1 is the 

individual’s score on component 1, b1p is the weight for observed variable p obtain 

through the PCA and Xp is the subject’s score on observed variable p. Taken from 

O'Rouke 2005.
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Figure 5.7. Histogram of the social communication component for the Irish autism data 

showing a nearly continuous distribution. There was no need to transform the 

component for the quantitative trait analysis.

One hundred and sixteen individuals in the Irish autism sample had phenotypic 

information following the data quality control procedure outline by the AGP 

sample used in the principal components analysis (see section 2.1.3). These 

individuals’ ADI-R were used to derive component scores and were in the 

available genotype data. Summary data for the transformed component scores 

can be seen in Table 5.5.

Table 5.5. Average, standard deviation and range for the social communication 

component for the Irish autism sample.

Sample Average Standard Deviation Range

Irish 26.64 5.94 8.78-37.85

5.2.3.1 Autosomal Markers

Quantitative trait analyses of autosomal markers were performed using the 

qtlsnp routine in STATA10 (STATA Inc, College Station, TX, USA) (see section 

2.5.2.1).

Three different genetics models of inheritance were tested; dominant, recessive 

and additive. The dominant model of inheritance is the major allele to be
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conferring risk (AA|Aa>aa) while the recessive model is the minor allele to 

confer risk (AA>Aa|aa). The additive model is risk for disease shows a trend for 

increase between heterozygous and one homozygous group with the risk for 

heterozygous half that of the homozygous group (AA>Aa>aa).

S.2.3.2 X-Linked Markers

Markers in X-linked genes were analysed separately from autosomal markers, 

for two reasons -  (i) because all males are hemizygous for X-linked markers 

and (ii) because of X-inactivation process in females. It is not possible to 

determine which allele has been inactivated in heterozygous females. 

Heterozygotes are dropped from the analysis, leaving two homozygous groups 

for each marker. Quantitative trait analyses of markers in X-linked genes were 

performed using a Student’s t-test (section 2.5.3) in STATA10 (STATA Inc, 

College Station, TX, USA).

AR is located on the X chromosome, markers in this gene was analysed using a 

t-test.

5.3 Results

No Mendelian incompatibilities were detected and markers were in Hardy- 

Weinberg equilibrium.

5.3.1 TDT Analysis

Full details of TDT and haplotype results can be seen in Appendix V.

5.3.1.1 OXTR

Associations between OXTR variants and the Irish, Portuguese and UCL

samples are shown in Table 5.6. Three SNPs were found to be nominally

associated with autism in the Irish sample; rs11720238 (nominal p=0.031; 

OR=1.69; 95% Cl [1.04-2.75]), rs7632287 (nominal p=0.008; OR=1.6; 95%CI 

[1.13-2.26]) and rs4564970 (nominal p=0.009; OR=2.12; 95%CI [1.19-3.77]). 

Significant associations did not persist following adjustment for multiple 

comparisons in PLINK. No association was seen between variants or

haplotypes in OXTR in either replication samples (Portuguese and UCL). When
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all samples were combined, one SNP was associated rs7632287 (nominal 

p=0.02; 0R=1.32; 95% Cl [1.04-1.67]).
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Table 5.6. Nominal assocations (p<0.05) in OXTR using PLINK. P-values, Odds Ratio and confidence intervals are reported for the three

samples plus a combined sample analysis.Chr=Chromosome, OR=Odds Ratio, CI=Confidence Interval, P=p value.

SNR Chr Rosition Allele Irish (n=177) Rortuguese (n=199) UCL (n=60) Combined (n=436)
OR 95%CI P OR 957oCI R OR 95%CI R OR 95%CI R

RS11720238 3 8766338 G 1.69 1.04-2.75 0.031 1.16 0.72-1.88 0.54 1.29 0.48-3.45 0.62 1.27 0.91-1.77 0.16
RS7632287 3 8766445 G 1.6 1.13-2.26 0.008 1.27 0.89-1.8 0.18 1.17 0.62-2.19 0.63 1.32 1.04-1.67 0.02
RS4564970 3 8785407 0 2.12 1.19-3.77 0.009 0.84 0.56-1.27 0.4 1.13 0.43-2.92 0.81 1.11 0.81-1.52 0.52
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Haplotype association testing in the Irish autisnn sample revealed evidence for 

significant association, following the permutation procedure, at a single 

haplotype rs4564970_rs1488467 [CC] (p=0.0044; permuted p=0.045) (Table 2). 

Two further haplotype blocks showed nominal associations that did not survive 

adjustment for multiple testing (rs237894_rs237895_rs2268495_rs4686302 

[GCGC], p=0.023; rs11720238_rs7632287 [GG], p=0.0071) (Table 5.7).
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Table 5.7."Significant Haplotype Association Results for OXTR (p<0.05). Haplotype analysis was done using Gabriel’s confidence intervals in 

Haploview. T:U= Transmitted:Untransmitted, CHISQ=Chi Squared Test, P=p value, adjusted p= p value after using permutation (n=1000).

Markers Hapbtype T:U CHISQ P adjusted P

RS11720238 | RS7632287 GG 83.3:52.0 7.247 0.007 0.083
RS237894 | RS237895 | RS2268495 | RS4686302 GCGC 42.7:24.2 5.136 0.023 0.276

RS4564970 | RSI 488467 CC 29.0:11.0 8.103 0.004 0.045
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5.3.1.2 AVPR1A

None of the four markers tested in AVPR1A were associated with autism in the 

Irish autism sample. Dichotomisation of polymorphisms into long and short did 

yield significant association. The ‘short’ allele of RS1 showed nominal 

association to autism overall (nominal p=0.036; OR 1.44; 95% Cl [1.02-2.04]) 

(Table 5.8)).

Table 5.8. Nominal association (p<0.05) for AVPR1A. RS1 was dichotomised with long’ 

alleles referring to alleles greater than or equal to 314 and ‘short’ alleles were less than 

or equal to 310. Chr=Chromosome, T:U=Transmitted:Untransmitted, OR=Odds Ratio, 

CI=Confidence Interval, P=p value

Polymorphism Chr Length T:U OR 95% Cl P

RS1 12 Short 78:54 1.44 1.02-2.04 0.04

No significant haplotype associations were observed.

5.3.1.3 CD38

Four SNPs show minor association in CD38 with autism in the Irish sample 

(Table 5.9). These associations do not withstand correction for multiple testing.

Table 5.9. Nominal Associations (p<0.05) for CD38. Chr=Chromosome, 

T:U=Transmitted;Untransmitted, OR=Odds Ratio, CI=Confidence Interval, P=p value.

Marker Chr Position Allele T:U OR 95% Cl P
RS7655635 4 15423719 A 43:24 1.79 1.09-2.95 0.02
RS3796878 4 15394757 C 42:24 1.75 2.89-1.06 0.03
RS3796863 4 15459084 T 61:41 1.49 1.00-2.21 0.047

RS11574922 4 15427683 C 4:0 0.045

No significant haplotype associations were observed.
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5.3.1.4 Social Cognition Genes

No association between markers in AVP, AVPR1B, DRD2, ESR2, or O X T and 

autism spectrum was seen in the Irish autism sample. Ten makers in ESR1 and 

two in DRD1 were nominally associated with autism spectrum in the Irish autism 

sample (Table 5.10).

Table 5.10. Nominal associations (p<0.05) from the Irish autism sample social cognition 

genes analysis. 12 SNPs in two genes were nominally associated with autism spectrum. 

Chr=Chromosome, T:U=Transmitted;Untransmitted, OR=Odds Ratio, CI=Confidence 

Interval, P=p value.

Gene Chr Marker Position Allele T:U OR 95% Cl P

DRD1 C
rs11747728 174796108 A 37:21 1.762 1.031-3.010 0.036
rs4867798 174800505 A 55:36 1.528 1.004-2.326 0.046
rs4870053 152134442 G 56:32 1.750 1.134-2.702 0.011
rs3020306 152107579 A 77:50 1.540 1.079-2.198 0.017
rs2982575 152111484 G 77:50 1.540 1.079-2.198 0.017
rs2504065 152136860 A 77:50 1.540 1.079-2.198 0.017

ESR1 a rs2982551 152102903 A 75:50 1.500 1.049-2.145 0.025
rs2504067 152137680 A 79:54 1.463 1.035-2.068 0.030
rs7767143 152137387 A 48:29 1.655 1.044-2.625 0.030
rs3020348 152099607 A 71:48 1.479 1.026-2.134 0.035
rs985191 152325151 C 44:27 1.630 1.009-2.631 0.044

rs2504063 152132400 G 77:54 1.426 1.007-2.019 0.044

rs11747728 is located in the 3’ flanking region of DRD1 while rs4867798 is 

located in the 3’UTR. Neither has been associated to autism previously, or to 

another neuropsychiatric disorder.

Ten markers in ESR1 showed nominal association to autism in the Irish sample. 

Of these, nine were located in intron 2 of isoform 4 but no LD was observed 

between the markers. Intron 2 of isoform 4 is very large, approximately 106kb. 

The entire ESR1 gene is only 412kb long meaning intron 2 of isoform 4 is 

25.7% of the entire gene length of ESR1. None of these variants have been 

previously associated with autism.

Two haplotypes were associated with autism in the Irish autism sample (Table 

5.11). Both were in ESR1 and neither withstood correction for multiple testing.
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Table 5.11. Significant Haplotype Association Results for the Irish autism sample social 

cognition genes (p<0.05). Haplotype analysis was done using Gabriel’s confidence 

intervals in Haploview. T:U= TransmittedrUntransmitted, CHISQ=Chi Squared Test, P=p 

value.

Gene Marker Allele T:U CHISQ P

ESR1
rs11964281 | rs2077647 AA 56.5:34.6 5.30 0.021

rs1514348 | rs1643821 GA 77.0; 50.0 5.74 0.017

rs2077647 is located in isoform 1 exon1 of ESR1 (or exon 3 of isoform 4). It is a 

synonymous coding SNP (theronine to cystine). rs11964281 is located in the 

intron 2 region of isoform 4. rsl 514348 and rsl 643821 are both intronic SNPs 

located in an intron common to all isoforms.

5.3.2 Quantitative Trait Analysis

Quantitative trait analysis was used to investigate the relationship between 

gene markers and the derived behavioural component social communication in 

the Irish autism sample. Full details of quantitative trait results can be seen in 

Appendix VI.

No association was seen between the derived behavioural component social 

communication and markers in AR, AVP, AVPR1B, DRD1 and ESR2. Thirty -  

two markers were associated with the derived behavioural component social 

communication in AVPR1A, CD38, DRD2, ESR1, OXTand OXTR.

In AVPR1A, two markers showed nominal association with social 

communication in the Irish autism sample under the dominant model 

(rs3021527, 21.76 vs 26.95 p=0.0243; rs7954346, 26.83 vs 17.15 p=0.0048) 

(Figure 5.8). rs3021527 is located in 5’ UTR of AVPR1A while rs7954346 is 

located in the 3’ flanking region.
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Figure 5.8. QTLSNP results in AVPR1A and CD38. Each SNP was tested for association 

with the derived behavioural component social communication. Three models were 

tested in each sample - dominant, codominant and recessive. Two markers in AVPR1A 

were associated with social communication, as were two markers in CD38. The 

horizontal line indicates p=0.05.

Two SNPs in CD38 were associated with social communication using the 

dominant model (rs10029603, 15.86 vs 26.83 p=0.0091; rs3796867, 22.76 vs 

27.17 p=0.0086) (Figure 5.8). rs10029603 is in intron 1 of CD36 and rs3796867 

is in intron 2. Neither of these was associated with autism or is in LD with an 

autism associated variant.

One marker in OXT was associated in both the codominant and dominant 

models (rs2740210, codominant 23.06 vs 27.71 vs 26.54 p=0.041; dominant 

23.06 vs 27.09 p=0.0205) (Figure 5.9). It is located less than lOObp from the 

start of transcription of OXT.
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Figure 5.9. QTLSNP results in OXT and OXTR. Each SNP was tested for association with 

the derived behavioural component social communication. Three models were tested in 

each sample - dominant, codominant and recessive. One marker in OXT and three 

makers in OXTR were associated with social communication. The horizontal line 

indicates p=0.05.

For OXTR, three markers were associated with social communication, 

rsl 3060135 was associated under the dominant model (17.4 vs 26.80 

p=0.0261) while rsl 3093809 was associated under both the codominant and 

recessive models (codominant 27.14 vs 25.75 vs 17.41 p=0.047; recessive 

26.80 vs 17.41 p=0.0261) (Figure 5.9). Both SNPs are located in a nearby gene 

caveolin 3 {CAV3). The marker window for inclusion was 20kb on either side of
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the gene, and CAV3 and OXTR are only 3.7kb apart. Caveolin proteins are 

thought to be scaffolding proteins and are found in nnost cell types.

One SNP, rs9872310, was located in the 3’UTR of OXTR and was associated 

under all three genetic models tested. rs9872310 is in strong LD with 

rs11720238 (r^=0.93) which showed association to autism as a whole in the 

Irish autism sample.

A summary of markers in AVPR1 A, CD38, OXT and OXTR showing association 

with the derived behavioural social communication component are shown in 

Table 5.12.
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Table 5.12. Summary of all markers showing association in AVPR1A, CD38, OXT and OXTR with the derived behavioural component social 

communication. Markers were analysed using three models - dominant, codominant and recessive. Dominant and recessive models compare 

one homozygous group (e.g. AA) to the remaining two genotypes (e.g. AG and GG). A codominant model tests for an additive effect, i.e. one 

homozygote (e.g. AA) has the lowest quantitative value, the other homozygote (e.g. GG) has the highest quantitative value and the 

heterozygote (e.g. AG) is between the two. Chr=Chromosome, A=allele, N=number of individuals, P=p value.

Gene Chr Marker Model A i ^ 2 N il Ni 2 N22
Social Communication 
(Standard Deviation) P

11 12 22

AVPR1A 1 0 rs3021527 Dominant A G 7 109 21.76 (6.69) 26.95 (5.79) 0.0243

rs7954346 Dominant A G 112 3 26.83 (5.79) 17.15 (3.51) 0.0048

rs10029603 Dominant A G 2 114 15.86 (2.57) 26.83 (5.81) 0.0091
U U o o 4

rs3796867 Dominant A G 14 102 22.76 (7.71) 27.17 (5.50) 0.0086

OXT 20 rs2740210
Codom inant A C 13 49 54 23.06 (6.48) 27.71 (5.78) 26.54 (5.72) 0.041

Dominant A C 13 103 23.06 (6.48) 27.09 (5.75) 0.0205

rs13060135 Dominant A C 2 114 17.41 (0.46) 26.80 (5.87) 0.0261

Codom inant A G 86 28 2 27.14 (5.44) 25.75 (7.02) 17.41 (0.46) 0.047

H Y T R O
r s 1 ouyoouy

Recessive A G 114 2 26.80 (5.87) 17.41 (0.46) 0.0261
O

Codom inant A G 92 20 2 27.01 (5.50) 24.98 (6.96) 17.41 (0.46) 0.032

rs9872310 Dominant A G 88 27 25.90 (6.08) 28.73 (4.79) 0.0286

Recessive A G 112 2 26.65 (5.81) 17.41 (0.46) 0.027



Eleven markers were associated with social communication in DRD2 (Figure 

5.10). Two showed association under the dominant model (rs4436578, 25.90 vs 

28.73 p=0.0286; rs4620755 29.08 vs 25.90 p=0.0142). One was associated in 

the recessive model (rs4648319, 27.01 vs 17.78 p=0.0006) and another in the 

codominant model (rsl 7529477, 24.43 vs 28.19 vs 25.74 p=0.037). Seven were 

associated both in the codominant and dominant models (Table 5.13). Markers 

rsl 076563, rsl 116313 and rs2373438 are in prefect LD (r2=1.0) and 

rs l2364051 is in high LD as well (r2-0.96). rs l076560, rs2471857 and rs6278 

are also in perfect LD (r2=1.0). rs l076560 in intron 6 of D/?D2was associated 

in both the codominant and dominant models (codominant 17.78 vs 26.35 vs 

27.32 p=0.002; dominant 17.78 vs 27.04 p=0.0005). A summary of markers in 

DRD2 showing association with the derived behavioural social communication 

component are shown in Table 5.13.
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Table 5.13. Summary of all markers showing association in DRD2 with the derived behavioural component social communication. Markers 

were analysed using three models - dominant, codominant and recessive. Chr=Chromosome, A=allele, N=number of individuals, P=p value.

Gene Chr Marker Model Ai A2 N ii N i2 N22
Social Communication 
(Standard Deviation) P

11 12 22

rs l 076560
Codom inant A C 5 32 79 17.78 (4.46) 26.35 (4.79) 27.32 (6.04) 0.002

Dominant A C 5 111 17.78 (4.46) 27.04 (5.70) 0.0005

rs l 076563 Codom inant A C 14 67 35 21.91 (5.83) 27.84 (5.67) 26.23 (5.64) 0.002
Dominant A C 14 102 21.91 (5.83) 27.29 (5.69) 0.0013

rs l 116313 Codom inant A G 14 67 35 21.91 (5.83) 27.84 (5.67) 26.23 (5.64) 0.002
Dominant A G 14 102 21.91 (5.83) 27.29 (5.69) 0.0013

rsl 2364051
Codom inant A G 14 67 35 21.91 (5.83) 27.84 (5.67) 26.23 (5.64) 0.002

Dominant A G 14 102 21.91 (5.83) 27.29 (5.69) 0.0013

DRD2 11
rsl 7529477 Codom inant A G 14 50 52 24.43 (5.89) 28.19 (5.15) 25.74 (6.39) 0.037

rs2471857
Codom inant A G 5 32 79 17.78 (4.46) 26.35 (4.79) 27.32 (6.04) 0.002

Dominant A G 5 111 17.78 (4.46) 27.04 (5.70) 0.0005
Codom inant A G 14 67 35 21.91 (5.83) 27.84 (5.67) 23.23 (5.64) 0.002

rS^ !  o4ooo
Dominant A G 14 102 21.91 (5.83) 27.29 (5.69) 0.0013

rs4436578 Dominant A G 88 27 25.90 (6.08) 28.73 (4.79) 0.0286
rs4620755 Dominant A G 27 89 29.08 (4.94) 25.90 (6.05) 0.0142
rs4648319 Recessive A G 110 5 27.01 (5.72) 17.78 (4.46) 0.0006

rs6278
Codom inant A C 5 32 79 17.78 (4.46) 26.35 (4.79) 27.32 (6.04) 0.002

Dominant A C 5 111 17.78 (4.46) 27.04 (5.70) 0.0005
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Figure 5.10. QTLSNP results in DRD2 and ESR1. Each SNP was tested for association 

with the derived behavioural component social communication. Three models were 

tested in each sample - dominant, codominant and recessive. Eleven markers in DRD2 

and thirteen markers in ESR1 were associated with social communication. The horizontal 

line indicates p=0.05.

In ESR1, thirteen markers were associated with social connmunication in the 

Irish autism sample (Figure 5.10). rs2504063 was associated in both the 

codominant and dominant models (codominant 29.14 vs 25.36 vs 27.70 

p=0.035; dominant 26.32 vs 26.15 p=0.0371) and was also shown to be 

associated with autism as a whole (p=0.044). Seven markers were associated 

under the dominant model and five in the recessive model (Table 5.14). All 

thirteen markers were located in intronic regions of ESR1, however unlike the 

markers associated to autism as a whole, only one of these SNPs was located 

specifically in isoform 4. A summary of markers in ESR1 showing association 

with the derived behavioural social communication component is shown in 

Table 5.14.

215



Table 5.14. Summary of all markers showing association in ESR1 with the derived behavioural component social communication. Markers 

were analysed using three models - dominant, codominant and recessive. Dominant and recessive models compare one homozygous group 

(e.g. AA) to the remaining two genotypes (e.g. AG and GG). A codominant model tests for an additive effect, i.e. one homozygote (e.g. AA) 

has the lowest quantitative value, the other homozygote (e.g. GG) has the highest quantitative value and the heterozygote (e.g. AG) is 

between the two. Chr=Chromosome, A=allele, N=number of individuals, P=p value.

Gene Chr M arker Model Ai A2 N ii Ni 2 N22
Social Communication 
(Standard Deviation) P

11 12 22

rs13203975 Recessive A G 23 93 24.30 (7.32) 27.22 (5.44) 0.0344
rs13216134 Dominant A G 95 21 27.18 (5.47) 24.20 (7.42) 0.0371

rs2207232 Recessive A G 106 7 26.41 (6.01) 30.97 (2.47) 0.0495

rs2504063
Codom inant A G 18 56 42 29.14 (4.20) 25.36 (6.26) 27.20 (5.79) 0.035

Dominant A G 18 98 26.32 (4.20) 26.15 (6.10) 0.0371
rs3778082 Recessive A G 22 94 24.25 (7.49) 27.20 (5.41) 0.0352

ESR1 (2 rs3778084 Dominant A G 94 22 27.20 (5.42) 24.25 (7.49) 0.0352

rs3778089 Dominant A c 20 94 22.66 (7.32) 27.46 (5.35) 0.0009
rs6932864 Recessive A G 23 93 24.30 (7.32) 27.23 (5.44) 0.0344

rs9322335 Dominant A G 6 110 31.36 (2.63) 26.38 (5.97) 0.0452

rs9322336 Recessive A G 109 7 26.34 (5.99) 31.26 (2.41) 0.0333

rs9371557 Dominant A G 112 4 26.94 (5.82) 18.34 (2.16) 0.0042
rs9371575 Dominant A G 93 23 27.22 (5.44) 24.30 (7.32) 0.0344
rs985192 Dominant A C 7 109 30.97 (2.47) 26.36 (6.00) 0.0466



5.4 Discussion

This study aimed to identify nnarkers in the social cognition genes which showed 

association with autisnn in the Irish autism sample. Additionally, a phenotype- 

genotype study was undertaken using the derived social communication 

component from the principal component analysis undertaken in chapter 3.

5.4.1 TDT Analysis

Analysis of genes involved in social cognition revealed a number of single 

markers associated with autism. Nominal association were seen in OXTR, 

AVPR1A, CD38, DRD1, and ESR1 in the Irish autism sample. Three haplotypes 

in OXTR and two in ESR1 were also nominally associated with autism in the 

Irish sample. All of these associations were nominal and do not survive a strict 

correction for multiple testing (e.g. Bonferroni correction). The association 

signals are not particularly strong and would suggest these genes are playing a 

limited role in the aetiology of autism as a whole. The low number of very 

nominal associations would suggest the social cognition system as a whole 

contributes a negligible amount to the aetiology of autism.

5.4.1.1 TDT Analysis of OXTR

Nominal association with three SNPs in OXTR was detected in a sample of Irish 

individuals with autism (rs11720238, rs7632287 and rs4564970). rs456970 is 

located in intron 1 of OXTR and both rsl 1720238 and rs7632287 are in the 3’ 

downstream region of the gene. rs7632287 is in perfect LD (r^=1) with 3 further 

SNPs in the 3’UTR of OXTR. The intronic and the 3' UTR of the gene are 

important sites of gene regulation. Attempted replication of the Irish findings 

was undertaken in two independent autism samples (UCL and Portuguese). No 

single marker SNP associations were detected in either sample. In the 

combined sample analysis, marker rs7632287 (OR=1.32, p=0.02). This is 

probably mostly driven by the Irish sample.

A multi-marker association was preformed using the Gabriel Confidence Interval 

Method (Gabriel, Schaffner et al. 2002) to define haploblocks, which are based 

on recombination, in the Irish sample. Haplotype association testing in the Irish
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sample revealed two association signals; one in the 5' region, spanning 2kb 

encompassing the promoter region into exon 1 of the gene 

(rs4564970_rs1488467) and one spanning the 3’ region 

(rs11720238_rs7632287). The 5’ region haplotype survives correction for 

multiple testing. The location of these positive associations in gene regulatory 

regions implicates a possible role for dysregulatlon of OXTR in autism, resulting 

from variation In transcription and expression.

In summary, some trends were seen In the replication samples but not robust 

replication or the association signals observed in the primary Irish sample. 

There are many potential explanations for the lack of replication within this 

study. A current theory of the aetiology of autism is that it develops as a result 

of variation in many genes of small effect (Geschwind 2008). Therefore, it may 

be true that each study was underpowered to observe an effect. For example, 

at minor allele frequencies of 0.20, the Irish and Portuguese samples (n=177 

and n=199 respectively) have greater than 80% power to observe an effect of 

OR approximately 1.4 at an uncorrected p=0.05 level (Merikangas, Fenton et al. 

1997).The UCL sample (n=60) is far less powered and is sufficient only to 

observe association of moderate effect (OR<1.7) at the p<0.05 level. This 

calculation considers a modest effect size and also no linkage disequilibrium 

between the test and causative marker. It may be possible that the effect size of 

these markers is much smaller with OR less than 1.1, whereby greater than 

2000 trios would be required to observe an effect. However, with this in mind, 

trends are observed in the data across the replication samples. For the 3’UTR 

markers associated in the Irish sample (rsl 1720238 and rs7632287), all 

samples show a point estimate (odds ratio) showing protective effect of the G 

allele.

A further reason for lack of statistically significant replication may be genetic 

and clinical heterogeneity. The Portuguese sample, while larger than the Irish 

autism sample (n=199 and n=177 respectively), Is ethnically different. Although 

the TDT design Is robust in the presence of population stratification it does not 

allow for other population effects, such population specific causation in the 

underlying haplotypes. Inclusion criteria differ between the samples reflecting
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the diverse presentation of autism spectrum disorders. The Irish and 

Portuguese samples all meet criteria for autism, whereas this is true for only a 

proportion of the UCL sample (56% diagnosed with Asperger syndrome or 

atypical autism). Moreover, all individuals in the UCL sample are verbal and 

inclusion into the study required a normal range IQ (IQ>70; mean IQ=82). Both 

the Irish sample and the Portuguese sample did not have as strict an inclusion 

criterion on IQ.

Work done on the social cognition genes but not presented here attempted to 

utilise IQ information to create more homogenous subgroups. Applying IQ 

measures to genetic studies is complicated. Firstly, there are a great number of 

different tests and measures for IQ. Some measure full scale IQ, which is often 

inappropriate for the non-verbal individuals found in autism cohorts. Others 

probe at a specific aspect of IQ, i.e. verbal IQ or spatial IQ. In the Irish autism 

sample, two IQ measures are used, one for verbal IQ (Peabody Picture 

Vocabulary Test (Dunn and Hottel 1961)) and another for non-verbal IQ (Leiter 

International Performance Scale Revised (Roid and Miller 1997)). This 

circumvents the issue of non-verbal individuals being biased on full scale 

measures. Yet, the use of two tests can further complicate the IQ paradigm. By 

colloquial definition, a person with high functioning autism generally has a 

normal range IQ, meaning above 70 on a standard IQ test. On one test an 

individual could be high functioning (IQ>70) while on the other be deemed low 

functioning (IQ<70). A recent study about discrepancy in IQ measure for 

individuals with autism reported differences between tests ranged from 30 to 70 

percentile points (Dawson, Soulieres et al. 2007). More in depth work on the 

understanding of 10 and the differences between different types of 10 and IQ 

measures, specifically in individuals with autism, is needed. The greater 

information obtained about the autism phenotype and how different aspects 

contribute to the overall disease can only better inform genetic studies.

The effects of differences in 10 were assessed for the genes implicated in the 

social cognition. Samples were partitioned into high 10 (I0>70) and low IQ 

(I0<70). Our findings indicate different positive associations in the low and high 

10 subgroups with the same number of makers being associated in each group
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(n=3). The impact of intellectual disability on the underlying genetic aetiology of 

autism needs further examination, specifically in the overlap between the 

genetics of the two disorders. Despite the use of standardised research 

diagnostic instruments, it is probable that phenotypic variation in autism 

underlies, at least in part, the lack of consistency in findings from genetic 

linkage and association studies.

5.4.2 Social Communication Analysis

The complex heterogeneity of the autism phenotype has been hypothesised as 

a reason for lack of consistent genetic studies. Using results from phenotypic 

analyses the derived behavioural component, social communication, was 

analysed against the gene implicated in social cognition using qltsnp.

The data from the social communication quantitative trait analysis provided 

evidence supporting a role for variation in genes implicated in social cognition 

and social communication deficits in autism. Many markers showed nominal 

association in genes including AVPR1A, CD38, DRD2, ESR1, OXT, and OXTR. 

The number of associations seen across the social cognition genes could 

indicate that multiple loci of small effect size are combining to increase 

susceptibility to social communication deficits in autism.

The top findings were from DRD2 (rs1076560: 17.78 vs 27.04, p=0.0005, 

rs2471857: 17.78 vs 27.04, p=0.0005, and rs6278:17.78 vs 27.04 p=0.0005). 

All three markers are in perfect LD (r^=1.0). The association to social 

communication is most likely from only one of the markers or another unknown 

variant also in high LD. rsl 076560 in intron 6 of DRD2 has been implicated in 

shifting mRNA splicing to two functionally distinct isoforms, the short and long 

(Zhang, Bertolino et al. 2007). These two isoforms differentially contribute to 

dopamine signalling in prefrontal cortex and in striatum. The A allele of 

rsl 076560 has been associated with reduced expression of short from DRD2 in 

the prefrontal cortex in individuals with schizophrenia (Bertolino, Fazio et al. 

2009). The A allele of rsl 076560 in this study is associated with lower social 

communication, meaning less severe phenotype. DRD2 has been shown to 

reward social interactions and individuals with social anxiety have low D2
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receptor binding. Aberrant DRD2 in individuals with autism could be responsible 

for social deficits, because social situations and behaviours are not being 

rewarded properly in the brain.

There are two concurrent theories about the implications of phenotype- 

genotype studies. First, phenotype-genotype studies enhance association 

signals through the use of more refined sub-phenotypes. The complex autism 

phenotype can be thought of as a pool of separable behaviours, with the 

underlying genetic aetiology of autism arising from multiple different genes, 

each resulting in the separate behaviours. Refinement of association studies by 

the different sub-phenotypes may highlight genes responsible for these specific 

behaviours which amalgamate to create the autism phenotype. The use of sub

phenotypes would enhance association signals, meaning variants associated 

with autism as a whole would have strong associations if sub-phenotypes were 

used. Only one SNP associated with autism was also associated in the 

quantitative trait analyses. rs2504063 of ESR1 showed enhanced association in 

the quantitative trait analysis (codominant p=0.035; dominant p=0.0371; autism 

p=0.044).

The second theory of phenotype-genotype studies is disease modifying. The 

autism phenotype, while complex in nature, is a set of clinically described 

behaviours. These behaviours may or may not be the result of separate genetic 

causes. Disease driven frans-effects could be responsible for separate genetic 

variants giving rise to different severity levels of behaviour. Disease-linked 

variants in one gene could have knock-on effects to other genes, leading to 

multiple genes becoming aberrant. Thus a gene may not be associated with 

autism as a whole, but be found to be associated to a specific trait seen in 

autism.

This is highlighted by some genes showing association to the quantitative traits 

that did not show association to autism as a whole. DRD2 showed no 

association to autism as a whole, but eleven SNPs were associated with social 

communication. Furthermore, no markers in OXT were associated with autism 

as a whole but one marker showed nominal association to social
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communication. Both DRD2 and OXT may be playing a role in the aetiology of 

social communication behaviours in autism and not autism as whole.

There are a number of weaknesses to this study. No correction for multiple 

testing was used. In the study undertaken, each SNP was tested four different 

times, once in the TDT analysis and three times in the quantitative trait analysis, 

once for each genetic model. Recent published genome-wide associations have 

suggested threshold levels between p<1x10'^ and p<5x10‘  ̂ (WTCCC). 

However, lack of genome-wide significance or indeed meeting genome-wide 

significance does not provide definitive evidence of a role in disease. In recent 

schizophrenia genome-wide association studies, the strongest associations 

observed using replication samples were only at to p=1x10'^ in the initial studies 

(Purcell, Wray et al. 2009; Shi, Levinson et al. 2009; Stefansson, Ophoff et al. 

2009). From the recent literature on genome-wide association studies and the 

number of statistical tests performed in this study, a level of significance of 

p<1X10 '̂  would have been seen as a robust association.

The quantitative trait analysis undertaken is highly susceptible to effects of 

minor allele frequency. In OXTR the three SNPs associated with social 

communication have low representation of one allele group (n=2) suggesting 

the true link between these SNPs and social communication may not be best 

represented here. This effect of low MAP can also be seen in AVPR1A and 

DRD2. Caution must be taken when interrupting results from markers with low 

MAP since power is dependent upon MAP. Furthermore, there were a high 

number of SNPs which were associated with social communication under more 

than one genetic model (n=11). The unclear genetic models were mostly likely 

due to lack of power in the study, since most SNPs affected lacked sufficient 

observations of one allele group.

The quantitative traits used in this study are the results of a principal component 

analysis. The formation of these traits could be affected by sample 

ascertainment bias in the AGP sample, e.g. difference in clinical recruitment 

practices. Further replication and validation is warranted. It is important to show 

heritability in sub-phenotypes to imply the possibility of an underlying genetic
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factor. Information to derive heritability was not available for this study, but 

information could be gathered in the future to allow for heritability to be 

assessed.

5.4.3 General Conclusions

This study aimed to associate genes implicated in playing a role in social 

cognition in the aetiology of autism. The results in this study support a potential 

role for genes implicated in social cognition in the aetiology of social 

communication behaviours in autism. Positive associations were seen in both 

the oxytocin receptor and vasopressin receptor, implicating receptor malfunction 

rather than ligand as an underlying issue. The social cognition set of genes 

remains an important candidate system in the aetiology of autism and in 

particular in the role of social communication behaviours in autism.
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6 Functional Assessment of Genetic 

Associations

6.1 Introduction

The translation of genetic association to functional effect may help to elucidate 

the biological aetiology of the trait. When a statistical association between a 

genetic marker and trait is observed the causative source of the association 

signal Is still unclear. The associated SNP may not be the causative allele; it 

may be In linkage disequilibrium with the causative variant. In order for a variant 

to be considered causative in the aetiology of disease, It must somehow perturb 

the function of the gene. A gene can be affected by multiple functional variants 

which may occur at different frequencies. Most association signals have yet to 

be translated to better understand the functional elements that are mediating 

disease susceptibility (Cookson, Liang et al. 2009).

There are two main ways In which variants in the DNA sequence give rise to 

disease. The first arises where the DNA variant alters the primary structure of 

the protein, which can occur through a variety of different changes (i.e. amino 

acid substitution, frame-shlft mutation). These mutations are more readily 

identified through DNA and RNA sequence analysis as they occur within exons 

and have predictable effects on the amino acid sequence. They do not appear 

to account for the inter-indlvidual differences in disease susceptibility for 

complex diseases. DNA variants which alter the primary structure of the protein 

have yet to be shown to be the common primary mechanism responsible for 

psychiatric diseases.

For more complex phenotypes, subtle changes of the gene sequence are more 

common, such as variants that impact on expression of the gene and alter the 

transcription levels, RNA splicing and so forth (Toma, White et al. 2002). Study 

of regulatory polymorphisms have proven slow-paced and are complicated by 

the variety of underlying mechanisms and co-occurrence of functional 

polymorphisms at any point across the gene locus (Wang and Sadee 2006).
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Unlike, coding variation, regulatory polymorphisms are extremely difficult to 

recognize on sequence interrogation alone. Functional assays at the 

messenger RNA (mRNA) level will be essential in elucidating the molecular 

mechanisms underlying genetic association of psychiatric disease (Bray, 

Holmans et al. 2008). Many non-coding regions of the genome are highly 

conserved suggesting that they have an important biological function. Most of 

the genome is transcribed suggesting that many types of functional sequence 

and genetics mechanism may as yet be undiscovered (Frazer, Ballinger et al. 

2007).

Gene regulatory elements can be classified into two types; cis-acting and trans

acting. C/s-acting effects are changes in expression arising from the candidate 

gene itself. These can be located in the transcribed sequence itself, or 

promoters, introns, and distant control elements (Levine and Tjian 2003). C/s- 

acting effects seem to occur more often in exonic regions (Veyrieras, 

Kudaravalli et al. 2008). Trans-acting effects are variation in the other genes 

that effect the expression of your candidate gene of interest. Trans-acting 

effects are usually much weaker than c/s-acting effects in humans (Schadt, 

Monks et al. 2003; Morley, Molony et al. 2004). It is not known if frans-acting 

effects are mostly mediated through transcription factors or through other 

mechanisms (Cookson, Liang et al. 2009).

When a variant is linked to both altered gene expression and associated with 

disease, we can begin to form hypotheses regarding the aetiological origins of 

the disease. Gene expression represents a fundamental interface between 

genes and environment in the development and ongoing plasticity of the human 

brain. Functional assays of gene expression can be used to elucidate the 

mechanism by which putative susceptibility variation in known candidates 

influences risk to the disorder (Bray 2008).

This chapter seeks to investigate the role of statistical associated 

polymorphisms in genes in chapter 5. A variety of techniques such as allelic 

expression imbalance and luciferase gene reporter assay will be applied to 

elucidate variation in gene expression related to genotype. The three
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techniques applied involved understanding the regulation of RNA expression. 

The relationship between RNA expression levels of OXTR in the human 

amygdala and genotypes was explored. RNA expression between cases and 

controls in three genes {OXTR, OXT, and AVPR1A) were examined in 

lymphoblast cell lines. Three genes {OXTR, AVPR1A and CD38) were 

assessed for differential allelic expression. Finally, luciferase gene reporter 

assays were applied to assess affects of variants in regulatory regions. 

Polymorphisms were examined in a disease relevant cell line (human 

neuroblastoma cell line (SH SY-5Y)) and the Chinese hamster ovarian (CHO- 

K1) cell line. Contrasts between differences in relative promoter activity 

between cell lines would allow for assessment of possible human and/or neuron 

specific regulation.

6.1.1 Total Expression Study

Connecting genotype to disease susceptibility based on changes in gene 

expression provides greater information about the nature of genetic regulation 

and manifestation of disease. Absolute expression levels are composite 

reflections of many genetic and environmental variables and is one method of 

detecting potential cis- or trans- acting regulators of gene expression (Campino, 

Forton et al. 2008). Total gene expression can be used as a quantitative trait to 

compare different levels of expression with genotype. If expression levels of a 

gene are found to be correlated to genotypes we can hypothesise that aberrant 

levels of the gene product may be present in carriers of the different genotypes.

6.1.1.1 Amygdala Expression of OXTR

One current theory of autism aetiology is abnormal amygdala activity (Baron- 

Cohen, Ring et al. 2000). The amygdala is crucial for maintaining socially 

appropriate behaviours such as facial recognition, facial expression 

interpretation, and eye-gaze monitoring (Calder, Lawrence et al. 2001). These 

behaviours are crucial to the maintenance of normal social cognition and are 

impaired in autism (Hobson, Ouston et al. 1988; Boucher, Lewis et al. 1998; 

Adolphs, Sears et al. 2001; Klin, Jones et al. 2002; Schultz, Grelotti et al. 2003; 

Dawson, Webb et al. 2005). Complex social behaviours rely on normal
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functioning of the amygdala that associates social stimuli with meaning 

(Adolphs 2003; Dolan 2007).

Oxytocin plays a crucial role in the regulation of amygdala activation by 

decreasing activation. People with lesioned amygdala are socially withdrawn 

and isolated, a marked characteristic of individuals with autism. Decreased 

activation of the amygdala has been shown in a number of MRI studies in 

autism (Baron-Cohen, Ring et al. 1999; Kleinhans, Johnson et al. 2009). It could 

be that over-expression of OXTR, meaning more receptor available in the 

amygdala, leads to reduced activation, which is seen in individuals with autism. 

In section 5.3.1.1, three variants in OXTR were found to be associated with 

autism in the Irish sample, however it is not possible to state how these variants 

effect OXTR expression. No study has been published examining the 

relationship between expression of OXTR in the amygdala and genotypes. It 

may be possible that genotypic difference results in changes of transcription 

levels of OXTR, leading to disease state.

6.1.1.2 Case-Control

Distinct disease expression profiles between cases and controls can aid in 

advancing the physiological differences underlying the disorder with consistent 

replication leading to possible biomarkers for more accurate diagnostics. 

Furthermore, if expression of genes in cases is shown to be different than 

controls, then potentially the gene-product is a drug target. Restoring the gene- 

product or protein to natural levels could lessen disease phenotype. In the case 

of the OXT/AVP system, the effects of over- or under- expression of these 

genes could hypothetically be rectified by drug agonist or antagonist, which 

could be used to aid in alleviating the disorder.

There is no published study specifically assessing the expression differences of 

OXTR, OXT, AVP, or AVPR1A between individuals with autism and controls. 

Plasma levels of OXT have been assessed between cases and controls. Male 

children with autism have shown a decrease in plasma OXT levels compared to 

typically developing controls (Modahl, Green et al. 1998), and elevated levels 

of the OXT precursor (neurophysin) has been found in male children with
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autism (Green, Fein et al. 2001). OXT could be over-expressed in individuals 

with autism, but not efficiently metabolised into the final protein, resulting in 

lower OXT plasma levels.

A microarray study of lymphoblastiod cell lines (LCL) from discordant 

monozygotic autism twins revealed differential expression of genes mostly 

related to neurological development, structure and function. These differences 

in gene expression may be responsible for their discordant phenotype. Of note, 

CD38 was significantly up-regulated. These genes were not implicated in two 

further microarray studies of expression differences between individuals with 

autism and non-affected sib-pairs or controls (Hu, Nguyen et al. 2009; Hu, 

Sarachana et al. 2009).

Studies in other neuropsychiatric and neurodevelopmental disorders and 

OXT/AVP gene expression have shown some interesting results. Decreased 

expression of OXTR in both lymphoblastiod cells and frontal cortex brain tissue 

were seen in Prader-Willis Syndrome, a condition with some similarities to 

autism, compared to controls (Bittel, Kibiryeva et al. 2007). A 60% increase in 

expression of AVP in the supraoptic neuron (SON) of the hypothalamus was 

seen in people with depression when compared to controls (Meynen, 

Unmehopa et al. 2006). When sub-grouped, the melancholic group had 

increased expression in both the SON and the paraventricular nucleus (PVN) 

compared with control subjects. Both the SON and PVN of the hypothalamus 

are where AVP is synthesized (see section 5.1.1.2). Furthermore, AVPR1A 

expression was shown to be increased in the PVN in depression (Wang, 

Kamphuis et al. 2008). No difference between AVP and OXT expression were 

seen between people with Alzheimer’s disease and controls (Meynen, 

Unmehopa et al. 2009).

Assessing gene expression differences between cases and controls is a vital 

step in the relationship between genetics and the disease state. OXT and the 

genes implicated in social cognition remain an important candidate system in 

the aetiology of autism and in particular in the role of social communication 

behaviours in autism. Lymphoblast cell lines (LCL) were used to explore
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possibilities that biomarkers for autism could be expressed in easily accessible 

peripheral cells (Hu, Frank et al. 2006).

6.1.2 Allelic Expression Imbalance (AEI)

Genomic surveys indicate that polymorphisms affecting transcription and mRNA 

processing may account for the main share of genetic factors in human 

phenotypic variability; however, most of these polymorphisms remain yet to be 

discovered (Wang and Sadee 2006). C/s-acting effects are proposed to be the 

main influencer of gene expression, and can affect the amount and structure of 

mRNA which affects protein levels. C/s-acting genetic variations may be the key 

area of phenotypic variance in the human population.

Allelic expression imbalance arises from the effect of c/s-acting regulatory 

variation (Bray and O'Donovan 2006). It determines the relative abundance of 

alleles in RNA from individuals’ heterozygous individuals for a given transcribed 

gene. The null hypothesis for the assay is that in the absence of c/s-acting 

influences, both alleles will be equally expressed. If the person, however, is 

heterozygous for any c/s-acting variant, the alleles will be expressed at different 

levels, deviating from the null hypothesis of 50:50 expression of each allele. 

Using a polymorphism located within the mRNA sequence as a marker, 

quantitative methods of allele discrimination can be applied to subjects who are 

heterozygous for the marker variant (Singer-Sam, LeBon et al. 1992). The 

marker SNP is used as an indicator to guide the search for functional 

polymorphism (Wang and Sadee 2006). SNPs with high minor allele 

frequencies are attractive candidates for interrogation as they maximize the 

number of heterozygotes available to study in any given test and consequently 

improve the power of the study.

AEI removes any confounding effects such as differences in tissue and nrRNA 

preparation, environmental effects, and secondary differential expression 

resulting from intrinsic trans-acWng agents like hormones (Bray, Buckland et al. 

2003; Bray, Buckland et al. 2004). Each allele acts as an internal control for the 

other allele. Any effect of trans-acWng regulation would affect both alleles 

equally, and is therefore controlled for, allowing only c/s-acting effects :o be
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assessed. Genes can therefore be indirectly assayed for any c/s-acting effects 

on gene expression by measuring relative expression of each allele in mRNA 

samples (Singer-Sam, LeBon et al. 1992).

Estimates for the number of genes in the genome undergoing c/s-acting 

variation are quite high and range from approximately 20 to 60% of genes (Lo, 

Wang et al. 2003; Pant, Tao et al. 2006; Johnson, Zhang et al. 2008; Serre, 

Gurd et al. 2008). If detected, AEI can serve as the phenotype that can be 

linked to the functional c/s-acting polymorphism (Wang and Sadee 2006).

An alternative approach to identifying c/s-regulatory polymorphisms is to test for 

statistical association in a population between total gene expression and 

genotypes, known as eQTL studies. In contrast, AEI relies on the comparison of 

allelic ratios in DNA and RNA of each individual. It internally controls for the 

existence of polymorphisms encompassing the gene studied, i.e. copy number 

variation, since these will equally affect both DNA and RNA. It more 

comprehensively controls for trans-acWng effects. AEI is influenced only by c/s- 

acting mechanisms of gene regulation while gene expression is influenced by 

both c/s- and frans-acting effects. In humans, genetic heterogeneity greatly 

limits the identification of c/s-acting variation using gene expression data while 

measurements of AEI are unaffected (Serre, Gurd et al. 2008). Additionally, 

associations of total gene expression to genotypes depend greatly on LD 

patterns. They require extensive genetic information from individuals in order to 

include one marker in LD with the regulatory polymorphism. AEI directly 

investigates c/s-acting gene regulation directly at the gene level and thus only 

requires physical link between the gene and the regulatory polymorphism 

affecting it.

6.1.2.1 Investigations using AEI in Psychiatric Genetics

AEI has been used to asses the possible effects of c/s-acting variants in some 

of the serotonergic genes discussed in this thesis (see chapter 4).

The relationship between autism and SLC6A4 is mixed. Fourteen studies 

investigating the role of the promoter region polymorphism and autism have had

229



mixed results (Huang and Santangelo 2008). AEI was measured in pontine 

brain tissue for serotonin transporter {SLC6A4) and showed a small deviation 

from the null hypothesis. While it has been previously reported that the long 

variant of the polymorphism is twice as efficiently transcribed, the observed AEI 

was not accounted for by the polymorphism (Wang and Sadee 2006). This was 

replicated in the human pons which determined there was no effect of the intron 

2 VNTR as well as the promoter polymorphism on AEI (Lim, Papp et al. 2006). 

The intron 2 VNTR has been linked to autism in some studies but not in other 

(Huang and Santangelo 2008).

A study in Korea found an association with the haplotype AT of rs6311 and 

rs6313 in serotonin receptor 2A {HTR2A) (Cho, Yoo et al. 2007). Results for 

rs6311 and AEI have been mixed. One study using an RFLP-based assay 

found the C-allele rs6313 to be under-expressed by 20% compared to the T- 

allele (Polesskaya and Sokolov 2002). A second study using a SNaPshot based 

approach found no significant evidence in any of their samples (n=50) for AEI 

suggesting HTR2A does not contain a common c/s-acting variant effecting 

mRNA expression in the brain (Bray, Buckland et al. 2004).

6.1.3 Luciferase Gene Reporter

Gene-reporter assays provide a system in which to study gene promoter 

function and regulation under conditions that are more easily defined by the 

investigator compared to that of an in vivo system. Reporter vectors allow 

functional identification and characterization of promoter and enhancer 

elements. Expression of the reporter correlates with transcriptional activity of 

the reporter gene. DNA regions of interest are cloned into a vector, in this study 

pGL3, upstream of a promoter-less reporter gene. The vector is transfected into 

the desired cell line and its protein is expressed via the endogenous 

transcriptional system. The expression level of the gene product is related to the 

activity of the promoter driving it. Typically these genes encode proteins that are 

easily detectable e.g. a secreted enzyme substrate. More recently proteins of 

the luciferase family have been used.
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A dual luclferase assay system allows for differential detection. Both firefly 

luciferase and Renilla luclferase are used in the system and can be 

differentiated by enzymatic specificity since they use different substrates. The 

sample is initially Incubated with the firefly substrate, a luminescence reading 

made, followed by addition of the Stop and Glo reagent which simultaneously 

quenches the firefly reaction while providing the substrate for the Renilla 

luciferase. The use of a dual assay reduces variability by allowing a way to 

normalise transfection efficiencies between samples.

DNA regions of interest can be cloned into basic vectors which lack the viral 

promoter (SV40) making the luciferase reporter gene promoter-less. Regions of 

interest cloned into these vectors must contain the promoter region of the gene, 

which must be transcriptionally active in the cell line of interest. If the promoter 

is not active, or the region of interest does not include the natural promoter, the 

pGL3 Control vector can be used. The pGL3 Control vector contains the viral 

promoter, SV40 which transcribes the luciferase gene. DNA regions of interest 

cloned into the pGL3 Control vector are assessed on their modulation of the 

viral promoter SV40.

6.1.3.1 Previous Gene Reporter Studies for Serotonergic 

Genes

Promoter regions of several genes examined for association to autism in this 

thesis have been investigated using gene reporter assays. The promoter 

regions of several serotonergic genes examined in chapter 4 have been 

assessed for polymorphisms effecting transcriptional levels.

While the relationship between autism and SLC6A4 is mixed, the short isoform 

of the promoter polymorphism has been associated with severity of symptoms 

(Tordjman, Gutknecht et al. 2001). The short isoform decreases promoter 

activity as determined by gene-reporter assays. The long isoform has been 

shown to be more than twice as efficiently transcribed than the short isoform 

(Hells, Teufel et al. 1995; Collier, Stober et al. 1996). Lower transcriptional 

efficiency in the short isoform could be the mechanism for increased severity of
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symptoms in autism by reducing the amount of SLC6A4 available at the 

synapse.

Orabona et al (2009) found under-transmission of the serotonin receptor 1B 

{HTR1B) haplotypes containing the A allele of rs130058 (-161A/T) and G allele 

of rs11568817 (-261G/A) at HTR1B gene to ASD in a Brazilian male only cohort 

from European ancestry (p=0.003). Both promoter polymorphisms have been 

shown to influence promoter activity (Duan, Sanders et al. 2003). The GA 

haplotype of rs11568817_ rsl 30058 increased relative transcriptional activity 

2.3 fold over the TA and GT haplotypes in a gene reporter study.

A Korean study found a significant haplotype in HTR2A comprised of rs6311 

and rs6313 to be associated with autism (Cho, Yoo et al. 2007). The A allele of 

rs6311, the allele associated in the haplotype, shows significantly greater 

relative promoter activity than the G allele through gene reporter studies 

(Parsons, D'Souza et al. 2004).

Multiple different serotonergic genes harbour known functional markers that 

have not shown association to autism. While a T->A at rsl 1178997 in the 

promoter region of tyrosine hydroxylase 2 (TPH2) resulted in reduced promoter 

activity (Scheuch, Lautenschlager et al. 2007) it failed to show an association 

with autism (Coon, Dunn et al. 2005). The rs6295 promoter region 

polymorphism of serotonin receptor 1A {HTR1A) has been shown to be 

functional (Lemonde, Turecki et al. 2003) but was not found to be associated 

with autism or serotonin platelet levels (Coutinho, Sousa et al. 2007). While 

genes have functional polymorphism, it does not always mean they will be 

linked to disease. Few genetic studies examine their genetic associations for 

functional consequence, leaving unanswered question of how an associated 

variant gives rise to disease.
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6.1.4 Aims

This chapter describes investigations that were undertaken to more thoroughly 

explore the link between statistical genetic association and the manifestation of 

disease by determining the functional consequences of genetic variation. 

Specifically the aims were:

1) To investigate the relationship between expression levels of OXTR in the 

human amygdala and genotypes, not previously explored in either disease 

populations or control groups. If expression levels of OXTR in the human 

amygdala are correlated to genotype, aberrant levels of OXTR are implied in a 

disease population where allele frequency is skewed.

2) To investigate differences in gene expression between individuals with 

autism and controls. Expression levels of OXTR, OXT, and AVPR1A were 

assessed for differences between cases and controls using lymphoblast cell 

lines (LCLs).

3) To investigate AEI in OXTR, AVPR1A and CD38 using a TaqMan based 

technique in human LCLs from the HapMap CEPH population. Allelic 

imbalance, where detected, was assessed against genotypes to elucidate cis- 

acting elements.

4) To investigate three regions of interest for their modulation of promoter 

activity. The haplotype association of the 3’ region of OXTR and both upstream 

microsatellites (RS3 and RS1) of AVPR1A were assessed for the role in the 

regulation of promoter activity. Polymorphisms were examined in a disease 

relevant cell line (human neuroblastoma cell line (SH SY-5Y)) and the Chinese 

hamster ovarian (CHO-K1) cell line. Differences in relative promoter activity 

between cell lines may be compared to assess human and/or neuron specific 

regulation.
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6.2 Materials and Methods

6.2.1 RNA Expression Studies

The expression of OXTR was examined in human brain tissue. This data were 

then used to assess the influence of genotype on relative expression. 

Expression differences between cases and controls of three candidate genes 

{OXTR, OXT, and AVPR1A) were assessed in LCLs. Any differences in genes 

could be potential bio-markers for disease. Gene expression was determined 

using real-time reverse-transcriptase PCR using Gene Expression technology. 

The Real-Time PCR assay (e.g. TaqMan [Applied Biosystems, Foster City, 

California, USA]) involves the cleavage of a 5’ fluorescent label from a 

hybridisation probe during the PCR amplification. Taq polymerases contain a 5’- 

3’ exonuclease activity that cleaved the fluorescent label. The cleavage process 

throughout the PCR amplification procedure releases the probe from a 

quenching agent enabling quantitative fluorescence to be measured in real 

time. By performing this on cDNA, and combining with a parallel or internal co

assay for a stably expressed “house-keeping” gene it is possible to quantify the 

relative expression of the test gene.

6.2.1.1 Tissue Source

Amygdala brain sections from seventeen individuals were obtained from the 

MRC Edinburgh Brain Bank as stated in section 2.6.1.1. Mean age of death was 

41.18 years (range 16-57years), with a mean post mortem interval time of 51.29 

hours (range 28-76 hours). In the majority of cases heart disease was the 

cause of death. These samples were obtained and the experiment undertaken 

by collaborators at St. Andrews University. RNA was extracted from frozen 

brain tissue samples using the Ambion MELT nucleic acid isolation kit (Applied 

Biosystems, Foster City, California, USA). Adequate RNA controls and non 

reverse transcriptase controls yields were obtained (mean 1 ug per 20|il volume) 

for all samples. cDNA was created using the RNA-to-cDNA Kit (Applied 

Biosystems, Foster City, California, USA), following the standard protocol, 

including both non-template controls, and non reverse transcriptase controls.



Human lymphoblast cell lines were sourced from both patient and control 

biobanks. For patient samples, blood samples were sent immediately following 

collection to Rutgers University Cell and DNA repository (RUCDR, Piscataway, 

New Jersey, USA). These were either used to generate lymphoblast cell lines 

from which DNA was extracted, or DNA was extracted directly from a portion of 

the blood sample and lymphocytes cryopreserved for future recovery. 

Lymphoblast cell lines were requested based on age and IQ. Eleven individuals 

with a diagnosis of autism were requested from RUCDR (9 male; 2 female). A 

further twenty-six cell lines from unrelated individuals from the CEPH HapMap 

Cohort were also requested (13 male; 13 female) from the Cornell Institute 

(Camden, New Jersey, USA). Cell lines were cultured in RPMI-1640 media 

supplemented with 15% FBS, at 37°C, 5%C02 in 75cm^ culture flasks. RNA 

was extracted from -10^ lymphoblast cells using the RNeasy extraction system 

(Qiagen, Hilden, Germany) according to the manufactures’ protocol. 1|ig of total 

RNA was reversed transcribed using the Quantitect Reverse Transcriptatse kit 

(Qiagen, Hilden, Germany) according to the manufactures’ description.

6.2.1.2 Expression Assays

6.2.1.2.1 Oxytocin Receptor Brain Expression

This was undertaken in a collaborating laboratory at St. Andrews. A probe set 

designed to bind to the exon1-exon2 junction of OXTR was used and p-actin 

and (32M were used as an internal control. An internal control, or housekeeping 

gene, must be run for all samples tested. For relative quantification of RNA 

levels, differences between sample concentrations and loading are normalised 

by the use of an internal control consistent across all samples and source 

tissue. The internal control should be expressed equally among different cell 

types, at all stages of development.

Expression assays were run on Stratagene MX5003P with cyclic values 

determined using MxPro software. The reaction protocol can be seen in section 

2.6.3. Samples were run in experimental triplicate for each probe assay 

successfully with cyclic threshold values obtained for all samples and triplicates. 

Cyclic threshold (Ct) readings were screened for outliers, any outliers were
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removed. The mean of the triplicate readings were calculated along with the 

standard deviation (SD) for each triplicate. The mean SD for triplicates were 

less than 1 for all probes (SD 0.55 OXTR; SD 0.63 P2M; SD 0.48 p-actin).

6.2.1.2.2 Case Control Lymphoblast Cell Line Study

Five TaqMan gene expression assays were obtained from Applied Biosystems 

(Foster City, California, USA). Four TaqMan gene expression assays were in 

genes of interest and included OXT, AVP, OXTR and AVPR1A. One TaqMan 

gene expression assay was the internal control Glyceraldehyde-3-phosphate- 

dehydrogenase (GAPDH).

All assays were tested for expression in LCLs before use. Two test samples 

were run in each assay. The test samples were from unrelated individuals in the 

HapMap CEPH population. Samples were run in duplicate. Ct values were 

obtained for four of the five genes. One gene had an undetermined Ct value 

meaning that the signal stayed under the threshold during all the 45 cycles. This 

indicated the expression of this gene {vasopressin, AVP) was too low to be 

detected using the experimental setup (Figure 6.1). Only one predesigned 

TaqMan gene expression assay was available for this gene. This assay was 

dropped from subsequent aspects of the expression study.
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Figure 6.1. ACt results from TaqMan expression assay optimisation in lymphoblast cell 

lines. The x-axis is the number of PCR cycles and the y-axis is the fluorescence emission 

intensity of the reporter dye. The horizontal red line is the threshold needed to be 

reached for detection. The Ct value given in number of PCR cycles, and is when the 

reporter dye signal crosses the horizontal red threshold.

All assays were run in experimental triplicate reactions using an ABI 7900HT 

Fast Real-Time PCR System machine (Applied Biosystems, Foster City, 

California, USA). One experimental triplicate endogenous control was run for 

each sample. 1|il of cDNA was amplified in a total volume of 10|il (see section 

2.6.2). TaqMan assay threshold cycles were determined using sequence 

detection system software (Applied Biosystems, Foster City, California, USA).
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6.2.1.3 Statistical Analysis

6.2.1.3.1 Relative Expression (Delta Ct [ACt])

Expression levels using TaqMan based technology report Ct values. The Ct 

value equates to the number of PCR cycles where the reporter dye signal is 

sufficiently high to cross an automatically determined threshold value. Sample 

preparation can create small difference between samples. To minimize the 

effect of these differences, all results are normalised against an endogenous 

control. Delta Ct is calculated by subtracting the Ct of the housekeeping gene 

from the Ct of the gene of interest: A Ct = Gene of Interest Ct -  Endogenous 

Control Ct. The value created is inversely proportional to the level of 

expression, i.e. the lower the A Ct value the higher the expression in the gene 

of interest.

A relative expression value, the ACt, was calculated for each sample from the 

mean triplicate Ct value by the following equation ACt = OXTR Ct - (3-actin Ct. 

The value created is inversely proportion to the level of expression, i.e. lower 

ACt = higher OXTf? expression.

6.2.1.3.2 Equality of Means given Genotypes

Formal testing of the mean expression given the genotype and model of 

transmission was performed using the Student’s t-test and One-Way Analysis of 

Variance (ANOVA) in STATA10 (STATA Inc, College Station, Texas, USA).

Three different genetics models of mode of inheritance were tested: dominant, 

recessive, and additive. The dominant model of inheritance hypothesise the 

major allele to be conferring risk (AA|Aa>aa) while the recessive model 

hypothesise the minor allele to confer risk (AA>Aa|aa). The additive model 

hypothesise risk for disease shows a trend for increase between heterozygous 

and one homozygous group with the risk for heterozygous half that of the 

homozygous group (AA>Aa>aa).
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6.2.1.3.3 Case Control Expression Statistical Analysis

A two-tailed student’s t-test was used to determine association between 

expression levels and affection status (see section 2.5.3). A two-tailed t-test 

hypothesises that one sample differs from the other, but in either direction, i.e. 

sample 1 ^ sample 2. Sex was used as a covariate as both OXTR and AVPR1A 

have been hypothesised to be regulated by the sex hormones, oestrogen and 

androgen respectively.

6.2.2 TaqMan Based Allelic Expression Imbalance

Allelic expression imbalance (AEI) determines the relative abundance of alleles 

in RNA from heterozygous individuals for a given transcribed gene. The null 

hypothesis for the assay is that in the absence of c/s-acting influences, both 

alleles will be equally expressed. If the person, however, is heterozygous for 

any c/s-acting variant, the alleles will be expressed at different levels, deviating 

from the null hypothesis of 50:50 expression of each allele.

TaqMan allelic discrimination assays (Applied Biosystems, Foster City, CA, 

USA) are used to determine relative abundance of RNA as well as gDNA at the 

marker SNP. TaqMan allelic discrimination uses two labelled probes, one 

specific for each allele of the SNP of interest. Each probe contains both a 

fluorescent group and a quencher group. While the probe remains intact, the 

quencher group absorbs any fluorescence from the fluorescent group. Taq 

polymerases contain a 5’-3’ exonuclease activity that cleaved the fluorescent 

label. The cleavage process throughout the PCR amplification procedure 

releases the probe from a quenching agent enabling quantitative fluorescence 

to be measures in real time.

The HapMap CEPH population was used in the study of AEI. The HapMap 

CEPH population contains thirty trios with over 3.1 million SNPs. The easy 

availability of LCLs from the entire sample and the vast genetic information 

available make it an ideal sample for AEI.
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Allelic quantification was performed using a TaqMan allelic discrimination assay 

on the ABI 7900HT Fast Real-Time PCR System machine (Applied Biosystems, 

Foster City, California, USA). 20ng genomic DNA or I j i l  RT reaction was 

amplified in a total volume of 10^1. PCR reactions were performed in 

experimental triplicate (see section 2.3.3).TaqMan assay threshold cycles were 

determined using sequence detection system software (Applied Biosystems, 

Foster City, California, USA).

6.2.2.1 Marker SNPs

Using a polymorphism located within the mRNA sequence as a marker, 

quantitative methods of allele discrimination can be applied to subjects who are 

heterozygotes for the marker variant. SNPs with high minor allele frequencies 

are attractive candidates for interrogation as they maximize the number of 

heterozygous available to study in any given test and consequently improve the 

power of the study. All markers SNPs used in this study can be seen in Table 

6 . 1.

Table 6.1. Location, Minor Allele Frequency, and number of heterozygotes for AEI 

markers SNPs used.

Gene Marker Location in Gene
Minor Allele 

Frequency

HapMap CEPH 

Hetero zygotes

OXTR
rs237884 3’UTR 0.263 29

rsl 042778 3’UTR 0.392 42

CD38 rsl 130169 Exon 1 0.392 46

AVPR1A rsl 042615 Exon 1 0.413 41

Two marker SNPs within the coding region of the OXTR gene were chosen to 

examine AEI in the gene. The transcribed markers, rs237884 and rsl 042778 

were chosen to examine the reproducibility of results within the same gene. 

These experiments would also provide important information for in-house
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validation of the technique. OXTR was the first gene assayed using this 

technique.

6.2.2.2 AEI Statistical Methods

All statistical procedures were performed with STATA10 (StataCorp, College 

Station, Texas, USA). A kappa-coefficient tests for agreennent between two 

phenonnenon, in this case heterogeneity and allelic expression imbalance. 

Kappa-coefficients were calculated as previously described (Lim, Pinsonneault 

et al. 2007) (see section 2.6.4.2). The kappa coefficient can be seen in Figure

6.2 (Lim, Pinsonneault et al. 2007). k  > 0.75: excellent agreement; 0.4 to 0.75 = 

fair to good agreement; < 0.4 = poor agreement (Lim, Pinsonneault et al. 2007). 

A Kappa-coefficient comes with a z-score. A z-score is analogous to the 

Student’s t-statistic where the parameters of the population are known. A z- 

score is transformed into a p-value.

_ 2(ad-bc)
(p'q2+p2q')

Figure 6.2. Kappa-coefficient, a = proportion of samples heterozygous & AEI positive; b = 

proportion of samples heterozygous & AEI negative; c = proportion of samples 

homozygous & AEI positive; d = proportion of samples homozygous & AEI negative; p1 = 

proportion of samples that are heterozygous for a given SNP; q1 = proportion of samples 

that are homozygous for a given SNP; p2 = proportion of samples that are AEI positive; 

q2 = proportion of samples that are AEI negative

6.2.3 Luciferase Gene Reporter Assay

Gene-reporter assays provide a system in which to study gene regions for 

function and regulation under conditions that are more easily defined by the 

investigator compared to that of an in vivo system. DNA regions of interest are 

cloned into a vector, in this study pGL3, upstream of a promoter-less gene. The 

vector is then transfected into the desired cell line and its protein is expressed 

via the endogenous transcriptional system. The expression level of the gene 

product is related to the activity of the promoter driving it. Typically these genes
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encode proteins that are easily detectable. In this study the bioluminescence 

luciferase was used.

The Dual-Luclferase Reporter Assay System (Promega, Madison, Wisconsin, 

USA) provides a method that measures both firefly {Photinus pyralis) and 

Renilla {Renilla reniformis) luciferases allowing the test and control constructs to 

be measured in a single sample. The system utilises the pGL3 plasmid 

containing a promoter-less modified firefly luciferase gene (Figure 6.3), and the 

pGLS-Control vector containing a modified firefly luciferase gene driven by an 

SV40 promoter (Figure 6.4). The pRL-CMV plasmid contains a modified Renilla 

luciferase gene driven by the CMV immediate early enhancer/promoter region 

(Figure 6.5).

Figure 6.3. pGL3 Basic Reporter Vector. The pGL3 basic vector contains a luciferase 

reporter gene, a multiple cloning site and an ampicillin resistance gene.
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Figure 6.4. pGL3-Control vector. The pGL3-Control vector contains an SV40 promoter 

driving the expression of a modified firefly luciferase gene. This provides a positive 

control, by confirming the efficiency of the transfection procedure.

pRL-CMV
Vector

CMV Im m ediate Earty 
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Figure 6.5. pRL-CMV Renilla plasmid. The pRL-CMV Vector contains the CMV enhancer 

and early promoter elements to provide high-level expression of Renilla luciferase in co

transfected mammalian cells.

Differential detection is achieved by taking advantage of the differences in 

substrates used by the two enzymes. The sample is initially incubated with the 

firefly substrate, a luminescence reading made, followed by addition of the Stop 

and Glo reagent which simultaneously quenches the firefly reaction while 

providing the substrate for the Renilla luciferase. The use of a dual assay
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reduces variability by allowing a way to normalising transfection efficiencies 

between sannples.

An intermediate vector was used in this study. The pGEM-T Easy vector 

(Promega, Madison, Wisconsin, USA) is a linear vector with a single 3 ' thymine 

overhangs at the insertion site (Figure 6.6). These greatly improve the efficiency 

of ligation of a PCR product into the plasmids by preventing recircularisation of 

the vector and providing a compatible overhang for PCR products with 5' 

adenine overhangs. During a PCR reaction, Taq DNA Polymerase adds an 

extra nucleotide at the end of the PCR product. The combination of the thymine 

overhang on a pGEM-T Easy vector and adenine overhang on a PCR product 

facilitates sticky-end cloning of the PCR product into the vector. Once inserted, 

the vector is circularised. This provides a stable cloned template.
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Figure 6.6. The pGEIVI-T Easy Vector has a T-overhang at each end of the vector. This 

allows easy cloning of PCR fragments which have an A-overhang at each end as a result 

of DNA polymerase activity.

The general protocol used to produce the test constructs and perform the 

luciferase assay is shown in Figure 6.7.

Error! Not a valid link.

Figure 6.7. General protocol used in the luciferase gene reporter assay.
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After design and construction of vectors, they are transfected into eukaryotic 

cell lines to assay their transcriptional efficiency. Two cell lines used in the 

luciferase assay -  CH0-K1 and SH-SY5Y. The CHO-K1 cell line originates 

from a Chinese hamster ovary. It is a standard cell line which is both easy to 

transfect and easy to maintain. SH-SY5Y is a human neuroblastoma cell line.

A general protocol is followed by specific details of each interest design below. 

6.2.3.1 PCR

Genomic DNA was amplified using primers (Table 6.2). All DNA regions were 

amplified using Estonian Taq (Solias Biodyne, Talin, Estonia). After initial PCR 

reaction, products underwent a poly-A tail reaction to add a string of adenine. 

This allows for more success in cloning into the pGEM-T Easy vector (Promega, 

Madison, Wisconsin, USA), which was used as an intermediate vector (see 

section 2.7.1). The addition of the adenosine residue is a common phenomenon 

of Taq-polymerase. The 3’-adenosine overhang is utilised by 5’-T-overhang 

vectors. The product is then separated by gel electrophoresis on a 1 % agarose 

gel. The PCR product band was excised from the gel purified using the 

QIAquick Gel Extraction Kit (Qiagen Inc., Hilden, Germany).

Table 6.2. PCR primers sequences and reaction conditions used for the inserts into the 

gene reporter assay. Italicised areas are introduced restriction enzyme consensus 

sequence.
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Reaction Primers Reaction

rs11720238 and 
rs7632287 

Of OXTR

5-TCTAGATAGCTTCCCAAAGAGCAAGG-3’
95“C 10 min 
95°C 30 sec }
55°C 30 sec } x 30 
72“C 1 m in}
72°C 10 min5’-GCAGTAGCCACATAGCCACA-3’

RSI into 
pGL3 Basic

5’-AAACAAAGGGACTGGTTCTACA-3’
95°C 10 min 
95°C 30 sec}
55°C 30 sec } x 30 
72°C 1 m in}
72°C 10 min5’-CrCG/4GAATAGGTAAAAGGTTTCCAGACCA-3’

RS1 into 
pGL3 Control

5’-AGGGACTGGTTCTACAATCTGC-3’
95°C 10 min 
95°C 30 s e c }
55°C 30 sec } X 30 
72°C 1 m in }
72°C 10 min

5’-CrCG/^GACCTCTCAAGTTATGTTGGTGG-3’

RS3 into 
pGL3 Control

5’-CCTGTAGAGATGTAAGTGCT-3’ 95°C 10 min 
95°C 30 sec }
55°C 30 sec } x 30 
72°C 1 m in}
72°C 10 min

5’-CTCG/^GTCTGGAAGAGACTTAGATGG-3’

More detailed information about specific insert design can be found in section 

2.6.3.6.

6.2.3.2 Intermediate Vector

After the poly-adenosine PCR was gel extracted, the insert was ligated into the 

intermediate vector, pGEM-T Easy vector (Promega, Madison, Wisconsin, 

USA). The intermediate vector contains overhanging poly-thymidine which the 

additional adenosine added the insert attach. Gel extracted poly-adenosine 

PCR products and vector undenA^ent ligation as described in section 2.7.5.

Plasmids were transformed into competent JM109 cells (Promega, Madison, 

Wisconsin, USA), using a heat-shock protocol (section 2.7.6). Briefly, the cells 

and plasmid are mixed together and cooled on ice then subjected to a heat- 

shock, followed by a further two minutes on ice. This enables pores in the cell 

surface to open, allowing the plasmid to enter.

Colonies were screened and selected according to protocol described in section 

2.7.7. The insert primers sets were used to screen colonies in the intermediate 

vector using the initial PCR conditions (Table 6.2). Plasmids were extracted
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from each successful growth using an ammonium acetate extraction protocol 

(section 2.7.7).

6.2.S.3 Transformation into pGL3

Plasmids purified, as described above, were treated with restriction enzymes to 

excise the insert from the intermediate vector. Complementary restriction 

digestion was performed on the pGL3-basic or pGLS-control vector. Digests 

were run at 37°C for 4 hours. List of restriction enzymes used for all inserts into 

the pGL3 basic or control are listed in Table 6.3. For single digests, a 

dephosphorylation step is required to remove the phosphate group on the sticky 

ends left by the restriction enzymes. Removal of the phosphate group prevents 

the vector from re-ligating onto itself. Dephosphorylation was needed for one 

insert (rs11720238 and rs7632287 of OXTR) and was run on the insert and 

complimentary vector. Dephosphorylation was run according to the protocol in 

section 2.7.8 (New England Biolabs, Ipswich, Massachusetts, USA). Digests 

were then gel separated on a 1 % agarose gel and DNA was extracted from the 

agarose using QIAquick gel extraction kit (Qiagen Inc., Hilden, Germany) (see 

section 2.7.4).

Table 6.3. Restriction enzymes, buffers and reactions used for all four construct in the 

gene reporter assay.

Insert
Restriction
Enzymes

Buffer Digest Reaction

rs11720238 and 
rs7632287 of OXTR Xbal NEB Buffer 4 37°C for 4 hours

RSI into pGL3 Basic Sacl/Xhol NEB Buffer 4 37°C for 4 hours
RS1 into pGL3 Control Sacl/Xhol NEB Buffer 4 37°C for 4 hours
RS3 into pGL3 Control Sacl/Xhol NEB Buffer 4 37°C for 4 hours

Extracted and purified insert and plasmid vector underwent a molar ratio ligation 

as described in section 2.7.5. JM109 competent cells (Promega, Madison, 

Wisconsin, USA) were transformed using a heat shock protocol as described in 

section 2.7.6. Colonies were screened using PCR with a primer from the insert 

and a primer specific to the vector. Original primers and initial PCR conditions 

were used for rs l 1720238 and rs7632287 of OXTR since it was not cloned into 

the multiple cloning site but into the Xbal site located after the luciferase gene.
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Vector primers supplied with the vector were localized around the multiple 

cloning site and not the Xbal area. Colonies were screened and selected as in 

section 2.7.7. Plasmids were extracted from each successful growth using an 

ammonium acetate extraction protocol (section 2.7.7).

Insert size, orientation and sequence fidelity was confirmed using PCR, 

restriction digest and fluorescent DNA sequencing (see section 2.7.3, and 

section 2.4).

6.2.5.4 Transfection

Two mammalian cell lines, CHO-K1 and SH SY-5Y, were cultured as described 

in section 2.79. SH SY-5Y cells are a human neuroblastoma cells while CHO- 

K1 cells are a Chinese hamster ovary cells. By using the two different cell lines 

we can assess whether the effects being seen are human and/or brain specific. 

Constructs were transfected for all DNA regions of interest, pGL3 basic and 

pGLS control using the protocol described in section 2.7.9.1. The pGLS basic 

vector is used as a control, to give a measure of background noise in the 

absence of the insert. A molar ratio is used to determine the mass of 

background control vector to be used to ensure that the number of molecules 

added for both the test vectors and background vector are equal. Each 

condition was performed in experimental and biological triplicate on each cell 

line.

6.2.3.5 Luciferase Assay

The Promega Dual-Luciferase Reporter Assay System (Promega, Madison, 

Wisconsin, USA) was used to measure the expression level of each vector, as 

described in section 2.7.10. The relative expression levels of the test constructs 

were then compared using a Student’s t-test (see section 2.5.3).

6.2.5.6 Specific Insert Design 

6.2.3.6.1 rsl 1720238 and rs7632287 of OXTR in pGL3 Control

Haplotype analysis of the Irish autism sample highlighted two SNPs in the 3’ 

region. The haplotype consisted of SNPs rs11720238 and rs7632287 with the
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GG associated with disease (p=0.0001; permuted p=0.0021). Experimental 

assessment of the in vitro relationship between the haplotype and OXTR 

expression was undertaken using a luciferase gene reporter assay (see section 

2.7.10).

The principle of the design was to create a construct containing all common 

variation in the region of interest. In this case, the interest was in the haplotype 

consisting of rs11720238 and rs7632287. In the 253 base pair long section 

selected, no other known SNP from dbSNP are described. The T allele of 

rsl 1720238 has a minor allele frequency of 0.144, and the A allele of 

rs7632287 has a minor allele frequency of 0.267 in the HapMap CEPH 

population. The GG haplotype in the HapMap CEPH population at a frequency 

of 0.733, and the TA occurs at a frequency of 0.146.

The insert was designed to include both rs11720238 and rs7632287. Since the 

haplotype is located at the 3’ end of the gene, the insert was cloned into the 

Xbal restriction enzyme site of the pGL3 control. The Xbal restriction enzyme 

site is located downstream of the luciferase reporter gene, which is reflects the 

location of the polymorphism with respect to OXTR. The sequence amplified by 

PCR contained only one Xbal restriction enzyme site. The second Xbal site was 

designed into the forward primer for the PCR amplification. The PCR primer 

contained the correct consensus site for the restriction enzyme. As the primer 

was incorporated into the PCR product, the PCR product sequence was 

changed to match the correct restriction site consensus sequence (Figure 6.8).
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Xbal
rs11720238 rs7632287 Site

TCTAGA TA

Forward Primer to Introduce Xbal Site - TCTAGA

Primer Sequence 

DNA Sequence

T - A - G - C - T
.........................
T - A - G - C - T

Figure 6.8. Introduction of Restriction Sites using PCR Primers. A- Sequences showing 

the area of amplification. An Xbal site located within the PCR amplification was used. 

Only the forward primer needed alteration to include an Xbal site. Green indicates the 

consensus sequence and its placement after introduction. B- PCR primers which 

included the consensus sequence were used to introduce the required consensus 

sequence into the PCR product. The consensus sequence was added to the 5' end of the 

forward PCR primer. Arrows show where the restriction enzyme cute the consensus 

sequence.

Genonnlc DNA was amplified according to conditions in Table 6.4 using 

Estonian Taq (Solias Biodyne, Talin, Estonia).
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Table 6.4. Primers and reaction conditions used in PCR of OXTR 3' region. Introduce 

restriction enzyme consensus site is italicised in the forward primer.

Reaction Primers Reaction

rs11720238 and 
rs7632287 of OXTR

F - TCTAGATAGCTTCCCAAAGAGCAAGG 95°C 10 min 
95°G 30 sec }
55°C 30 sec } x 30 
72°C 1 m in }
72°C 10 min

R - GCAGTAGCCACATAGCCACA

As described in section 6.2.3, the reporter vector chosen was pGL3 control. 

This vector contains multiple cloning sites, including one located after the 

luciferase reporter gene at its 3’ end. The 253bp insert containing rs11720238 

and rs7632287 was cloned into this site in an attempt to reproduce in vivo 

arrangement (Figure 6.9).

SV40 Promoter

Luciferase Gene

rs11720238_rs7632287 OXTR in pGL3 Control
5509 bp

rs11720238 rs7632287 OXTR

Figure 6.9. Design of the OXTR 3' insert. Two markers from the OXTR 3' area were 

included in the insert rs11720238 and rs7632287. The restriction site used was Xbal, 

located just after the luciferase gene.

The insert was confirmed by sequence (Figure 6.10). Each construct was then 

transfected into the human neuronal cell line SH SY-5Y and the non-human
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non-neuronal cell line CH0-K1 as described in section 6.2.3.4. Activity was 

measured relative to pGL3 control vector. Difference in promoter activity 

between the different haplotypes was determined using Promega Dual- 

Luciferase Reporter Assay System (Promega, Madison, Wisconsin, USA).

1 II) 20 30 -Id 50 GO 70 80 30 100 110 120

GG ICnCGIGCIlIGTCCIIGCIiCIKMIIITGtllTGIlICCIIftftfifiCGfllllllCTICIIGICICCGfiGlllGIICIM 

Ifl CTIGCIilGTCCIifiCIKIiCMIIfllGtlllGliraiiflflGfiCGIlIiCIfiKITCIlGICICCGIifiiraM^

Figure 6.10. Sequence results for OXTR 3'UTR for the gene reporter assay. Both SNPs 

are shown.

6.2.3.6.2 RS3 polymorphism of AVPR1A (RS3-Control)

The RS3 polymorphism in the AVPR1A gene is a complex polymorphism (CT)4 - 

(TT)-(CT)8 -(GT) 2 4  located approximately 3.5kp from transcription start site. This 

repeat has been shown to have 16 different alleles.

The construct created contains solely the RS3 insert and contained none of the 

innate AVPR1A promoter. Alleles were chosen based upon length of 

polymorphism repeat using a short and long repeat. The short allele was allele 

325 while the long allele was allele 339. They differed by 14 repeats.

Inserts for each length of the polymorphism were cloned in the pGL3 control 

vector (Promega, Madison, Wisconsin, USA). Inserts were cut using the 

restriction enzymes S ad  and Xhol. Due to the use of the intermediate vector, 

only the reverse primer needed to be designed to introduce enzymes restriction 

sites for Xhol (Figure 6.11).
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RS3 Polymorphism

TGCT TCT CTCGAG,

B i
Reverse Primer to Introduce Xhol Site - CTCGAG

I
Primer Sequence 

DNA Sequence

T - C- T - G - G
I I I I 

T - C - T - G  -G

Figure 6.11. Introduction of Restriction Sites using PCR Primers. A- Sequences showing 

the area of amplification. Due to the use of an intermediate vector, only the reverse 

primer needed alteration to include an Xhol site. Green indicates the consensus 

sequence and its placement after introduction into the PCR product. B- PCR primers 

which included the consensus sequence were used to introduce the required consensus 

sequence into the PCR product. The consensus sequence was added to the 5' end of the 

reverse PCR primer. Arrows show where the restriction enzyme cute the consensus 

sequence.

Genomic DNA was amplified according to conditions in Table 6.5 using 

Estonian Taq (Solias Biodyne, Talin, Estonia).

Table 6.5. Primers and reaction conditions used in PCR of RS3 insert. Introduce 

restriction enzyme consensus site is italicised in the reverse primer.

Reaction Primers Reaction

RS3 intopGL3 Control

F - CCTGTAGAGATGTAAGTGCT
95°C 10 min 
95°C 30 sec }
55°C 30 sec } X 30 
72°C 1 min }
72°C 10 min

R - CrCGAGTCTGGAAGAGAGTTAGATGG

The fragments were cloned directly into the multiple cloning site in the 5’- 

flanking region of the pGL3-control vector (Figure 6.12). Insert was confirmed 

by sequence. Each construct was then transfected in the human neuronal cell 

line SH SY-5Y and the non-human non-neuronal cell line CHO-K1 (see section 

6.2.3.4). As mentioned previously the DNA regions do not contain the core
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promoter elements of AVPR1A. Therefore, the pGL3-control vector was used to 

examine the influence of this 5’ flanking polymorphism on modulating gene 

expression through a strong promoter region (SV40). Activity was measured 

relative to pGL3 control vector. Difference in promoter activity between the 

different length repeats was determined using Promega Dual-Luciferase 

Reporter Assay System (Promega, Madison, Wisconsin, USA).

Sad I I
Xhol 327

R S 3 _ A V P R 1 A ^ ^ ^  

SV40 Prom oter

Figure 6.12. Design of the RS3 insert into the pGL3 control. Two different inserts were 

chosen based upon length of polymorphism. The restriction sites used were Sac! and 

Xhol, located before the viral promoter SV40.

6.2.3.6.3 RSI polymorphism of AVPR1A

RSI is a four base pair repeat GATA located approximately 550 base pairs 5’ 

from transcription start. The repeat can occur up to 14 times. Alleles for RS1 

were chosen based upon length of polymorphism using a short and long repeat. 

Short designates allele 306 and long refers to allele 322. They differ by 16 base 

pairs, or 4 GATA repeats.
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6.2.3.6.3.1 Assessment of RSI polymorphism of AVPR1A in

pGL3 Basic (RS1-Basic)

The DNA region derived from the RS1 (GATA) polymorphism contained both 

the microsatellite repeat and the promoter region, up to the start of transcription. 

Restriction enzyme Sad  and Xhol were chosen to excise the ampllcons from 

the intermediate vector. Due to the use of the intermediate vector, only the 

reverse primer need to be designed to introduce enzymes restriction sites for 

Xhol (Figure 6.13). The reverse primer was designed to introduce an enzyme 

cut site for Xhol. The Sad  site was present in the multiple cloning site of the 

pGEM-T-easy vector. The insert was excised from the t-vector using Sad  and 

Xhol.

RS1 Polymorphism

TCTACA AAT CTCGAG,

B i
Reverse Primer to Introduce Xhol Site - CTCGAG

1
A - A- T - A - G 

I I I I 

A - A - T - A - G

Primer Sequencel 

DNA Sequence

Figure 6.13. Introduction of Restriction Sites using PCR Primers. A- Sequences showing 

the area of amplification. Due to the use of an intermediate vector, only the reverse 

primer needed alteration to include an Xhol site. Green indicates the consensus 

sequence and its placement after introduction into the PCR product. B- PCR primers 

which included the consensus sequence were used to introduce the required consensus 

sequence into the PCR product. The consensus sequence was added to the 5' end of the 

reverse PCR primer. Arrows show where the restriction enzyme cute the consensus 

sequence. This same process was undertaken in the insert created for the pGL3 control.

Genomic DNA was amplified according to conditions in Table 6.6 using 

Estonian Taq (Solias Biodyne, Talin, Estonia).

255



Table 6.6. Primers and reaction conditions used in PCR of RS1 insert into pGL3 basic. 

Introduce restriction enzyme consensus site is italicised in the reverse primer.

Reaction Primers Reaction

RS1 into pGL3 Basic
F- MACAAAGGGACTGGTTCTACA

95°C 10 min 
95°C 30sec}
55°C 30 sec } x 30 
72°C 1 min }
72°C 10 minR - CTCGAGAATAGGTAAAAGGTTTCCAGACCA

The RS1 insert was cloned into the multiple cloning site using the SachXhol 

restriction sites 5’ to luciferase gene (Figure 6.14).

Sad n

RS1 AVPR1A Xhol 732

RSI in pGL3 Basic
5518 bp

Luciferase Gene

Figure 6.14. Design of the RS1 insert into the pGL3 basic. Two different inserts were 

chosen based upon length of polymorphism. The restriction sites used was Sad and 

Xhol.

Each construct was then transfected into the human neuronal cell line SH SY- 

5Y and non-human cell line CHO-K1 as described in section 6.2.3.4. Activity 

was measured relative to pGL3 basic vector.
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The RS1-basic construct proved to not be active in both the human neuronal 

cell line SH SY-5Y and the non-neuronal cell line CHO-K1. Difference in 

promoter activity between the different length repeats was determined using the 

Promega Dual-Luciferase Reporter Assay System (Promega, Madison, 

Wisconsin, USA). RS1-basic construct was not active above background, 

suggesting either a tightly regulated cell specific activity or weak gene 

expression. Elements in the promoter region of AVPR1A could be actively 

repressing transcription in certain cell types.

6.2.3.6.3.2 Assessment of the RSI polymorphism of AVPR1A in 

pGL3 Control (RSI-Control)

Constructs were made to include just the polymorphism with none of the innate 

AVPR1A promoter. Restriction enzyme S ad  and Xhol were chosen. Due to the 

use of the intermediate vector, only the reverse primer need to be designed to 

introduce enzymes restriction sites for Xhol (Figure 6.15).

RS1 Polymorphism

ATCTGC ACC CTCGAG]

B 1
Reverse Primer to Introduce Xhol Site - CTCGAG

Primer Sequence 

DNA Sequence

A - C - C - T - C
I I I I 

A - C - C - T - C

Figure 6.15. Introduction of Restriction Sites using PCR Primers. A- Sequences showing 

the area of amplification. Due to the use of an intermediate vector, only the reverse 

primer needed alteration to include an Xhol site. Green indicates the consensus 

sequence and its placement after introduction into the PCR product. B- PCR primers 

which included the consensus sequence were used to introduce the required consensus 

sequence into the PCR product. The consensus sequence was added to the 5' end of the 

reverse PCR primer. Arrows show where the restriction enzyme cut the consensus 

sequence. This same process was undertaken in the insert created for the pGL3 basic.
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Genomic DNA was amplified according to conditions in Table 6.7 using 

Estonian Taq (Solias Biodyne, Talin, Estonia).

Table 6.7. Primers and reaction conditions used in PCR of RS1 insert. Introduce 

restriction enzyme consensus site is italicised in the reverse primer.

Reaction Primers Reaction

RS1 into pGL3 Control
F - AGGGACTGGTTCTACAATCTGC

95°C 10 min 
95°C 30 sec }
55°C 30 sec } X 30 
72°C 1 min }
72°G 10 minR - CrCG>4GACCTCTCAAGTTATGTTGGTGG

Since the insert into the pGL3 basic was not transcriptionally active, the reporter 

vector chosen was pGL3 control. This vector contains multiple cloning sites, 

allowing cloning of the desired DNA sequence into the vector. The RS1 insert 

was cloned before the viral vector SV40 since the insert contained no promoter 

region aspects of its own (Figure 6.16). Inserts were assessed based upon their 

modulation of the viral promoter system.
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Sad 11
X h o l 317

RS1_AVPR1A m 
SVUO Promoter

Figure 6.16. Design of the RS1 insert into the pGL3 control. Two different inserts were 

chosen based upon length of polymorphism. The restriction sites used were Sad and 

Xhol, located before the viral promoter SV40. The insert was shorter than the insert into 

the basic and contained none of the natural AVPRIa promoter.

Insert was confirmed by sequence. Eacli construct was then transfected in the 

human neuronal cell line SH SY-5Y and the non-human non-neuronal cell line 

CHO-K1 (see section 6.2.3.4). Activity was relative to pGL3 control vector. 

Difference in promoter activity between the different length repeats was 

determined using luciferase reporter assay system (Promega, Madison, 

Wisconsin, USA).

6.3 Results

6.3.1 Total Gene Expression

6.3.1.1 Brain Total Expression OXTR

Nominal associations between genotype and relative amygdala expression of 

OXTR were observed at two SNPs (rs13316193 p=0.046 and rs237885 

p=0.0473; student’s t-test) (Figure 6.17). rs237885 recessive genotypes (TT,
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n=2) showed increased levels of expression of OXTR when compared with GT 

and GG genotypes (n=10). rs13316193 recessive genotypes (TT, n=4) showed 

decreased levels of expression of OXTR when compared with CT and 0 0  

genotypes (n=13) (p=0.046). When all three genotype groups (00, OT, TT) for 

rs13316193 were assessed increased expression of OXTR was observed in the 

heterozygous group (OT) (p=0.044; ANOVA). This suggests rs13316193’s role 

may be due to heterozygous effects or co-dominance. A summary table of 

results can be seen in Table 6.8.

Full results of associations between genotypes and relative amygdala 

expression of OXTR can be seen in Appendix VII.
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Table 6.8. Summary of all the brain total expression results for OXTR. Markers were analysed using three models - dominant, codominant 

and recessive. Dominant and recessive models compare one homozygous group (e.g. AA) to the remaining two genotypes (e.g. AG and GG). 

A codominant model tests for an additive effect, i.e. one homozygote (e.g. AA) has the lowest quantitative value, the other homozygote (e.g. 

GG) has the highest quantitative value and the heterozygote (e.g. AG) is between the two. A=allele, N=number of individuals.

Marker Model Ai A2
Genotype

Mean Expression 

(Standard Deviation) P Value

N11 N i 2 N22 11 12 22

rs13316193
Codominant C T 2 11 3 9.19 (0.11) 7.40 (1.58) 9.79 (0.83) 0.046

Recessive C T 13 3 7.68 1.60) 9.79 (0.83) 0.044

rs237885 Recessive G T 10 2 4.92 (1.20) 2.44 (2.68) 0.047

261



o

u
c  
^  5-

RS13316193

m
C

5  O C&C T TT
®  Ktghef levels i i  recessive TT genotype g roup 

le flec t low e r expressiofi o f OXTR 
(s tuden t's  t te s t) Recessive Model

C
s
(D

S 6

2 -

RS237885

GG A GT TT
L o w e r levels m the  recessive TT genotype 

re flec t g re a te r exp ress ion  o f  OXTR 
(s tu d e n fs  t te s t)  R ecessive Model

O
~  15-]

•  10
TJ

6
C
«  5H

o
D

RSI3316193 
*

 I___

CC TT CT
°  R esults from  ANOVA a t RSI3316193 show 

nd iv idua ls  heterozygous a t th is  maifcer h a w ig  
the h lj^ w s t OXTR expression 

<Iower levels equals lagher expresiaon)

Figure 6.17. Results from Brain Expression. Lower levels equal greater expression of 

OXTR.

6.3.1.2 Case/Control

Nominal association was seen between expression levels of OXT and affection 

status (p=0.0273. student’s t-test) (Figure 6.18). Individuals with autism had a 

lower average ACt level meaning increased expression over controls. There 

were no significant differences between cases and controls for OXTR and 

AVPR1A.
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.2 20-

0)  10-

Figure 6.18. Results from the Case-Control total expression study. Relative expression 

levels were assessed by affection status to see if expression of OXTR, OXT and AVPRIa 

are different between individuals with autism and controls. Only one assays, OXT, 

showed a significant difference (p=0.0273. student’s t-test). Lower levels of OXT in cases 

indicated greater expression of OXT compared to controls.

There were no significant differences between sex and OXT, OXTR, or 

AVPR1A (Figure 6.19).
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Figure 6.19. Results from the Case-Control total expression study. Relative expression 

levels were assessed by sex to see if gender was influencing total expression. OXTR, 

OXT, and AVPRIa are open to regulation by the sex hormones. No significant differences 

were seen between males and females in any of the assays.

6.3.2 Allelic Expression Imbalance

Allelic expression imbalance results are given as kappa-coefficients. A kappa- 

coefficient tests for agreement between two phenomenon in this cases 

heterogeneity and allelic expression imbalance. A kappa score of greater than 

0.75 means excellent agreement, between 0.4 and 0.75 is fair to good 

agreement, and less than 0.4 indicates poor agreement (Lim, Pinsonneault et 

al. 2007). A Kappa-coefficient comes with a z-score. A z-score is analogous to 

the Student’s t-statistic when the parameters of the population are known. A z- 

score is then transformed into a p-value. Individuals were deemed AEI positive 

if the observed AEI was less than 0.4 or greater than 0.6. Full Kappa scores 

and p-values for all genes and markers assessed for AEI can be seen in 

Appendix VII.
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6.3.2.1 OXTR

6.3.2.1.1 rs237884

For the assay using the marker SNP rs237884, 12 of the 29 samples tested 

were AEI positive indicating allelic imbalance in OXTR (Figure 6.20).

1.0n

0.8-

0.6-
LU<

0.4-

0.2-

0.0
Figure 6.20. Scatterplot of AEI observed in the 12 lymphoblast cell line samples for 

rs237884. AEI positive means AEI was less than 0.4 or greater than 0.6.

The top two SNPs for OXTR, rs237897 and rs237895, had a Kappa coefficient 

of 0.455 and 0.384, respectively. The next highest kappa coefficient was 0.230 

(see Appendix VII). Both rs237897 and rs237895 are located in intron 3 and are 

in high LD with each other (r^=0.96). A summary of markers with p value less 

than 0.1 can be seen in Table 6.9.

Table 6.9. Kappa coefficient results for OXTR rs237884 AEI. Kappa coefficient, z-values 

and p-values all shown for SNP where p<0.1

Marker Kappa z-score P Value
rs237897 0.455 2.328 0.010
rs237895 0.385 1.985 0.024
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6.3.2.1.2 rs1042778

The transcribed marker SNP rs1042778 was selected for the replication of the 

assay using a different marker SNP. Twelve of the 39 samples tested were AEI 

positive (Figure 6.21).

1.0 

0.8

_ 0.6 
UJ <

0.4 

0.2-

0.0-1 1--------------
Figure 6.21. Scatterplot of AEI observed in the 12 lymphoblast cell line samples for 

rsl 042778. AEI positive means AEI was less than 0.4 or greater than 0.6.

Markers rs237897 and rs237895 (Kappa coefficient 0.449; p=0.002 transformed 

z-score) explained the most variance seen in the AEI assay for this marker 

SNP. These are the same markers explaining the majority of the variance for 

marker SNP rs237884. Both rs237897 and rs237895 are located in intron 3 and 

are in high LD with each other (r^=0.96). A summary of markers with p value 

less than 0.1 can be seen in Table 6.10.
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Table 6.10. Kappa coefficient results for OXTR rsl 042778. AEI. Kappa coefficient, z- 

values and p-values all shown for SNP where p<0.1

Marker Kappa z-score P value
rs237897 0.449 2.876 0.002
rs237895 0.449 2.876 0.002

rs11131149 0.273 2.208 0.014
rs13316193 0.273 2.208 0.014

rs237885 0.273 2.208 0.014
rs237887 0.289 1.976 0.024
rs237889 0.214 1.669 0.048
rs2268492 0.214 1.669 0.048
rs2301261 0.210 1.517 0.065
rs4564970 0.210 1.517 0.065
rs4686301 0.182 1.472 0.071

6.3.2.1.3 Combined OXTR AEI Analysis

11 individuals were heterozygous for both rsl 042778 and rs237884. One 

individual was discordant for being AEI positive. However, further investigation 

suggest this to be borderline and due to the thresholds used (AEI rsl 042778 = 

0.583 and AEI rs237884 = 0.6244). One individual was discordant for 

directionality of the AEI between assays. Discordant directionality can be 

explained by recombination events between the test and functional marker. 

These recombination events result in the test-allele residing on the opposite 

chromosome in this individual. Haplotype phasing can be used to investigate 

and correct these types of discordance.

Kappa scores for both rs237884 and rsl 042778 were compared. A summary of 

markers with p value less than 0.1 for marker rsl 042778 can be seen in Table 

6 .11.
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Table 6.11. Kappa results from both rs1042778 and rs237884 of OXTR. SNPs with a p-

value<0.1 for rs1042778 are shown.

Marker Kappa
rs1042778

z-score 
rsl 042778

P value 
rsl 042778

Kappa
rs237884

z-score
rs237884

P value 
rs237884

rs2 37897 0.449 2.876 0.002 0.455 2.328 0.010
rs237895 0.449 2.876 0.002 0.385 1.985 0.024

rs11131149 0.273 2.208 0.014 0.012 0.061 0.476
rs13316193 0.273 2.208 0.014 0.012 0.061 0.476

rs237885 0.273 2.208 0.014 -0.114 -0.628 0.735
rs237887 0.289 1.976 0.024 0.012 0.061 0.476
rs237889 0.214 1.669 0.048 0.098 0,525 0.300

rs2268492 0.214 1.669 0.048 -0.103 -0.525 0.700
rs2301261 0.210 1.517 0.065 0.027 0.229 0.409
rs4564970 0.210 1.517 0.065 0.027 0.229 0.409
rs4686301 0.182 1.472 0.071 -0.052 -0.278 0.610

The two most significant results were the same across both assays (rs237897 

and rs237895). Both rs237897 and rs237895 are located in intron 3 and are in 

high LD with each other (r^=0.96) (Figure 6.22).
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Figure 6.22. Kappa AEI shown across the OXTR gene. The blue line corresponds to the 

kappa results from rs237884. The red line is the kappa coefficient results from marker 

SNP rs1042778. The two top peaks (rs237895 and rs237897) can be seen at the beginning 

of intron 3. OXTR gene runs from 3’ to 5’ along the chromosome.

6.3.2.1.4 Brain AEI OXTR rsl 042778

Twelve of the 17 brain samples were heterozygous for the marker SNP 

rsl 042778. Allelic imbalance was detected for OXTR in 11 of the 12 brain 

samples tested (Figure 6.23).
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Figure 6.23. Scatterplot of AEI observed in the 12 brain samples for rsl 042778. AEI 

positive means AEI was less than 0.4 or greater than 0.6. 11 of the 12 samples show 

positive AEI, and 9 all in the same direction implicating the marker SNP or an unknown 

SNP in LD with the marker SNP.

rs13316193, which had an influence in overall expression, explained the 

greatest variance seen in the AEI for the brain tissue (Kappa coefficient 0.31) 

but this was not significant at the p<0.05 level (p=0.07). rs237895 showed a 

higher Kappa coefficient (0.33) but again this was not significant at the p<0.05 

level (p=0.08; transformed z-score). A summary of markers with p value less 

than 0.1 can be seen in Table 6.12.

Table 6.12. Kappa coefficient results for OXTR rsl 042778 from the amygdala. AEI. Kappa 

coefficient, z-values and p-values all shown for SNP where p<0.1

Marker Kappa z-score P value
rs13316193 0.31 1.48 0.07
rs237895 0.38 1.38 0.08

6.3.2.2 CD38

Allelic imbalance observed in CD38 in lymphoblast cells using the marker SNP 

rsl 130169 was weak. Only 4 of the 46 samples tested were AEI positive 

(Figure 6.24).
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Figure 6.24. Scatterplot of AEI observed in the lymphoblast cell line samples for CD38. 

AEI positive means AEI was less than 0.4 or greater than 0.6.

A summary of markers with p value less than 0.1 can be seen in Table 6.13.

Table 6.13. Kappa coefficient results for CD38 from lymphoblast cell lines. AEI. Kappa 

coefficient, z-values and p-values all shown for SNP where p<0.1

Marker Kappa z-score P value
rs12644506 0.364 2.169 0.015
rs4634217 0.364 2.169 0.015
rs6449195 0.300 1.775 0.038
rs3796867 0.300 1.775 0.038
rs4580644 0.160 1.745 0.041
rs3796863 0.183 1.519 0.064
rs4473651 0.246 1.465 0.072

rs 11945730 0.246 1.465 0.072
rs4698420 0.177 1.453 0.073
rs4516711 0.177 1.453 0.073
rs 17476066 0.160 1.381 0.084
rs4396987 0.160 1.381 0.084
rs6449197 0.238 1.373 0.085

The low number of samples showing mild allelic expression differences 

suggests that common c/s-acting variants are unlikely to contribute to genetic 

control of expression. The weak Kappa coefficients further argue against 

common c/s-acting variation. The highest Kappa coefficient was less than 0.4
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indicating poor agreement between heterogeneity and allelic expression 

imbalance (Lim, Pinsonneault et al. 2007).

6.3.2.3 AVPR1A

Thirty-three of 41 individuals tested showed positive allelic expression 

imbalance (Figure 6.25). No significant results emerge from the Kappa 

coefficient for AVPR1A, the highest kappa score being 0.068. Kappa 

coefficients less than 0.4 indicate poor agreement between heterogeneity and 

allelic expression imbalance (Lim, Pinsonneault et al. 2007).
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Figure 6.25. Scatterplot of AEI observed in the lymphoblast cell lines for AVPR1A. AEI 

positive means AEI was less than 0.4 or greater than 0.6.

6.3.3 Luciferase Gene Reporter Assay Results

The Dual-Luciferase Reporter Assay System (Promega, Madison, Wisconsin, 

USA) was used to determine relative promoter activity of specific regions of 

DNA of interest. Two cell lines used in the luciferase assay -  CHO-K1 and SH- 

SY5Y. The CHO-K1 cell line originates from a Chinese hamster ovary. It is a 

standard cell line which is both easy to transfect and easy to maintain. SH- 

SY5Y is a human neuroblastoma cell line.
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6.3.3.1 rs11720238 and rs7632287 of OXTR

Haplotype analysis of the Irish autism sample highlighted two SNPs in the 3’ 

region of OXTR. The haplotype consisted of SNPs rs11720238 and rs7632287 

with the GG associated with disease (p=0.0001; permuted p=0.0021). 

Experimental assessment of the in vitro relationship between haplotypes, GG 

and TA, and OXTR expression was undertaken. Haplotypes were cloned into 

the pGL3 control. Activity was measured relative to pGL3 control vector. 

Difference in promoter activity between the different haplotypes was determined 

using Promega Dual-Luciferase Reporter Assay System (Promega, Madison, 

Wisconsin, USA).

There were no differences seen between haplotypes GG and TA for 

rs11720238 and rs7632287 of OXTR in SH SY-5Y or CH0-K1 cell lines. They 

were not seen to be affecting the viral promoter SV40 (Figure 6.26 and Figure 

6.27).
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rs11720238 and rs7632287 of OXTR Haplotypes
Figure 6.26. Relative activity of rs11720238 and rs7632287 of OXTR in the neuronal cell 

line SH SY-5Y. No difference in relative activity was found between the TA haplotype 

compared to the GG haplotype. The graph shows the mean of the data and standard 

error of the mean.
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Figure 6.27. Relative activity of rs11720238 and rs7632287 of OXTR in the non-neuronal 

CHO cell line. No difference in relative activity was found between the TA haplotype 

compared to the GG haplotype. The graph shows the mean of the data and standard 

error of the mean.

6.3.S.2 RS3 polymorphism of AVPR1A

Experimental assessment of the in vitro relationship between polymorphism 

repeat length of the RS3 polymorphism and AVPR1A expression was 

undertaken. Two different repeat lengths were cloned into the pGL3 control and 

differed by 14 repeats. Activity was measured relative to pGL3 control vector. 

Difference in promoter activity between the different haplotypes was determined 

using Promega Dual-Luciferase Reporter Assay System (Promega, Madison, 

Wisconsin, USA).

Differential activity was observed for alleles of RS3 when expressed as a 

luciferase construct in the pGL3 control vector. In the SH SY-5Y cell lines, the 

longer length repeat of the RS3 polymorphism showed higher relative activity to 

the shorter length repeat compared to pGL3 control vector (p=0.0081, student’s 

t-test) (Figure 6.28). The longer length repeat was 1.4 times more active than 

the shorter length repeat.
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Figure 6.28. Relative activity of the RS3 polymorphism constructs in the neuronal SH SY- 

5Y cell line. Longer length repeat of the RS3 polymorphism of AVPR1A showed higher 

relative activity to the shorter length repeat of RS3 compared to control in SH SY-5Y cell 

lines (p=0.0081, student’s t-test). ** means p value<0.01. The graph shows the mean of 

the data and standard error of the mean.

For the CHO cell line, the longer length repeat of the RS3 polymorphism also 

showed higher relative activity to the shorter length repeat compared to pGL3 

control vector (p=0.0324; student’s t-test) (Figure 6.29). The longer length 

repeat was 1.6 times more active than the short length repeat in the CH0-K1 

cell line.
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Figure 6.29. Relative activity of the RS3 polymorphism constructs in the non- neuronal 

CHO cell line. Longer length repeat of the RS3 polymorphism of AVPR1A showed higher 

relative activity to the shorter length repeat compared to control in the CHO cell lines 

(p=0.0324, student’s t-test). * means p value<0.05. The graph shows the mean of the data 

and standard error of the mean.

6.3.3.S RSI polymorphism of AVPR1A

Experimental assessment of the in vitro relationship between polymorphism 

repeat length of the RS1 polymorphism and AVPR1A expression was 

undertaken. Two different repeat lengths were cloned into the pGL3 control and 

differed by 16 base pairs, or 4 GATA repeats. Activity was measured relative to 

pGL3 control vector. Promoter activity between the different haplotypes was 

determined using Promega Dual-Luciferase Reporter Assay System (Promega, 

Madison, Wisconsin, USA).

Differential activity was observed for alleles of RS1 when expressed as a 

luciferase construct in the pGL3 control vector. In the cell line SH SY-5Y, the 

longer length repeat of the RS1 polymorphism showed higher relative activity to 

the shorter length repeat compared to the control vector (p=0.0005, student’s t- 

test) (Figure 6.30). The longer length repeat was 2.7 times more active than the 

shorter length repeat.
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Figure 6.30. Relative activity of the RS1 polymorphism constructs in the neuronal SH SY- 

5Y cell line. Longer length repeat of the RS1 polymorphism of AVPR1A showed higher 

relative activity to the shorter length repeat compared to control in SH SY-5Y cell lines 

(p=0.0005, student’s t-test). *** means p value<0.001. The graph shows the mean of the 

data and standard error of the mean.

For the CHO-K1 cell line, the longer length repeat of the R S I polymorphism 

also showed higher relative activity than the shorter length repeat compared to 

the control vector (p=0.003; student’s t-test) (Figure 6.31). The longer length 

repeat was 3.2 times more active than the shorter length repeat in the CHO-K1 

cell line.
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Figure 6.31. Relative activity of the RS1 polymorphism constructs in the non-neuronal 

CHO cell line. Longer length repeat of the RS1 polymorphism of AVPR1A showed higher 

relative activity to the shorter length repeat compared to control in CHO cell lines 

(p=0.003, student’s t-test). * means p value<0.05. The graph shows the mean of the data 

and standard error of the mean.

6.4 Discussion

This study investigated the relationship between statistical genetic association 

and the aetiology of disease by determining the functional consequences of 

genetic variation. The relationship between expression levels of OXTR in the 

human amygdala and genotypes was explored in a control population. 

Expression levels of OXTR, OXT, and AVPR1A were assessed for differences 

between cases and controls using LCLs. The role of c/s-acting variants was 

explored for OXTR, AVPR1A and CD38 using an AEI taqman based technique 

in control LCLs. Finally, the effect of variation in the 3’ region of OXTR was 

investigated for modulation of the SV40 viral promoter in the pGL3 control in a 

luciferase gene reporter assay. Both upstream microsatellites (RS3 and RS1) of 

AVPR1A were also investigated.

6.4.1 Oxytocin/Oxytocin Receptor

I aimed to assess differences in gene expression between cases and controls. 

Expression levels of OXTR, OXT, and AVPR1A were assessed for differences
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between cases and controls using lymphoblastiod cell lines (LCLs). The case- 

control expression study reveals higher expression levels of OXT in cases 

versus controls. The other two genes, OXTR and AVPR1A, were not found to 

be significantly differed between cases and controls. The den:ionstration of 

case-control differences in easily accessible peripheral cells (LCLs) explores 

the possibility of a biomarker for autism. Results of expression differences 

between cases and controls for OXT would need to be replicated, but it has the 

potential uses as a biomarker for disease.

Previous studies have shown a decrease in plasma OXT levels in male children 

with autism compared to typically developing controls (Modahl, Green et al. 

1998), elevated levels of the OXT precursor (neurophysin) has been found in 

male children with autism (Green, Fein et al. 2001). OXT could be over

expressed in individuals with autism, but not efficiently metabolised into the final 

protein, resulting in lower OXT plasma levels. This would suggest a possible 

compensatory mechanism. The lower OXT plasma levels could be responsible 

for the increase in OXT expression seen in individuals with autism. Since 

expression of genes in cases is shown to be different than controls, then 

potentially OXT could be a valuable drug target. Restoring the OXT protein to 

natural levels could lessen the severity of the disease phenotype. This has 

already been suggested by work undertaken by Hollander et al (2007). They 

showed social comprehension improved, and severity of repetitive behaviours 

decreased in high functioning adult males with autism following OXT injections 

(Hollander, Novotny et al. 2003; Hollander, Bartz et al. 2007). Further work and 

replication needs to be undertaken, but OXT could prove to be a useful remedy 

to alleviate some aspects of the autism phenotype.

Results from the AEI assay performed in the lymphoblast cell lines highlight two 

SNPs; rs237897 and rs237895, associated with OXTR relative allelic 

abundance. These SNPs are located in the intron 3 region and are in strong LD 

with each other (r^=0.962). Thus it is possible the effect comes from both of the 

SNPs, only one of the SNPs, or another unknown SNP in strong LD. One of 

these SNPs (rs237897) has been reported to affect expression of OXTR in 

lymphocytes in a whole genome association study of gene expression
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(LOD=3.565) (Dixon, Liang et al. 2007). It was previously reported that a 

genomic element in the third intron of OXTR may be involved in transcriptional 

suppression of the gene (Mizumoto, Kimura et al. 1997). Intron three of OXTR 

is relatively large, about 12kb in size, compared to the entire gene which is 

about 19kb. Our AEI SNPs are located within this region, consistent with its 

previously reported role in regulating transcription. While these SNPs are not 

associated with autism in the Irish sample, they are strong candidates for 

genuine c/s-acting variation.

Brain AEI highlighted two SNPs. One was weakly associated with total gene 

expression (rs13316193) and the other was the top SNP highlighted for the 

lymphoblast cell lines (rs237895). Both of rs13316193 and rs237895 are 

located in intron 3 of OXTR. Interestingly, 11 of the 12 samples tested showed 

allele expression imbalance. Of these 10 had the same allele over expressed. 

Due to the statistical parameters needed for the kappa coefficient (see section 

2.6.4.2) it is not possible to derive a kappa coefficient for the marker SNP 

rs l042778. However, if AEI occurs in each sample and only in one direction, 

one would expect that either the marker SNP itself or a functional SNP is in 

complete LD with the marker SNP (Wang and Sadee 2006). rs l042778 is 

located in the 3’ UTR of OXTR.

The intronic and the 3' UTR of the gene are important sites of gene regulation. 

The SNPs highlighted by AEI as influencing gene regulation in both lymphoblast 

cell lines and amygdala brain tissue are in these two areas. The 3’UTR of the 

gene is an important regulatory gene feature often influencing expression via 

interaction with miRNA (Krek, Grun et al. 2005). Database search for miRNA’s 

in OXTR using miRNA Base Targets yielded six miRNAs in the OXTR gene. 

However, no miRNA binding sites are predicted to reside at any SNP of the 

SNPs implicated. Alternatively, their role in mRNA stability and other processing 

mechanisms could be important. The original study reporting a genomic 

element in the third intron of OXTR is outdated and never been replicated. 

Further work is needed to fully understand the role of intron 3 in the genetic 

regulation of OXTR as the results from this study implicate intron 3 as 

harbouring multiple c/s-acting variants.
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The results between different gene expression assays are not completely in 

agreement. Two SNPs, rs13316193 and rs237885, were moderately found to 

be involved in regulation of gene expression through the total expression assay, 

but only one of these was associated with c/s-acting variation through AEI, 

rs13316193. Total gene expression unlike AEI is affected by trans-acWng effects 

which can include mRNA preparation, environmental effects, or hormones. 

rs237885 could be an artefact of the expression assay or be involved in 

regulation of gene expression through frans-acting means. Furthermore, SNPs 

implicated as influencing c/s-acting variation between tissues sources were 

different. AEI results from lymphoblast implicated rs237895 and rs237897, but 

only one of these was found to be influencing OXTR expression in the 

amygdala, rs237895. Expression profiles between different tissues sources are 

likely to be different and potentially control by different variants. Therefore, 

variants involved in c/s-acting variation in one tissue type may not be the same 

in another tissue type.

No significant differences between haplotypes GG and TA of rs11720238 and 

rs7632287 of OXTR on relative promoter activity were seen. A more systematic 

and comprehensive study to discover variants influencing promoter activity in 

OXTR is warranted specifically in human neuronal cells. Understanding what 

role OXTR may be playing in autism susceptibility necessitates exploring the 

regulatory regions for transcriptional control mechanisms. The recent 

advancement in stem cell technology and the availability of clinical grade stem 

cells will be vital in the expansion of regulatory variants in neuronal disorders 

through a cell’s developmental trajectory.

6.4.2 Vasopressin/Vasopressin Receptor 1A

While AVPR1A total expression was not shown to be different between cases 

and controls, many of the samples tested for AEI showed allelic imbalance, 

some of them showing almost total expression of one allele. This is not however 

due to imprinting. While almost total expression of one allele was seen, no one 

showed complete mono-allelic expression. Furthermore, the number of people 

showing expression of both alleles at this site would argue against imprinting
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and instead for a potent c/s-acting variation. None of the known polymorphisms 

in AVPR1A explained any of the AEI seen suggesting an as yet unknown potent 

c/s-actIng SNP. There has not been evidence yet in humans of polymorphisms 

in AVPR1A controlling expression, but an upstream non-conserved 

polymorphism in voles has been shown to effect transcriptional regulation of 

AVPR1A in voles. Neither the human promoter polymorphisms, RS1 and RS3, 

were linked to AEI in this study. Total re-sequencing of the gene for new SNRs 

will possibly be necessary before the true causal c/s-acting variant is 

discovered.

RS3 represents a functional polymorphism influencing promoter activity. Our 

findings support previous research (see section 5.1.1.2.1.1). The results from 

the luciferase assay for RS3 show shorter alleles of RS3 lead to lower relative 

promoter activity. Knafo et al (2008) reported individuals with shorter variants of 

RS3 have lower hippocampal AVPR1A mRNA. Furthermore, shorter alleles of 

RS3 lead to less pro-social behaviours than longer alleles. This suggests that 

shorter RS3 alleles results in lower promoter relative activity and reduced 

mRNA of AVPR1A. Reduced mRNA expression could lead to less AVPR1A in 

cells. In the amygdala, vasopressin has been shown to increase amygdala 

activation (Debiec 2005; Huber, Veinante et al. 2005). With a decrease in 

AVPR1A, amygdala activation could be decreased leading to increased social 

anxiety and less altruistic behaviours.

RS3 has been shown to be associated with autism (Wassink, Piven et al. 2004; 

Yirmiya, Rosenberg et al. 2006; Israel, Lerer et al. 2008). The long allele of RS3 

was related to higher total VABS scores indicating less impairment and greater 

level of functioning in those individuals. The natural variation in RS3 length and 

the effect it appears to have on mRNA levels and pro-social behaviour may aid 

in compensating some of the more detrimental aspects of the autism social 

phenotype. Since expression levels of AVPR1A were not shown to be different 

between cases and controls it could be that AVPR1A is not involved with autism 

itself, but it is still a important gene in implicated in human social cognition.
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Not as much research has focused on the RS1 polymorphism in comparison to 

RS3 polymorphism. The longer allele of RSI showed higher relative promoter 

activity in the luciferase gene reporter assay. An association was seen between 

the ‘short’ allele of RS1 to autism overall after the polymorphism was 

dichotomised (see section 5.3.1.2). Additionally, shorter RS1 polymorphisms 

show more activity in the left amygdala in a non-clinical sample (Meyer- 

Lindenberg, Kolachana et al. 2008). Excessive amygdala activation during 

social interaction leads to increased anxiety and eventually social withdraw 

(Stein, Goldin et al. 2002). These aligning results suggest shorter alleles of RS1 

result in lower relative promoter activity and possibly reduced transcription of 

AVPR1A, increasing amygdala activation leading to social withdrawal.

The results from both RS3 and RS1 luciferase gene reporter assays are 

intriguing. The apparent functionality of both polymorphisms complicates any 

conclusions to the study. A more complex gene reporter which included both 

polymorphism and directly assessed the effect of length from both 

polymorphisms may have on relative promoter activity is necessary. There is 

still much to be understood about the role of these promoters in human brain 

development. Effect of RS1 polymorphism length on activity of the promoter 

could not be assessed using the first construct. This was due to the natural 

promoter region of AVPR1A not being active in either cell lines. A second 

construct was made that contained only the RS1 polymorphism. This construct, 

now lacking a promoter region, was cloned in the pGL3 control vector. The 

inability for the natural promoter to be expressed in either the SH SY-5Y or the 

CHO-K1 cell lines suggests a highly complex regulatory system controlling the 

transcription of AVPR1A or weak expression of AVPR1A. The two 

polymorphisms should be tested in a construct that contains their natural 

promoter in a cell line that expresses the gene to ensure the results seen here 

are not biased by the experimental setup.

6.4.3 Limitations

A major limitation to these studies is the use of lymphoblast cells lines to 

characterise genes implicated in neuronal disorders. The regulation of gene 

expression throughout the brain will offer more complexities than in the
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lymphoblast cell lines used to model the regulation of expression in these 

studies. The relationship between genetic variation and transcriptional control 

must be studied in target gene tissue since gene regulation and mRNA 

processing are tissue-specific events (Wang and Sadee 2006). For brain 

tissues, this is more complicated. Brain regions have varying expression 

profiles, meaning expression in the amygdala can be different than expression 

in the cortex or the pons. A predisposed hypothesis about which brain region 

may be involved in disease would be advantageous to expression studies. 

However, that knowledge would require greater understanding of disease 

pathology for neuropsychiatric diseases.

Expression studies are further complicated by the lack of homogenous cell 

samples obtained from tissue from the brain. Tissue sample contain both 

neurons and oligodendricytes when one would prefer neuron only samples. 

Advancement in technology to give better neuron-specific tissue yields and 

advancement in our understanding of disease pathology will create tissue 

specific expression studies which will hopefully obtained more robust results.

Furthermore, temporal expression of genes can alter. Temporal expression 

means the gene’s regulation can change over time, e.g. during specific 

developmental periods. Such effects would not be seen in adult tissue types but 

may be key to the development of a disease state. Gene expression during vital 

developmental periods could be skewed giving rise to the disease state, but 

return to average control population levels outside the developmental period, 

making it hard to detect dysfunction. The recent advancement in stem cell 

technology and the availability of clinical grade stem cells will be vital in the 

expansion of regulatory variants in neuronal disorders through a cell’s 

developmental trajectory. Greater understanding of gene expression during vital 

developmental periods in humans is warranted to understand the aetiology of 

complex disorders like autism.

6.4.4 Conclusions

The study confirms the presence of c/s-acting variation influencing OXTR 

expression in both lymphoblast and post-mortem brain tissue arising
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predominantly from the intron 3 region of the gene. While the study was small, 

expression differences between cases and controls were observed for oxytocin 

which replicates previous findings. Further replication is warranted but OXT has 

the potential to be the first biomarker for autism. There is potent c/s-acting 

variation in the AVPR1A gene but it does not clearly correlate to any currently 

known polymorphisms. Both upstream promoter polymorphisms of AVPR1A, 

RSI and RS3, are functional polymorphism influencing promoter activity. The 

identification of unequivocally functional SNPs, possibly via re-sequencing, 

would be of relevance to future association studies. Indeed the inconsistencies 

in the associated SNPs between studies could be due to an inefficiently tagged 

unknown functional variant.
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7 General Discussion
In this thesis, I have examined three key areas that are critical to understanding 

the aetiology of autism; namely how the phenotype is measured, strategies to 

identify correlation of genetic variation within genes and the phenotype, and 

finally performed cell and molecular biology assays to inform the biological 

impact of genetic variation on identified genes. The overarching aspiration of 

this thesis was to utilise more discrete phenotypic information to provide robust 

genetic analysis. The subsequent findings from these analyses would then be 

interrogated for impact on normal molecular functioning.

Technological advances have, in the space of a few years, changed the way the 

genetics of complex diseases are investigated. Large scale genotyping and 

expression arrays have created vast quantity of data on the genotypic variation 

and expression levels of many thousands of genes. Moreover, extensive 

phenotypic data is being generated for large collections of individuals and 

families with autism. In such a short space of time we have been afforded the 

opportunities to integrate these data using novel strategies and techniques to 

add impetus to the field. We are moving through the genomic-era with studies of 

tens of thousands of markers rapidly being replaced with ones of over one 

million and clearly heading towards whole exome and genome sequencing in 

the coming months. The challenge is to match developing technologies with 

sound scientific reasoning to best take advantage of this tsunami of data to 

understand disease. The principles of this thesis should be considered within 

this exciting scientific era.

7.1 Phenotypic Heterogeneity

This thesis has successfully highlighted the substantial challenges in managing 

clinical heterogeneity in autism spectrum disorders. Most genetic studies of 

complex disease attempt to select a sample which is as phenotypically 

homogeneous as possible through the use of strict collection procedures and 

inclusion/exclusion criteria. Inclusion into the Irish autism sample was limited to 

those who met criteria of autism/autism spectrum disorder using standard
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diagnostic instruments the ADl-R and ADOS. This strategy is based on the 

assumption that the more strictly defined the sample, the stronger the genetic 

load. While the combined sensitivity and specificity of the ADI-R and the ADOS 

diagnosis is 80% (Risi, Lord et al. 2006), there is still a high amount of 

heterogeneity in autism cohorts. A pragmatic look at the range of cognitive and 

language abilities alongside the general functioning of individuals diagnosed 

with autism would suggest that the current categorical definition of autism used 

in the research environment is unlikely to be satisfactory.

Autism genetic research will benefit greatly from increased phenotypic 

homogeneity through deep phenotyping. Deep phenotyping refers to enhanced 

behavioural information encompassing a wide variety of psychological 

measures as well as medical and family history. Currently in the field of autism, 

a variety of behavioural tests exists to study the autism phenotype which are not 

widely utilised as inclusion criterion into autism genetic studies. These include 

IQ measures, Vineland Adaptive Behaviour Scale, Social Responsiveness 

Scale, Repetitive Behaviour Scale, etc. which offer a broader more 

encompassing picture of the autism phenotype. Deep phenotyping may be 

broadened to included MRIs, physical measurements and biomarkers. Not all of 

these measures are specific to autism, which allow for a more unbiased 

assessment of behavioural abnormalities and deficits. Inclusion of more 

phenotypic data can be useful for examining the autism phenotype for any 

empirical structure, such as sub-phenotypes, as was done in chapter 3. Greater 

phenotypic information acquired can help alter the preconceived notions of the 

autism phenotype, allowing for updated diagnostic criteria and inclusion into 

genetic studies.

Phenotypic variation can be further reduced through the use of sub-phenotypes, 

as demonstrated in chapters 4 and 5. It has been argued that deficits in the 

three core areas of behaviours in autism may be influenced by separate genetic 

factors that are only weakly correlated (Ronald, Happe et al. 2006). Sub

phenotypes are aspects of the disease that are easily identifiable and 

separable, like analysing deficits in communication independently from severity 

of repetitive behaviours. They are not necessarily heritable aspects of the
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disorder, and may or may not exist without a diagnosis of autism. Refinement of 

association studies by different sub-phenotypes may highlight genes 

responsible for these specific behaviours which amalgamate to create the 

autism phenotype. Although this model also utilises phenotypic homogeneity, it 

is based upon classification of disease according to Diagnostic and Statistical 

Manual of Mental Disorders (DSM-IV). However, future use of deep 

phenotyping could create sub-phenotypes beyond the confines of DSM-IV 

classification.

The social communication and restricted repetitive behaviours quantitative traits 

assessed for genetic association, in chapters 4 and 5, were sub-phenotypes 

rather than endophenotypes. There has yet to be a robust, well replicated 

endophenotype in the autism field. An endophenotype can be thought of as an 

intermediate phenotype which is associated to disease but also found in non

affected individuals (Gottesman and Gould 2003). Endophenotypes are 

heritable and should co-segregate with the disorder. Furthermore, a good 

endophenotype should be found in non-affected family members at a higher 

rate than In the general population. Endophenotypes can include cognitive, 

neuroanatomical, biochemical, endocrinological, and neuropsychological 

measurements. Endophenotypes may not be apparent and could potentially be 

Increases In a biochemical marker, deficits in memory tasks or enlarged 

ventricles in the brain. These intermediate phenotypes are not so readily 

associated with the overall overt phenotype, but could be equally important in 

the aetiology of the disorder. A major difference between sub-phenotypes and 

endophenotypes Is proven heritabillty. With heritability, endophenotypes have 

greater assurance of underlying genetic aetiology. The sub-phenotypes 

described In this thesis have potential to be endophenotypes, but determining 

heritability and assessment for deficits in family members is not trivial. The field 

of autism genetics urgently requires robust well replicated endophenotypes for 

the purpose of genetic association studies.

Sample selection for research of psychiatric disorders Is currently based on the 

descriptions set out in the Diagnostic and Statistical Manual of Mental Disorders 

IV (DSM-IV). The DSM-IV was written around clinical classification of disease.
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grouping individuals with sinnilar symptoms. The adoption of this classification 

system into genetic studies was made under the assumption that the biological 

basis of these diseases was as distinct as the phenotypic manifestations. This 

is not necessarily the case. DSM-IV considers autism as a pre-emptive 

diagnosis and rules out the concurrent diagnoses of any co-morbid conditions. 

However, there is a growing tendency to diagnosis co-morbidities. Twenty-five 

percent of individuals with autism in a recent epidemiological study had a co- 

morbid diagnosis of attention deficit hyperactivity disorder (ADHD) (Steyaert 

and De la Marche 2008). Interestingly, a recent study in an ADHD cohort 

concluded about seven percent was co-morbid for autism (Mulligan, Anney et 

al. 2009). The increasing overlap between certain psychiatric disorders, 

specifically ADHD and autism, argues for perhaps a separate genetic aetiology 

for individuals co-morbid for these disorders. While the increasing number of co

morbidities in individuals with autism adds to the complexity of the phenotype, it 

is possible that the classification of disease in DSM-IV has created artificial 

boundaries between disorders which actually have an overlapping biological 

basis.

Conversely, there is evidence for phenotypic heterogeneity in single gene 

disorders. It is already known that multiple psychiatric disorders can result from 

mutations in a single gene. As seen in the case of disrupted in schizophrenia 1 

{DISC1), mutations in a single gene can result in a variety of psychiatric 

phenotypes, including schizophrenia, schizo-affective disorder, bipolar disorder 

and major depression (St Clair, Blackwood et al. 1990). Similarly, Brunner and 

colleagues (Brunner, Nelen et al. 1993) noted a family with a MAOA deletion 

expressed their phenotype as mild mental retardation, as well as aggressive 

and violent behaviour. Phenotypic heterogeneity has been observed in families 

identified through an index-case with autism, with parents of individuals with 

autism showing increased recurrent risk for psychiatric illness including 

schizophrenia and major depression (Daniels, Forssen et al. 2008). This 

overlap between multiple psychiatric disorders may suggest that there is a 

common aetiology to all. The “general mental illness liability model” is to be 

addressed by the Psychiatric Genome-Wide Association Consortium (PGC). 

The PGC is analysing data from genome-wide association studies (GWAS) in
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five different disorders -  ADHD, autism, bipolar disorder, major depressive 

disorder and schizophrenia. As well as performing within-disorder mega

analyses (e.g. combining all GWAS data from autism samples), the PGC is also 

performing cross-disorder mega-analyses with the aim of identifing genotype- 

phenotype correlations that are common to more than one condition.

7.2 Genetic Heterogeneity

The understanding of the genetic aetiology of autism has changed since autism 

was first recognised as a genetic disorder. While the non-Medelian pattern of 

inheritance indicated that autism was not a single gene disorder. Identification of 

causal mutations in the neuroligin 3 {NLGN3) and neuroligin 4X {NLGN4X) 

genes showed that some cases of autism are the result of rare variants of large 

effect (Jamain, Quach et al. 2003). In some families, autism can be considered 

a single gene disorder. This has lead to a revision of the genetic model of 

autism, with two different aetiologies proposed -  pleiotropic autism (syndromic) 

and polygenic autism (idiopathic) (see section 1.4.2 for more detail).

Autism arising from a single gene is not a new concept. Pheno-copies of autism 

have been well known, such as Fragile X syndrome (OMIM 300624) and Rett 

syndrome (OMIM 312750). These syndromes show the same phenotypic traits 

as autism in a proportion of cases but arise from a known distinct genetic 

aetiology. In Rett syndrome, mutations in methyl CpG binding protein 2 

{MECP2) are responsible for the manifestation of the disorder. As mentioned 

above, Jamain et al (2003) Identified mutations In NLGN3 and NLGN4X In 

individuals with autism. Individuals with autism as a result of mutations in these 

two genes are considered to have syndromic autism. Advancements In DNA 

sequencing technology have Increased the volume of sequence which can be 

obtained in a single reaction. Future work involving whole genome sequencing 

(see section 7.4.1) will hopefully shed greater light on the role of rare and 

private mutations in the aetiology of autism. All rare variants should be 

molecularly characterised to provide necessary and sufficient evidence for their 

causative role in the aetiology of autism. Individuals determined to have a 

known genetic cause of autism should be distinguished from individuals without 

a known genetic cause for future genetic association studies. If not removed
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from genetic investigations, individuals with known genetic causes could bias 

results leading to increased inconsistencies in association studies.

While rare variants have been seen in some individuals with autism, a majority 

are still considered to have idiopathic autism, thought to arise from more 

common genetic variation. Genome-wide association studies (GWAS) have 

taken the place of single candidate gene studies in the search for susceptibility 

loci in complex disease. GWAS assumes that many different common SNPs 

each have a small effect on the overall disease and could be found if sample 

sizes were large enough. GWAS have contributed to the advancement of 

knowledge of the genetic basis of psychiatric diseases. The ability to analyse 

data using a hypothesis-free approach removes the bias which is inherently 

present in hypothesis-driven approaches. GWAS allows susceptibility genes or 

pathways which may not have an obvious relevance to disease to be identified. 

With new GWAS undenway, the future opportunity for meta-analysis between 

studies might shed light on common variants with smaller effect size.

The amount of genetic information available across a wide number of genes 

from GWAS data has allowed for pathway-based analyses. Pathway-based 

analysis attempts to identify biological pathways which have an over

representation of significantly associated SNPs or genes compared to what is 

expected by chance alone. Genes can be grouped into pathways based on their 

function, location and biological processes. Each pathway can then be 

compared to identify those pathways which contain more significantly 

associated SNPs than expected (Wang, Li et al. 2007; O'Dushlaine, Kenny et 

al. 2009). Pathway-based analysis, while already producing some positive 

results, can be incorporated into advancements in molecular techniques, such 

as allelic expression imbalance (AEI). The increasing knowledge of gene 

interactions and genetic regulation through molecular characterisation (see 

section 7.4.2) will create new and exciting analyses for pathway-based 

approaches.

While gross chromosomal abnormalities have been known to give rise to 

autism-like traits, the exact role of copy number variants (CNVs) in the aetiology
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of autism has yet to be determined. CNVs differ from gross cytogenetic 

abnormalities in the size of the infarct. CNVs are genomic deletions and 

duplications that range from one kb to several megabases (Mb) in size and can 

only be seen with recent advancements in genetic technology, such as 

comparative genomic hybridisation and single nucleotide polymorphism arrays 

(Cook and Scherer 2008). CNVs may be rare causal mutations or common 

variants which increase susceptibility to disease. Currently, the role of CNVs in 

unaffected individuals is not clearly understood. Larger CNV studies need to be 

undertaken, particularly in control populations, to determine the average rate 

and size of CNVs in unaffected individuals. Without knowledge of the affect of 

CNVs in a control population, conclusions about their role in the aetiology of 

disease can not be accurately determined. Molecular studies of CNVs are 

needed to clearly understand how each individual CNV may give rise to 

disease.

Genetic heterogeneity can also encompass unaccounted population 

stratification. Replication of TDT results in chapter 5 in two independent 

populations did not show significant association, but the Portuguese sample 

used is ethnically different. Although the TDT design is robust in the presence of 

population stratification it does not allow for other population effects such as 

population specific causation in the underlying haplotypes. A recent study 

published on the Irish autism sample found a breakdown in LD specific to the 

Irish autism sample that was not found in two admixed American replication 

studies (Conroy, Cochrane et al. 2009). In genetically homogenous populations, 

individuals will have a common genetic background, against which susceptibility 

loci may be more easily identifiable. However, there are disadvantages to using 

isolated or genetically homogenous populations. Restricting the genetic 

heterogeneity of a sample also restricts the size of the population from which 

the sample can be selected. Instead population stratification in the era of GWAS 

data is monitored and adjusted for. As long as cases and controls are well 

matched for broad ethnic backgrounds and measures are taken to exclude 

individuals whose genome-wide association data reveal substantial differences 

in genetic background, population stratification can be overcome. Several tools 

currently exist to detect and adjust for residual stratification which primarily are
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based upon principal component analysis (Price, Patterson et al. 2006; Zheng, 

Freidlin et al. 2006). Assessing population stratification and correcting any 

differences has become part of the primary analysis of most genome-wide 

association studies undertaken.

7.3 Molecular Characterisation of Statistical 

Associations

Many functional variants have been studied for association to disease, but few 

disease associated SNPs have been characterised for functional relevance. 

Statistical association between a genetic marker and phenotypic trait does not 

inform about biology of the aetiology of the disease. In order for a variant to 

truly be associated in the aetiology of disease, it should somehow perturb either 

the protein itself or gene expression. When a variant is linked to both altered 

gene expression and associated with disease, we can begin to form hypotheses 

regarding the aetiological origins of the disease. With the recent findings from 

GWAS data and whole genome re-sequencing on the horizon, molecular 

assessment of genetic variation will become more crucial in advancing towards 

drug and therapeutic developments.

The relationship between genetic variation and transcriptional control must be 

studied in target gene tissue, since gene regulation and mRNA processing are 

tissue-specific events (Wang and Sadee 2006). This is increasing complicated 

for brain tissues where brain regions have varying expression profiles. The 

effect of genetic variation should be tested across all available brain regions. 

Furthermore, brain tissue is often an amalgamation of multiple different cell 

types, neurons, oligodendrocytes, etc., when preferably only neurons would be 

examined. Advancements in laser dissection have allowed for investigations in 

neurons only but the technology is currently in its infancy.

Moreover, temporal expression of genes can change over time. Temporal 

expression means the gene’s regulation changes over time. Gene expression 

during vital developmental periods could be skewed giving rise to the disease 

state, but return to average control population levels outside the developmental
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period, making it hard to detect dysfunction. The advancement in stem cell 

research and the growing availability of clinical grade neuronal stem cells may 

alleviate this issue. Expression and even transfection into neuronal stem cells 

will aid in understanding of neuronal specific genetic regulation. Moreover, 

genomic events, such as chromosomal abnormalities or RNA knockdowns, 

could be induced prior to full differentiate of cells, allowing for the effects of 

changes to be seen through the cell's development.

7.4 Technology advancements

There have been huge technological advancements in the field of genetics 

since the start of this thesis. Technological advancements have decreased the 

amount of time needed to obtain large amounts of genetic information. They 

have further allowed for higher throughput molecular studies.

7.4.1 Whole Genome Sequencing

DNA sequencing technology has been available for many years; however 

recent advances in DNA sequencing technology have vastly increased the 

volume of sequence which can be obtained in a single reaction. The first wave 

of technology in whole genome sequencing, next generation sequencers, could 

sequence 1.8Mb of DNA every two days. New technology removes the need for 

amplification, cloning or ligation and instead uses single molecule sequencing 

(Harris, Buzby et al.; Pushkarev, Neff et al.). A DNA polymerase adds 

fluorescently labelled nucleotides to surface-immobilised primers in a stepwise 

fashion. The growing DNA molecules are fluorescently imaged to give the 

nucleotide sequence. This technology has the potential to sequence 1.4Mb of 

DNA an hour. In a week, multiple genomes can be fully sequenced.

Deep sequencing will change our knowledge about the amount of variation in 

the human genome and expand the understanding of LD. Recently, ENCODE 

sequenced a 5Mb region in high resolution of the human genome in individuals 

from HapMap and reported more than one-half of all common SNPs had more 

than 10 neighbouring SNPs with an r̂  greater than 0.8 . Large scale whole 

genome sequencing projects are currently under way. The 1000 Genomes 

Project is an international research collaboration established to undertake
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sequencing of the complete genome of approximately 1200 individuals. The first 

part of the study will sequence two nuclear families from the HapMap project at 

high coverage, with each single base sequenced 20 times, and 180 individuals 

at low coverage, with each single base sequenced twice. Then they will 

sequence coding regions of 1000 genes in 1200 individuals. In the project’s 

second phase, the genomes of 1,000 people will be sequenced at a rate of 

more than two genomes every 24 hours. The project aims to be able to identify 

very rare variants with a MAF of 0.5% and greater.

Large sample collections which have already been subject to whole genome 

genotyping do not need to be re-genotyped for novel SNPs discovered in whole 

genome sequencing. The effectiveness of imputation methods, like the one 

employed in chapter 3, for filling in missing genotype information will allow the 

1000 Genomes Project to be integrated into large case-control samples. 

Studies are already using imputation procedures to examine GWAS data 

between different platforms, and with inclusion of whole genome sequencing 

from projects like the 1000 Genomes Project, the number of SNPs in case- 

control studies can easily be expanded from a million to three million through 

imputation. Imputation will allow for assessment of new common variants with 

low minor allele frequencies not previously included on many genome-wide 

genotyping arrays without the need for costly re-genotyping.

The original hypothesis for GWAS was the common-disease common-variant 

hypothesis (Lander). The results, at least for psychiatric disease, suggest that a 

part of the aetiology of the disorder may be caused by rare variants or even 

private mutations. It is hypothesised that rare causal variants would usually 

have a MAF between 0.1% and 1% (Bodmer and Bonilla). Whole genome 

sequencing or even targeted re-sequencing of candidate genes highlighted from 

GWAS data may reveal enrichment of rare variants in cases, if rare variants 

confer risk of disease. Rare variants found in cases through re-sequencing 

should be examined for presence in a large control population through 

genotyping. All rare variants should be molecularly characterised to provide 

necessary and sufficient evidence for their causative role in the aetiology of 

autism.
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7.4.2 Molecular Advancements

Assessment of the functional relevance of a variant can be undertaken using 

computational methods. Binding motifs and consensus sequences for many 

transcription factors can lead to the identification of true transcription factor 

binding. However, commonly used algorithms have been reported to be make 

prediction errors more than 50% of the time (Tompa, Li et a!.). Bio-informatic 

results from algorithms should be laboratory tested for accuracy. Investigation 

of the function of disease-associated SNPs is necessary for drug development 

and disease therapy.

7.4.2.1 Expression Quantitative Trait Locus

Advancements in microarray technologies and reduction in cost has enabled 

the measurement of thousands of gene transcripts in parallel. Combined with 

the recent advancement in whole genome genotyping, investigators have been 

able to generate large-scale expression quantitative trait locus (eQTL) maps. 

eQTLs seek to explain such variations in gene expression by identifying the 

relationships between the transcript abundance and specific genomic markers. 

The relationship between genotypes and expression of OXTR in the brain was 

undertaken in chapter 6. While modest associations were seen, eQTLs work on 

a much larger scale. eQTL studies have provided important clues as to the 

genetic basis of gene expression regulation and can highlight both cis- and 

trans- acting genetic variation that play a role in the regulation of a transcript of 

interest. Furthermore, genes harbouring SNPs shown to influence genetic 

regulation can be combined into pathways with which to analysis GWAS data. 

The greater the understanding of genetic regulation the more focused and 

thoughtful genetic association studies can be undertaken.

7.4.2.2 Allelic Expression Imbalance

Allelic expression imbalance (AEI) was undertaken in chapter 6 on three genes. 

It highlighted that different genes undergo different levels of c/s-acting genetic 

regulation, from potent to none. Like eQTLs, advancements in microarray 

platforms can be used to perform large scale studies of AEI. Using lllumina 

Allele-Specific Expression BeadArray platform a large number of genes can be 

assessed for AEI in one assay (Serre, Gurd et al.). Furthermore, the increasing

296



number of cohorts with GWAS information would allow for disease samples to 

be utilised. HapMap was used to study AEI in this thesis, primarily because of 

the vast genetic information available for the HapMap sample and availability of 

lymphoblast cells. However, large resource centres, which provide biomaterials 

such as lymphoblast cell lines from affected individuals, have undertaken 

GWAS for their sample. These two sources together allow for large scale AEI 

studies in disease populations to be undertaken in a case-control like manner. 

Potentially, these studies could identify all disease specific c/s-acting variation in 

the genome.

7.5 Strengths and Limitations

There are a number of strengths to this study. The approach undertaken was a 

multidimensional, meaning it encompassed a broad range of techniques to 

comprehend the aetiology of autism. The genetic architecture of autism is only 

yet being investigated and the relationship between and within the different 

behaviours of the autism triad tested. The three aspects of the genetics of 

autism studied in this thesis are all intertwined. Future refinement of the 

phenotype or enhanced understanding of the characteristic of the autism 

disorder should inform genetic association studies. This study highlights the 

interconnectivity between genetics and phenotypic assessment in psychiatric 

disease.

Statistical associations provide a limited amount of information about the 

development of a disorder. In general, the autism genetics research community 

has not translated association or linkage findings into function or causation. The 

next step is to understand how variation in associated genes increases the risk 

of developing a condition. This study has attempted to do this in a number of 

different ways in chapter 6. The results from this chapter enhance the 

understanding of genetics and genetic regulation. Translation of genetic 

association into functional causation is a key element in transferring basic 

science findings to better intervention and treatment strategies for disease.

The main limitation of this study relates to the issue of multiple testing. When a 

number of similar statistical tests have been performed, a certain number of
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type I errors are expected. To reduce the number of type I errors, a statistical 

correction can be performed. The most rigorous of these is the Bonferroni 

correction, which multiples each p-value by the number of test performed. 

However, in genetic association studies, each test performed is not 

independent, due to the presence of LD. In this study, results are presented in 

uncorrected form. In the context of GWAS data, it is now prudent to consider all 

data, regardless of tests, in the context of the total number of independent tests 

in the genome. However, lack of genome-wide significance or indeed meeting 

genome-wide significance does not provide definitive evidence of a role in 

disease. In recent schizophrenia genome-wide association studies, the 

strongest associations observed using replication samples were only at p=1X10' 

to p=1x10'^ in the initial studies (Purcell, Wray et al.; Shi, Levinson et al.; 

Stefansson, Ophoff et al.). If a stringent genome-wide significance threshold 

had been applied the significant replication result would have been missed. 

Replication of findings in independent samples should be used as strong 

evidence of a role in disease.

Furthermore, the study of the autism phenotype was limited by the phenotypic 

information available. More phenotypic data is currently being collected, with 

some measures not specific to autism. This will allow for a more unbiased 

assessment of behavioural abnormalities and deficits. Inclusion of more 

phenotypic data will be useful for examining the autism phenotype for any 

empirical structure.

7.6 Future Directions

The complex nature of autism genetics has meant that the identification of 

susceptibility loci has remained difficult. To this end, the future of autism 

genetics and psychiatric genetics in general may be in large multi-national 

collaborations, involving thousands or even tens of thousands of samples. 

Collaborations offer increased sample size, thereby also increasing the power 

to detect an effect of small size. The Irish autism sample is involved in three 

such collaborations -  the Autism Genome Project (AGP), The Autism Simplex 

Collection (TASC) and the Psychiatric Genome-Wide Association Consortium 

(PGC).
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Large scale collaborative genetic projects, like the AGP, are necessary to 

assess the role of connnnon variants of small effects size. Currently, large scale 

genome-wide association studies are collating together over 2800 autism trios. 

However, even larger sample sizes are needed to see genetic variants of small 

effect (1.05-1.1) with lower minor allele frequencies (0.05-0.10). Future meta

analyses across all GWAS studies in autism will increase the sample size, 

allowing for the role of common variants of small effects be elucidated. But 

common variants are not solely responsible for the genetic aetiology of autism. 

The percentage of individuals with autism who may harbour rare variants 

responsible for the manifestation of the disorder is currently unknown, but future 

re-sequencing projects will provide answers. In order to reduce type I error, re

sequencing projects will have be performed in large cohorts of cases and 

controls to accurately define private versus rare mutations. The future of autism 

genetics is in large scale collaborative projects which are necessary for the 

sufficient sample sizes to be able to detect genetic variation of both small and 

large effect. However, the necessity for large sample sizes in autism should not 

overshadow the need for stringent inclusion criteria.

Large resource collections, like TASC, offer a great opportunity for future cross 

discipline work. Individuals included in TASC will have an extensive phenotypic 

battery collected, including the Social Responsiveness Scale and the Repetitive 

Behaviours Scale (Constantino, Davis et al.; Lam and Aman). They will also 

have measures assessing language development and physical features such as 

height and head circumference. First degree relatives of individuals included in 

TASC will also be assessed for autism-like traits. Furthermore, TASC is storing 

DNA from parent-proband trios, as well as establishing lymphoblast cell lines for 

all individuals, including parents. All TASC samples will have whole genome 

data available. Resources like TASC will allow for not only large scale 

phenotypic analysis but also for whole genome phenotype-genotype studies 

with ease. Moreover, the availability of cells lines and recent advancements in 

technology permits whole genome gene expression data to be collected, 

making assessment of molecular function of SNPs associated with autism 

possible. These large scale resources will be vital for understanding the impact
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of phenotypic variation on genetic variation, and the impact of genetic variation 

on molecular variation. Optimistically, one day there will be an understanding of 

the effect of molecular variation on the phenotype, which can lead to drug 

development and therapy.

In recent years the advancement of GWAS have provided a number of genes 

implicated in complex diseases, but their exact roles In the aetiology of these 

diseases remains unclear. After the Identification of potentially causative DNA 

markers, whether SNPs or CNVs, their biological relevance to disease on a 

molecular level must be assessed using functional assays. Since autism is a 

neurodevelopmental disorder, changes in temporal expression of genes should 

be further studied. A deeper general understanding of how variations In gene 

expression Impact the developing neuron is a vital for research into the 

pathoblology of autism. The aetiology of autism, particularly idiopathic autism. Is 

unlikely to be fully explained by genetic variation. The environmental 

contribution to the aetiology of autism must also be addressed, as well as 

potential interactions between genetic variation and environmental factors to 

Increase risk of disease.

The hope for autism genetic research Is to one day translate clinical and genetic 

research into better diagnosis, prognosis and treatment of autism with the 

ultimate aim being the alleviation of autism symptoms. There is potential to 

bridge the gap between research and patients through drug development and 

gene therapy. The possibility to treat and reverse developmental disorders of 

the brain was recently given additional impetus through research In Rett 

syndrome. Guy et al (2007) demonstrated the reversal of neurological 

symptoms in a mouse model of Rett syndrome following restoration of MeCP2 

function. This finding offers potential for the future alleviation of autism 

symptoms following the Identification of definitive genes which contribute to the 

autism phenotype. Hopefully, advances in the field of autism genetic research 

will one day be of direct benefit to individuals with autism and their families.
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1 Appendix I

Table 1.1. Loadings for MAX+1 Datasets using Pearson's Correlation on Complete Data. Part 

1 of 2.

ADl-R Item C l C2 C3 C4 C5
Age of First Word 0.211 -0.279 -0.161 -0.098 0.010

Faints/Fit^Blackouts 0.074 -0.014 -0.010 0.067 0.145
Hyperventilation 0.031 -0.062 -0.037 0.098 0.427

Self-Injury 0.178 -0.120 0.076 0.085 0.402
Gait 0.128 0.041 -0.001 0.406 0.253

Midline Hand Movements -0.068 -0.145 0.013 -0.087 0.488
Other Complex Mannerisms 0.125 -0.214 0.050 0.218 0.115

Hand/Finger Mannerisms 0.211 -0.257 0.007 0.144 0.329
Unusual attachments to Objects 0.158 0.006 0.169 0.389 0.238

Resistance to Trivial Changes in Environment 0.046 0.073 -0.001 0.141 0.610
Difficulty with Minor Changes 0.118 0.169 -0.057 0.496 0.404

Negative Response Specific Sensory Stimuli 0.106 0.057 -0.063 0.696 0.025
Undue General Sensitivity to Noise 0.064 0.074 0.014 0.488 0.172

Unusual Sensory Interests 0.176 -0.256 -0.032 0.467 0.093
Compulsions/Rituals 0.106 0.056 0.080 0.272 0.418

Repetitive Use of Objects 0.214 -0.128 0.063 0.527 -0.004
Circumscribed Interests -0.054 0.242 -0.104 0.419 0.141
Unusual Preoccupations 0.017 0.002 0.075 0.240 0.364

Social Disinhibtion 0.373 -0.126 -0.009 0.424 0.042
Group Ray with Peers 0.632 -0.020 0.012 0.080 0.061

Response to Approaches 0.592 -0.120 -0.043 -0.128 0.285
Inserts in Children 0.633 -0.027 0.016 -0.106 0.239

Imitative Social Play 0.565 -0.133 -0.024 -0.149 0.219
Initiation of Appropriate Activities 0.539 -0.130 0.059 0.327 0.050
Appropriate of Social Responses 0.621 -0.137 -0.063 0.126 0.067
Inappropriate Facial Expressions 0.309 -0.020 0.112 0.336 0.127

Range of Facial Expressions 0.475 0.065 0.038 0.230 0.112
Quality of Social Overtures 0.613 -0.166 0.101 0.079 0.169

Offering Comfort 0.574 0.003 0.064 0.215 0.080
Seek Share Enjoyment with Others 0.548 -0.139 -0.003 -0.140 0.132

Offering to Share 0.571 -0.229 0.045 0.117 0.040
Showing/Directing Attention 0.638 -0.221 0.022 0.098 0.041

Social Smiling 0.578 -0.018 0.044 0.200 0.187
Direct Gaze 0.443 -0.126 -0.073 0.116 0.169

Imaginative Play with Peers 0.710 -0.109 0.013 0.033 -0.022
Imaginative Play 0.683 -0.076 0.066 0.106 -0.054

Spontaneous Imitation of Actions 0.599 -0.033 0.031 0.231 -0.150
Attention to Voice 0.517 -0.037 0.028 0.361 -0.021

Convent/Instrumental Gestures 0.578 -0.146 0.095 0.318 -0.018
Head Shaking 0.469 -0.149 0.162 0.289 -0.259
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Table 1.2. Loadings for MAX+1 Datasets using Pearson's Correlation on Complete Data. Part 

2 of 2.

ADI-R Item C1 C2 C3 C4 C5
Nodding 0.412 -0.354 0.172 0.176 -0.218

Pointing for Interest 0.447 -0.262 0.101 0.075 -0.125
Current Communicative Speech 0.221 -0.870 0.058 -0.097 0.010
1 nt on ati 0 n/Vol u m e/Rh yt hm/R ate 0.081 -0.877 0.011 0.086 0.039

Verbal Rituals 0.047 -0.873 0.065 0.081 0.068
Neologism/Idiosyncratic Lang 0.011 -0.878 0.058 0.031 0.071

Pronominal Reversal 0.114 -0.837 0.088 -0.007 -0.014
Inappropriate Questions/Statements -0.017 -0.776 0.019 0.115 0.108

Reciprocal Conversation 0.199 -0.879 0.008 0.020 -0.013
Social Verbalization/Chat 0.291 -0.527 -0.102 -0.016 -0.005

Stereo Utterance/Delayed Echo 0.139 -0.631 0.085 0.168 0.092
Articulation/Pronunciation 0.131 -0.799 0.049 -0.143 0.029

Use of Others Body Communicate 0.219 -0.583 0.044 0.025 0.069
Level of Language 0.049 -0.920 0.008 -0.113 -0.012

Comprehension Simple Lang 0.527 -0.305 0.045 0.187 -0.023
Loss of Purposively Hand Movement 0.064 -0.038 0.250 0.041 0.033

Loss of Articulation 0.001 -0.032 0.825 -0.018 0.009
Loss of Syntax Skills 0.045 0.030 0.871 -0.046 0.008

Loss of Communicative Intent 0.044 -0.058 0.898 -0.027 0.002
Loss of Spontaneous Use of Words 0.055 -0.020 0.899 0.043 0.025

Age of First Phrases 0.210 -0.706 -0.131 -0.184 0.021
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Table 1.3. Loadings for MAX+1 Datasets using Spearman's Correlation on Complete Data. 

Part 1 of 2.

ADI-R Item C1 C2 C3 C4 C5
Age of First Word 0.220 -0.230 -0.194 -0.142 0.013

Faints/Fits/Blackouts 0.036 -0.007 0.015 0.029 0.219
Hyperventilation 0.013 -0.047 -0.027 0.098 0.384

Self-Injury 0.177 -0.123 0.057 0.087 0.376
Gait 0.117 0.047 0.014 0.351 0.295

Midline Hand Movements -0.048 -0.131 0.019 -0.146 0.514
Othier Complex Mannerisms 0.127 -0.216 0.053 0.217 0.089

Hand/Finger Mannerisms 0.221 -0.262 -0.011 0.125 0.321
Unusual attactiments to Objects 0.150 -0.016 0.163 0.388 0.156

Resistance to Trivial Cfianges in Environment 0.032 0.054 -0.018 0.041 0.620
Difficulty witfi Mina Changes 0.129 0.166 -0.082 0.452 0.442

Negative Response Specific Sensory Stimuli 0.126 0.078 -0.061 0.699 0.044
Undue General Sensitivity to Noise 0.088 0.071 -0.002 0.477 0.221

Unusual Sensory Interests 0.189 -0.260 -0.046 0.478 0.088
Compulsions/Rituals 0,110 0.065 0.084 0.205 0.451

Repetitive Use of Objects 0.233 -0.138 0.051 0.546 -0.018
Circumscribed Interests -0.054 0.245 -0.119 0.423 0.123
Unusual Preoccupations -0.021 0.001 0.090 0.149 0.371

Social Disinfiibtion 0.392 -0.139 -0.038 0.407 0.066
Group Play witfi Peers 0.622 -0.028 -0.009 0.083 0.062

Response to Approacfies 0.592 -0.120 -0.034 -0.138 0.240
Inserts in Children 0.641 -0.028 0.026 -0.105 0.208

Imitative Social Hay 0.564 -0.137 -0.024 -0.139 0.154
Initiatbn of Appropriate Activities 0.540 -0.132 0.043 0.343 0.018
Appropriate of Social Responses 0.638 -0.136 -0.049 0.129 0.051
Inappropriate Facial Expressions 0.314 -0.034 0.119 0.305 0.202

Range of Facial Expressions 0.474 0.065 0.048 0.184 0.203
Quality of Social Overtures 0.623 -0.161 0.104 0.078 0.144

Offering Comfort 0.585 0.009 0.065 0.192 0.100
Seek Share Enjoyment with Others 0.558 -0.139 0.003 -0.131 0.066

Offering to Share 0.603 -0.215 0.035 0.107 0.025
Showing/Directing Attention 0.655 -0.213 0.012 0.102 0.006

Social Smiling 0.585 -0.026 0.031 0.185 0.197
Direct Gaze 0.457 -0.128 -0.076 0.105 0.145

Imaginative Play with Peers 0.714 -0.105 -0.003 0.046 -0.046
Imaginative Play 0.692 -0.072 0.050 0.113 -0.081

Spontaneous Imitation of Actions 0.605 0.005 0.051 0.212 -0.110
Attention to Voice 0.528 -0.029 0.015 0.350 -0.018

Convent/Instrumental Gestures 0.593 -0.138 0.094 0.276 0.049
Head Shaking 0.466 -0.144 0.161 0.270 -0.181
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Table 1.4. Loadings for MAX+1 Datasets using Spearman's Correlation on Complete Data. 

Part 2 of 2.

ADI-R Item C1 C2 C3 C4 C5
Nodding 0.410 -0.344 0.172 0.150 -0.164

Pointing for Interest 0.451 -0.255 0.090 0.072 -0.091
Current Communicative Speech 0.267 -0.823 0.062 -0.118 0.001
IntonationA/olume/Rhythm/Rate 0.087 -0.836 -0.002 0.115 0.051

Verbal Rituals 0.053 -0.839 0.070 0.095 0.075
Neologism/Idiosyncratic Lang 0.003 -0.851 0.050 0.046 0.070

Pronominal Reversal 0.117 -0.835 0.089 -0.012 -0.036
Inappropriate Questions/Statements -0.001 -0.801 -0.005 0.095 0.083

Reciprocal Conversation 0.223 -0.862 0.003 0.024 -0.026
Social Verbalization/Chat 0.320 -0.530 -0.090 -0.023 -0.048

Stereotyped Utterance/Delayed Echo 0.152 -0.606 0.081 0.195 0.075
A rti cul ati 0 n/P ron u nci ati on 0.137 -0.770 0.047 -0.176 0.025

Use of Others Body Communicate 0.205 -0.589 0.032 0.009 0.078
Level of Language 0.044 -0.940 0.009 -0.087 -0.052

Comprehension Simple Lang 0.545 -0.279 0.045 0.153 0.000
Loss of Purposively Hand Movement 0.082 -0.042 0.240 0.007 0.074

Loss of Articulation -0.006 -0.033 0.809 -0.018 0.028
Loss of Syntax Skills 0.034 0.030 0.863 -0.029 0.011

Loss of Communicative Intent 0.040 -0.071 0.880 -0.022 0.014
Loss of Spontaneous Use of Words 0.054 -0.027 0.891 0.053 0.030

Age of First Phrases 0.223 -0.690 -0.138 -0.211 0.006
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Table 1.5. Loadings for MAX+1 Datasets using Polychoric Correlation on Complete Data. 

Part 1 of 2.

ADI-R Item Cl C2 C3 C4 C5
Age of First Word 0.272 -0.340 -0.277 -0.166 0.014

Fainta'Fits/Blackouts 0.100 -0.017 0.000 0.039 0.336
Hyperventilation 0.048 -0.105 -0.106 0.166 0.570

Self-Injury 0.205 -0.161 0.086 0.059 0.408
Gait 0.154 0.044 0.035 0.399 0.343

Midline Hand Movements -0.094 -0.238 -0.008 -0.189 0.672
Other Complex Mannerisms 0.139 -0.257 0.080 0.238 0.099

Hand/Finger Mannerisms 0.230 -0.310 -0.025 0.118 0.364
Unusual attactiments to Objects 0.170 -0.037 0.244 0.432 0.240

Resistance to Trivial Changes in Environment 0.053 0.057 -0.026 0.116 0.663
Difficulty with Minor Changes 0.138 0.160 -0.082 0.522 0.435

Negative Response Specific Sensory Stimuli 0.152 0.060 -0.082 0.761 0.068
Undue General Sensitivity to Noise 0.079 0.042 0.015 0.543 0.180

Unusual Sensory Interests 0.211 -0.312 -0.053 0.507 0.084
Compulsions/Rituals 0.125 0.059 0.132 0.226 0.505

Repetitive Use of Objects 0.245 -0.158 0.097 0.561 -0.002
Circumscribed Interests -0.053 0.250 -0.148 0.514 0.109
Unusual Preoccupations 0.005 0.000 0.120 0.165 0.489

Social Disinhibtion 0.403 -0.166 -0.028 0.432 0.097
Group Play with Peers 0.680 -0.027 0.004 0.116 0.074

Response to Approaches 0.627 -0.126 -0.054 -0.107 0.220
Inserts in Children 0.664 -0.019 0.050 -0.077 0.186

Imitative Social Hay 0.585 -0.150 -0.024 -0.113 0.154
Initiation of Appropriate Activities 0.565 -0.147 0.080 0.370 0.051
Appropriate of Social Responses 0.667 -0.150 -0.085 0.141 0.055
Inappropriate Facial Expressions 0.342 -0.040 0.206 0.295 0.246

Range of Facial Expressions 0.524 0.074 0.079 0.172 0.218
Quality of Social Overtures 0.638 -0.191 0.152 0.094 0.125

Offering Comfort 0.614 0.008 0.134 0.196 0.142
Seek Share Enjoyment with Others 0.626 -0.163 -0.004 -0.147 0.104

Offering to Share 0.625 -0.252 0.070 0.104 0.071
Showing/Directing Attention 0.686 -0.234 0.026 0.090 0.054

Social Smiling 0.618 -0.017 0.081 0.176 0.241
Direct Gaze 0.469 -0.149 -0.135 0.173 0.094

Imaginative Play with Peers 0.763 -0.119 0.026 0.058 -0.017
Imaginative Play 0.729 -0.081 0.111 0.151 -0.092

Spontaneous Imitation of Actions 0.650 -0.016 0.068 0.234 -0.114
Attention to Voice 0.575 -0.062 0.051 0.381 -0.003

Convent/Instrumental Gestures 0.613 -0.161 0.137 0.269 0.099
Head Shaking 0.532 -0.177 0.270 0.234 -0.124
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Table 1.6. Loadings for MAX+1 Datasets using Polychoric Correlation on Complete Data. 

Part 2 of 2.

ADI-R Item Cl C2 C3 C4 C5
Nodding 0.467 -0.425 0.305 0.089 -0.100

Pointing for Interest 0.513 -0.334 0.190 0.047 -0.077
Current Communicative Speech 0.319 -0.809 0.079 -0.163 0.014
IntonationA/dume/Rhythm/Rate 0.110 -0.833 0.002 0.131 0.034

Verbal Rituals 0.066 -0.858 0.113 0.085 0.102
Nedogism/ldiosyncratic Lang -0.002 -0.850 0.086 0.063 0.113

Pronominal Reversal 0.151 -0.809 0.137 -0.020 -0.042
Inappropriate Questions/Statements -0.055 -0.673 -0.016 0.211 0.191

Reciprocal Conversation 0.340 -0.786 -0.027 0.054 -0.043
Social Verbalization/Chat 0.493 -0.362 -0.177 -0.022 0.006

Stereo Utteranco'Delayed Echo 0.155 -0.595 0.158 0.212 0.106
Articulation/Pronunciation 0.183 -0.779 0.092 -0.236 0.020

Use of Others Body Communicate 0.237 -0.639 0.048 -0.009 0.076
Level of Language 0.116 -0.976 0.015 -0.124 -0.057

Comprehension Simple Lang 0.567 -0.340 0.080 0.123 0.037
Loss of Purposively Hand Movement 0.237 -0.101 0.501 0.017 0.099

Loss of Articulation 0.002 -0.091 0.930 -0.031 0.010
Loss of Syntax Skills 0.072 0.036 0.953 -0.043 0.017

Loss of Communicative Intent 0.071 -0.134 0.942 -0.054 0.018
Loss of Spontaneous Use of Words 0.089 -0.070 0.943 0.064 0.053

Age of First Phrases 0.252 -0.774 -0.233 -0.234 -0.012
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Table 1.7. Loadings for MAX Datasets using Pearson's Correlation on Complete Data. Part 1 

of 2.

ADl-R Item C1 C2 C3 C4 C5
Age of Rrst Word 0.218 -0.285 -0.166 -0.123 -0.006

Faint^Fits/Blackouts 0.074 -0.019 -0.009 0.068 0.142
Hyperventilation 0.035 -0.068 -0.040 0.094 0.417

Self-Injury 0.178 -0.135 0.077 0.078 0.385
Gait 0.131 0.028 -0.002 0.405 0.246

Midline Hand Movements -0.071 -0.163 0.010 -0.093 0.481
Qfier Complex Mannerisms 0.121 -0.228 0.045 0.214 0.105

Hand/Finger Mannerisms 0.204 -0.278 0.007 0.139 0.324
Unusual attachments to Objects 0.151 -0.021 0.172 0.391 0.232

Resistance to Trivial Changes in Environment 0.048 0.056 -0.002 0.140 0.610
Difficulty with Mina Changes 0.116 0.150 -0.053 0.503 0.408

Negative Response Specific Sensory Stimuli 0.108 0.046 -0.062 0.694 0.019
Undue General Sensitivity to Noise 0.057 0.042 0.014 0.494 0.168

Unusual Sensory Interests 0.179 -0.269 -0.034 0.457 0.070
Compulsions/Rituals 0.109 0.042 0.082 0.265 0.418

Repetitive Use of Objects 0.214 -0.149 0.063 0.522 -0.020
Circumscribed Interests -0.058 0.230 -0.101 0.438 0.150
Unusual Preoccupations 0.016 -0.014 0.077 0.235 0.357

Social Dsinhibtion 0.365 -0.143 -0.007 0.424 0.048
Group Play with Peers 0.628 -0.018 0.019 0.086 0.070

Response to Approaches 0.588 -0.115 -0.038 -0.116 0.285
Inserts in Children 0.633 -0.012 0.022 -0.099 0.246

Imitative Social Hay 0.557 -0.132 -0.019 -0.140 0.231
Initiation of Appropriate Activities 0.535 -0.134 0.063 0.330 0.051
Appropriate of Social Responses 0.624 -0.134 -0.061 0.128 0.066
Inappropriate Facial Expressions 0.308 -0.039 0.112 0.332 0.129

Range of Facial Expressions 0.477 0.058 0.040 0.231 0.115
Quality of Social Overtures 0.609 -0.176 0.104 0.081 0.168

Offering Comfort 0.571 0.003 0.072 0.218 0.090
Seek Share Enjoyment with Others 0.548 -0.135 0.000 -0.137 0.129

Offering to Share 0.572 -0.231 0.047 0.111 0.035
Showing/Directing Attention 0.637 -0.225 0.024 0.096 0.039

Social Smiling 0.577 -0.025 0.048 0.204 0.191
Direct Gaze 0.440 -0.131 -0.071 0.121 0.170

imaginative Play with Peers 0.708 -0.104 0.020 0.036 -0.020
Imaginative Play 0.681 -0.068 0.074 0.109 -0.047

Spontaneous Imitation of Actions 0.605 -0.026 0.035 0.225 -0.147
Attention to Voice 0.517 -0.045 0.032 0.361 -0.025

Convent/Instrumental Gestures 0.576 -0.155 0.099 0.310 -0.016
Head Shaking 0.466 -0.165 0.161 0.277 -0.262
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Table 1.8. Loadings for MAX Datasets using Pearson's Correlation on Complete Data. Part 2 

of 2.

ADI-R Item C1 C2 C3 C4 C5
Nodding 0.409 -0.376 0.169 0.157 -0.231

Pointingfor Interest 0.440 -0.280 0.100 0.071 -0.133
Current Communicative Speech 0.301 -0.768 0.057 -0.138 0.025
IntonationA/dume/Rhythm/Rate 0.095 -0.779 -0.008 0.125 0.059

Verbal Rituals 0.045 -0.795 0.067 0.109 0.094
Nedogism/ldiosyncratic Lang -0.009 -0.767 0 .0 ^ 0.059 0.121

Pronominal Reversal 0.129 -0.732 0.097 -0.005 -0.024
Inappropriate Questions/Statements -0.056 -0.545 0.005 0.193 0.192

Reciprocal Conversation 0.293 -0.713 -0.019 0.047 -0.022
Social Verbalization/Chat 0.360 -0.264 -0.113 -0.006 -0.029

Stereo Utterance/Delayed Echo 0.133 -0.513 0.096 0.234 0.087
Articulation/Pronunciation 0.166 -0.717 0.055 -0.191 0.032

Use of Others Body Communicate 0.210 -0.600 0.038 0.008 0.057
Level of Language 0.057 -0.884 -0.003 -0.147 -0.022

Comprehension Simple Lang 0.531 -0.325 0.042 0.166 -0.036
Loss of Purposively Hand Movement 0.065 -0.036 0.248 0.039 0.032

Loss of Articulation -0.004 -0.037 0.825 -0.019 0.007
Loss of Syntax Skills 0.038 0.025 0.872 -0.041 0.008

Loss of Communicative Intent 0.039 -0.069 0.896 -0.031 -0.001
Loss of Spontaneous Use of Words 0.050 -0.036 0.898 0.043 0.019

Age of First Phrases 0.216 -0.703 -0.140 -0.218 -0.001
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Table 1.9. Loadings for MAX Datasets using Spearman's Correlation on Complete Data. Part 

1 of 2.

ADI-R Item C1 C2 C3 C4 C5
Age of First Word 0.230 -0.230 -0.194 -0.156 -0.009

Faints'Fits/Blackouts 0.037 -0.009 0.016 0.032 0.211
Hyperventilation 0.013 -0.054 -0.028 0.098 0.378

Self-injury 0.175 -0.135 0.059 0.085 0.360
Gait 0.118 0.038 0.015 0.348 0.289

Midline Hand Movements -0.049 -0.142 0.021 -0.147 0.503
Other Complex Mannerisms 0.125 -0.226 0.049 0.213 0.083

Hand/Finger Mannerisms 0.215 -0.279 -0.010 0.126 0.314
Unusual attachments to Objects 0.143 -0.038 0.164 0.393 0.149

Resistance to Trivial Changes in Environment 0.032 0.040 -0.017 0.041 0.620
Difficulty with Minor Changes 0.125 0.153 -0.079 0.455 0.450

Negative Response Sensory Stimuli 0.126 0.069 -0.062 0.695 0.043
Undue General Sensitivity to Noise 0.080 0.045 -0.004 0.482 0.220

Unusual Sensory Interests 0.191 -0.270 -0.047 0.467 0.073
Compulsions/Rituals 0.111 0.057 0.087 0.201 0.447

Repetitive Use of Olpjects 0.232 -0.154 0.049 0.542 -0.030
Qrcumscribed Interests -0.062 0.230 -0.120 0.436 0.138
Unusual Preoccupations -0.022 -0.012 0.092 0.150 0.354

Social Disinhibtion 0.384 -0.152 -0.038 0.411 0.069
Group Play with Peers 0.618 -0.026 -0.004 0.091 0.072

Response to Approaches 0.590 -0.114 -0.029 -0.130 0.246
Inserts in Children 0.640 -0.018 0.032 -0.098 0.219

Imitative Social Hay 0.557 -0.136 -0.020 -0.130 0.172
Initiation of Appropriate Activities 0.534 -0.137 0.045 0.349 0.024
Appropriate of Social Responses 0.641 -0.130 -0.047 0.125 0.055
Inappropriate Facial Expressions 0.313 -0.048 0.118 0.304 0.198

Range of Facial Expressions 0.475 0.063 0.050 0.188 0.203
Quality of Social Overtures 0.620 -0.167 0.107 0.079 0.146

Offering Comfort 0.582 0.012 0.070 0.198 0.108
Seek Share Enjoyment with Others 0.559 -0.133 0.006 -0.126 0.064

Offering to Share 0.602 -0.215 0.038 0.107 0.021
Showing/Directing Attention 0.656 -0.212 0.014 0.102 0.005

Social Smiling 0.583 -0.029 0.035 0.190 0.202
Direct Gaze 0.456 -0.129 -0.074 0.105 0.155

Imaginative Play with Peers 0.710 -0.101 0.004 0.052 -0.041
Imaginative Play 0.689 -0.066 0.055 0.118 -0.071

Spontaneous Imitation of Actions 0.608 0.014 0.054 0.212 -0.109
Attention to Voice 0.529 -0.029 0.018 0.348 -0.018

Convent/Instrumental Gestures 0.590 -0.141 0.097 0.277 0.045
Head Shaking 0.464 -0.152 0.160 0.270 -0.194
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Table 1.10. Loadings for MAX Datasets using Spearman's Correlation on Complete Data. 

Part 2 of 2.

ADI-R Item C1 C2 C3 C4 C5
Nodding 0.410 -0.353 0.171 0.143 -0.187

Pointing for Interest 0.449 -0.263 0.091 0.071 -0.102
Current Communicative Speech 0.298 -0.783 0.055 -0.144 -0.003
IntonationA/duma^Rhythm/Rate 0.101 -0.809 -0.016 0.103 0.059

Verbal Rtuals 0.060 -0.806 0.064 0.100 0.082
Nedogism/ldiosyncratic Lang 0.001 -0.773 0.048 0.060 0.113

Pronominal Reversal 0.148 -0.751 0.091 -0.001 -0.053
Inappropriate Questions/Statements -0.029 -0.580 -0.024 0.184 0.172

Reciprocal Conversation 0.295 -0.755 -0.018 0.036 -0.032
Social VerlDalization/Chat 0.401 -0.253 -0.078 -0.027 -0.049

Stereo Utterance/Delayed Echo 0.158 -0.564 0.087 0.216 0.066
A rti cul ati on/p ron u nci ati on 0.172 -0.722 0.056 -0.208 0.019

Use of Others Body Communicate 0.205 -0.599 0.029 -0.004 0.062
Level of Language 0.056 -0.912 0.003 -0.116 -0.063

Comprehension Simple Lang 0.550 -0.287 0.045 0.143 -0.018
Loss of Purposively Hand Movement 0.085 -0.037 0.239 0.000 0.074

Loss of Articulation -0.012 -0.034 0.809 -0.014 0.027
Loss of Syntax Skills 0.026 0.028 0.865 -0.022 0.014

Loss of Communicative Intent 0.035 -0.078 0.879 -0.024 0.012
Loss of Spontaneous Use of Words 0.047 -0.039 0.891 0.056 0.026

Age of First Phrases 0.233 -0.683 -0.139 -0.235 -0.017
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Table 1.11. Loadings for MAX Datasets using Polychoric Correlation on Complete Data. Part 

1 of 2.

ADI-R Item Cl C2 C3 C4 C5
Age of Rrst Word 0.272 -0.340 -0.277 -0.166 0.014

Faints'Rts/Blackouts 0.100 -0.017 0.000 0.039 0.336
Hyperventilation 0.048 -0.105 -0.106 0.166 0.570

Self-Injury 0.205 -0.161 0.086 0.059 0.408
Gait 0.154 0.044 0.035 0.399 0.343

Midline Hand Movements -0.094 -0.238 -0.008 -0.189 0.672
Othier Complex Mannerisms 0.139 -0.257 0.080 0.238 0.099

Hand/Finger Mannerisms 0.230 -0.310 -0.025 0.118 0.364
Unusual attacfiments to Objects 0.170 -0.037 0.244 0.432 0.240

Resistance to Trivial Changes in Environment 0.053 0.057 -0.026 0.116 0.663
Difficulty withi Mina Changes 0.138 0.160 -0.082 0.522 0.435

Negative Response Sensory Stimuli 0.152 0.060 -0.082 0.761 0.068
Undue General Sensitivity to Noise 0.079 0.042 0.015 0.543 0.180

Unusual Sensory Interests 0.211 -0.312 -0.053 0.507 0.084
Compulsions/Rituals 0.125 0.059 0.132 0.226 0.505

Repetitive Use of Otajects 0.245 -0.158 0.097 0.561 -0.002
Qrcumscribed Interests -0.053 0.250 -0.148 0.514 0.109
Unusual Preoccupations 0.005 0.000 0.120 0.165 0.489

Social Dsinhiibtion 0.403 -0.166 -0.028 0.432 0.097
Group Play with Peers 0.680 -0.027 0.004 0.116 0.074

Response to Approaches 0.627 -0.126 -0.054 -0.107 0.220
Inserts in Children 0.664 -0.019 0.050 -0.077 0.186

Imitative Social Ray 0.585 -0.150 -0.024 -0.113 0.154
Initiatbn of Appropriate Activities 0.565 -0.147 0.080 0.370 0.051
Appropriate of Social Responses 0.667 -0.150 -0.085 0.141 0.055
Inappropriate Facial Expressions 0.342 -0.040 0.206 0.295 0.246

Range of Facial Expressions 0.524 0.074 0.079 0.172 0.218
Quality of Social Overtures 0.638 -0.191 0.152 0.094 0.125

Offering Comfort 0.614 0.008 0.134 0.196 0.142
Seel< Share Enjoyment with Others 0.626 -0.163 -0.004 -0.147 0.104

Offering to Share 0.625 -0.252 0.070 0.104 0.071
Showing/Directing Attention 0.686 -0.234 0.026 0.090 0.054

Social Smiling 0.618 -0.017 0.081 0.176 0.241
Direct Gaze 0.469 -0.149 -0.135 0.173 0.094

Imaginative Play with Peers 0.763 -0.119 0.026 0.058 -0.017
Imaginative Play 0.729 -0.081 0.111 0.151 -0.092

Spontaneous Imitation of Actions 0.650 -0.016 0.068 0.234 -0.114
Attention to Voice 0.575 -0.062 0.051 0.381 -0.003

Convent/Instrumental Gestures 0.613 -0.161 0.137 0.269 0.099
Head Shaking 0.532 -0.177 0.270 0.234 -0.124
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Table 1.12. Loadings for MAX Datasets using Polychoric Correlation on Complete Data. Part 

2 of 2.

ADI-R Item C1 C2 C3 C4 C5
Nodding 0.467 -0.425 0.305 0.089 -0.100

Pointing for Interest 0.513 -0.334 0.190 0.047 -0.077
Current Communicate Speech 0.319 -0.809 0.079 -0.163 0.014

1 ntonationA/olume/Rhythm/Rate 0.110 -0.833 0.002 0.131 0.034
Verbal Rituals 0.066 -0.858 0.113 0.085 0.102

Neologism/Idiosyncratic Lang -0.002 -0.850 0.086 0.063 0.113
Pronominal Reversal 0.151 -0.809 0.137 -0.020 -0.042

Inappropriate Questions/Statements -0.055 -0.673 -0.016 0.211 0.191
Reciprocal Conversation 0.340 -0.786 -0.027 0.054 -0.043
Social Verbalization/Chat 0.493 -0.362 -0.177 -0.022 0.006

Stereo Utterance/Delayed Echo 0.155 -0.595 0.158 0.212 0.106
Articulation/Pronunciation 0.183 -0.779 0.092 -0.236 0.020

Use of Others Body Communicate 0.237 -0.639 0.048 -0.009 0.076
Level of Language 0.116 -0.976 0.015 -0.124 -0.057

Comprehension Simple Lang 0.567 -0.340 0.080 0.123 0.037
Loss of Purposively Hand Movement 0.237 -0.101 0.501 0.017 0.099

Loss of Articulation 0.002 -0.091 0.930 -0.031 0.010
Loss of Syntax Skills 0.072 0.036 0.953 -0.043 0.017

Loss of Communicative Intent 0.071 -0.134 0.942 -0.054 0.018
Loss of Spontaneous Use of Words 0.089 -0.070 0.943 0.064 0.053

Age of First Phrases 0.252 -0.774 -0.233 -0.234 -0.012
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Table 1.13. Loadings for Verbal Only Datasets using Pearson's Correlation on Complete 

Data. Part 1 of 2.

ADI-R Item C1 C2 C3 C4 C5
Age of First Word 0.093 -0.097 -0.198 0.561 -0.050

Faints  ̂Fits/Blackouts 0.059 0.006 0.003 -0.009 -0.111
Hypetventilation 0.088 0.107 -0.041 -0.022 0.050

Self-Injury 0.091 0.133 0.031 0.231 -0.032
Gait 0.173 0.354 -0.077 -0.077 0.022

Midline Hand Movements -0.009 -0.130 -0.022 0.104 0.004
Other Complex Mannerisms 0.113 0.351 0.053 0.045 0.048

Hand/Finger Mannerisms 0.176 0.156 -0.030 0.076 -0.010
UnLBual attachments to Objects 0.095 0.357 0.178 0.049 -0.207

Resistance to Trivial Changes in Environment 0.103 0.118 -0.006 0.029 0.088
Difficulty with Minor Changes 0.174 0.449 -0.081 -0.151 0.032

Negative Response Sensory Stimuli 0.111 0.625 -0.131 -0.212 -0.156
Undue General Sensitivity to Noise 0.021 0.516 0.086 -0.034 -0.125

Unusual Sensory Interests 0.148 0.616 -0.020 0.052 -0.058
Compulsions/Rituals 0.118 0.136 0.046 -0.037 -0.061

Repetitive Use of Objects 0.123 0.559 0.033 0.129 -0.164
Orcumscribed Interests 0.004 0.433 -0.074 -0.320 -0.057
Unusual Preoccupations -0.021 0.002 -0.014 0.036 -0.228

Social Dsinhibtion 0.252 0.309 -0.072 -0.012 -0.464
Group Play with Peers 0.582 0.057 0.011 0.073 -0.191

Response to Approaches 0.572 0.029 0.031 0.190 0.161
Inserts in Children 0.661 -0.020 0.061 0.071 0.148

Imitative Social Hay 0.617 0.031 0.030 0.094 0.091
Initiation of Appropriate Activities 0.488 0.355 0.121 -0.007 -0.218
Appropriate of Social Responses 0.589 0.240 -0.055 0.135 -0.087
Inappropriate Facial Expressions 0.273 0.245 0.069 0.044 -0.203

Range of Facial Expressions 0.488 0.189 -0.007 0.020 -0.190
Quality of Social Overtures 0.568 0.192 0.121 0.166 -0.081

Offering Comfort 0.522 0.055 0.068 -0.080 -0.325
Seek Share Enjoyment with Others 0.594 -0.054 0.026 0.114 -0.062

Offering to Share 0.484 0.085 0.026 0.135 -0.319
Showing/Directing Attention 0.598 0.111 -0.006 0.106 -0.225

Social Smiling 0.531 0.188 0.068 -0.015 -0.251
Direct Gaze 0.477 0.317 0.009 0.026 0.104

Imaginative Play with Peers 0.659 0.041 -0.005 0.167 -0.190
Imaginative Play 0.653 0.119 0.048 0.092 -0.201

Spontaneous Imitation of Actions 0.573 0.112 -0.032 0.015 -0.308
Attention to Voice 0.411 0.401 0.041 0.084 -0.188

Convent/Instrumental Gestures 0.450 0.116 0.002 0.065 -0.580
Head Shaking 0.261 0.093 0.040 0.138 -0.704
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Table 1.14. Loadings for Verbal Only Datasets using Pearson's Correlation on Complete 

Data. Part 2 of 2.

ADI-R Item C1 C2 C3 C4 C5
Nodding 0.242 0.071 0.082 0.245 -0.687

Pointing for Interest 0.348 0.055 0.056 0.193 -0.336
Current Communicative Speech 0.404 -0.011 0.077 0.490 -0.082
IntonationA/dume/Rhythm/Rate 0.119 0.437 -0.016 0.086 -0.007

Verbal Rtuals -0.046 0.295 0.095 0.053 -0.208
Nedogism/ldiosyncratic Lang -0.053 0.263 0.112 0.054 0.037

Pronominal Reversal 0.010 0.173 0.143 0.384 -0.179
Inappropriate Questions/Statements -0.001 0.192 -0.015 -0.334 -0.090

Reciprocal Conversation 0.322 0.375 -0.017 0.481 0.005
Social Verbalizatior/Chat 0.325 0.174 -0.097 0.391 0.020

Stereo Utterance/Delayed Echo 0.017 0.518 0.092 0.278 -0.027
A rti cul ati or/P ron u nci ati on 0.133 -0.078 0.097 0.544 -0.014

Use of Others Body Communicate 0.029 0.097 0.067 0.332 -0.199
Comprehension Simple Lang 0.330 0.161 0.014 0.478 -0.335

Loss of Purposively Hand Movement 0.073 0.067 0.330 -0.063 0.080
Loss of Articulation 0.002 -0.042 0.839 0.009 -0.049

Loss of Syntax Skills 0.057 -0.048 0.903 -0.026 -0.035
Loss of Communicative Intent 0.053 -0.026 0.905 0.062 -0.073

Loss of Spontaneous Use of Words 0.040 0.056 0.868 0.055 -0.138
Age of First Phrases 0.162 -0.027 -0.111 0.700 -0.086
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Table 1.15. Loadings for Verbal Only Datasets using Spearman's Correlation on Complete 

Data. Part 1 of 2.

ADI-R Item C1 C2 C3 C4 C5
Age of First Word 0.118 -0.091 -0.216 0.564 -0.017

Faint^Fits/Blackouts 0.023 -0.019 0.018 -0.005 -0.135
Hypeiveitilation 0.056 0.104 -0.033 -0.103 -0.031

Self-Injury 0.090 0.173 0.014 0.212 -0.032
Gait 0.162 0.292 -0.080 -0.082 0.026

IVlidline Hand Movements 0.002 -0.125 -0.005 0.123 0.000
Other Complex Mannerisms 0.102 0.347 0.057 0.062 0.071

Hand/Finger Mannerisms 0.180 0.171 -0.044 0.096 0.024
Unusual attachments to Ot^ects 0.102 0.423 0.186 0.068 -0.159

Resistance to Irivial Changes in Environmert 0.087 0.125 0.000 0.051 0.185
Difficulty with Mina Changes 0.189 0.448 -0.099 -0.147 0.126

Negative Response Sensory Stimuli 0.136 0.574 -0.147 -0.250 -0.195
Undue General Sensitivity to Noise 0.069 0.534 0.063 -0.047 -0.080

Unusual Sensory Interests 0,160 0.609 -0.036 0.031 -0.052
Compulsions/Rituals 0.126 0.117 0.070 -0.049 -0.031

Repetitive Use of Objects 0.151 0.575 0.018 0.120 -0.156
Circumscrited Interests 0.022 0.453 -0.081 -0.315 0.026
Unusual Preoccupations -0.047 -0.018 0.015 0.072 -0.189

Social Dsinhibtion 0.304 0.355 -0.093 0.008 -0.355
Group Play with Peers 0.592 0.054 -0.009 0.041 -0.148

Response to Approaches 0.559 0.008 0.049 0.199 0.189
Inserts in Children 0.658 -0.024 0.077 0.058 0.197

Imitative Social Hay 0.611 0.044 0.037 0.101 0.148
Initiation of Appropriate Activities 0.503 0.370 0.108 -0.020 -0.165
Appropriate of Social Responses 0.609 0.232 -0.038 0.122 -0.046
Inappropriate Facial Expressions 0.298 0.287 0.088 0.058 -0.136

Range of Facial Expressions 0.514 0.182 -0.003 0.018 -0.110
Quality of Social Overtures 0.585 0.199 0.125 0.152 -0.027

Offering Comfort 0.564 0.071 0.081 -0.083 -0.248
Seek Share Enjoyment with Others 0.596 -0.022 0.047 0.125 -0.023

Offering to Share 0.534 0.099 0.023 0.115 -0.288
Showing/Directing Attention 0.625 0.130 -0.012 0.096 -0.179

Social Smiling 0.555 0.209 0.068 -0.024 -0.187
Direct Gaze 0.485 0.294 0.026 0.019 0.179

Imaginative Play w/ith Peers 0.673 0.041 -0.032 0.141 -0.156
Imaginative Play 0.678 0.118 0.024 0.080 -0.129

Spontaneous Imitation of Actions 0.598 0.069 -0.015 -0.017 -0.276
Attention to Voice 0.444 0.395 0.013 0.060 -0.125

Convent/Instrumental Gestures 0.509 0.128 -0.003 0.052 -0.517
Head Shaking 0.324 0.103 0.023 0.107 -0.694
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Table 1.16. Loadings for Verbal Only Datasets using Spearman's Correlation on Complete 

Data. Part 2 of 2.

ADI-R Item C1 C2 C3 C4 C5
Nodding 0.295 0.084 0.069 0.217 -0.686

Pointing for Interest 0.381 0.052 0.034 0.186 -0.304
Current Communicative Speech 0.444 -0.007 0.093 0.473 -0.026
IntonationA/olume/Rhythm/Rate 0.124 0.431 -0.028 0.065 0.041

Verbal Rituals -0.021 0.322 0.116 0.080 -0.162
Nedogism/ldiosyncratic Lang -0.073 0.282 0.096 0.060 0.043

Pronominal Reversal 0.028 0.178 0.153 0.394 -0.189
Inappropriate Questions/Statements 0.019 0.227 -0.039 -0.313 -0.005

Reciprocal Conversation 0.353 0.365 -0.016 0.458 0.032
Social Verbalizatior^Chat 0.378 0.127 -0.052 0.352 0.007

Stereo Utteranco'Deiayed Echo 0.042 0.532 0.079 0.277 -0.015
Articulation/Pronunciation 0.122 -0.080 0.089 0.550 0.021

Use of Others Body Communicate 0.015 0.149 0.062 0.367 -0.136
Comprehension Simple Language 0.378 0.173 0.015 0.458 -0.309

Loss of Purposively Hand Movement 0.097 0.036 0.252 -0.047 0.103
Loss of Articulation -0.004 -0.038 0.818 0.012 -0.043

Loss of Syntax Skills 0.047 -0.034 0.892 -0.024 -0.038
Loss of Communicative Irtent 0.051 0.005 0.899 0.065 -0.045

Loss of Spontaneous Use of Words 0.044 0.086 0.871 0.057 -0.129
Age of First Phrases 0.184 -0.017 -0.106 0.697 -0.073
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Table 1.17. Loadings for Verbal Only Datasets using Polychoric Correlation on Complete 

Data. Part 1 of 2.

ADl-R Item Cl C2 C3 C4 C5
Age of First Word 0.126 -0.330 0.014 0.619 0.173

Faints^Fits/Blackouts 0.116 0.093 0.143 0.016 -0.091
Hyperventilation 0.142 -0.061 0.530 -0.085 -0.258

Self-Injury 0.112 0.035 0.397 0.232 -0.108
Gait 0.205 -0.128 0.245 -0.071 -0.385

Midline Hand t\/lovements -0.019 -0.072 0.792 0.109 0.187
Otfier Complex Mannerisms 0.107 0.066 0.177 0.053 -0.293

Hand/Finger Mannerisms 0.191 -0.057 0.486 0.075 -0.151
Unusual attachments to Objects 0.144 0.300 0.265 0.054 -0.441

Resistance to Trivial Changes in Environment 0.099 0.001 0.610 0.052 -0.142
Difficulty with Minor Changes 0.184 -0.138 0.401 -0.125 -0.473

Negative Response Sensory Stimuli 0.171 -0.252 0.038 -0.234 -0.643
Undue General Sensitivity to Noise 0.058 0.101 0.294 -0.042 -0.515

Unusual Sensory Interests 0.188 -0.068 0.080 0.040 -0.600
Compulsions/Rituals 0.142 0.102 0.458 -0.035 -0.171

Repetitive Use of Objects 0.168 0.021 0.062 0.091 -0.523
Circumscribed Interests 0.010 -0.108 0.108 -0.318 -0.490
Unusual Preoccupations 0.005 0.073 0.509 0.058 -0.092

Social Disinhibtion 0.355 -0.077 0.191 0.010 -0.396
Group Play with Peers 0.667 0.023 0.127 0.057 -0.066

Response to Approaches 0.577 0.010 0.269 0.176 0.089
Inserts in Children 0.650 0.056 0.235 0.036 0.139

Imitative Social Ray 0.618 0.028 0.213 0.098 0.030
Initiatbn of Appropriate Activities 0.541 0.155 0.089 -0.037 -0.314
Appropriate of Social Responses 0.636 -0.095 0.015 0.170 -0.242
Inappropriate Facial Expressions 0.340 0.165 0.257 0.085 -0.338

Range of Facial Expressions 0.561 0.019 0.079 0.068 -0.258
Quality of Social Overtures 0.592 0.161 0.138 0.177 -0.183

Offering Comfort 0.610 0.178 0.141 -0.071 -0.139
Seek Share Enjoyment with Others 0.674 0.076 0.076 0.156 0.009

Offering to Share 0.585 0.079 0.077 0.146 -0.149
Showing/Directing Attention 0.669 -0.011 0.065 0.127 -0.154

Social Smiling 0.607 0.156 0.112 0.018 -0.287
Direct Gaze 0.459 -0.060 0.013 0.055 -0.274

Imaginative Play with Peers 0.736 -0.023 -0.030 0.155 -0.028
Imaginative Play 0.719 0.038 -0.073 0.062 -0.075

Spontaneous Imitation of Actions 0.641 -0.050 -0.114 -0.010 -0.075
Attention to Voice 0.494 0.043 -0.051 0.113 -0.444

Convent/Instrumental Gestures 0.571 0.051 0.135 0.066 -0.214
Head Shaking 0.456 0.168 -0.092 0.138 -0.252
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Table 1.18. Loadings for Verbal Only Datasets using Polychoric Correlation on Complete 

Data. Part 2 of 2.

ADI-R Item Cl C2 C3 C4 C5
Nodding 0.428 0.263 -0.034 0.248 -0.185

Pointing for Interest 0.461 0.143 0.001 0.215 -0.103
Current Communicative Speech 0.439 0.125 0.148 0.520 0.008
1 ntonationA/dume/Rhythm/Rate 0.140 -0.022 0.136 0.148 -0.507

Verbal Rtuals 0.007 0.219 0.321 0.104 -0.426
Neologism/Idiosyncratic Lang -0.080 0.158 0.404 0.052 -0.283

Pronominal Reversal 0.047 0.223 0.151 0.350 -0.125
Inappropriate Questions/Statements 0.006 -0.032 0.429 -0.350 -0.242

Reciprocal Conversation 0.382 -0.050 -0.039 0.555 -0.395
Social Verbalizatior^Chat 0.440 -0.145 -0.044 0.471 -0.182

Stereo Utterance/Delayed Echo 0.058 0.143 0.166 0.293 -0.524
A rti culatior^P ronunciation 0.148 0.176 0.092 0.625 0.077

Use of Others Body Communicate 0.064 0.147 0.195 0.409 -0.197
Comprehension Simple Lang 0.421 0.086 -0.031 0.494 -0.222

Loss of Purposively Hand Movement 0.245 0.533 -0.278 -0.031 -0.254
Loss of Articulation 0.030 0.911 0.016 0.015 0.099

Loss of Syntax Skills 0.131 0.953 0.052 -0.060 0.088
Loss of Communicative Intent 0.124 0.943 0.074 0.092 0.035

Loss of Spontaneous Use of Words 0.120 0.928 0.079 0.075 -0.099
Age of First Phrases 0.239 -0.186 0.010 0.787 0.096
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Table 1.19. Loadings for No Verbal Communication Dataset using Pearson's Correlation on

Complete Data.

ADI-R Item Cl C2 C3 C4 C5
Age of First Wad 0.053 0.041 0.074 0.054 -0.602

Faints/nts/Blackouts 0.062 0.032 0.215 0.073 0.021
Hyperventilation 0.051 0.079 0.432 -0.026 -0.071

Self-lnjurv 0.193 0.214 0.343 -0.075 -0.253
Gait 0.054 0.412 0.213 0.176 0.062

Midline Hand Movements 0.008 -0.144 0.543 -0.042 -0.222
Other Complex Mannerisms 0.132 0.366 0.086 -0.117 -0.283

Hand/Finger Mannerisms 0.218 0.158 0.319 0.007 -0.231
Unusual attachments to Objects 0.074 0.358 0.282 0.096 0.033

Resistance to Trivial Changes in Environment 0.077 0.141 0.627 -0.100 0.081
Dfficulty with Minor Changes 0.090 0.487 0.409 0.091 0.228

Negative Response Sensory Stimuli 0.007 0.665 0.072 0.182 0.109
Undue General Sensitivity to Noise 0.074 0.507 0.158 -0.001 0.113

Unusual Sensory Interests 0.147 0.583 0.039 -0.002 -0.269
Compulsions/Rituals 0.057 0.216 0.507 0.137 0.101

Repetitive Use of Objects 0.112 0.566 0.012 0.122 -0.152
Circumscribed Interests 0.033 0.356 0.099 0.007 0.392
Unusual Preoccupations -0.127 0.107 0.477 0.251 -0.010

Social Dsinhibition 0.225 0.401 0.040 0.366 -0.075
Group Ray w/Peers 0.579 0.195 -0.013 0.182 -0.045

Response to Approaches 0.711 0.044 0.148 -0.086 -0,113
Inserts in Children 0.686 0.019 0.132 0.052 -0.029

Imitative Social Play 0.705 -0.018 0.101 -0.058 -0.077
Initiation of Appropriate Activities 0.503 0.403 0.017 0.172 -0.101
Appropriate of Social Responses 0.612 0.130 0.071 0.222 -0.072
Inappropriate Facial Expressions 0.156 0.185 0.223 0.481 0.033

Range of Facial Expressions 0.342 0.076 0.190 0.462 0.087
Quality of Social Overtures 0.622 0.070 0.158 0.233 -0.057

Offering Comfort 0.429 0.097 0.127 0.501 0.105
Seek Sfiare Enjoymerrt with Otfiers 0.500 -0.114 0.125 0.227 -0.135

Offering to Share 0.448 0.125 0.076 0.342 -0.230
Showing/Drecting Attention 0.547 0.063 0.094 0.347 -0.195

Social Smiling 0.483 0.087 0.242 0.424 0.061
Direct Gaze 0.537 0.120 0.117 0.089 0.013

Imaginative Play with Peers 0.668 0.165 -0.122 0.208 -0.127
Imaginative Play 0.671 0.236 -0.135 0.181 -0.059

Spontaneous Imitation of Actions 0.440 0.205 -0.118 0.424 -0.020
Attention to Voice 0.387 0.359 -0.007 0.349 -0.029

Convent/Instrumental Gestures 0.376 0.177 0.094 0.585 -0.144
Head Shaking 0.146 0.131 -0.026 0.655 -0.289

Nodding 0.149 0.079 -0.015 0.533 -0.508
Pointing for Interest 0.389 0.C23 -0.061 0.340 -0.293

Comprehension Simple Language 0.391 0.158 0.061 0.392 -0.387
Loss of Purposively Hand Movement 0.017 -0.011 -0.009 0.170 0.044

Age of Rrst Phrases 0.246 -0.078 0.024 -0.022 -0.725
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Table 1.20. Loadings for No Verbal Communication Dataset using Spearman's Correlation

on Complete Data.

ADI-R Item Cl C2 C3 C4 C5
Age of Rrst Word 0.061 0.034 0.077 0.056 -0.574

Faint^Fits/Blackouts 0.030 0.026 0.048 0.273 0.006
Hyperventilation 0.022 0.090 0.011 0.376 -0.026

Self-injurv 0.176 0.221 -0.041 0.324 -0.247
Gait 0.049 0.377 0.170 0.231 0.069

Midine Hand Movements 0.007 -0.158 -0.001 0.560 -0.200
Other Complex Mannerisms 0.121 0.351 -0.124 0.074 -0.315

Hand/Finger Mannerisms 0.233 0.163 -0.016 0.304 -0.236
Unusual attachments to Objects 0.071 0.361 0.085 0.184 0.008

Resistance to Trivial Changes in Environment 0.081 0.102 -0.150 0.611 0.060
Difficulty with Minor Changes 0.109 0.486 0.053 0.408 0.231

Negative Response Sensory Stimuli 0.005 0.650 0.230 0.058 0.115
Undue General Sensitivity to Noise 0.100 0.533 -0.053 0.149 0.098

Unusual Sensory Interests 0.158 0.590 -0.027 0.012 -0.281
Compulsions/Rituals 0.074 0.204 0.116 0.504 0.115

Repetitive Use of Objects 0.130 0.577 0.101 -0.013 -0.179
Orcumscribed Interests 0.037 0.371 -0.040 0.048 0.395
Unusual Preoccupations -0.155 0.063 0.264 0.471 -0.027

Social Dsinhibtion 0.265 0.401 0.338 0.028 -0.065
Group Play w/Peers 0.572 0.164 0.178 0.033 -0.037

Response to Approaches 0.701 0.015 -0.112 0.148 -0.120
Inserts in Children 0.695 0.008 0.032 0.130 -0.022

Imitative Social Ray 0.692 -0.022 -0.081 0.076 -0.088
Initiation of Appropriate Activities 0.505 0.407 0.137 -0.003 -0.115
Appropriate of Social Responses 0.637 0.157 0.179 0.038 -0.066
Inappropriate Facial Expressions 0.198 0.217 0.434 0.230 0.033

Range of Facial Expressions 0.378 0.108 0.396 0.203 0.092
Quality of Social Overtures 0.645 0.096 0.184 0.112 -0.042

Offering Comfort 0.467 0.116 0.466 0.108 0.133
Seek Share Enjoyment with Others 0.537 -0.063 0.159 0.068 -0.143

Offering to Share 0.515 0.134 0.308 0.041 -0.187
Showing/Directing Attention 0.588 0.085 0.310 0.048 -0.167

Social Smiling 0.524 0.142 0.348 0.192 0.069
Drect Gaze 0.566 0.140 0.021 0.055 0.012

Imaginative Play with Peers 0.673 0.134 0.201 -0.100 -0.119
Imaginative Play 0.680 0.206 0.164 -0.132 -0.053

Spontaneous Imitation of Actions 0.459 0.192 0.418 -0.107 0.020
Attention to Voice 0.420 0.369 0.306 -0.050 -0.005

Convent/Instrumental Gestures 0.427 0.177 0.558 0.105 -0.113
Head Shaking 0.180 0.128 0.672 -0.008 -0.263

Nodding 0.183 0.065 0.551 -0.007 -0.483
Pointing for Interest 0.410 0.026 0.330 -0.053 -0.278

Comprehension Simple Language 0.419 0.151 0.397 0.044 -0.351
Loss of Purposively Hand Movement 0.040 -0.074 0.200 0.015 0.104

Age of Rrst Phrases 0.260 -0.087 -0.017 -0.002 -0.715
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Table 1.21. Loadings for No Verbal Communication Dataset using Polychoric Correlation on

Complete Data.

ADI-R Item C1 C2 C3 C4 C5
Age of Rrst Word 0.087 0.015 0.073 0.651 -0.052

Faint^nts/Blackouts 0.083 0.039 0.400 -0.030 0.131
Hyperventilation 0.062 0.160 0.565 0.031 0.003

Seif-injurv 0.218 0.202 0.376 0.221 -0.088
Gait 0.053 0.392 0.276 -0.053 0.315

IVIidine Hand Movements 0.012 -0.172 0.703 0.238 -0.075
Other Complex Mannerisms 0.136 0.295 0.170 0.241 -0.095

Hand/Finger Mannerisms 0.236 0.106 0.389 0.207 0.037
Unusual attachments to Ot)jects 0.090 0.438 0.258 0.011 0.085

Resistance to Trivial Changes in Environment 0.086 0.173 0.647 -0.128 -0.101
Difficulty with Minor Changes 0.115 0.559 0.397 -0.192 0.073

Negative Response Sensory Stimuli 0.024 0.709 0.093 -0.043 0.230
Undue General Sensitivity to Noise 0.099 0.589 0.147 -0.082 -0.066

Unusual Sensory Interests 0.169 0.569 0.078 0.270 -0.030
Compulsions/Rituals 0.076 0.263 0.507 -0.092 0.164

Repetitive Use of Objects 0.144 0.592 0.017 0.189 0.060
Circumscribed Interests 0.041 0.451 0.048 -0.365 -0.004
Unusual Preoccupations -0.140 0.146 0.502 0.065 0.269

Social Dsinhibtion 0.281 0.435 0.051 0.176 0.301
Group Play w/Peers 0.643 0.217 0.030 0.090 0.123

Response to Approaches 0.738 -0.007 0.183 0.066 -0.081
Inserts in Children 0.712 0.000 0.145 0.016 0.077

Imitative Social Ray 0.732 -0.050 0.132 0.042 -0.072
Initiation of Appropriate Activities 0.545 0.421 0.063 0.143 0.096
Appropriate of Social Responses 0.669 0.150 0.078 0.117 0.139
Inappropriate Facial Expressions 0.203 0.212 0.246 0.068 0.532

Range of Facial Expressions 0.395 0.086 0.193 -0.013 0.522
Qualitv of Social CVertures 0.682 0.133 0.126 0.113 0.110

Offering Comfort 0.488 0.152 0.103 -0.003 0.509
Seek Share Enjoyment with Others 0.596 -0.065 0.113 0.206 0.118

Offering to Sfiare 0.531 0.162 0.075 0.304 0.240
Showing/Directing Attention 0.606 0.055 0.097 0.236 0.338

Social Smiling 0.547 0.161 0.216 0.032 0.363
□rect Gaze 0.584 0.183 0.085 0.016 -0.027

Imaginative Play with Peers 0.7^3 0.142 -0.078 0.162 0.204
Imaginative Play 0.719 0.221 -0.122 0.092 0.182

Spontaneous Imitation of Actions 0.504 0.260 -0.139 0.129 0.355
Attention to Voice 0.455 0.399 -0.018 0.126 0.297

Convent/Instrumental Gestures 0.458 0.247 0.102 0.297 0.433
Head Shaking 0.249 0.208 -0.052 0.469 0.550

Nodding 0.263 0.135 -0.009 0.689 0.344
Pointing for Interest 0.493 0.070 -0.063 0.423 0.198

Comprehension Simple Language 0.436 0.146 0.071 0,468 0.334
Loss of Purposively Hand Movement 0.078 -0.141 -0.043 -0.103 0.613

Age of Rrst Phrases 0.282 -0.138 0.060 0.748 -0.173
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2 Appendix II

Table 2.1. Loadings for MAX+1 Datasets using Spearman's Correlation on Complete Data. 

Part 1 of 2.

ADI-R Item C1 C2 C3 C4 C5
Age of Rrst Word 0.220 -0.230 -0.194 -0.142 0.013

Faint^Rts/Blackouts 0.036 -0.007 0.015 0.029 0.219
Hyperventilation 0.013 -0.047 -0.027 0.098 0.384

Sdf-lnjury 0.177 -0.123 0.057 0.087 0.376
Gait 0.117 0.047 0.014 0.351 0.295

Midine Hand Mwements -0.048 -0.131 0.019 -0.146 0.514
Other Complex Mannerisms 0.127 -0.216 0.053 0.217 ^ 0.089

Hand/Finger Mannerisms 0.221 -0.262 -0.011 0.125 0.321
Unusual attachments to Ot)jects 0.150 -0.016 0.163 0.388 0.156

Resistance to Irivial Changes in Environment 0.032 0.054 -0.018 0.041 0.620
Difficulty with Mina Changes 0.129 0.166 -0.082 0.452 0.442

Negative Response Specific Sensory Stimuli 0.126 0.078 -0.061 0.699 0.044
Undue General Sensitivity to Noise 0.088 0.071 -0.002 0.477 0.221

Unusual Sensory Interests 0.189 -0.260 -0.046 0.478 0.088
Compulsions/Rituals 0.110 0.065 0.084 0.205 0.451

Repetitive Use of Objects 0.233 -0.138 0.051 0.546 -0.018
Qrcumscribed Interests -0.054 0.245 -0.119 0.423 0.123
Unusual Preoccupations -0.021 0.001 0.090 0.149 0.371

Social Dsinhibtion 0.392 -0.139 -0.038 0.407 0.066
Group Play with Peers 0.622 -0.028 -0.009 0.083 0.062

Response to Approaches 0.592 -0.120 -0.034 -0.138 0.240
Inserts in Children 0.641 -0.028 0.026 -0.105 0.208

Imitative Social Hay 0.564 -0.137 -0.024 -0.139 0.154
Initiation of Appropriate Activities 0.540 -0.132 0.043 0.343 0.018
Appropriate of Social Responses 0.638 -0.136 -0.049 0.129 0.051
Inappropriate Facial Expressions 0.314 -0.034 0.119 0.305 0.202

Range of Facial Expressions 0.474 0.065 0.048 0.184 0.203
Quality of Social Overtures 0.623 -0.161 0.104 0.078 0.144

Offering Comfort 0.585 0.009 0.065 0.192 0.100
Seek Share Enjoyment with Others 0.558 -0.139 0.003 -0.131 0.066

Offering to Share 0.603 -0.215 0.035 0.107 0.025
Shcwing/Directing Attention 0.655 -0.213 0.012 0.102 0.006

Social Smiling 0.585 -0.026 0.031 0.185 0.197
Direct Gaze 0.457 -0.128 -0.076 0.105 0.145

Imaginative Play with Peers 0.714 -0.105 -0.003 0.046 -0.046
ImagnativePlay 0.692 -0.072 0.050 0.113 -0.081

Spontaneous Imitatbn of Actions 0.605 0.005 0.051 0.212 -0.110
Attention to Voice 0.528 -0.029 0.015 0.350 -0.018

Convent/Instrumental Gestures 0.593 -0.138 0.094 0.276 0.049
Head Shaking 0.466 -0.144 0.161 0.270 -0.181



Table 2.2. Loadings for MAX+1 Datasets using Spearman's Correlation on Complete Data. 

Part 2 of 2.

ADI-R Item C1 C2 C3 C4 C5
Nodding 0.410 -0.344 0.172 0.150 -0.164

Pointing for Interest 0.451 -0.255 0.090 0.072 -0.091
Current Communicative Speech 0.267 -0.823 0.062 -0.118 0.001
1 ntonationA/olume/Rhythm/Rate 0.087 -0.836 -0.002 0.115 0.051

Verbal Rtuals 0.053 -0.839 0.070 0.095 0.075
Nedogism/ldiosyncratic Lang 0.003 -0.851 0.050 0.046 0.070

Pronominal Reversal 0.117 -0.835 0.089 -0.012 -0.036
Inappropriate Questions/Statements -0.001 -0.801 -0.005 0.095 0.083

Reciprocal Conversation 0.223 -0.862 0.003 0.024 -0.026
Social Vertjalization/Chat 0.320 -0.530 -0.090 -0.023 -0.048

Stereotyped Utterance/Delayed Echo 0.152 -0.606 0.081 0.195 0.075
Articulation/Pronunciation 0.137 -0.770 0.047 -0.176 0.025

Use of Others Body Communicate 0.205 -0.589 0.032 0.009 0.078
Level of Language 0.044 -0.940 0.009 -0.087 -0.052

Comprehension Simple Lang 0.545 -0.279 0.045 0.153 0.000
Loss of Purposively Hand Movement 0.082 -0.042 0.240 0.007 0.074

Loss of Articulation -0.006 -0.033 0.809 -0.018 0.028
Loss of Syntax Skills 0.034 0.030 0.863 -0.029 0.011

Loss of Communicative Intent 0.040 -0.071 0.880 -0.022 0.014
Loss of Spontaneous Use of Words 0.054 -0.027 0.891 0.053 0.030

Age of Rrst Phrases 0.223 -0.690 -0.138 -0.211 0.006
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Table 2.3. Loadings for MAX+1 Datasets using Spearman's Correlation on Full Imputed Data. 

Part 1 of 2.

ADI-R Item C1 C2 C3 C4 C5
Age of Rrst Word 0.146 0.340 0.286 0.029 0.113

Faint^Fits/Blackouts 0.051 0.059 0.031 0.197 0.033
Hyperventilation 0.020 0.054 0.032 0.299 0.124

Self-Injury 0.111 0.105 0.054 0.367 0.035
Gait 0.128 0.023 0.032 0.439 0.182

Midline Hand Movements 0.078 0.137 0.039 0.194 0.232
Other Complex Mannerisms 0.074 0.197 0.086 0.307 0.097

Hand/Finger Mannerisms 0.151 0.285 0.039 0.313 0.064
Unusual attachments to Objects 0.128 0.014 0.056 0.389 0.081

Resistance to Trivial Chianges in Environment 0.049 0.008 0.016 0.481 0.306
Difficulty with Mina Changes 0.115 0.130 0.029 0.610 0.067

IMegative Response Sensory Stimuli 0.028 0.057 0.028 0.543 0.335
Undue General Sensitivity to Noise 0.065 0.043 0.090 0.488 0.090

Unusual Sensory Interests 0.084 0.242 0.019 0.416 0.199
Compulsions/Rituals 0.123 0.045 0.048 0.462 0.096

Repetitive Use of Objects 0.196 0.190 0.020 0.400 0.236
Orcumscribed Interests 0.015 0.276 0.015 0.367 0.060
Unusual Preoccupations 0.004 0.034 0.032 0.358 0.076

Social □sinhibtion 0.326 0.171 0.014 0.305 0.291
Group Play with Peers 0.614 0.129 0.014 0.110 0.007

Response to Approaches 0.658 0.089 0.036 0.093 0.225
Inserts in Children 0.676 0.033 0.007 0.069 0.143

Imitative Social Hay 0.609 0.123 0.065 0.070 0.207
Initiation of Appropriate Activities 0.502 0.156 0.020 0.272 0.139
Appropriate of Social Responses 0.624 0.122 0.040 0.132 0.044
Inappropriate Facial Expressions 0.300 0.107 0.107 0.347 0.119

Range of Facial Expressions 0.509 0.002 0.036 0.226 0.098
Quality of Social Overtures 0.625 0.159 0.056 0.169 0.026

Offering Comfort 0.558 0.092 0.037 0.101 0.235
Seek Share Enjoyment with Others 0.555 0.126 0.026 0.012 0.018

Offering to Share 0.548 0.198 0.022 0.077 0.123
Showing/Directing Attention 0.623 0.235 0.026 0.067 0.156

Social Smiling 0.588 0.052 0.039 0.242 0.100
Direct Gaze 0.492 0.084 0.038 0.235 0.070

Imaginative Play with Peers 0.672 0.161 0.009 0.029 0.099
ImagnativePlay 0.654 0.158 0.018 0.044 0.104

Spontaneous Imitatbn of Actions 0.541 0.054 0.009 0.044 0.293
Attention to Voice 0.484 0.039 0.027 0.228 0.283

Convent/Instrumental Gestures 0.552 0.199 0.058 0.154 0.359
Head Shaking 0.359 0.156 0.083 0.056 0.568
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Table 2.4. Loadings for MAX+1 Datasets using Spearman's Correlation on Full Imputed Data. 

Part 2 of 2.

ADI-R Item C1 C2 C3 C4 C5
Nodding 0.333 0.300 0.111 0.034 0.514

Pointing for Interest 0.425 0.258 0.068 0.047 0.309
Current Communicative Speech 0.331 0.813 0.055 0.052 0.036
1 ntonationA/olume/Rhythm/Rate 0.127 0.819 0.017 0.125 0.052

Verbal Rituals 0.087 0.833 0.060 0.119 0.015
Nedogism/ldiosyncratic Lang 0.074 0.846 0.031 0.091 0.045

Pronominal Reversal 0.101 0.838 0.041 0.025 0.052
Inappropriate Questions/Statements 0.101 0.785 0.008 0.104 0.037

Reciprocal Conversation 0.278 0.837 0.009 0.012 0.060
Social Verbalization/Chat 0.361 0.489 0.026 0.022 0.026

Stereo Utterance/Delayed Echo 0.128 0.610 0.023 0.193 0.080
Articulation/Pronunciation 0.138 0.757 0.012 0.021 0.022

Use of Others Body Communicate 0.136 0.509 0.027 0.096 0.042
Level of Language 0.107 0.936 0.017 0.065 0.004

Comprehension Simple Lang 0.451 0.369 0.083 0.113 0.316
Loss of Purposively Hand Movement 0.028 0.017 0.056 0.032 0.053

Loss of Articulation 0.004 0.039 0.834 0.049 0.039
Loss of Syntax Skills 0.033 0.025 0.842 0.053 0.024

Loss of Communicative Intent 0.047 0.096 0.877 0.029 0.063
Loss of Spontaneous Use of Words 0.051 0.057 0.884 0.065 0.067

Age of First Phrases 0.183 0.722 0.088 0.041 0.052
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Table 2.5. Loadings for MAX+1 Datasets using Spearman's Correlation on Site Imputed 

Data. Part 1 of 2.

ADI-R Item C1 C2 C3 C4 C5
Age of First Word 0.160 0.356 0.284 0.008 0.130

Faints^nts/Blackouts 0.073 0.091 0.035 0.177 0.075
Hypeiventilation 0.007 0.066 0.039 0.263 0.150

Self-Injury 0.107 0.107 0.080 0.347 0.041
Gait 0.165 0.008 0.026 0.429 0.116

Midline Hand Movements 0.057 0.147 0.047 0.146 0.196
Other Complex Mannerisms 0.075 0.207 0.091 0.299 0.082

Hand/Finger Mannerisms 0.147 0.301 0.038 0.299 0.080
Unusual attachimentstoOt^ects 0.119 0.052 0.066 0.391 0.097

Resistance to Trivial Changes in Environment 0.051 0.007 0.022 0.463 0.302
Difficulty with Minor Changes 0.112 0.119 0.048 0.622 0.055

f\legative Response Sensory Stimuli 0.023 0.062 0.028 0.569 0.310
Undue General Sensitivity to Noise 0.066 0.033 0.099 0.504 0.075

Unusual Sensory Interests 0.085 0.249 0.012 0.420 0.199
Compulsions/Rituals 0.120 0.036 0.030 0.448 0.080

Repetitive Use of Objects 0.200 0.199 0.022 0.396 0.244
QrcumscrilDed Interests 0.007 0.264 0.025 0.387 0.083
Unusual Preoccupations 0.009 0.044 0.024 0.339 0.060

Social Dsinhibtion 0.327 0.146 0.025 0.331 0.278
Group Play with Peers 0.612 0.119 0.022 0.112 0.022

Response to Approaches 0.649 0.087 0.046 0.092 0.216
Inserts in Children 0.669 0.030 0.020 0.074 0.152

Imitative Social Ray 0.603 0.122 0.056 0.065 0.207
Initiation of Appropriate Activities 0.504 0.153 0.042 0.291 0.099
Appropriate of Social Responses 0.623 0.116 0.044 0.133 0.041
Inappropriate Facial Expressions 0.307 0.117 0.110 0.355 0.092

Range of Facial Expressions 0.514 0.005 0.038 0.225 0.080
Quality of Social Overtures 0.624 0.167 0.066 0.168 0.015

Offering Comfort 0.562 0.085 0.034 0.114 0.204
Seek Share Enjoyment with Others 0.554 0.117 0.022 0.009 0.015

Offering to Share 0.547 0.195 0.010 0.082 0.115
Showing/Directing Attention 0.626 0.232 0.031 0.065 0.149

Social Smiling 0.585 0.054 0.041 0.254 0.086
Direct Gaze 0.487 0.090 0.030 0.242 0.074

Imaginative Play with Peers 0.676 0.155 0.007 0.020 0.070
Imaginative Play 0.663 0.148 0.024 0.035 0.074

Spontaneous Imitation of Actions 0.550 0.043 0.018 0.049 0.265
Attention to Voice 0.494 0.044 0.014 0.245 0.247

Convent/Instrumental Gestures 0.559 0.195 0.076 0.164 0.336
Head Shaking 0.367 0.150 0.103 0.075 0.582
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Table 2.6. Loadings for MAX+1 Datasets using Spearman's Correlation on Site Imputed 

Data. Part 2 of 2.

ADI-R Item C1 C2 C3 C4 C5
Nodding 0.336 0.295 0.108 0.053 0.552

Pointing for Interest 0.429 0.255 0.091 0.057 0.306
Current Communicative Speech 0.381 0.748 0.057 0.085 0.037
1 ntonationA/olume/Rhythm/Rate 0.140 0.791 0.013 0.130 0.044

Verbal Rtuals 0.092 0.798 0.055 0.128 0.022
Neologism/Idiosyncratic Lang 0.075 0.769 0.023 0.125 0.082

Pronominal Reversal 0.104 0.752 0.038 0.044 0.088
Inappropriate CXiestions/Statements 0.097 0.566 0.007 0.198 0.112

Reciprocal Conversation 0.355 0.711 0.010 0.027 0.062
Social Verbalization/Chat 0.432 0.249 0.008 0.035 0.043

Stereo Utterance/Delayed Echo 0.123 0.565 0.034 0.218 0.089
Articulation/Pronunciation 0.179 0.709 0.021 0.059 0.030

Use of Others Body Communicate 0.131 0.521 0.026 0.068 0.059
Level of Language 0.120 0.911 0.010 0.086 0.012

Comprehension Simple Lang 0.468 0.394 0.088 0.100 0.284
Loss of Purposively Hand Movement 0.009 0.026 0.131 0.025 0.040

Loss of Articulation 0.023 0.029 0.841 0.056 0.026
Loss of Syntax Skills 0.044 0.027 0.868 0.049 0.024

Loss of Communicative Intent 0.065 0.087 0.863 0.015 0.067
Loss of Spontaneous Use of Words 0.061 0.069 0.873 0.059 0.057

Age of Rrst Phrases 0.193 0.703 0.097 0.074 0.063
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Table 2.7. Loadings for MAX Datasets using Spearman's Correlation on Complete Data. Part 

1 of 2.

ADI-R Item C1 C2 C3 C4 C5
Aged Rrst V\ford 0.230 -0.230 -0 .1^ -0.156 -0.009

FaintS'Rts/Blackouts 0.037 -0.009 0.016 0.032 0.211
Hyperventilation 0.013 -0.054 -0.028 0.098 0.378

SelHnjury 0.175 -0.135 0.059 0.085 0.360
Gait 0.118 0.038 0.015 0.348 0289

Midine Hand Movements -0.049 -0.142 0.021 -0.147 0.503
Other Complex Mannerisms 0.125 -0.226 0.049 0.213 0.083

Hand/Finger Mannerisms 0.215 -0.279 -0.010 0.126 0.314
Unusual attadiments to Objects 0.143 -0.038 0.164 0.393 0.149

Resistance to Irivial Changes in Environment 0.032 0.040 -0.017 0.041 0.620
Difficulty with Mina Changes 0.125 0.153 -0.079 0.455 0.450

Negative Response Sensory StimJi 0.126 0.069 -0.062 0.695 0.043
Undue General Sensitivity to Ndse 0.080 0.045 -O.OM 0.482 0.220

Unusual Sensory Interests 0.191 -0.270 -0.047 0.467 0.073
Compulsions/Rituals 0.111 0.057 0.087 0.201 0.447

Repetitive Use d  Objects 0.232 -0.154 0.049 0.542 -0.030
Qrcumscribed Interests -0.062 0.230 -0.120 0.436 0.138
Unusual Preoccupations -0.022 -0.012 0.092 0.150 0.354

Social Qsinhibtion 0.384 -0.152 -0.038 0.411 0.069
Group Ray with Peers 0.618 -0.026 -0.004 0.091 0.072

Response to Approaches 0.590 -0.114 -0.029 -0.130 0.246
Inserts in Children 0.640 -0.018 0.032 -0.098 0219

Imitative Social Ray 0.557 -0.136 -0.020 -0.130 0.172
Initiation of Appropriate Activities 0.534 -0.137 0.045 0.349 0.024
Apprcpriate of Social Responses 0.641 -0.130 -0.047 0.125 0.055
Inappropriate Fadal Expressions 0.313 -0.048 0.118 0.304 0.198

Range of Facial Expressions 0.475 0.063 0.050 0.188 0203
Quality of Social Overtures 0.620 -0.167 0.107 0.079 0.146

Offering Comfort 0.582 0.012 0.070 0.198 0.108
Seek Share Enjoyment with Others 0.559 -0.133 0.006 -0.126 0.064

Offering to Share 0.602 -0.215 0.038 0.107 0.021
Showing/Directing Attention 0.656 -0.212 0.014 0.102 0.005

Soda! Smiling 0.583 -0.029 0.035 0.190 0202
Dired Gaze 0.456 -0.129 -0.074 0.105 0.155

Imaginative Play with Peers 0.710 -0.101 O.OW 0.052 -0.041
Imaginative Play 0.689 -0.066 0.055 0.118 -0.071

Spontaneous Imitation of Adions 0.608 0.014 0.054 0.212 -0.109
Attention to Voice 0.529 -0.029 0.018 0.348 -0.018

Convent/lnstmmental Gestures 0.590 -0.141 0.097 0.277 0.045
Head Shaking 0.464 -0.152 0.160 0.270 -0.194
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Table 2.8. Loadings for MAX Datasets using Spearman's Correlation on Complete Data. Part 

2 of 2.

ADI-R Item Cl C2 C3 C4 C5
Nodding 0.410 -0.353 0.171 0.143 -0.187

Pointing for Interest 0.449 -0.263 0.091 0.071 -0.102
Current Communicative Speech 0.298 -0.783 0.055 -0.144 -0.003
1 ntonation/Vd um^Rhythm/Rate 0.101 -0.809 -0.016 0.103 0.059

Verbal Rtuals 0.060 -0.806 0.064 0.100 0.082
NedogsnVldbsyncratic Lang 0.001 -0.773 0.048 0.060 0.113

Pronominal Reversal 0.148 -0.751 0.091 -0.001 -0.053
Inappropriate Questicns/Statements -0.029 -0.580 -0.024 0.184 0.172

Reciprocal Conversation 0.295 -0.755 -0.018 0.036 -0.032
Social Veitalizatior^Chat 0.401 -0.253 -0.078 -0.027 -0.049

Stereo Utteranc^Delayed Echo 0.158 -0,564 0.087 0.216 0.066
ArticUation/Pronundation 0.172 -0.722 0.056 -0.208 0.019

Use of Others Body Conminicate 0.205 -0.599 0.029 -0.004 0.062
Level of Language 0.056 -0.912 0.003 -0.116 -0.063

Comprehension Smple Lang 0.550 -0.287 0.045 0.143 -0.018
Loss of Purposively Hand Mcvement 0.085 -0.037 0.239 0.000 0.074

Loss of Articulation -0.012 -0.034 0.809 -0.014 0.027
Loss of Syntax Skills 0.026 0.028 0.865 -0.022 0.014

Loss of Communicative 1 ntent 0.035 -0.078 0.879 -0.024 0.012
Loss of Spontaneous Use of Words 0.047 -0.039 0.891 0.056 0.026

Age of Rrst Pfrases 0.233 -0.683 -0.139 -0.235 -0.017
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Table 2.9. Loadings for MAX Datasets using Spearman's Correlation on Full Imputed Data. 

Part 1 of 2.

ADI-R Item C1 C2 C3 C4 C5
Age of Rrst Word 0.157 0.361 0.276 0.007 0.129

Faints^nts/Blackouts 0.055 0.055 0.022 0.200 0.018
Hyperventilation 0.020 0.070 0.034 0.279 0.100

Self-Injury 0.112 0.122 0.054 0.349 0.016
Gait 0.127 0.021 0.026 0.440 0.209

Midine Hand Movements 0.081 0.153 0.017 0.195 0.244
Qher Complex Mannerisms 0.069 0.207 0.079 0.297 0.123

Hand/Finger Mannerisms 0.145 0.300 0.023 0.307 0.082
UnLBual attachments to Objects 0.125 0.038 0.064 0.404 0.062

Resistance to I  rivial Cfianges in Envircnment 0.047 0.009 0.013 0.490 0.303
Difficulty with Mina Changes 0.115 0.120 0.034 0.626 0.032

Negative Response Sensory Stimuli 0.027 0.049 0.049 0.548 0.343
Undue General Sensitivity to Noise 0.065 0.032 0.092 0.488 0.085

Unusual Sensory Interests 0.080 0.249 0.024 0.403 0.228
Compulsions/Rituals 0.123 0.035 0.051 0.458 0.080

Repetitive Use of Objects 0.195 0.204 0.023 0.384 0.270
Orcumscribed Interests 0.013 0.270 0.011 0.391 0.075
Unusual Preoccupations 0.011 0.045 0.035 0.360 0.046

Social Disinhibtion 0.330 0.164 0.013 0.305 0.293
Group Play with Peers 0.610 0.119 0.024 0.116 0.025

Response to Approaches 0.654 0.086 0.031 0.102 0.216
Inserts in Children 0.671 0.026 0.011 0.082 0.126

Imitative Social Ray 0.604 0.122 0.067 0.083 0.202
Initiation of Appropriate Activities 0.497 0.155 0.021 0.277 0.143
Appropriate of Social Responses 0.628 0.115 0.049 0.132 0.035
Inappropriate Facial Expressions 0.295 0.110 0.105 0.358 0.122

Range of Facial Expressions 0.508 0.004 0.044 0.232 0.092
Quality of Social Overtures 0.623 0.168 0.064 0.171 0.018

Offering Comfort 0.556 0.087 0.033 0.105 0.236
Seek Share Enjoyment with Others 0.556 0.118 0.032 0.007 0.020

Offering to Share 0.548 0.197 0.016 0.072 0.123
Shcwing/Directing Attention 0.626 0.234 0.036 0.063 0.153

Social Smiling 0.588 0.053 0.045 0.249 0.085
Direct Gaze 0.496 0.083 0.027 0.238 0.089

Imaginative Play with Peers 0.670 0.154 0.005 0.024 0.113
Imaginative Play 0.652 0.149 0.019 0.043 0.123

Spontaneous Imitation of Actions 0.540 0.041 0.011 0.043 0.309
Attention to Voice 0.487 0.040 0.018 0.233 0.265

Convent/Instrumental Gestures 0.553 0.197 0.061 0.153 0.358
Head Shaking 0.359 0.157 0.075 0.047 0.564
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Table 2.10. Loadings for MAX Datasets using Spearman's Correlation on Full Imputed Data. 

Part 2 of 2.

ADI-R Item C1 C2 C3 C4 C5
Nodding 0.3^0 0.295 0.108 0.039 0.507

Pdntingforlntaest 0.430 0.259 0.076 0.058 0.291
Current Communicative Speech 0.376 0.752 0.061 0.075 0.027
lntonationA/dume'’Rhythm/Rate 0.141 0.791 0.013 0.132 0.058

Verbal Rituals 0.095 0.795 0.061 0.131 0.008
NeologsnVldiosyncratic Lang 0.074 0.769 0.017 0.128 0.079

Pronominal Reversal 0.106 0756 0.038 0.045 0.069
Inappropriate Questions/Statements 0.089 0568 0.013 0.203 0.089

Reciprocal Conversation 0.347 0714 0.014 0.019 0.062
Social VertBlizatior^Chat 0.435 0.251 0.008 0.029 0.032

Stereo Utteranca'Delayed Echo 0.126 0.565 0.039 0.208 0.092
Articulatior^Pronunciation 0.171 0717 0.013 0.041 0.017

Use of Others Body Communicate 0.139 0521 0.030 0.068 0.050
Level of Language 0.118 0911 0.012 0.085 0.009

Comprehension Simple Lang 0.468 0386 0.080 0.092 0.306
Loss of Purposively Hand Movement 0.019 0018 0.071 0.026 0.068

Loss of Articulation 0.009 0029 0.847 0.053 0.044
Loss of Syntax Skills 0.030 0021 0.857 0.070 0.031

Loss of Communicative Intent 0.054 0.099 0.878 0.022 0.063
Loss of Spontaneous Use of Words 0.063 0.072 0.889 0.066 0.065

Age of Rrst Phrases 0.190 0.724 0.076 0.078 0.056
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Table 2.11. Loadings for MAX Datasets using Spearman's Correlation on Site Imputed Data. 

Part 1 of 2.

ADI-R Items C1 C2 C3 C4 C5
Age of Rrst Word 0.155 0.355 0.282 0.075 0.130

Faints^'Rts/Blackouts 0.064 0.092 0.029 0.201 0.036
Hyperventilation 0.007 0.062 0.042 0.286 0.126

Self-Injury 0.113 0.111 0.061 0.347 0.015
Gait 0.156 0.017 0.052 0.441 0.136

Midine Hand Movements 0.065 0.161 0.032 0.154 0.205
Qher Complex Mannerisms 0.074 0.204 0.089 0.299 0.095

Hand/Finger Mannerisms 0.147 0.301 0.038 0.304 0.066
Unusual attachments to Objects 0.123 0.047 0.049 0.400 0.062

Resistance to Trivial Changes in Environment 0.056 0.005 0.019 0.475 0.272
Difficulty with Mina Changes 0.119 0.121 0.057 0.613 0.048

Negative Response Sensory Stimuli 0.021 0.061 0.028 0.556 0.330
Undue General Sensitivity to Noise 0.064 0.032 0.107 0.498 0.092

Unusual Sensory Interests 0.085 0.248 0.019 0.411 0.214
Compulsions/Rituals 0.119 0.036 0.029 0.457 0.059

Repetitive Use of Objects 0.196 0.197 0.025 0.391 0.256
Orcumscribed Interests 0.011 0.266 0.009 0.392 0.080
Unusual Preoccupations 0.007 0.045 0.024 0.353 0.044

Social Osinhibtion 0.325 0.159 0.021 0.318 0.296
Group Play with Peers 0.609 0.123 0.017 0.129 0.011

Response to Approaches 0.653 0.090 0.042 0.094 0.214
Inserts in Children 0.671 0.030 0.024 0.065 0.150

Imitative Social Play 0.605 0.123 0.055 0.052 0.206
Initiatbn of Appropriate Activities 0.495 0.152 0.042 0.299 0.120
Appropriate of Social Responses 0.624 0.116 0.043 0.131 0.049
Inappropriate Facial Expressions 0.300 0.115 0.110 0.343 0.110

Range of Facial Expressions 0.511 0.004 0.035 0.228 0.096
Quality of Social Overtures 0.623 0.166 0.069 0.172 0.009

Offering Comfort 0.558 0.084 0.030 0.110 0.222
Seek Share Enjoyment with Qhers 0.553 0.117 0.020 0.079 0.005

Offering to Share 0.547 0.195 0.012 0.044 0.125
Shcwing/Direeling Attention 0.625 0.232 0.020 0.030 0.157

Social Smiling 0.585 0.054 0.040 0.251 0.105
Direct Gaze 0.487 0.085 0.023 0.241 0.064

Imaginative Play with Peers 0.675 0.157 0.006 0.055 0.078
Imaginative Play 0.661 0.150 0.036 0.085 0.081

Spontaneous Imitation of Actions 0.547 0.043 0.014 0.079 0.273
Attention to Voice 0.490 0.034 0.024 0.236 0.261

Convent/Instrumental Gestures 0.555 0.193 0.063 0.154 0.357
Head Shaking 0.361 0.144 0.088 0.023 0.601
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Table 2.12. Loadings for MAX Datasets using Spearman's Correlation on Site Imputed Data. 

Part 2 of 2.

ADI-R Items C1 C2 C3 C4 C5
Nodding 0.336 0.292 0.089 0.005 0.566

Pointing for Interest 0.429 0.253 0.066 0.061 0.313
Current Communicative Speech 0.375 0.749 0.075 0.082 0.041
1 ntonationA/ol ume/Rhyt hm/Rate 0.136 0.790 0.016 0.114 0.060

Verbal Rituals 0.092 0.799 0.065 0.129 0.012
Neologism/Idiosyncratic Lang 0.073 0.770 0.031 0.132 0.070

Pronominal Reversal 0.101 0.752 0.031 0.052 0.100
Inappropriate Questions/Statements 0.095 0.569 0.008 0.207 0.094

Reciprocal Conversation 0.353 0.710 0.011 0.026 0.069
Social Verbalization/Chat 0.435 0.249 0.006 0.073 0.046

Stereo Utterance/Delayed Echo 0.124 0.565 0.031 0.213 0.102
Articulation/Pronunciation 0.177 0.710 0.014 0.035 0.023

Use of Others Body Communicate 0.134 0.524 0.020 0.016 0.059
Level of Language 0.119 0.911 0.022 0.063 0.011

Comprehension Simple Language 0.469 0.394 0.090 0.098 0.295
Loss of Purposively Hand Movement 0.010 0.018 0.148 0.049 0.019

Loss of Articulation 0.024 0.033 0.844 0.035 0.038
Loss of Syntax Skills 0.045 0.030 0.875 0.006 0.015

Loss of Communicative Intent 0.060 0.086 0.864 0.053 0.086
Loss of Spontaneous Use of Words 0.061 0.072 0.877 0.023 0.085

Age of First Phrases 0.193 0.703 0.094 0.037 0.060
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Table 2.13. Loadings for Verbal Only Datasets using Spearman's Correlation on Complete 

Data. Part 1 of 2.

ADI-R Item C1 C2 C3 C4 C5
Age of Rrst Word 0.118 -0.091 -0.216 0.564 -0.017

Faint^nts/Blackouts 0.023 -0.019 0.018 -0.005 -0.135
Hyperventilation 0.056 0.104 -0.033 -0.103 -0.031

Self-Injury 0.090 0.173 0.014 0.212 -0.032
Gait 0.162 0.292 -0.080 -0.082 0.026

Midline Hand Movennents 0.002 -0.125 -0.005 0.123 0.000
Qher Complex l\/lannerisms 0.102 0.347 0.057 0.062 0.071

Hand/Finger Mannerisms 0.180 0.171 -0.044 0.096 0.024
Unusual attachimentstoOlDjects 0.102 0.423 0.186 0.068 -0.159

Resistance to Trivial Cfianges in Environment 0.087 0.125 0.000 0.051 0.185
Difficulty with Mina Changes 0.189 0.448 -0.099 -0.147 0.126

Negative Response Sensory Stimuli 0.136 0.574 -0.147 -0.250 -0.195
Undue General Sensitivity to Noise 0.069 0.534 0.063 -0.047 -0.080

Unusual Sensory Interests 0.160 0.609 -0.036 0.031 -0.052
Compulsions/Rituals 0.126 0.117 0.070 -0.049 -0.031

Repetitive Use of Objects 0.151 0.575 0.018 0.120 -0.156
Orcumscribed Interests 0.022 0.453 -0.081 -0.315 0.026
Unusual Preoccupations -0.047 -0.018 0.015 0.072 -0.189

Social Dsinhibtion 0.304 0.355 -0.093 0.008 -0.355
Group Play with Peers 0.592 0.054 -0.009 0.041 -0.148

Response to Approaches 0.559 0.008 0.049 0.199 0.189
Inserts in Children 0.658 -0.024 0.077 0.058 0.197

Imitative Social Ray 0.611 0.044 0.037 0.101 0.148
Initiation of Appropriate Activities 0.503 0.370 0.108 -0.020 -0.165
Appropriate of Social Responses 0.609 0.232 -0.038 0.122 -0.046
Inappropriate Facial Expressions 0.298 0.287 0.088 0.058 -0.136

Range of Facial Expressions 0.514 0.182 -0.003 0.018 -0.110
Quality of Social Overtures 0.585 0.199 0.125 0.152 -0.027

Offering Comfort 0.564 0.071 0.081 -0.083 -0.248
Seel< Share Enjoyment with Qhers 0.596 -0.022 0.047 0.125 -0.023

Offering to Share 0.534 0.099 0.023 0.115 -0.288
Shcwing/Directing Attention 0.625 0.130 -0.012 0.096 -0.179

Social Smiling 0.555 0.209 0.068 -0.024 -0.187
Direct Gaze 0.485 0.294 0.026 0.019 0.179

Imaginative Play with Peers 0.673 0.041 -0.032 0.141 -0.156
ImagnativePlay 0.678 0.118 0.024 0.080 -0.129

Spontaneous Imitation of Actions 0.598 0.069 -0.015 -0.017 -0.276
Attention to Voice 0.444 0.395 0.013 0.060 -0.125

Convent/Instrumental Gestures 0.509 0.128 -0.003 0.052 -0.517
Head Shaking 0.324 0.103 0.023 0.107 -0.694
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Table 2.14. Loadings for Verbal Only Datasets using Spearman's Correlation on Complete 

Data. Part 2 of 2.

ADI-R Item C1 C2 C3 C4 C5
Nodding 0.295 0.084 0.069 0.217 -0.686

Pointing for Interest 0.381 0.052 0.034 0.186 -0.304
Current Communicative Speech 0.444 -0.007 0.093 0.473 -0.026
1 ntonationA/olume/Rhythm/Rate 0.124 0.431 -0.028 0.065 0.041

Verbal Rtuals -0.021 0.322 0.116 0.080 -0.162
Neologism/Idiosyncratic Lang -0.073 0.282 0.096 0.060 0.043

Pronominal Reversal 0.028 0.178 0.153 0.394 -0.189
Inappropriate Questions/Statements 0.019 0.227 -0.039 -0.313 -0.005

Reciprocal Conversation 0.353 0.365 -0.016 0.458 0.032
Social VerlDalization/Chat 0.378 0.127 -0.052 0.352 0.007

Stereo Utterance/Delayed Echo 0.042 0.532 0.079 0.277 -0.015
Articulatior^P renunciation 0.122 -0.080 0.089 0.550 0.021

Use of Others Body Communicate 0.015 0.149 0.062 0.367 -0.136
Comprehension Simple Language 0.378 0.173 0.015 0.458 -0.309

Loss of Purposively Hand Movement 0.097 0.036 0.252 -0,047 0.103
Loss of Articulation -0.004 -0.038 0.818 0.012 -0.043

Loss of Syntax Skills 0.047 -0.034 0.892 -0.024 -0.038
Loss of Communicative Intent 0.051 0.005 0.899 0.065 -0.045

Loss of Spontaneous Use of Words 0.044 0.086 0.871 0.057 -0.129
Age of Rrst Phrases 0.184 -0.017 -0.106 0.697 -0.073

37



Table 2.15. Loadings for Verbal Only Datasets using Spearman's Correlation on Full Imputed 

Data. Part 1 of 2.

ADI-R Items C1 C2 C3 C4 C5
Age of Rrst Word 0.110 0.014 0.261 0.558 0.016

Faint^nts/Blackouts 0.071 0.152 0.026 0.065 0.028
Hypetventilation 0.024 0.300 0.016 0.051 0.090

Self-Injury 0.076 0.339 0.024 0.176 0.062
Gait 0.163 0.348 0.022 0.122 0.175

Midline Hand Movements 0.100 0.277 0.015 0.234 0.187
Other Complex Mannerisms 0.014 0.328 0.067 0.022 0.078

Hand/Finger Mannerisms 0.122 0.374 0.020 0.122 0.051
Unusual attachments to Objects 0.117 0.426 0.030 0.048 0.037

Resistance to Trivial Changes in Environment 0.051 0.477 0.039 0.063 0.252
Difficulty with Mina Changes 0.158 0.564 0.050 0.091 0.093

Negative Response Sensory Stimuli 0.107 0.429 0.012 0.138 0.376
Undue General Sensitivity to Noise 0.139 0.480 0.109 0.030 0.166

Unusual Sensory Interests 0.079 0.416 0.028 0.026 0.299
Compulsions/Rituals 0.113 0.453 0.032 0.046 0.106

Repetitive Use of Objects 0.116 0.395 0.039 0.105 0.250
Qrcumscribed Interests 0.040 0.356 0.024 0.310 0.096
Unusual Preoccupations 0.005 0.365 0.014 0.086 0.077

Social Dsinhibtion 0.315 0.306 0.037 0.046 0.327
Group Play with Peers 0.593 0.135 0.059 0.016 0.038

Response to Approaches 0.605 0.138 0.058 0.128 0.228
Inserts in Children 0.647 0.093 0.011 0.016 0.189

Imitative Social Ray 0.603 0.147 0.072 0.065 0.143
Initiation of Appropriate Activities 0.511 0.243 0.053 0.064 0.102
Appropriate of Social Responses 0.603 0.147 0.043 0.065 0.047
Inappropriate Facial Expressions 0.307 0.350 0.095 0.012 0.129

Range of Facial Expressions 0.522 0.178 0.037 0.051 0.139
Quality of Social Overtures 0.599 0.210 0.080 0.129 0.045

Offering Comfort 0.558 0.064 0.028 0.061 0.182
Seek Share Enjoyment with Others 0.579 0.008 0.060 0.034 0.029

Offering to Share 0.513 0.069 0.007 0.120 0.126
Showing/Directing Attention 0.625 0.099 0.025 0.105 0.148

Social Smiling 0.577 0.223 0.069 0.009 0.158
Direct Gaze 0.443 0.229 0.016 0.023 0.050

Imaginative Play with Peers 0.678 0.005 0.024 0.083 0.050
Imaginative Play 0.673 0.033 0.007 0.009 0.051

Spontaneous Imitation of Actions 0.558 0.054 0.014 0.056 0.229
Attention to Voice 0.470 0.185 0.041 0.103 0.287

Convent/Instrumental Gestures 0.554 0.119 0.038 0.087 0.380
Head Shaking 0.331 0.073 0.073 0.164 0.602
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Table 2.16. Loadings for Verbal Only Datasets using Spearman's Correlation on Full Imputed 

Data. Part 2 of 2.

ADI-R Items Cl C2 C3 C4 C5
Nodding 0.294 0.055 0.109 0.239 0.596

Pointing for Interest 0.455 0.035 0.074 0.114 0.273
Current Communicate Speech 0.524 0.025 0.075 0.446 0.019

1 ntonation/Volume/Rhythm/Rate 0.109 0.382 0.050 0.037 0.172
Verbal Rtuals 0.023 0.454 0.073 0.093 0.062

Neoiogisnn/ldiosyncratic Lang 0.053 0.438 0.022 0.016 0.078
Pronominal Reversal 0.070 0.252 0.039 0.390 0.152

Inappropriate CXjestions/Statements 0.105 0.339 0.057 0.362 0.098
Reciprocal Conversation 0.431 0.113 0.015 0.387 0.089
Social Verbalization/Chat 0.456 0.020 0.038 0.270 0.014

Stereo Utterance^Delayed Echo 0.040 0.431 0.073 0.181 0.190
Articulation/Pronunciation 0.116 0.078 0.040 0.492 0.073

Use of Others Body Communicate 0.022 0.211 0.044 0.448 0.061
Comprehension Simple Lang 0.438 0.109 0.039 0.446 0.259

Loss of Purposively Hand Movement 0.025 0.021 0.117 0.068 0.047
Loss of Articulation 0.013 0.028 0.821 0.024 0.019

Loss of Syntax Skills 0.007 0.022 0.862 0.033 0.021
Loss of Communicative Intent 0.073 0.058 0.882 0.114 0.020

Loss of Spontaneous Use of Words 0.056 0.089 0.872 0.072 0.054
Age of Rrst Phrases 0.171 0.019 0.026 0.677 0.048
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Table 2.17. Loadings for Verbal Only Datasets using Spearman's Correlation on Site

Imputed Data. Part 1 of 2.

ADI-R Item C1 C2 C3 C4 C5
Age of Rrst Word 0.101 0.011 0.248 0.562 0.023

Faint^nts/Blackouts 0.115 0.146 0.014 0.068 0.029
Hypetventilation 0.027 0.315 0.028 0.060 0.136

Self-Injury 0.078 0.337 0.022 0.192 0.033
Gait 0.185 0.384 0.017 0.102 0.122

Midine Hand Movements 0.102 0.269 0.015 0.239 0.221
Otfier Complex Mannerisms 0.077 0.338 0.073 0.026 0.065

Hand/Finger Mannerisms 0.116 0.371 0.009 0.129 0.041
Unusual attachments to Objects 0.106 0.437 0.036 0.069 0.032

Resistance to Trivial Changes in Environment 0.050 0.462 0.024 0.059 0.313
Difficulty withi Minor Changes 0.140 0.588 0.036 0.090 0.031

Negative Response Sensory Stimuli 0.069 0.496 0.030 0.126 0.320
Undue General Sensitivity to Noise 0.095 0.512 0.126 0.039 0.131

Unusual Sensory Interests 0.075 0.444 0.022 0.031 0.273
Compulsions/Rituals 0.116 0.456 0.025 0.041 0.103

Repetitive Use of Objects 0.165 0.405 0.034 0.117 0.235
Orcumscribed Interests 0.075 0.384 0.019 0.298 0.052
Unusual Preoccupations 0.026 0.353 0.033 0.084 0.072

Social Dsinhibtion 0.314 0.341 0.067 0.057 0.298
Group Play with Peers 0.602 0.132 0.045 0.018 0.057

Response to Approaches 0.598 0.114 0.036 0.139 0.249
Inserts in Children 0.641 0.077 0.010 0.012 0.204

Imitative Social Ray 0.590 0.125 0.055 0.074 0.162
Initiation of Appropriate Activities 0.497 0.270 0.059 0.047 0.074
Appropriate of Social Responses 0.605 0.145 0.027 0.078 0.028
Inappropriate Facial Expressions 0.301 0.361 0.085 0.014 0.098

Range of Facial Expressions 0.529 0.184 0.027 0.050 0.120
Quality of Social Overtures 0.602 0.210 0.079 0.137 0.026

Offering Comfort 0.564 0.066 0.016 0.059 0.174
Seek Share Enjoyment with Others 0.575 0.007 0.050 0.034 0.044

Offering to Share 0.523 0.073 0.008 0.126 0.113
Shcwing/Di recti ng Attention 0.625 0.102 0.014 0.117 0.138

Social Smiling 0.583 0.234 0.063 0.008 0.140
Direct Gaze 0.456 0.237 0.025 0.029 0.031

Imaginative Play with Peers 0.678 0.005 0.029 0.084 0.042
ImagnativePlay 0.675 0.030 0.009 0.017 0.038

Spontaneous Imitation of Actions 0.563 0.034 0.018 0.058 0.219
Attention to Voice 0.454 0.224 0.015 0.091 0.275

Convent/Instrumental Gestures 0.564 0.143 0.034 0.085 0.361
Head Shaking 0.340 0.063 0.062 0.143 0.613
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Table 2.18. Loadings for Verbal Only Datasets using Spearman's Correlation on Site 

Imputed Data. Part 2 of 2.

ADI-R Item C1 C2 C3 C4 C5
Nodding 0.324 0.037 0.096 0.224 0.623

Pointing for Interest 0.472 0.020 0.082 0.104 0.268
Current Communicative Speech 0.507 0.022 0.082 0.453 0.023
1 ntonationA/olume/Rhythm/Rate 0.114 0.404 0.061 0.039 0.156

Verbal Rtuals 0.005 0.455 0.086 0.116 0.023
Nedogism/ldiosyncratic Lang 0.014 0.433 0.019 0.010 0.101

Pronominal Reversal 0.019 0.230 0.028 0.403 0.175
Inappropriate Questions/Statements 0.119 0.356 0.068 0.345 0.081

Reciprocal Conversation 0.434 0.110 0.016 0.409 0.068
Social Verbalization/Chat 0.442 0.019 0.036 0.281 0.013

Stereo Utterance'Delayed Echo 0.039 0.434 0.058 0.200 0.186
A rti cul ati or^P ron u nciati on 0.137 0.054 0.022 0.472 0.023

Use of Others Body Communicate 0.005 0.187 0.061 0.445 0.075
Comprehension Simple Language 0.437 0.122 0.054 0.447 0.220

Loss of Purposively Hand Movement 0.028 0.036 0.171 0.085 0.051
Loss of Articulation 0.046 0.021 0.838 0.033 0.014

Loss of Syntax Skills 0.066 0.032 0.882 0.027 0.021
Loss of Communicative Intent 0.062 0.052 0.895 0.099 0.021

Loss of Spontaneous Use of Words 0.067 0.081 0.882 0.071 0.051
Age of Rrst Phrases 0.154 0.011 0.026 0.679 0.033

41



Table 2.19. Loadings for No Verbal Communication Dataset using Spearman's Correlation

on Complete Data.

ADI-R Item C1 C2 C3 C4 C5
Age of Rrst Word 0.061 0.034 0.077 0.056 -0.574

Faints'Rts/Blackouts 0.030 0.026 0.048 0.273 0.006
Hypeiventilation 0.022 0.090 0.011 0.376 -0.026

Self-Injury 0.176 0.221 -0.041 0.324 -0.247
Gait 0.049 0.377 0.170 0.231 0.069

Midline Hand Movements 0.007 -0.158 -0.001 0.560 -0.200
Qfier Complex Mannerisms 0.121 0.351 -0.124 0.074 -0.315

Hand/Finger Mannerisms 0.233 0.163 -0.016 0.304 -0.236
Unusual attachments to Objects 0.071 0.361 0.085 0.184 0.008

Resistance to Trivial Chianges in Environment 0.081 0.102 -0.150 0.611 0.060
Difficulty witfi Minor Changes 0.109 0.486 0.053 0.408 0.231

Negative Response Sensory Stimuli 0.005 0.650 0.230 0.058 0.115
Undue General Sensitivity to Noise 0.100 0.533 -0.053 0.149 0.098

Unusual Sensory Interests 0.158 0.590 -0.027 0.012 -0.281
Compulsions/Rituals 0.074 0.204 0.116 0.504 0.115

Repetitive Use of Objects 0.130 0.577 0.101 -0.013 -0.179
Qrcumscribed Interests 0.037 0.371 -0.040 0.048 0.395
Unusual Preoccupations -0.155 0.063 0.264 0.471 -0.027

Social Dsinhibtion 0.265 0.401 0.338 0.028 -0.065
Group Play w/Peers 0.572 0.164 0.178 0.033 -0.037

Response to Approaches 0.701 0.015 -0.112 0.148 -0.120
Inserts in Children 0.695 0.008 0.032 0.130 -0.022

Imitative Social Ray 0.692 -0.022 -0.081 0.076 -0.088
Initiation of Appropriate Activities 0.505 0.407 0.137 -0.003 -0.115
Appropriate of Social Responses 0.637 0.157 0.179 0.038 -0.066
Inappropriate Facial Expressions 0.198 0.217 0.434 0.230 0.033

Range of Facial Expressions 0.378 0.108 0.396 0.203 0.092
Quality of Social Overtures 0.645 0.096 0.184 0.112 -0.042

Offering Comfort 0.467 0.116 0.466 0.108 0.133
Seek Share Enjoyment with Others 0.537 -0.063 0.159 0.068 -0.143

Offering to Share 0.515 0.134 0.308 0.041 -0.187
Showing/Directing Attention 0.588 0.085 0.310 0.048 -0.167

Social Smiling 0.524 0.142 0.348 0.192 0.069
Drect Gaze 0.566 0.140 0.021 0.055 0.012

Imaginative Play with Peers 0.673 0.134 0.201 -0.100 -0.119
Imaginative Play 0.680 0.206 0.164 -0.132 -0.053

Spontaneous Imitation of Actions 0.459 0.192 0.418 -0.107 0.020
Attention to Voice 0.420 0.369 0.306 -0.050 -0.005

Convent/Instrumental Gestures 0.427 0.177 0.558 0.105 -0.113
Head Shaking 0.180 0.128 0.672 -0.008 -0.263

Nodding 0.183 0.065 0.551 -0.007 -0.483
Pointing for Interest 0.410 0.026 0.330 -0.053 -0.278

Comprehension Simple Language 0.419 0.151 0.397 0.044 -0.351
Loss of Purposively Hand Movement 0.040 -0.074 0.200 0.015 0.104

Age of First Phrases 0.260 -0.087 -0.017 -0.002 -0.715
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Table 2.20. Loadings for No Verbal Communication Datasets using Spearman's Correlation

on Full Imputed Data.

ADI- R Items C1 C2 C3 C4 C5
Age of First Wad 0.120 0.259 0.341 0.194 0.130

Faint^nts/Blackouts 0.032 0.102 0.170 0.068 0.043
Hyperventilation 0.019 0.139 0.129 0.310 0.053

Self-Injun/ 0.091 0.204 0.183 0.285 0.049
Gait 0.103 0.336 0.344 0.068 0.086

Midine Hand Mcvements 0.043 0.132 0.130 0.491 0.038
Other Compl©< Mannerisms 0.060 0.204 0.266 0.025 0.088

Hand/Finger Mannerisms 0.126 0.217 0.280 0.337 0.139
Unusual attachments to Objects 0.083 0.257 0.165 0.252 0.066

Resistance to Trivial Changes in Environment 0.047 0.284 0.095 0.467 0.049
Difficulty with Minor Changes 0.120 0.459 0.317 0.326 0.048

Negative Response Sensory Stimuli 0.125 0.436 0.421 0.085 0.143
Undue General Sensitivity to Noise 0.082 0.370 0.294 0.149 0.064

Unusual Sensory Interests 0.077 0.273 0.340 0.308 0.104
Compulsions/Rituals 0.112 0.313 0.160 0.178 0.058

Repetitive Use of Objects 0.153 0.274 0.340 0.084 0.148
Circumscribed Interests 0.015 0.324 0.245 0.219 0.067
Unusual Preoccupations 0.029 0.193 0.117 0.136 0.045

Social DisinNbtion 0.295 0.213 0.238 0.047 0.244
Group Play with Peers 0.450 0.088 0.135 0.064 0.280

Response to Approaches 0.481 0.087 0.039 0.337 0.277
Inserts in Children 0.498 0.062 0.015 0.186 0.304

Imitative Social Hay 0.450 0.068 0.037 0.064 0.266
Initiatbn of Appropriate Activities 0.364 0.194 0.284 0.049 0.260
Appropriate of Social Responses 0.515 0.095 0.041 0.037 0.380
Inappropriate Facial Expressions 0.272 0.236 0.166 0.118 0.254

Range of Facial Expressions 0.422 0.173 0.076 0.176 0.336
Quaiitv of Social Overtures 0.523 0.099 0.019 0.159 0.391

Offering Comfort 0.459 0.104 0.123 0.105 0.371
Seek Share Enjoyment with Qhers 0.439 0.054 0.057 0.143 0.347

Offering to Share 0.441 0.093 0.155 0.110 0.332
Sha/ving/Directing Attention 0.515 0.078 0.140 0.034 0.419

Social Smiling 0.513 0.181 0.064 0.127 0.406
Direct Gaze 0.435 0.194 0.083 0.155 0.301

Imaginative Play with Peers 0.479 0.177 0.217 0.273 0.327
Imaginative Play 0.468 0.173 0.215 0.064 0.318

Spontaneous Imitation of Actions 0.416 0.131 0.178 0.237 0.335
Attention to Voice 0.431 0.206 0.182 0.090 0.350

Convent/Instrumental Gestures 0.478 0.130 0.173 0.106 0.448
Head Shaking 0.359 0.108 0.148 0.057 0.453

Nodding 0.347 0.168 0.194 0.093 0.458
Pointing for Interest 0.386 0.125 0.149 0.065 0.392

Comprehension Simple Language 0.401 0.211 0.322 0.181 0.380
Loss of Purposively Hand Movement 0.040 0.032 0.070 0.046 0.0^1

Age of Rrst Phrases 0.201 0.307 0.371 0.094 0.226
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Table 2.21. Loadings for No Verbal Communication Datasets using Spearman's Correlation

on Site Imputed Data.

ADI-R Items C1 C2 C3 C4 C5
Age d  First Word 0.108 0.227 0.408 0.368 0.127

Faints^Rts/Blackouts 0.071 0.093 0.051 0.212 0.159
Hyperventilation 0.022 0.200 0.084 0.286 0.125

Self-Injun/ 0.090 0.280 0.119 0.217 0.145
Gait 0.113 0.299 0.109 0.105 0.350

Midline Hand Movements 0.075 0.148 0.066 0.331 0.152
Other Complex Mannerisms 0.040 0.186 0.172 0.171 0.228

Hand/Finger Mannerisms 0.125 0.192 0.209 0.230 0.207
Unusual attachments to Objects 0.109 0.312 0.072 0.157 0.174

Resistance to Trivial Changes in Environment 0.063 0.433 0.141 0.263 0.155
Difficulty with Minor Changes 0.098 0.538 0.184 0.092 0.134

Negative Response Sensory Stimuli 0.039 0.426 0.255 0.140 0.307
Undue General Sensitivity to Noise 0.041 0.410 0.170 0.082 0.148

Unusual Sensory Interests 0.040 0.272 0.225 0.185 0.331
Compulsions/Rituals 0.112 0.416 0.118 0.138 0.082

Repetitive Use of Objects 0.149 0.244 0.187 0.128 0.437
Circumscribed Interests 0.022 0.337 0.335 0.108 0.108
Unusual Preoccupations 0.020 0.273 0.074 0.242 0.143

Social Disinhibtion 0.294 0.197 0.200 0.128 0.293
Group Play with Peers 0.620 0.053 0.016 0.108 0.249

Response to Approaches 0.668 0.094 0.042 0.147 0.081
Inserts in Children 0.680 0.073 0.039 0.077 0.053

Imitative Social Ray 0.622 0.086 0.034 0.125 0.086
Initiation of Appropriate Activities 0.477 0.173 0.083 0.121 0.413
Appropriate of Social Responses 0.604 0.130 0.178 0.097 0.036
Inappropriate Facial Expressions 0.269 0.293 0.216 0.177 0.122

Range of Facial Expressions 0.467 0.212 0.180 0.120 0.047
Quality of Social Overtures 0.604 0.164 0.216 0.160 0.082

Offering Comfort 0.531 0.081 0.165 0.134 0.193
Seek Share Enjoyment with Qhers 0.534 0.041 0.150 0.087 0.062

Offering to Share 0.532 0.036 0.176 0.121 0.132
Showing/Directing Attention 0.596 0.045 0.243 0.137 0.095

Social Smiling 0.547 0.255 0.247 0.148 0.101
Direct Gaze 0.479 0.269 0.180 0.149 0.173

Imaginative Play with Peers 0.669 0.144 0.085 0.104 0.335
Imaginative Play 0.658 0.127 0.059 0.091 0.371

Spontaneous Imitation of Actions 0.511 0.081 0.120 0.143 0.331
Attention to Voice 0.440 0.207 0.252 0.196 0.118

Convent/Instrumental Gestures 0.500 0.105 0.308 0.168 0.209
Head Shaking 0.268 0.089 0.433 0.316 0.167

Nodding 0.252 0.059 0.515 0.261 0.096
Pointing for Interest 0.379 0.058 0.351 0.194 0.065

Comprehension Simple Language 0.401 0.076 0.411 0.253 0.208
Loss of Purposively Hand Movement 0.013 0.012 0.010 0.048 0.086

Age of First Phrases 0.188 0.244 0.531 0.358 0.128
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3 Appendix III

Components were retained based on eigenvalue greater than 1, scree plot, and 

interpretability. Components had to have more than 3 items loaded with values 

greater than 0.4 to be retained. Of the two components identified, items with 

loading of greater than 0.40 were deemed to be influential to that component.

3.1 Dataset 1 -  MAX +1

Four components were retained based on eigenvalue greater than 1, scree plot, 

and interpretability.

Eigenvalues for complete data, full imputed and site specific imputed data for the 

three correlation matrices can be seen in Table 1. Eigenvalues for complete data, 

full imputed and site specific imputed data were similar. This would further suggest 

there was no effect of imputation or bias by site missingness. Complete data 

explained more of the cumulative variance than the imputed datasets. The 

polychoric correlation has higher values in all three data than the Pearson's or the 

Spearman's correlations. The average variance explained by the four components 

is 41.6%.
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Table 3.1. Eigenvalue, proportion variance explained and cumulative variance for the four components for Dataset 1 (MAX+1). Values are shown 

by correlation matrix and imputation strategy. Values for complete data, full imputed and site specific imputed datasets are quite similar across 

the three different correlation matrices. The polychoric correlation has higher values in all three data than the Pearson's or the Spearman's 

correlations. C=component.

MAX+1 Pearson’s Spearm an’s Polychoric
Complete C1 C2 C3 C4 C l C2 C3 C4 C l C2 C3 C4

Eigenvalue 12.41 6.49 3.32 2.72 12,35 6.31 3.26 2.64 14.58 6.44 4.32 3.38
Proportion Variance Explained 20.3% 10.6% 5.4% 4.5% 20.3% 10.3% 5.3% 4.3% 23.9% 10.6% 7.1% 5.5%

Cumulative Variance 
Explained

20.3% 30.9% 36.3% 40.8% 20.3% 30.6% 35.9% 40.3% 23.9% 34.4% 41.5% 47.1%

MAX+1 Pearson’s Spearman’s Polychoric
Full Imputed Cl C2 C3 C4 Cl C2 C3 C4 C l C2 C3 C4

Eigenvalue 13.00 5.45 3.20 2.60 12.93 5.32 3.19 2.56 15.43 6.06 3.97 3.09
Proportion Variance Explained 21.3% 8.9% 5.2% 4.3% 21.2% 8.7% 5.2% 4.2% 25.3% 9.9% 6.5% 5.1%

Cumulative Variance 
Explained 21.3% 30.2% 35.5% 39.8% 21.2% 29.9% 35.1% 39.3% 25.3% 35.2% 41.7% 46.8%

MAX+1 Pearson’s Spearman’s Polychoric
Site Imputed Cl C2 C3 C4 C l C2 C3 C4 C l C2 C3 C4
Eigenvalue 12.25 4.52 3.22 2.74 12.46 4.68 3.20 2.67 15.02 5.38 4.01 3.24

Proportion Variance Explained 20.1% 7.4% 5.3% 4.5% 20.4% 7.7% 5.2% 4.4% 24.9% 8.8% 6.6% 5.3%
Cumulative Variance 

Explained
20.1% 27.5% 32.8% 37.3% 20.4% 28.1% 33.3% 37.7% 24.9% 33.7% 40.3% 45.6%



The scree plots (Error! Reference source not found.) show the first four 

components are distinguishable from the rest of the components. After the first 

four components, a nearly horizontal line forms. The four components can be seen 

in complete data, full imputed and site specific imputed data across all three 

correlation matrices as well.
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Figure 3.1. Scree plots for complete data, full imputed and site specific imputed data for the 

three correlation matrices. A scree plot shows the components across the x-axis and their 

respective eigenvalues on the y-axis. Complete data (A), full imputed (B) and site specific 

imputed (C) show the four components clearly stand out from the nearly horizontal line of 

the other components. The first four components can be seen across all three correlation 

matrices as well.

The four components from the MAX+1 dataset were roughly; 1) Social 

Communication, 2) Verbal Behaviours, 3) Loss of language skills, and 4) 

Restricted Repetitive Behaviours (Table 3.2).
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Table 3.2. Summary of the ascribed behavioural component names for complete, full 

imputed and site specific imputed data for all three correlation matrices, Pearson's, 

Spearman's and polychoric. C=component, RRB=restricted repetitive behaviours.

A
Complete Data Pearson's Spearman's Polychonc

C l Social Communication Social Communication Social Communication

C2 Verbal Behaviour Verbal Behaviour Verbal Behaviour

C3 Loss of Language Loss of Language Loss of Language

C4 RRB RRB RRB

B
Full Imputed Pearson's Spearman's Polychoric

C l Social Communication Social Communication Social Communication

C2 Verbal Behaviour Vertial Behaviour Verbal Behaviour

C3 Loss of Language Loss of Language Loss of Language

C4 RRB RRB RRB

C
Site Imputed Pearson's Spearman's Polychoric

C1 Social Communication Social Communication Social Communication

C2 Verbal Behaviour Verbal Behaviour Vertjal Behaviour

C3 Loss of Language Loss of Language Loss of Language

C4 RRB RRB RRB

3.2 Dataset 2 -  MAX

Four components were retained based on eigenvalue greater than 1, scree plot, 

and interpretability.

Eigenvalues for connplete data, full imputed and site specific imputed data for the 

three correlation matrices can be seen in Table 3. Complete data has a lower 

eigenvalue for the first component but explains more of the cumulative variance 

than the imputed datasets. The polychoric correlation has higher values in all three 

data than the Pearson's or the Spearman's correlations. The average variance 

explained by the four components is 40.8%.
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by correlation matrix and imputation strategy. Values for the full imputed and site specific imputed datasets are quite similar across the three 

different correlation matrices. Complete data has a lower eigenvalue for the first component but explains more of the cumulative variance than

the imputed datasets. The polychoric correlation has higher values in all three data than the Pearson's or the Spearman's correlations. 

C=component.

MAX Pearson’s Spearman’s Polychoric
Complete C1 C2 C3 C4 C l C2 C3 C4 C l C2 C3 C4

Eigenvalue 11.81 5.37 3.33 2.88 11.97 5.54 3.26 2.73 14.58 6.44 4.32 3.38
Proportion Variance Explained 19.4% 8.8% 5.5% 4.6% 19.6% 9.1% 5.3% 4.5% 23.9% 10.6% 7.1 % 5.5%
Cumulative Variance Explained 19.4% 28.2% 33.6% 38.3% 19.6% 28.7% 34.1% 38.5% 23.9% 34.4% 41.5% 47.1%

MAX Pearson’s Spearman’s Polychoric
Full Imputed C l C2 C3 C4 C l C2 C3 C4 C1 C2 C3 C4
Eigenvalue 12.26 4.56 3.26 2.72 12.46 4.71 3.24 2.66 15.20 5.43 3.97 3.23

Proportion Variance Explained 20.1% 7.5% 5.4% 4.5% 20.4% 7.7% 5.3% 4.4% 24.9% 8.9% 6.5% 5.3%
Cumulative Variance Explained 20.1% 27.6% 32.9% 37.4% 20.4% 28.1% 33.4% 37.8% 24.9% 33.8% 40.3% 45.6%

MAX Pearson’s Spearman’s Polychoric
Site Imputed C l C2 C3 C4 C l C2 C3 C4 C l C2 C3 C4
Eigenvalue 12.26 4.53 3.24 2.73 12.46 4.69 3.23 2.66 15.22 5.38 4.02 3.23

Proportion Variance Explained 20.1% 7.4% 5.3% 4.5% 20.4% 7.7% 5.3% 4.4% 25.0% 8.8% 6.6% 5.3%
Cumulative Variance Explained 20.1% 27.5% 32.8% 37.3% 20.4% 28.1% 33.4% 37.8% 25.0% 33.8% 40.4% 45.7%
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The scree plots (Figure 3.2) show the first four components are distinguishable 

from the rest of the components. After the first four components, a nearly 

horizontal line forms. The four components can be seen in complete data, full 

imputed and site specific imputed data across all three correlation matrices as 

well.
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Figure 3.2. Scree plots for complete data, full imputed and site specific imputed data for the 

three correlation matrices. A scree plot shows the components across the x-axis and their 

respective eigenvalues on the y-axis. Complete data (A), full imputed (B) and site specific 

imputed (C) show the four components clearly stand out from the nearly horizontal line of 

the other components. The first four components can be seen across all three correlation 

matrices as well.

The four components from the Max dataset were the same as the Max+1 dataset: 

1) Social Communication, 2) Verbal Behaviour, 3) Loss of language skills, and 4) 

Restricted Repetitive Behaviours (Table 3.4).

50



Table 3.4. Summary of the ascribed behavioural component names for complete, full 

imputed and site specific imputed data for all three correlation matrices, Pearson's, 

Spearman's and polychoric. C=component, RRB=restricted repetitive behaviours.

A
Complete Data Pearson's Spearman's Polychonc

C l Social Communication Social Communication Social Communication

C2 Verbal Behaviour Vertial Behaviour Verbal Behaviour

C3 Loss of Language Loss of Language Loss of Language

C4 RRB RRB RRB

B
Full Imputed Pearson's Spearman's Polychoric

C l Social Communication Social Communication Social Communication

C2 Verbal Behaviour Verbal Behaviour Verbal Behaviour

C3 Loss of Language Loss of Language Loss of Language

C4 RRB RRB RRB

C
Site Imputed Pearson's Spearman's Polychoric

C l Social Communication Social Communication Social Communication

C2 Verbal Behaviour Verbal Behaviour Verbal Behaviour

C3 Loss of Language Loss of Language Loss of Language

C4 RRB RRB RRB

3.3 Dataset 3 -  Verbal Only

Four components were retained based on eigenvalue greater than 1, scree plot, 

and interpretability.

Eigenvalues for complete data, full imputed and site specific imputed data for the 

three correlation matrices can be seen in
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Table 3.5. The eigenvalues for all three datasets were similar, supporting the 

observation that there was no effect of imputation or bias by site missingness. The 

complete dataset explained more of the cumulative variance than the imputed 

dataset. The polychoric correlation had higher values in all three data than the 

Pearson's or the Spearman's correlations. The average variance explained by the 

four components was 34.4%.
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■ vpvinull vaiiaii«^ cApicniicu oini vumuioiiw variance Tor me rour componenis Tor uatasst 3 (Verbal only). Values are

shown by correlation matrix and imputation strategy. Values for complete data, full imputed and site specific imputed datasets are quite similar 

across the three different correlation matrices. The polychoric correlation has higher values in all three data than the Pearson's or the 

Spearman's correlations. C=component.

Verbal Only Pearson’s Spearman’s Polychoric
Complete C1 C2 C3 C4 Cl C2 C3 C4 C l C2 C3 C4

Eigenvalue 10.58 3.54 3.47 2.23 10.64 3.46 3.39 2.23 12.88 4.50 4.30 2.80
Proportion Variance Explained 17.6% 5.9% 5.8% 3.7% 17.7% 5.8% 5.7% 3.7% 21.5% 7.5% 7.2% 4.7%
Cumulative Variance Explained 17.6% 23.5% 29.3% 33.0% 17.7% 23.5% 29.2% 32.9% 21.5% 29.0% 36.2% 40.9%

Verbal Only Pearson’s Spearman’s Polychoric
Full Imputed C l C2 C3 C4 C l C2 C3 C4 Cl C2 C3 C4
Eigenvalue 10.07 3.41 3.09 2.26 10.13 3.38 3.05 2.27 12.25 4.21 3.82 2.75

Proportion Variance Explained 16.8% 5.7% 5.2% 3.7% 16.9% 5.6% 5.1 % 3.8% 20.4% 7.0% 6.4% 4.6%
Cumulative Variance Explained 16.8% 22.5% 27.7% 31.4% 16.9% 22.5% 27.6% 31.4% 20.4% 27.4% 33.8% 38.4%

Verbal Only Pearson’s Spearman’s Polychoric
Site Imputed C l C2 C3 C4 C l C2 C3 C4 C l C2 C3 C4
Eigenvalue 10.07 3.46 3.20 2.24 10.13 3.42 3.17 2.25 12.26 4.24 3.94 2.72

Proportion Variance Explained 16.8% 5.7% 5.4% 3.7% 16.9% 5.7% 5.3% 3.8% 20.4% 7.1% 6.6% 4.5%
Cumulative Variance Explained 16.8% 22.5% 27.9% 31.6% 16.9% 22.6% 27.9% 31.6% 20.4% 27.5% 34.1% 38.6%
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The scree plots (see Figure 3.3) show the first four components are 

distinguishable from the rest of the components for the imputed datasets. Only 

three components are distinguishable from the horizontal line; however 

interpretability and the amount of variance explained resulted in the first four 

components being the best solution. Two components are very close to one 

another especially in the polychoric correlation in the complete and site specific 

imputed data. The behavioural name ascribed to component 2 becomes 

component 3 in these two analysis sets.
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Figure 3.3. Scree plots for complete data, full imputed and site specific imputed data for the 

three correlation matrices. A scree plot shows the components across the x-axis and their 

respective eigenvalues on the y-axis. Full imputed (B) and site specific imputed (C) show 

the four components stand out from the rest of the components which form a nearly 

horizontal line. For complete data (C), the four components can only be seen clearly 

distinguished from the others in the polychoric correlation. In complete data, full imputed 

and site specific imputed data for all three correlation matrices shows the closeness of 

component 2 and component 3.

The four components from Dataset 3 Verbal Only were: 1) Social Communication, 

2) Restricted Repetitive Behaviours, 3) Loss of language skills, and 4) Verbal 

Behaviours (Table 3.6). The main difference can be seen in the polychoric
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correlation in the complete and site specific imputed data. Component 2 becomes 

component 3 in these two analysis sets.

Table 3.6. Summary of the ascribed behavioural component names for complete, full 

imputed and site specific imputed data for all three correlation matrices, Pearson's, 

Spearman's and polychoric. The main difference is in the polychoric correlation for the 

complete and site specific imputed datasets. Loss of Language becomes C2 and RRB 

becomes C3. C=component, RRB=restricted repetitive behaviours.

A
Complete Data Pearson's Spearman's Polychoric

C l Social Communication Social Communication Social Communication

C2 RRB RRB Loss of Language

C3 Loss of Language Loss of Language RRB

C4 Verbal Behaviour Verbal Behaviour Verbal Behaviour

B
Full Imputed Pearson's Spearman's Polychoric

C l Social Communication Social Communication Social Communication

C2 RRB RRB RRB

C3 Loss of Language Loss of Language Loss of Language

C4 Verbal Behaviour Verbal Behaviour Verbal Behaviour

C
Site Imputed Pearson's Spearman's Polychoric

C1 Social Communication Social Communication Social Communication

C2 RRB RRB Loss of Language

C3 Loss of Language Loss of Language RRB

C4 Verbal Behaviour Verbal Behaviour Verbal Behaviour

3.4 Dataset 4 -  No Verbal Communication

Two components were retained based on an eigenvalue greater than 1, scree plot, 

and interpretability.

Eigenvalues for complete data, full imputed and site specific imputed data for the 

three correlation matrices can be seen in Table 3.7. Complete data explained 

more of the cumulative variance than the imputed datasets. The polychoric 

correlation has higher values in all three data than the Pearson's or the 

Spearman's correlations. The average variance explained by the two components 

is 29.46%.
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Table 3.7. Eigenvalue, proportion variance explained and cumulative variance for the four 

components for Dataset 4 (No Verbal Communication). Values are shown by correlation 

matrix and imputation strategy. Values for complete data, full imputed and site specific 

imputed datasets are quite similar across the three different correlation matrices. The 

polychoric correlation has higher values in all three data than the Pearson's or the 

Spearman's correlations. C=component.

No Verbal Communication Pearson’s Spearman’s Polychoric
Complete Data C1 C2 C l C2 C l C2

Eigen Value 9.81 2.88 9.87 2.77 11.68 3.44
Proportion Variance 

Explained 21.8% 6.4% 21.9% 6.2% 25.9% 7.6%

Cumulative Variance 
Explained 21.8% 28.2% 21.9% 28.1% 25.9% 33.5%

No Verbal Communication Pearson’s Spearm an’s Polychoric
Full Imputed C l C2 C l C2 C l C2
Eigen Value 9.57 2.77 9.65 2.70 11.51 3.30

Proportion Variance 
Explained 

Cumulative Variance 
Explained

21.3% 6.1% 21.4% 6.0% 25.6% 7.3%

21.3% 27.4% 21.4% 27.4% 25.6% 32.9%

No Verbal Communication Pearson’s Spearman’s Polychoric
Site Imputed Cl C2 Cl C2 C l C2
Eigen Value 9.55 2.76 9.63 2.69 11.48 3.28

Proportion Variance 
Explained 21.2% 6.1% 21.4% 6.0% 25.5% 7.3%

Cumulative Variance 
Explained 21.2% 27.4% 21.4% 27.4% 25.5% 32.8%

The scree plots (see Figure 3.4) show the first two components are distinguishable 

from the rest of the components for complete, full imputed and site specific 

imputed datasets as well as in all three correlation matrices. After the first two 

components, a nearly horizontal line forms.
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Correlation Matrix
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Figure 3.4. Scree plots for complete data, full imputed and site specific imputed data for the 

three correlation matrices. A scree plot shows the components across the x-axis and their 

respective eigenvalues on the y-axis. Complete data (A), full imputed (B) and site specific 

imputed (C) show the two components clearly stand out from the nearly horizontal line of 

the other components. The first two components can be seen across all three correlation 

matrices as well.

Dataset No Verbal Questions only had two components: social communication 

and restricted repetitive behaviours (Table 3.8). There is no verbal behaviour or 

loss of language components since questions regarding verbal communication 

were not included in this dataset.

57



Table 3.8. Summary of the ascribed behavioural component names for complete, full 

imputed and site specific imputed data for all three correlation matrices, Pearson's, 

Spearman's and polychoric. C=component, RRB=restricted repetitive behaviours.

A
Complete Data Pearson's Spearman's Polychoric

C1 Social Communication Social Communication Social Communication

C2 RRB RRB RRB

B
Full Imputed Pearson's Spearman's Polychoric

C1 Social Communication Social Communication Social Communication

C2 RRB RRB RRB

C
Site Imputed Pearson's Spearman's Polychoric

C1 Social Communication Social Communication Social Communication

C2 RRB RRB RRB
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4 Appendix IV

Table 4.1. Details of Serotonergic SNPs used in this thesis. Table 1.

Gene Chr Marker Position Alleles MAF
rs10917360 23411597 A/G 0.226
rs1738468 23383437 G/T 0.336

1 rsl 757044 23388218 C/T 0.407
, rs2746561 23399139 A/G 0.15
!

rs2806555 23374361 CAT 0.156
; rs2806561 23377382 A/G 0.412
1 rs2806566 23379759 A/C 0.159

HTR1D 1 rs2806570 23399592 err 0.31
rs586589 23395878 A/C 0.15

■ rs588387 23396276 A/G 0.305
rs623988 23392064 C/T 0.336

i rs627304 23410142 C/T 0.372
1 rs641032 23386567 A/G 0.336
1 rs643492 23373941 C/T 0.336
! rs674386 23394422 A/G 0.305

1 rs676643 23393927 A/G 0.15
rs1007023 70674641 G/T 0.894

rs10506644 70641698 A/G
rs10506645 70671767 C/T 0.226
rs10748185 70622122 A/G 0.544
rsl 0879352 70693225 CAT 0.655
rsl 0879354 70696049 C/T 0.692

i rs10879355 70699276 C/T 0.717
1 rsl 0879357 70700830 A/G 0.661
1

1 rsl 1178993 70615409 C/T 0.088j rsl 1178999 70619837 A/G 0.219
rsl 1179003 70629554 C/T 0.022

TPH2 12 rsl 1179022 70657013 NQ 0.027
rsl 1179039 70688453 C/T 0.624
rsl 1179050 70696346 A/G 0.69
rsl 1179064 70706318 A/G 0.035
rs11179065 70707768 A/G 0.04

1 rs11615016 70702261 A/G 0.08
1 rs11829339 70722696 NQ
j rsl 2229394 70679181 A/G 0.254

rs12231341 70695703 C/T 0.044
rsl 2231356 70695815 C/T 0.058
rsl 386483 70698761 C/T 0.717

1 rsl 386488 70630885 A/C 0.863
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Table 4.2. Details of Serotonergic SNPs used in this thesis. Table 2.

Gene Chr Marker Position Alleles MAP
rsl 386493 70641446 A/G 0.867
rsl 386496 70637057 A/G 0.889

i rs1386497 70678557 A/C 0.885
rsl 386498 70684410 A/G 0.657
rsl 487275 70696559 NC 0.788
rsl 487276 70691326 e rr 0.871
rsl 487281 70666289 G /r 0.894

! rs17110563 70652573 C/T 0.009
1 rsl 7110627 70676662 CAT 0.228

rsl 7110690 70694264 A/G 0.217
rsl 7722134 70687961 A/G 0.04
rsl 843809 70634965 G /r 0.889
rsl 872824 70716581 A/G 0.73
rs2129575 70626340 G/T 0.23
rs2171363 70646531 A/G 0.645
rs2468912 70729616 GAT 0.009
rs2887147 70674527 C/T 0.009

TPH2 12 rs4570625 70618190 G/T 0.208
rs4760751 70664185 A/G 0.894
rs4760816 70658868 C/T 0.642
rs6582072 70640744 A/G 0.867
rs6582073 70660797 CAT 0.643
rs6582077 70661061 A/G 0.643
rs6582081 70669881 A/G 0.889
rs6582083 70721909 GAT
rs7133320 70722740 C/T 0.044
rs7299582 70642581 A/G 0.889
rs7300641 70654838 G/T 0.866
rs7305115 70659129 A/G 0.643
rs7309440 70713104 A/G 0.04
rs7488262 70711706 G/T
rs7963226 70652133 A/G 0.893
rs7963720 70652453 C/T 0.642
rs7963803 70617585 A/C 0.088
rs7967586 70676307 A/G 0.009
rs9325202 70693744 A/G 0.655

rsl 0507544 46298746 A/C 0.611
rsl 0507546 46381075 A/G 0.195

HTR2A 13 rsl 058576 46307127 A/G
rsl 2584920 46363038 G/T 0.142
rsl 328674 46339708 C/T 0.956



Table 4.3. Details of Serotonergic SNPs used in this thesis. Table 3.

Gene Chr Marker Position Alleles MAP
] rs1328684 46364231 CAT 0.642
i rs1360020 46380661 A/C 0.549

rs17069005 46322119 A/G 0.08
rs17069089 46355000 A/G
rs17288723 46355694 CAT 0.115
rs17289304 46369719 G/T 0.097
rs17289394 46371221 A/G 0.354
rs1805055 46367969 G/T 0.023

' rs1923884 46319837 e rr 0.146
rs1923885 46321087 C/T 0.345
rs1923886 46321292 C/T 0.5
rs1928039 46351187 A/G 0.973
rs1928042 46335217 G/T 0.748
rs2026690 46381178 G/T 0.616
rs2039093 46383571 A/G 0.929
rs2070036 46364951 G/T 0.031
rs2070037 46365071 C/T 0.173
rs2149434 46376345 A/C 0.624

1 rs2296972 46326472 A/C 0.696
rs2296973 46364782 G/T 0.774

HTR2A 13 rs2760345 46336575 C/T 0.912
rs2770293 46336975 C/T 0.416
rs2770296 46338561 C/T 0.757
rs2770298 46344848 C/T 0.752
rs2770304 46353366 C/T 0.748
rs3803189 46306571 G/T 0.119
rs4142900 46371551 G/T 0.554
rs4941573 46362858 A/G 0.469
rs4942576 46289825 A/G 0.106
rs4942577 46295455 C/T 0.665
rs4942578 46330611 G/T 0.827
rs4942587 46360801 A/G 0.173
rs582385 46343995 A/G 0.208
rs622337 46325627 A/G 0.31

rs6304 46364550 C/T
rs6306 46369462 A/G 0.075

1 rs6308 46307049 A/G 0.005
rs6310 46368353 C/T 0.942
rs6311 46369479 C/T 0.465
rs6312 46368825 C/T 0.942
rs6313 46367941 A/G 0.465



Table 4.4. Details of Serotonergic SNPs used in this thesis. Table 4.

Gene Chr Marker Position Alleles MAF
rs6314 46307035 A/G 0.062

rs655854 46326201 CfT 0.304
rs6561336 46346061 C/T 0.473
rs731779 46350039 A/G 0.155
rs7324942 46305202 A/G 0.005

i rs732821 46370880 C/T 0.5
rs7329640 46296932 A/C 0.019
rs7330636 46321593 C/T 0.332
rs7333412 46301361 A/G 0.185
rs7983914 46289954 G/T 0.478
rs7994746 46314677 CAT
rs7996679 46368294 A/C
rs927544 46354052 A/G 0.77

HTR2A 13 rs9316235 46343704 A/G 0.208
rs9534495 46327229 A/G 0.531
rs9534505 46358745 A/G 0.892
rs9534507 46359735 A/G 0.053
rs9534511 46366581 C/T 0.558
rs9534520 46387452 C/T 0.098
rs9567729 46287948 G/T 0.111
rs9567731 46298687 A/G 0.708
rs9567733 46299336 A/G 0.265
rs9567737 46319267 C/T 0.487
rs9567746 46354549 A/G 0.149
rs9595552 46305431 G/T 0.062
rs972979 46347165 C/T 0.681
rs977003 46313002 A/C 0.4
rs1042173 25549137 A/C 0.425

rsl 1657536 25553368 A/G 0.031
rs140700 25567515 C/T 0.088
rs140701 25562658 C/T 0.385

rsl 6965623 25577112 A/G 0.008
rs2066713 25575791 A/G 0.442
rs25528 25574104 G/T 0.823

rs28437451 25592427 A/G 0.009

SLC6A4 17 rs3794808 25555919 C/T 0.379
rs3813034 25548930 A/C 0.425
rs4251417 25575984 C/T 0.111

I rs6352 25554319 G/T
rs6354 25574024 G/T 0.823

rs7224199 25547852 G/T 0.429
rs8071667 25576899 C/T 0.824
rs8073965 25583308 G/T 0.013
rsSOBI 028 25547440 A/C 0.009
rs9303628 25551354 C/T 0.438



Table 4.5. Details of Serotonergic SNPs used in this thesis. Table 5.

Gene Chr Marker Position Alleles MAF
rsl 0042486 63297085 CAT 0.505
rs1364043 63286607 GAT 0.217

HTR1A 5 rs1423691 63287418 CfT 0.496
rs6449693 63291774 A/G 0.496
rs6878612 63298318 A/G 0.491
rs7448024 63300839 A/C 0.934

rsl 0806098 78232728 A/G 0.336
rs10943458 78218307 C/T 0.129

' rs1145831 78217292 err 0.792
rsl 1965950 78230443 G /r 0.005
rsl 213352 78248530 A/G 0.858
rsl 213367 78234187 C/T
rs1213371 78236764 CAT 0.637

rsl 2181240 78230714 A/G
rsl 30060 78229469 A/C 0.009
rs130063 78228741 err
rs130064 78228720 C/T

HTR1B rsl 3212041 78227843 C/T 0.796
rsl 343485 78217652 A/C 0.308
rsl 343491 78247981 C/T 0.102
rsl 936158 78241094 G/T 0.456
rs2000292 78223664 A/G 0.339
rs4543330 78247352 A/C 0.142

1 rs6297 78228660 C/T 0.845
rs6298 78229711 A/G 0.332

rs9352481 78219255 A/G 0.575
rs9352483 78246975 A/G 0.129
rs9359271 78222839 /VC 0.327
rs9361235 78232561 C/T 0.362

! rs7052262 43380651 CAT
rs3859959 43381224 C/T 0.74

rsl 7146645 43387040 C/T
rsl 181275 43391479 C/T 0.905

1 rs5905613 43392244 C/T 0.756
rs5953210 43398990 A/G 0.734

MAOA X rs5905702 43403132 GAT 0.731
rs6520894 43411492 GAT 0.734
rs5906893 43412568 CAT 0.734
rs7882699 43420871 A/G
rsl 465108 43423153 A/G 0.725

1
1 rs5906938 43425239 A/G 0.738
i rs5953385 43425781 A/G 0.734

rs909525 43438146 CAT 0.692
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Table 4.6. Details of Serotonergic SNPs used in this thesis. Table 6.

1 Gene Chr Marker Position Alleles MAF
rs3027396 43439616 C/T 0.692
rs6520897 43440508 A/C
rs3027398 43442604 C/T 0.692
rs2283724 43444520 A/G 0.692
rs2283725 43444920 A/G 0.692
rs2179098 43450579 A/G 0.012
rs1800464 43456141 A/C 0.047

rs 12843268 43458610 A/G 0.757
rsl 800659 43459113 A/G 0.746

rs28401570 43465205 A/G 0.757
rs28556796 43465804 A/G 0.757
rs3810709 43472812 C/T 0.71
rs6610845 43472954 C/T 0.71

MAOA X rs6610846 43474408 C/T 0.707
rs6323 43475980 G/T 0.757

rs3027400 43477707 G/T 0.757
rs2235186 43480372 A/G 0.757
rs3027403 43480622 C/T
rs2072743 43484465 C/T 0.71
rs7065428 43484926 A/G
rs979606 43486086 C/T 0.757
rs979605 43486307 A/G 0.757
rs1137070 43488335 C/T 0.751
rs3027409 43491977 G/T 0.041
rs3027410 43493011 C/T 0.755
rs7052785 43494561 A/G 0.041
rs6609257 43497652 A/G 0.645
rs3027415 43499385 C/T 0.186
rs547617 113706163 A/G 0.385
rs493533 113707506 A/G 0.385

rsl 2688871 113715794 A/C 0.189
rs475717 113721638 G/T 0.189
rs521018 113724164 G/T 0.373
rs498207 113724372 A/G 0.378
rs3813928 113724538 A/G 0.174

HTR2C X rs3813929 113724776 C/T 0.183
rs543229 113727242 A/G 0.183
rs556677 113729158 C/T 0.183
rs6655327 113737623 A/G

rsl 7326436 113748877 C/T 0.183
rs2041674 113751834 A/G

rsl 2846241 113760342 G/T 0.183
rsl 7326450 113765244 C/T 0.012



Table 4.7. Details of Serotonergic SNPs used in this thesis. Table 7.

Gene Chr Marker Position Alleles MAP
rs12844256 113765447 C/T
rs7055144 113782358 CAT 0.361
rs7887868 113791026 CAT 0.361

rs12836771 113791644 A/G 0.183
rs7062475 113801647 C/T
rs5987797 113807999 A/G 0.178

rs12690355 113817106 A/G 0.179
rs6579494 113819259 G/T
rs7057166 113822803 A/G

rs12690135 113826419 A/G 0.189
rs7877304 113834673 G/T 0.167
rs5988087 113841112 C/T 0.178

rs11167436 113850316 A/C 0.178
rs5988105 113858666 A/G 0.178

1 rs2497551 113867237 A/G 0.178
j rs2248440 113867666 A/G 0.179

rs24 97541 113871306 A/G 0.178
rs2428722 113878423 A/G 0.178
rs2428713 113886918 C/T 0.166
rs6579501 113893586 A/C

HTR2C X rs2497528 113899024 A/G 0.156
rs4911871 113903396 A/G 0.207
rs2428707 113906615 C/T 0.167
rs2428702 113915065 A/G 0.167
rs5988130 113915646 A/G
rs2428700 113916920 A/G 0.166
rs2497505 113926016 G/T 0.166

rs12393326 113927168 A/G
rsl 7260600 113927764 A/C 0.053
rsl 7095572 113937455 A/G
rs5945997 113945701 C/T 0.834
rs43323 03 113954123 C/T 0.834
rs5945998 113959930 C/T 0.834
rs4243981 113963054 C/T 0.826
rs6644093 113970279 G/T 0.183
rs4537474 113970378 C/T 0.83
rs5988143 113977852 C/T 0.834
rs6655339 113981910 A/G
rs4421526 113987574 A/C 0.843
rs5946005 113988791 A/G 0.839
rs42 72 5 5 5 113989881 C/T 0.844
rs5946203 113990708 A/G 0.839
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Table 4.8. Details of Serotonergic SNPs used in this thesis. Table 8.

Gene Chr Marker Position Alleles MAF
rs6579543 113998527 e rr 0.834
rs5988150 114003719 CfJ
rs1577456 114003827 A/C 0.834
rs5946014 114016671 CAT 0.833
rs5988154 114030120 A/G

rs 10875535 114033435 C/T 0.061

HTR2C X rs7059897 114041277 A/G
rs1360851 114046741 G/T 0.834

1 rs1801412 114048960 G/T 0.111
rs5987830 114050885 A/C
rsl 414324 114054754 A/G 0.826
rs5946022 114057637 C/T 0.834
rs5946023 114057649 e rr 0.834
rs7890424 114063784 A/G



Table 4.9. Details of Social Cognition SNPs genotyped by KBioscience.

Gene Chr Marker Position Alleles MAP
rs1042778 8769545 GAT 0.367

rs11706648 8771547 A/C 0.354
rs11720238 8766339 G/T 0.144
rsl 3316193 8777743 C/T 0.491
rs1488467 8788231 C/G 0.042
rs2254298 8777228 A/G 0.068
rs2268490 8772085 G/T 0.119
rs2268491 8775398 C/T 0.084
rs2268492 8775672 C/T 0.314
rs2268494 8777046 A/T 0.053

OXTR O rs2268495 8782535 AJG 0.228
o

rs237885 8770543 G/T 0.558
rs237887 8772042 A/G 0.588
rs237888 8772095 C/T 0.08
rs237889 8777483 C/T 0.628
rs2 37894 8781531 C/G 0.333
rs237895 8782423 C/T 0.64

rs4564970 8785408 C/G 0.059
rs4686301 8773586 C/T 0.345
rs4686302 8784222 C/T 0.106
rs7632287 8766446 A/G 0.257
rs9840864 8773477 C/G 0.227

rsl 0805347 15449937 A/G 0.735
rsl 1574922 15427683 A/C 0.017
rsl 1574930 15450989 A/C 0.008
rsl 1724146 15445793 C/G 0.008
rsl 2644506 15408976 C/T 0.066
rs1803404 15459428 G/T 0.04
rs3796863 15459084 G/T 0.344

CD38 4 rs3796867 15427646 A/G 0.088
rs3796871 15420540 G/T 0.051
rs3796878 15394757 C/T 0.159
rs3822256 15407362 A/G 0.034
rs6449181 15388810 C/T 0.008
rs6449192 15421716 C/G 0.412
rs6449197 15424020 C/T 0.131
rs7655635 15423719 A/G 0.201
rs1042615 61830476 A/G 0.527

AVPR1A 12 rsl 1174815 61833363 A/G 0.025
rs3741865 61831125 A/G 0.009
rs3803107 61827101 A/G 0.142



Table 4.10. Details of Social Cognition SNPs used in this thesis. Table 1.

Gene Chr Marker Position Alleles MAF
rs28373064 204390179 A/G 0.138

AVPR1B 1 rs35439639 204398417 A/G 0.022
rs35608965 204391035 CU 0.031
rs35810727 204395325 A/C 0.053
rs11747728 174796108 A/G 0.119
rs1799914 174802511 G/T
rs251937 174799526 C/T 0.283
rs265978 174796511 G/r 0.58
rs265981 174803508 NG 0.58

rs4532 174802756 err 0.58
DRD1 5 rs4867798 174800505 CAT 0.292

rs5326 174802802 c/r 0.142
rs5332 174801357 G/T
rs686 174801306 A/G 0.575

rs835540 174796497 c/r 0.232
rs835541 174796182 NG 0.469
rs835616 174796296 A/G 0.637

rs10214867 152051347 A/G 0.062
rs10872678 152081657 G/T 0.248
rs11155813 152191128 G/r 0.088
rsl 1155819 152241052 G/T 0.363
rsl 1155820 152245903 A/G 0.345
rsl 159327 152089715 G/T 0.264

rsl 1964281 152163135 G/T 0.08
rsl 1964488 152090850 A/G
rsl 1967900 152064495 G/T
rsl 1968373 152436095 G/T 0.048
rs11969288 152190893 A/G 0.009
rs12154178 152292773 A/G 0.726

ESR1 6 rsl 2195741 152096067 G/T 0.375
rsl 2199102 152434254 A/G 0.087
rsl 2525163 152081984 G/T 0.248
rsl 2663266 152070905 G/T
rs1285057 152145485 G/T 0.677

rsl 3203975 152374797 A/G 0.08
rsl 3216134 152370177 A/G 0.075
rsl 3362744 152173907 G/T
rs1336981 152124062 G/T 0.704
rs1361024 152112621 A/G 0.049
rs1514348 152224008 G/T 0.398
rs1569788 152370309 G/T 0.252
rsl 643821 152225244 A/G 0.398



Table 4.11. Details of Social Cognition SNPs used in this thesis. Table 2.

Gene Chr Marker Position Alleles MAP
rs17081685 152158348 A/G 0.097
rs17081749 152193618 GAT 0.133
rs17081771 152198270 A/G
rs17082000 152367314 Cf\ 0.036
rs1709180 152225713 A/G 0.947
rs1709183 152235689 G/T 0.704
rs1856058 152102105 C/T
rsl 884051 152324972 A/G 0.717
rsl 884054 152333259 A/C 0.679
rsl 999805 152110057 A/G 0.629
rs2077647 152170770 CAT 0.433
rs2144025 152349399 G/T 0.875
rs2207232 152381981 err 0.075
rs2207396 152424075 A/G 0.299
rs2228480 152461788 A/G 0.133
rs2248586 152137025 A/G 0.73
rs2273206 152424004 G/T 0.075
rs2347637 152070172 GAT 0.327
rs2347868 152293261 c/r 0.826
rs2347869 152328988 A/G 0.668

ESR1 6 rs2347871 152334353 A/G 0.677
rs2347872 152334365 C/T 0.885
rs2474148 152454597 G/T 0.355
rs2485209 152131461 A/C 0.588
rs2504063 152132400 A/G 0.606
rs2504065 152136860 A/G 0.558
rs2504067 152137680 A/G 0.566
rs2504070 152126666 A/G 0.676
rs2813543 152466171 A/G 0.739
rs2813544 152467275 ' A/G 0.221
rs2881766 152160812 G/T 0.199
rs2982551 152102903 G/T 0.602
rs2982565 152093547 A/G 0.168
rs2982567 152117180 A/G 0.624
rs2982570 152055441 C/T 0.509
rs2982575 152111484 A/G 0.597
rs2982683 152340128 C/T 0.312
rs2982684 152347897 A/C 0.946
rs2982688 152326815 C/T 0.677
rs2982712 152399872 C/T 0.477
rs2982900 152456685 C/T 0.053
rs3003925 152326151 A/G 0.823



Table 4.12. Details of Social Cognition SNPs used in this thesis. Table 3.

Gene Chr Marker Position Alleles MAF
rs3020306 152107579 C/T 0.597
rs3020314 152312365 C/T 0.743
rs3020317 152320434 CAT 0.867
rs3020318 152331463 CAT 0.673
rs3020325 152335598 A/G 0.688
rs3020331 152050473 G/T 0.513
rs3020333 152051947 A/G 0.531
rs3020343 152096056 C/T 0.634
rs3020348 152099607 A/G 0.633
rs3020364 152408811 A/G 0.376
rs3020368 152412883 G /r 0.097
rs3020375 152431661 A/C 0.371
rs3020401 152324737 A/G 0.735
rs3020410 152308070 NC 0.863
rs3020411 152385456 A/G 0.366
rs3020418 152386855 A/G 0.314
rs3020432 152399620 NG 0.376
rs3020433 152400020 G/T 0.376
rs3778082 152429357 A/G 0.09
rs3778084 152429732 C/T 0.084

ESR1 6 rs3778089 152435454 A/G 0.087
rs3778099 152460268 C/T 0.071
rs3798577 152462823 C/T 0.442
rs3798757 152465936 C/T
rs3798758 152463547 A/C 0.035
rs3822990 152447658 C/T 0.058
rs3936674 152209004 A/G 0.305
rs4870053 152134442 A/G 0.212
rs488133 152167137 C/T 0.695
rs532010 152172611 A/G 0.358
rs543650 152152636 G/T 0.615

rs6557170 152244797 A/G 0.808
rs6557171 152276286 C/T 0.703
rs6902771 152199574 C/T 0.416
rs6909023 152195390 A/G 0.04
rs6912184 152301899 A/G 0.827
rs6927072 152299380 G/T 0.699
rs6932864 152418168 A/G 0.075
rs6938143 152328862 C/T
rs6939257 152131738 A/G 0.164
rs6939683 152132017 A/G 0.137



Table 4.13. Details of Social Cognition SNPs used in this thesis. Table 4.

Gene Chr Marker Position Alleles MAP
rs722208 152364578 A/G 0.239
rs726281 152344271 A/G 0.757
rs7739506 152328136 A/G 0.004
rs7743290 152350825 G/T 0.173
rs7753153 152189791 A/G 0.105
rs7759411 152190563 C/T 0.009
rs7761846 152254201 C/T 0.097
rs7767143 152137387 A/G 0.159
rs7769328 152340765 A/G
rs7773170 152256683 A/G
rs827419 152219356 A/G 0.366
rs827423 152197890 A/G 0.553
rs851980 152069648 C/T 0.243
rs851982 152066678 C/T 0.465
rs851987 152049582 A/G 0.712
rs926777 152346740 A/C 0.814
rs9322331 152204010 C/T 0.305
rs9322335 152241822 C/T 0.757
rs9322336 152242123 C/T 0.783
rs9322337 152242332 A/C 0.031

ESR1 rs9322343 152279452 A/G 0.027
rs9340776 152177144 A/G
rs9340820 152217518 G/T 0.018
rs9340835 152241624 A/G 0.363
rs9340917 152328917 A/C 0.035
rs9340931 152341582 C/T 0.173
rs9340939 152342320 A/C 0.005
rs9340941 152354839 C/T 0.08
rs9340944 152355411 A/G 0.146
rs9340955 152371894 AJC 0.049
rs9340973 152374389 A/G
rs9340978 152375638 A/G 0.062
rs9341019 152424381 A/C 0.062
rs9341052 152458318 A/G 0.133
rs9341066 152461219 A/G 0.053
rs9341085 152466108 C/T
rs9371236 152348039 A/G 0.04
rs9371554 152133458 A/C 0.027
rs9371557 152181902 A/G 0.013
rs9371575 152420245 C/T 0.075
rs9383598 152301627 C/T
rs9383947 152267415 A/G
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Table 4.14. Details of Social Cognition SNPs used in this thesis. Table 5.

Gene Chr Marker Position Alleles MAP
rs9397459 152307352 A/G
rs9397463 152346021 CfT 0.128
rs9397472 152398740 A/G 0.058
rs9478265 152390594 A/G 0.066
rs9479117 152159378 CfJ 0.181

ESR1 6 rs9479130 152210149 A/C 0.402
rs985191 152325151 A/C 0.134
rs985192 152325171 A/C 0.853
rs985694 152328318 e rr 0.85
rs985695 152328398 C/T 0.173
rs988328 152282843 CAT 0.124
rsl 076560 112788898 A/C 0.129
rsl 076562 112801218 A/G 0.765
rsl 076563 112801119 A/C 0.643
rsl 079597 112801496 C/T 0.124
rsl 079727 112794392 C/T 0.119

rsl 0891549 112783657 C/T 0.535
r s l116313 112801317 A/G 0.642
rs11214606 112815079 C/T 0.044
rsl 125393 112802559 CAT 0.124
rs12364051 112810524 A/G 0.642
rs12364283 112852165 A/G 0.084
rs17529477 112822277 A/G 0.345
rsl 799978 112851561 C/T 0.049
rs2002453 112794508 C/T 0.763
rs2242592 112784640 A/G 0.664
rs2440390 112792088 C/T 0.898
rs2471857 112803549 C/T 0.124

DRD2 11 rs2734838 112791711 A/G 0.642
rs4245146 112823183 C/T 0.491
rs4274224 112824662 A/G 0.491
rs4436578 112811975 C/T 0.863
rs4581480 112829684 C/T 0.893
rs4620755 112814829 A/G 0.137
rs4648317 112836742 A/G 0.133
rs4648318 112818599 C/T 0.241
rs4648319 112819573 A/G 0.119
rs4936270 112823618 C/T 0.881
rs4938019 112846601 CAT 0.146
rs4986918 112800452 A/G 0.004

rs6274 112786138 A/C 0.004
rs6275 112788687 A/G 0.668
rs6278 112785934 A/C 0.124

rs7118161 112808800 A/G 0.004
rs7125415 112815891 C/T 0.098
rs7131056 112834984 A/C 0.571



Table 4.15. Details of Social Cognition SNPs used in this thesis. Table 6.

Gene Chr Marker Position Alleles MAF
rs10137185 63845529 CfT 0.142
rs10144225 63774747 A/G 0.115
rs1048315 63762218 C/T 0.111

rsl 0483774 63833352 A/G 0.004
rs12434245 63761606 G/T 0.093
rs12435857 63793278 A/G 0.438
rsl 2436302 63836239 GAT 0.009
rs1256031 63815932 A/G 0.558
rs1256044 63803780 A/G 0.593
rs1256049 63793804 C/T 0.031
rsl 256059 63780170 A/G 0.584
rs1256061 63773346 G/T 0.491
rs1256062 63773071 C/T 0.142
rs1256063 63771970 A/G 0.934
rs1256064 63770492 A/G 0.115
rs1256065 63768685 G/T 0.571
rs1256066 63768644 C/T 0.031
rs1256114 63879758 A/G 0.181
rs1269056 63813643 C/T 0.593

rs17101765 63829622 C/T 0.31

ESR2 14 rsl 7101774 63863334 C/T 0.031
rsl 7766755 63785526 A/G 0.332
rs1887994 63830364 A/C 0.106
rs1952586 63829172 C/T 0.142
rs2772163 63763138 A/G 0.288
rs2978381 63836405 C/T 0.442
rs3020443 63862093 G/T 0.226
rs3020445 63858397 A/G 0.584
rs3020450 63838055 C/T 0.301

rs34187403 63850673 r A/G 0.004
rs3742614 63805249 A/G
rs3783736 63821125 G/T 0.42
rs4365213 63790017 C/T 0.428
rs4986938 63769569 C/T 0.381
rs6573549 63791402 C/T 0.427
rs6573553 63824114 G/T 0.523
rs7159462 63828629 C/T 0.119

rs7229 63762578 A/G 0.588
rs8003490 63795122 A/G 0.08
rs8006145 63769203 A/C 0.274
rs8017441 63785547 AJG 0.115
rs8018687 63763835 C/T 0.08



Table 4.16. Details of Social Cognition SNPs used in this thesis. Table 7.

Gene Chr Marker Position Alleles MAP
rs8019025 63849191 A/G 0.142
rs8020646 63761073 A/G 0.08

ESR2 14 rs928554 63763948 C/T 0.593
rs944045 63771199 cr\ 0.084
rs944050 63769798 G/T 0.031
rs944459 63769111 cr\

rs11697250 2996537 A/G 0.805
rs877172 2997890 G/T 0.344

rsl 1908423 2999645 A/G 0.004
OXT 20 rs2740210 3001255 A/G 0.279

rs2770378 3001514 A/G 0.335
rs4813627 3003513 A/G 0.531
rs2740201 3004686 A/G 0.296
rs2770381 3009986 A/C 0.314

AVP 20 rs2740204 3010467 G/T 0.305
rs2282018 3012949 c/r 0.602
rs3761249 3014362 G/T 0.102



Table 4.17. Details of Social Cognition SNPs used in this thesis. Table 8.

Gene Chr Marker Position Alleles MAF
rs12009650 66697703 A/G
rs12009829 66732969 G/r
rs12014709 66855191 G/T 0.118
rs1204038 66704950 A/G 0.178

rs12396249 66693791 A/G 0.178
rs12558349 66705519 A/C
rs12835940 66816979 G/T
rs12855990 66772332 G/T
rs1337076 66858322 G/T 1
rs1337080 66795644 A/G 0.935
rs1361038 66846411 A/G 1
rs1572500 66820838 G/T

rs16990322 66753249 G/T
rs2070757 66678658 G/T
rs2255702 66714836 C/T 0.178
rs4827545 66745110 A/G 0.822

AR X rs5031002 66859350 A/G 0.047
rs5918757 66722755 A/G 0.817
rs5918760 66755476 C/T 0.822
rs5918761 66761435 A/C
rs5918762 66831526 C/T 0.817
rs5919393 66742082 C/T 0.822
rs5919411 66835438 A/G 0.935
rs5919413 66862465 C/T 1
rs5965426 66724043 G/T
rs6624304 66792481 C/T 0.817
rs6625192 66687639 A/G
rs7053042 66837164 A/G
rs7064188 66853144 A/G 0.118
rs7065472 66848340 C/T
rs9332968 66848077 C/T
rs9332970 66859472 C/T
rs9332971 66859511 A/G



5 Appendix V

Table 5.1. Results of TDT Analysis from SLC6A4 and MAOA polymorphisms.

Gene Marker Allele T:U OR CHI SO P

SLC6A4
Intron 2 VNTR

345 1:4 0.250 1.800 0.180
360 34:37 0.919 0.127 0.722
390 37:31 1.194 0.529 0.467

5-HTTLPR
Insert 37:33 1.121 0.229 0.633

Deletion 33:37 0.892 0.229 0.633

MAOA
Promoter Microsatellite

237 13:21 0.619 1.882 0.170
254 1:3 0.333 1.000 0.317
267 24:14 1.714 2.632 0.105

Promoter Microsatellite 
split on Activity Levels

High Activity 14:22 0.636 0.286 0.593
Low Activity 22:14 1.571 0.286 0.593



Table 5.2. Results of TDT Analysis of Serotonergic Genes. Table 1.

Gene Chr SNP Position Alleles T:U OR 95% Cl CHISQ P
! rs12405002 23373038 C:G 24:27 0.889 0.512-1.54 0.177 0.674

i rs643492 23373941 G:A 58:62 0.936 0.653-1.338 0.133 0.715
1
1 rs2806555 23374361 G:A 38:36 1.056 0.669-1.665 0.054 0.816

rs2806561 23377382 G:A 67:74 0.905 0.650-1.260 0.348 0.556
rs2806566 23379759 C:A 38:36 1.056 0.669-1.665 0.054 0.816
rs1738468 23383437 C:A 58:61 0.951 0.663-1.362 0.076 0.783
rs641032 23386567 G:A 58:62 0.936 0.653-1.338 0.133 0.715

' rs1757044 23388218 G:A 68:74 0.919 0.661-1.277 0.254 0.615
HTR1D 1 rs623988 23392064 A:G 57:61 0.934 0.651-1.341 0.136 0.713

rs676643 23393927 A:G 37:35 1.057 0.665-1.678 0.056 0.814
rs674386 23394422 A:G 51:61 0.836 0.576-1.213 0.893 0.345

i rs586589 23395878 C:A 37:34 1.088 0.683-1.734 0.127 0.722
rs588387 23396276 G:A 53:62 0.855 0.592-1.233 0.704 0.401

1
rs2746561 23399139 G:A 37:33 1.121 0.701-1.793 0.229 0.633

1 rs2806570 23399592 G:A 54:62 0.871 0.604-1.254 0.552 0.458
rs627304 23410142 G:A 64:74 0.865 0.618-1.209 0.725 0.395

1 rs10017360 23411597 A:G 42:55 0.764 0.511-1.141 1.742 0.187
rs1364043 63286607 C:A 43:44 0.977 0.641-1.488 0.011 0.915
rs1423691 63287418 A:G 67:63 1.063 0.754-1.500 0.123 0.726

HTR1A c rs6449693 63291774 G:A 68:63 1.079 0.766-1.521 0,191 0.662
rsl 0042486 63297085 G:A 65:56 1.161 0.812-1.659 0.669 0.413
rs6878612 63298318 A:G 68:63 1.079 0.766-1.521 0.191 0.662

1 rs7448024 63300839 C:A 17:18 0.944 0.486-1.833 0.029 0.866
1 rsl 145831 78217292 G;A 42:50 0.840 0.557-1.266 0.696 0.404

rs1343485 78217652 C:A 56:55 1.018 0.701-1.477 0.009 0.924
rsl 0943458 78218307 A;G 33:25 1.320 0.785-2.220 1.103 0.294

i rs9352481 78219255 A:G 69:68 1.015 0.725-1.418 0.007 0.932
1 rs2000292 78223664 A:G 48:39 1.231 0.806-1.878 0.931 0.335

rsl 3212041 78227843 G:A 43:39 1.103 0.714-1.701 0.195 0.659
rs6297 78228660 G:A 33:25 1.320 0.785-2.220 1.103 0.294

rs130060 78229469 C:A 5:1 5.000 0.584-42.80 2.667 0.103
HTR1B 6 rs6298 78229711 A:G 49:39 1.256 0.825-1.913 1.136 0.286

rs9361235 78232561 A:G 61:64 0.953 0.671-1.354 0.072 0.788
!
1 rs10806098 78232728 A:G 47:39 1.205 0.788-1.843 0.744 0.388
1
1 rs1213371 78236764 A:G 55:64 0.859 0.599-1.232 0.681 0.409
I
1 rs1936158 78241094 A:C 53:50 1.060 0.720-1.560 0.087 0.7681
1 rs9352483 78246975 A:G 29:28 1.036 0.616-1.741 0.018 0.8951 r»^543330 78247352 C:A 27:33 0.818 0.492-1.361 0.600 0.439
1
i rsl 343491 78247981 A:G 1825 0.720 0.392-1.320 1.140 0.286

rs1213352 78248530 A:G 41:39 1.051 0.678-1.630 0.050 0.823

I
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Table 5.3. Results of TDT Analysis of Serotonergic Genes. Table 2.

Gene Chr SNP Position Alleles T:U OR 95% Cl CHISQ P
rs11178993 70615409 A:G 1411 1.273 0.577-2803 0.360 0.549
rs7963803 70617585 A:C 14:11 1.273 0.577-2803 0.360 0.549
rs4570625 70618190 A;C 3345 0.733 0.468-1.149 1.846 0.174
rs11178999 70619837 A:G 36:47 0.766 0.496-1.182 1.458 0.227
rs10748185 70622122 A:G 5254 0.963 0.658-1.409 0.038 0.846
rs2129575 70626340 A:C 44:51 0.863 0.576-1.291 0.516 0.473
rs11179003 70629554 A:G 7:2 3.500 0.727-16.85 2.778 0.096
rsl 386488 70630885 C;A 5035 1.429 0.927-2200 2.647 0.104
rsl 843809 7063^965 C:A 45:34 1.324 0.847-2066 1.532 0.216
rsl 386496 70637057 G:A 45:34 1.324 0.m7-2066 1.532 0.216
rs6582072 70640744 A:G 5Q35 1.429 0.927-2200 2.647 0.104
rsl 386493 70641446 A:G 5Q35 1.429 0.927-2200 2.647 0.104
rs7299582 70642581 G:A 45:33 1.364 0.870-2137 1.846 0.174
rs2171363 70646531 A:G 6256 1.107 0.771-1.589 0.305 0.581
rs7963226 70652133 A:G 46:34 1.353 0.868-2108 1.800 0.180
rs7963720 70652453 G:A 6358 1.086 0.760-1.552 0207 0.649
rs7300641 70654838 A:C 51:36 1.417 0.924-2170 2.586 0.108
rs11179022 70657013 A:G 6:2 3.000 0.605-14.86 2.000 0.157
rs4760816 70658868 G:A 6358 1.086 0.760-1.552 0.207 0.649
rs7305115 70659129 A:G 6258 1.069 0.747-1.529 0.133 0.715

TPH2 rs6582073 70660797 G:A 6358 1.086 0.760-1.552 0.207 0.649
rs6582077 70661061 A:G 58:54 1.074 0.741-1.556 0.143 0.706
rs4760751 70664185 A;G 45:34 1.324 0.847-2066 1.532 0.216
rsl 487281 70666289 C:A 45:34 1.324 0.847-2066 1.532 0.216
rs6582081 70669881 A;G 46:34 1.353 0.868-2108 1.800 0.180

rs10506645 70671767 A:G 44:53 0.830 0.556-1.238 0.835 0.361
rsl 007023 70674641 G:A 45:32 1.406 0.893-2213 2195 0.139
rs17110627 70676662 A:G 44:52 0.846 0.566-1.264 0.667 0.414
rsl 386497 70678557 C:A 4335 1.229 0.786-1.919 0.821 0.365
rs12229394 70679181 A:G 48:53 0.906 0.612-1.338 0.248 0.619
rsl 386498 70684410 A:G 6Q57 1.053 0.732-1.513 0.077 0.782
rs17722134 70687961 G:A 8:2 4.000 0.849-18.84 3.600 0.058
rsl 1179039 70688463 G;A 61:66 0.924 0.652-1.309 0.197 0.657
rsl 487276 70691326 A:G 5240 1.300 0.860-1.963 1.565 0211
rsl 0879352 70693225 A:G 6259 1.051 0.735-1.501 0.074 0.785
rs9325202 70693744 AG 6258 1.069 0.747-1.529 0.133 0.715
rsl 7110690 70694264 A:G 4tt49 0.816 0.537-1.240 0.910 0.340
rs12231341 70695703 A:G 7:7 1.000 0.350-2851 0.000 1.000
rs12231356 70695815 A:G 12:8 1.500 0.613-3670 0.800 0.371
rs10879354 70696W9 G:A 74:64 1.156 0.827-1.616 0.725 0.395
rsl 1179050 70696346 G:A 7366 1.106 0.792-1.543 0.353 0.553
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Table 5.4. Results of TDT Analysis of Serotonergic Genes. Table 3.

Gene Chr SNP Positicn Alleles T:U OR 95% Cl CHISQ P
rs1487275 70696559 C:A 59:53 1.113 0.768-1.613 0.321 0.571
rs1386483 70696761 A:G 68:61 1.115 0.789-1.575 0.380 0.538
rsl 0879355 70699276 A:G 68:62 1.097 0.777-1.547 0.277 0.599
rsl 0879357 70700830 A:G 68:61 1.115 0.789-1.575 0.380 0.538

TPH2 12 rsl 1615016 70702261 G:A 23:22 1.045 0.582-1.876 0.022 0.882
rsl 1179064 70706318 A:G 5:5 1.000 0.289-3454 0.000 1.000
rsl 1179065 70707768 A:G 9:6 1.500 0.533-4.214 0.600 0.439
rs7309440 70713104 G:A 10:6 1.667 0.605-4.586 1.000 0.317
rsl 872824 70716581 A:G 66:60 1.100 0.775-1.560 0.286 0.593

i rs7133320 70722740 A:G 8:6 1.333 0.462-3843 0.286 0.593
rs9567729 46287948 C:A 34:34 1.000 0.621-1.609 0.000 1.000

1
1 rs4942576 46289825 G:A 25:23 1.087 0.617-1.915 0.083 0.773

rs7983914 46289954 C;A 68:57 1.193 0.839-1.696 0.968 0.325
rs4942577 46295455 G:A 5261 0.853 0.588-1.234 0717 0.397
rs9567731 46298687 A:G 5a49 1.020 0.688-1.513 0.010 0.920
rs10507544 46298746 A:G 63:65 0.969 0.685-1.371 0.031 0.860
rs9567733 46299336 G:A 53:48 1.104 0.747-1.632 0.248 0.619
rs7333412 46301361 G:A 44:42 1.048 0.686-1.599 0.047 0.829

1 rs9595552 46305431 C;A 23:25 0.920 0.522-1.621 0.083 0.773
I rs3803189 46306571 C:A 31:26 1.192 0.708-2008 0.439 0.508

rs6314 46307035 A:G 2225 0.880 0.496-1.561 0.192 0.662
! rs977003 46313002 C:A 64:58 1.103 0.773-1.574 0.295 0.587
1 rs9567737 46319267 A:G 68:63 1.079 0.766-1.521 0.191 0.662
i rsl 923884 46319837 A:G 28:25 1.120 0.653-1.921 0.170 0.680
1 rsl 923885 46321087 G:A 64:62 1.032 0.728-1.464 0.032 0.859

rsl 923886 46321292 G:A 67:71 0.944 0.675-1.318 0.116 0.734
HTR2A 13 rs7330636 46321593 A:G 63:60 1.050 0.737-1.495 0.073 0.787

rs17069005 46322119 G:A 25:20 1.250 0.694-2250 0.556 0.456
r9622337 46325627 G:A 55:48 1.146 0.778-1.688 0.476 0.490
rs655854 46326201 A:G 59:51 1.157 0.795-1.683 0.582 0.446

rs2296972 46326472 A:C 6tt55 1.091 0.756-1.573 0.217 0.641
rs9534495 46327229 G:A 67:74 0.905 0.650-1.260 0.348 0.556
rs4942578 46330611 A;C 45:28 1.607 1.003-2576 3.959 0.047
rsl 928042 46335217 C:A 4237 1.135 0.729-1.766 0.317 0.574
rs2760345 46336575 A:G 28:14 2.000 1.053-3.799 4.667 0.031
rs2770293 46336975 A:G 6tt67 0.896 0.632-1.269 0.386 0.535
rs2770296 46338561 G:A 55:64 0.859 0.599-1.232 0.681 0.409
rsl 328674 46339708 A:G 12:8 1.500 0.613-3670 0.800 0.371
rs9316235 46343704 A:G 5Q62 0.807 0.555-1.171 1.286 0.257
rs582385 46343995 G:A 38:31 1.226 0.762-1.970 0710 0.399

rs2770298 46344848 G:A 58:64 0.906 0.635-1.293 0.295 0.587
rs972979 46347165 A:G 67:61 1.098 0.776-1.554 0.281 0.596
rs731779 46350039 C:A 38:52 0.731 0.481-1.110 2.178 0.140
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Table 5.5. Results of TDT Analysis of Serotonergic Genes. Table 4.

Gene Chr SNP Pcsition Alleles T:U OR 95% Cl GHISQ P
rsl 928039 46351187 G:A 16:10 1.600 0.726-3.526 1.385 0.239
r^770304 46353366 G;A 55:49 1.122 0.763-1.650 0.346 0.556
rs927544 46354052 G:A 51:52 0.981 0.666-1.443 0.010 0.922
rs9567746 46354549 G:A 36:49 0.735 0.477-1.130 1.988 0.159

rs17288723 46355694 G:A 33:44 0.750 0.477-1.178 1.571 0.210
rs9534505 46358745 A:G 29:17 1.706 0.937-3.104 3.130 0.077
rs9534507 46359735 G:A 14:10 1.400 0.621-3.152 0.667 0.414
rs4942587 46360801 G:A 46:52 0.885 0.594-1.315 0.367 0.545
r»1941573 46362858 G:A 53:69 0.768 0.537-1.099 2.098 0.148

rsl 2584920 46363038 A:C 41:43 0.954 0.621-1.463 0.048 0.827
rsl 328684 46364231 G:A 64:42 1.524 1.033-2.249 4.566 0.033
rs2296973 46364782 A:C 59:58 1.017 0.708-1.462 0.009 0.926
rs2070036 46364951 C:A 6:10 0.600 0.218-1.651 1.000 0.317
rs2070037 46365071 G:A 46:52 0.885 0.594-1.315 0.367 0.545
rs9534511 46366581 G:A 62:70 0.886 0.629-1.247 0.485 0.486

HTR2A 13 rs6313 46367941 A:G 52:68 0.765 0.533-1.097 2.133 0.144
rs1805055 46367969 A:C 1ft5 2000 0.683-5.851 1.667 0.197

rs6310 46368353 G:A 17:11 1.545 0.723-3.299 1.286 0.257
rs6312 46368825 G;A 18:11 1.636 0.772-3.465 1.690 0.194
rs6306 46369462 A:G 22:27 0.815 0.464-1.431 0.510 0.475
rs6311 46369479 A:G 43:56 0768 0.516-1.143 1.707 0.191

rsl 7289304 46369719 C:A 25:17 1.471 0.794-2.723 1.524 0.217
rs732821 46370880 G:A 43:66 0.652 0.443-0.956 4.853 0.028

rsl 7289394 46371221 A:G 60:57 1.053 0.732-1.513 0.077 0.782
rs4142900 46371551 C:A 54:69 0.783 0.548-1.117 1.829 0.176
rs2149434 46376345 A:C 59:57 1.035 0.719-1.490 0.034 0.853
rsl 360020 46380661 A:C 56:73 0.767 0.541-1.087 2.240 0.135

rsl 0507546 46381075 A:G 46:51 0.902 0.605-1.344 0.258 0.612
rs2026690 46381178 C:A 67:61 1.098 0.776-1.554 0.281 0.596
rs2039093 46383571 A:G 28:14 ZOOO 1.053-3.799 4.667 0.031
rs9534520 46387452 A:G 25:26 0.962 0.555-1.665 0.020 0.889
rs8081028 25547440 A:C 3:13 0.231 0.065-0.809 6.250 0.012
rs7224199 25547852 A:C 71:47 1.511 1.045-2.184 4.881 0.027
rs3813034 25548930 C:A 69:47 1.468 1.013-2.127 4.172 0.041
rsl 042173 25549137 G;A 69:47 1.468 1.013-2.127 4.172 0.041
rs9303628 25551354 G:A 67:53 1.264 0.881-1.812 1.633 0.201

rsl 1657536 25553368 A:G 5:13 0.385 0.137-1.079 3.556 0.059
rs3794808 25555919 A:G 45:33 1.364 0.870-2.137 1.846 0.174

SLC6A4 17 rs140701 25562658 A:G 66:38 1.737 1.165-2.589 7.538 0.006
rs140700 25567515 A:G 25:29 0.862 0.504-1.472 0.296 0.586

rs6354 25574024 C:A 36:54 0.667 0.437-1.016 3.600 0.058
rs25528 25574104 C:A 35:52 0.673 0.438-1.033 3.322 0.068

rs2066713 25575791 A:G 59:69 0.855 0.604-1.210 0.781 0.377
rs4251417 25575984 A;G 20:21 0.952 0.516-1.757 0.024 0.876
rs8071667 25576899 A:G 19:40 0.475 0.275-0.820 7.475 0.006
rs8073965 25583308 A:G 12:4 a 000 0.967-9.302 4.000 0.046

rs28437451 25592427 A:G 7:5 1.400 0.444-4.411 0.333 0.564
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Table 5.6. Results of TDT Analysis of Serotonergic Genes. Table 5.

Gene Chr SNP Position Alleles T:U OR 95% 01 OHISQ P
rs3859959 43381224 G:A 23:23 1.000 0.561-1.782 0.000 1.000
rs1181275 43391479 A:G 7:12 0.583 0.229-1.482 1.316 0.251
rs5905613 43392244 A:G 22:22 1.000 0.553-1.806 0.000 1.000
rs5953210 43398990 G;A 28:24 1.167 0.676-2.012 0.308 0.579

! rs5905702 43403132 A:G 24:20 1.200 0.662-2.172 0.364 0.547
rs6520894 43411492 C:A 27:24 1.125 0.649-1.950 0.177 0.674
rs5906893 43412568 G:A 27:24 1.125 0.649-1.950 0.177 0.674
rs1465108 43423153 A:G 23:23 1.000 0.561-1.782 0.000 1.000
rs5906938 43425239 A:G 27:24 1.125 0.649-1.950 0.177 0.674
rs5953385 43425781 A:G 21:23 0.913 0.505-1.650 0.091 0.763
rs909525 43438146 G:A 30:28 1.071 0.640-1.793 0.069 0.793
rs3027396 43439616 G:A 30:28 1.071 0.640-1.793 0.069 0.793
rs3027398 43442604 G:A 30:28 1.071 0.640-1.793 0.069 0.793
rs2283724 43444520 G:A 30:28 1.071 0.640-1.793 0.069 0.793
rs2283725 43444920 A:G 30:28 1.071 0.640-1.793 0.069 0.793
rs2179098 43460579 A;G 6:3 2.000 0.500-7.997 1.000 0.317
rs1800464 43456141 C:A 4:5 0.800 0.214-2.979 0.111 0.739

MAOA X rs12843268 43468610 A:G 27:23 1.174 0.673-2.047 0.320 0.572
rs1800659 43459113 G;A 29:22 1.318 0.757-2.294 0.961 0.327

1 rs28401570 43465205 G:A 28:24 1.167 0.676-2.012 0.308 0.579
rs28556796 43465804 A:G 27:23 1.174 0.673-2.047 0.320 0.572

I rs3810709 43472812 G:A 29:25 1.160 0.679-1.980 0.296 0.586
1 rs6610845 43472954 G:A 30:26 1.154 0.682-1.951 0.286 0.593

rs6610846 43474408 A:G 29:26 1.115 0.656-1.894 0.164 0.686
1 rs6323 43475980 C:A 28:23 1.217 0.701-2.113 0.490 0.484

rs3027400 43477707 A:C 28:22 1.273 0.728-2.225 0.720 0.396
rs2235186 43480372 A:G 27:23 1.174 0.673-2.047 0.320 0.572
rs2072743 43484465 A:G 28:26 1.077 0.631-1.837 0.074 0.786
rs979606 43486086 G:A 27:22 1.227 0.699-2.155 0.510 0.475
rs979605 43486307 A:G 26:23 1.130 0.645-1.981 0.184 0.668
rsl 137070 43488335 A:G 28:23 1.217 0.701-2.113 0.490 0.484
rs3027409 43491977 C:A 4:5 0.800 0.214-2.979 0.111 0.739
rs3027410 43493011 A:G 29:23 1.261 0.729-2.179 0.692 0.405
rs7052785 43494561 G:A 4:5 0.800 0.214-2.979 0.111 0.739
r96609257 43497652 G:A 34:29 1.172 0.714-1.924 0.397 0.529
rs3027415 43499385 G:A 30:23 1.304 0.757-2.245 0.925 0.336
rs547617 113706163 G:A 30:29 1.034 0.621-1.723 0.017 0.896
rs493533 113707506 A:G 30:29 1.034 0.621-1.723 0.017 0.896

rsl 2688871 113715794 A:C 16:14 1.143 0.557-2.342 0.133 0.715

HTR2C X rs475717 113721638 C:A 15:16 0.938 0.463-1.896 0.032 0.858
rs521018 113724164 C:A 29:25 1.160 0.67&-1.980 0.296 0.586
rs498207 113724372 G:A 29:23 1.261 0.729-2.179 0.692 0.405
rs3813928 113724538 A:G 17:13 1.308 0.635-2.692 0.533 0.465
rs3813929 113724776 A:G 17:13 1.308 0.635-2.692 0.533 0.465
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Table 5.7. Results of TDT Analysis of Serotonergic Genes. Table 6.

Gene Chr SNP Position Alleles T:U OR 95% Cl CHISQ P
rs543229 113727242 G:A 16:16 1.000 0.500-2.000 0.000 1.000
rs556677 113729158 A:G 15:14 1.071 0.517-2.220 0.034 0.853

rs17326436 113748877 G:A 16:16 1.000 0.500-2.000 0.000 1.000
rs12846241 113760342 C:A 17:13 1.308 0.635-2.692 0.533 0.465
rs7055144 113782358 G:A 29:25 1.160 0.679-1.980 0.296 0.586
rs7887868 113791026 A:G 29:25 1.160 0.679-1.980 0.296 0.586

rs12836771 113791644 G:A 17:12 1.417 0.676-2.966 0.862 0.353
rs5987797 113807999 A:G 16:15 1.067 0.527-2.157 0.032 0.858

rsl 2690355 113817106 G:A 16:13 1.231 0.592-2.559 0.310 0.578
rs 12690135 113826419 A;G 17:14 1.214 0.598-2.463 0.290 0.590
rs5988087 113841112 A:G 15:14 1.071 0.517-2.220 0.034 0.853

rsl 1167436 113850316 A:G 16:15 1.067 0.527-2.157 0.032 0.858
rs5988105 113858666 A:G 16:15 1.067 0.527-2.157 0.032 0.858
rs2497551 113867237 A:G 16:15 1.067 0.527-2.157 0.032 0.858
r^248440 113867666 A:G 16:15 1.067 0.527-2.157 0.032 0.858
r^497541 113871306 G:A 16:15 1.067 0.527-2.157 0.032 0.858
r^428722 113878423 G:A 15:15 1.000 0.488-2.046 0.000 1.000
rs2428713 113886918 G:A 17:15 1.133 0.566-2.269 0.125 0.724
r^497528 113899024 G:A 15:13 1.154 0.549-2.425 0.143 0.706
rs4911871 113903396 G:A 15:17 0.882 0.440-1.767 0.125 0.724
rs2428707 113906615 A:G 16:15 1.067 0.527-2.157 0.032 0.858
rs2428702 113915065 A:G 17:15 1.133 0.566-2.269 0.125 0.724

HTR2C X rs2428700 113916920 A;G 13:14 0.929 0.436-1.975 0.037 0.847
rs2497505 113926016 A:C 17:15 1.133 0.566-2.269 0.125 0.724

rs17260600 113927764 C:A 5:7 0.714 0.226-2.251 0.333 0.564
rs5945997 113945701 A:G 17:15 1.133 0.566-2.269 0.125 0.724
r»1332303 113954123 A:G 17:15 1.133 0.566-2.269 0.125 0.724
rs5945998 113959930 A:G 17:15 1.133 0.566-2.269 0.125 0.724
rs4243981 113963054 A:G 16:16 1.000 0.500-2.000 0.000 1.000
rs6644093 113970279 A:C 13:16 0.813 0.390-1.689 0.310 0.578
rsl537474 113970378 A:G 17:14 1.214 0.598-2.463 0.290 0.590
rs5988143 113977852 G:A 16:14 1.143 0.557-2.342 0.133 0.715
rs4421526 113987574 AC 16:13 1.231 0.592-2.559 0.310 0.578
rs5946005 113988791 G:A 17:15 1.133 0.566-2.269 0.125 0.724
r&^272555 113989881 A:G 17:14 1.214 0.598-2.463 0.290 0.590
rs5946203 113990708 G:A 16:11 1.455 0.675-3.134 0.926 0.336
rs6579543 113998527 G;A 14:13 1.077 0.506-2.291 0.037 0.847
rsl 577456 114003827 C:A 17:15 1.133 0.566-2.269 0.125 0.724
rs5946014 114016671 G:A 17:15 1.133 0.566-2.269 0.125 0.724

rsl 0875535 114033435 G:A 5:4 1.250 0.335-4.655 0.111 0.739
rsl 360851 114046741 C:A 17:14 1.214 0.598-2.463 0.290 0.590
rsl 801412 114048960 C:A 7:6 1.167 0.392-3.471 0.077 0.782
rsl 414324 114054754 A:G 15:15 1.000 0.488-2.046 0.000 1.000
rs5946022 114057637 A:G 17:15 1.133 0.566-2.269 0.125 0.724
rs5946023 114057649 A:G 16:15 1.067 0.527-2.157 0.032 0.858
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Table 5.8. Results of TDT Analysis of OXTR in the Irish autism sample.

Gene Chr SNP Pcsition Alleles T:U OR 95% 01 OHISQ P
rs 11720238 8766339 T:G 26:44 0.591 0.364:0.960 4.629 0.031
rs7632287 8766446 A:G 52:83 0.627 0.443:0.886 7.119 0.008
rs1042778 8769545 T:G 71:80 0.888 0.645:1.222 0.536 0.464
rs237885 8770543 T:G 78:78 1.000 0.731:1.369 0.000 1.000

rs 11706648 8771547 C:A 65:63 1.032 0.730:1.459 0.031 0.860
rs237887 8772042 G:A 83:75 1.107 0.810:1.512 0.405 0.525

rs2268490 8772085 T:C 49:33 1.485 0.955:2.309 3.122 0.077
rs237888 8772095 0:1 16:27 0.593 0.320:1.100 2.814 0.093

rs9840864 8773477 0:G 65:61 1.066 0.751:1.511 0.127 0.722

OXTR rs4686301 8773586 1:0 65:63 1.032 0.730:1.459 0.031 0.860
rs2268491 8775398 1:0 38:27 1.407 0.859:2.305 1.862 0.172
rs2268494 8777046 A:T 30:22 1.364 0.787:2.364 1.231 0.267
rs237889 8777483 1:0 69:76 0.908 0.655:1.258 0.338 0.561

rs13316193 8777743 0:1 74:68 1.088 0.783:1.513 0.254 0.615
rs237894 8781531 0:G 58:64 0.906 0.635:1.293 0.295 0.587
rs237895 8782423 1:0 62:83 0.747 0.538:1.038 3.041 0.081

rs2268495 8782535 A:G 61:54 1.130 0.783:1.629 0.426 0.514
rs4686302 8784222 T:0 26:29 0.897 0.528:1.522 0.164 0.686
rs4564970 8785408 0:G 36:17 2.118 1.189:3.770 6.811 0.009
rs 1488467 8788231 0:G 28:16 1.750 0.947:3.234 3.273 0.070
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Table 5.9. OXTR haplotype analysis results.

Gene Markers Alleles Freq T:U GHISQ P

rs11720238 | rs7632287
GG 0.745 83.3 : 52.0 7.247 0.007

GA 0.131 33.5 : 47.7 2.473 0.116
TA 0.121 30.0 : 46.1 3.42 0.064

GCAC 0.332 69.6 ; 67.2 0.043 0.836

rs237885 | rs11706648 | rs237887 | rs2268490
TAGG 0.259 63.5 : 68.5 0.187 0.665
GAAG 0.223 55.3 : 58.5 0.09 0.765

TAGT 0.135 50.7 : 34.7 2.99 0.084
TAAG 0.048 9.5 : 18.7 3.004 0.083

rs9840864 | rs4686301
GG 0.426 79.5 : 87.3 0.362 0.547

GT 0.31 68.7 : 65.5 0.074 0.785
GG 0.264 67.0 : 62.4 0.165 0.685

OXTR TGG 0.352 76.5 : 76.3 0.001 0.982

rs2268494 | rs237889 | rsl 3316193 TTT 0.285 57.9 : 73.9 1.941 0.164
TGT 0.265 68.8 : 62.1 0.344 0.558

ATT 0.099 32.0 : 23.0 1.473 0.225
GTGG 0.348 65.5 : 85.6 2.677 0.102

rs237894 1 rs237895 \ rs2268495 1 rs4686302
GGGG 0.304 62.6 : 66.2 0.102 0.750
GGAG 0.135 42.8 : 36.3 0.535 0.464
GGGG 0.111 42.7 : 24.2 5.123 0.024
GGAT 0.101 29.0 : 30.3 0.028 0.866

GG 0.902 22.5 : 37.4 3.701 0.054
rs4564970 | rs1488467 GG 0,065 29.0 : 11.0 8.103 0.004

GG 0.028 9.5 : 7.6 0.214 0.644



Table 5.10. Results of TDT Analysis of OXTR in the Portuguese autism sample.

Gene Chr SNP Position Alleles T:U OR 95% 01 OHISQ P
rs11720238 8766338 T:G 31:36 0.861 0.533:1.392 0.373 0.541
rs7632287 8766445 A:G 56:71 0.789 0.556:1.120 1.772 0.183
rs1042778 8769544 T:G 84:73 1.151 0.841:1.575 0.771 0.380
rs237885 8770542 T:G 76:84 0.905 0.663:1.234 0.400 0.527

rs11706648 8771546 C:A 85:74 1.149 0.841:1.569 0.761 0.383
rs237887 8772041 G:A 85:82 1.037 0.765:1.404 0.054 0.816
rs2268490 8772084 T;G 39:32 1.219 0.764:1.945 0.690 0.406
rs237888 8772094 0:1 18:23 0.783 0.422:1.450 0.610 0.435

OXTR rs9840864 8773476 C:G 68:78 0.872 0.63Q 1.207 0.685 0.408
rs4686301 8773585 T:C 71:55 1.291 0.908:1.836 2.032 0.154
rs2268491 8775397 T:C 46:45 1.022 0.678:1.542 0.011 0.917
rs2268494 8777045 A:T 18:21 0.857 0.457:1.609 0.231 0.631
rs237894 8781530 0:G 51:61 0.836 0.576:1.213 0.893 0.345
rs237895 8782422 1:0 87:81 1.074 0.794:1.454 0.214 0.643
rs2268495 8782534 A:G 51:40 1.275 0.843:1.929 1.330 0.249
rs4686302 8784221 1:0 33:23 1.435 0.843:2.443 1.786 0.181
rs4564970 8785407 0:G 42:50 0.840 0.557:1.266 0.696 0.404
rs1488467 8788230 0:G 27:36 0.750 0.455:1.235 1.286 0.257
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Table 5.11. Results of TDT Analysis of OXTR in the UCL autism sample.

Gene Chr SNP Pcsition Alleles T:U OR 95% Cl CHISQ P
rs11720238 8766338 T:G 7:9 0.778 0.2897-2.088 0.250 0.617
rs7632287 8766445 A:G 18:21 0.857 0.4567-1.609 0.231 0.631
rs1042778 8769544 T:G 15:20 0.750 0.384-1.465 0.714 0.398
rs237885 8770542 G:T 18:19 0.947 0.4972-1.805 0.027 0.869

rs11706648 8771546 C:A 18:18 1.000 0.5203-1.922 0.000 1.000
rs237887 8772041 G:A 22:22 1.000 0.5538-1.806 0.000 1.000

1i rs2268490 8772084 T:C 13:14 0.929 0.4365-1.975 0.037 0.847
rs237888 8772094 C:T 7:4 1.750 0.5123-5.978 0.818 0.366
rs9840864 8773476 C:G 17:20 0.850 0.4453-1.623 0.243 0.622
rs4686301 8773585 T:C 20:16 1.250 0.6478-2.412 0.444 0.505

OXTR Q
rs2268491 8775397 T:C 15:12 1.250 0.5851-2.67 0.333 0.564
rs2268494 8777045 A:T 8:8 1.000 0.3753-2.664 0.000 1.000
rs2254298 8777227 A:G 13:11 1.182 0.5295-2.638 0.167 0.683
rs237889 8777482 T:C 25:21 1.190 0.6664-2.127 0.348 0.555

rs13316193 8777742 C:T 15:25 0.600 0.3163-1.138 2.500 0.114
rs53576 8779370 A:G 21:27 0.778 0.4397-1.376 0.750 0.387
rs237894 8781530 C:G 17:17 1.000 0.5106-1.959 0.000 1.000
rs237895 8782422 T:C 21:30 0.700 0.4008-1.223 1.588 0.208
rs2268495 8782534 A:G 16:10 1.600 0.7261-3.526 1.385 0.239
rs4686302 8784221 T:C 7:11 0.636 0.2467-1.642 0.889 0.346
rs4564970 8785407 C:G 9:8 1.125 0.4341-2.916 0.059 0.808
rs1488467 8788230 C:G 5:7 0.714 0.2267-2.251 0.333 0.564
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Table 5.12. Results of TDT Analysis of OXTR in the combined Irish, Portuguese and UCL 

autism samples.

Gene Chr SNP Position Alleles T:U OR 95% Cl CHI SO P
rs11720238 8766338 T:G 63:80 0.788 0.566-1.096 2.021 0.155
rs7632287 8766445 A:G 123:162 0.759 0.601-0.960 5.337 0.021
rs1042778 8769544 T:G 163:168 0.970 0.782-1.204 0.076 0.784
rs237885 8770542 T:G 163:175 0.931 0.753-1.153 0.426 0.514

rs11706648 8771546 C:A 160:148 1.081 0.865-1.352 0.468 0.494
rs237887 8772041 G:A 179:174 1.029 0.835-1.267 0.071 0.790

rs2268490 8772084 T:C 93:78 1.192 0.883-1.611 1.316 0.251
r^37888 8772094 C:T 40:51 0.784 0.519-1.187 1.330 0.249

rs9840864 8773476 C:G 139:156 0,891 0.709-1.120 0.980 0.322

OXTR rs4686301 8773585 T:C 149:128 1.164 0.919-1.474 1.592 0.207
rs2268491 8775397 T:C 93:83 1.120 0.833-1.506 0.568 0.451
rs2268494 8777045 A:T 51:49 1.041 0.703-1.540 0.040 0.842
rs237889 8777482 T:G 88:93 0.946 0.707-1.266 0.138 0.710

rs13316193 8777742 C:T 83:86 0.965 0.714-1.305 0.053 0.818
rs237894 8781530 C:G 120:139 0.863 0.676-1.102 1.394 0.238
rs237895 8782422 T:C 167:183 0.913 0.740-1.126 0.731 0.392

rs2268495 8782534 A;G 121:99 1.222 0.931-1.594 2.200 0.138
rs4686302 8784221 T:C 64:62 1.032 0.728-1.464 0.032 0.859
rs4564970 8785407 C:G 81:73 1.110 0.809-1.522 0.416 0.519
rs1488467 8788230 C;G 56:57 0.983 0.680-1.421 0.009 0.925
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Table 5.13. Results of TDT analysis In AVPR1A polymorphisms.

Gene Marker Allele T:U OR CHISQ P
209 2:0 - 2.000 0.157
211 9:8 1.125 0.059 0.808
213 21:23 0.913 0.091 0.763

AVR 215 24:28 0.857 0.308 0.579
217 9:5 1.800 1.143 0.285
219 0:1 0.000 1.000 0.317
221 3:3 1.000 0.000 1.000

1 68:57 1.193 0.968 0.325
2 24:31 0.774 0.891 0.345
3 39:32 1.219 0.690 0.406

RS1
4 35:46 0.761 1.494 0.222
5 21:23 0.913 0.091 0.763
6 5:1 5.000 2.667 0.102
7 2:1 2.000 0.333 0.564
8 0:3 0.000 3.000 0.083

AVPR1A 305 0:1 0.000 1.000 0.317
311 2:1 2.000 0.333 0.564
319 0:1 0.000 1.000 0.317
321 3:1 3.000 1.000 0.317
323 19:16 1.188 0.257 0.612
325 31:24 1.292 0.891 0.345
327 45:36 1.250 1.000 0.317

RS3
329 43:54 0.796 1.247 0.264
331 25:26 0.962 0.020 0.889
333 44:42 1.048 0.047 0.829
335 6:11 0.545 1.471 0.225
337 4:2 2.000 0.667 0.414
339 14:20 0.700 1.059 0.303
341 4:5 0.800 0.111 0.739
343 5:6 0.833 0.091 0.763
345 2:1 2.000 0.333 0.564

Table 5.14. Results of TDT analysis on dichotomised AVPR1A polymorphisms.

Gene Chr Marker Alleles T:U OR 95% Cl CHISQ P

AVPR1A 12
RSI Long:Short 54:78 0.692 0.489-0.980 4.364 0.037
RS3 Short:Long 86:65 1.323 0.959-1.826 2.921 0.087
AVR Short:Long 79:79 1.000 0.732-1.366 0 1
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Table 5.15. Results of TDT Analysis in CD38.

Gene Chr SNP Position Alleles T:U OR 95% Cl CHISQ P
rs6449181 15388810 C:T 5:6 0.833 0.254-2.731 0.091 0.763
rs3796878 15394757 T:C 24:42 0.571 0.346-0.944 4.909 0.027
rs3822256 15407362 G:A 8:6 1.333 0.463-3.843 0.286 0.593
rsl 2644506 15408976 T:C 16:14 1.143 0.558-2.342 0.133 0.715
rs3796871 15420540 G:T 12:11 1.091 0.481-2.472 0.043 0.835
rs6449192 15421716 G:C 52:51 1.020 0.693-1.500 0.010 0.922

CD38 A rs7655635 15423719 A:G 43:24 1.792 1.087-2.952 5.388 0.020
rs6449197 15424020 T:C 21:22 0.955 0.525-1.736 0.023 0.879
rs3796867 15427646 A:G 14:17 0.824 0.406-1.671 0.290 0.590
rs 11574922 15427683 A:C 0:4 0.000 NA 4.000 0.046
rsl 1724146 15445793 G;C 3:2 1.500 0.251-8.977 0.200 0.655
rsl 0805347 15449937 A:G 48:58 0.828 0.565-1.213 0.943 0.331
rs3796863 15459084 T:G 61:41 1.488 1.001-2.21 3.922 0.048
rsl 803404 15459428 G:T 7:7 1.000 0.351-2.851 0.000 1.000

Table 5.16. CD38 haplotype analysis results.

Gene Markers Alleles Freq T:U CHISQ P

CD38

rs12644506 | rs6449192
CC 0.662 51.5: 52.5 0.01 0.922
CG 0.278 44.5: 44.5 0 1
TG 0.06 15.0: 14.0 0.034 0.853

rs6449197 | rs3796867 | rs10805347 | rs3796863

CGGG 0.387 50.7: 63.1 1.359 0244
CGAG 0.296 48.3: 57.1 0.738 0.390
CGGT 0.207 48.0: 26.7 6.092 0.014
TAGT 0.073 14.0: 16.0 0.133 0.715
TGGT 0.034 8.5: 6.5 0.258 0.611
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Table 5.17. Results of TDT Analysis on Social Cognition genes. Table 1.

Gene Chr SNP Position Alleles T:U OR 95% Cl CHISQ P
rs35608965 204391035 G:A 10:8 1.250 0.493-3.167 0.222 0.637

AVPR1B 1 rs35810727 204395325 A:C 9:15 0.600 0.263-1.371 1.500 0.221
rs35439639 204398417 A:G 4:4 1.000 0.250-3.998 0.000 1.000
rs11747728 174796108 G:A 21:37 0.568 0.332-0.970 4.414 0.036
rs835541 174796182 A:G 61:47 1.298 0.887-1.899 1.815 0.178
rs835616 174796296 A:G 48:53 0.906 0.613-1.338 0.248 0.619
rs835540 174796497 G:A 54:39 1.385 0.9172-2.09 2.419 0.120
rs265978 174796511 G:A 57:57 1.000 0.693-1.444 0.000 1.000

DRD1 5 rs251937 174799526 G:A 62:44 1.409 0.958-2.074 3.057 0.080
rs4867798 174800505 G:A 36:55 0.655 0.430-0.996 3.967 0.046

rs686 174801306 G:A 59:60 0.983 0.687-1.409 0.008 0.927
rs4532 174802756 G:A 56:60 0.933 0.649-1.343 0.138 0.710
rs5326 174802802 A:G 28:27 1.037 0.612-1.759 0.018 0.893

rs265981 174803508 A:G 58:60 0.967 0.674-1.387 0.034 0.854
rs851987 152049582 A:G 60:58 1.034 0.721-1.484 0.034 0.854
rs3020331 152050473 A;G 74:56 1.321 0.934-1.870 2.492 0.114
rs10214867 152051347 A;G 15:23 0.652 0.340-1.250 1.684 0.194
rs3020333 152051947 G:A 78:64 1.219 0.876-1.696 1.380 0.240
rs2982570 152055441 A:G 75:57 1.316 0.932-1.857 2.455 0.117
rs851982 152066678 G:A 69:56 1.232 0.866-1.753 1.352 0.245
rs851980 152069648 G:A 62:43 1.442 0.977-2.127 3.438 0.064

rs10872678 152081657 G:A 64:52 1.231 0.854-1.775 1.241 0.265
rs12525163 152081984 G:A 64:52 1.231 0.854-1.775 1.241 0.265
rsl 159327 152089715 A:G 53:43 1.233 0.824-1.843 1.042 0.307
rs2982565 152093547 A:G 42:32 1.312 0.829-2.079 1.351 0.245
rs3020343 152096056 G:A 54:73 0.740 0.520-1.052 2.843 0.092
rs12195741 152096067 A:G 52:45 1.156 0.775-1.722 0.505 0.477

ESR1 b rs3020348 152099607 G:A 48:71 0.676 0.469-0.975 4.445 0.035
rs2982551 152102903 A:C 75:50 1.500 1.049-2.145 5.000 0.025
rs3020306 152107579 A;G 77:50 1.540 1.079-2.198 5.740 0.017
rsl 999805 152110057 G:A 54:72 0.750 0.527-1.067 2.571 0.109
rs2982575 152111484 G:A 77:50 1.540 1.079-2.198 5.740 0.017
rsl 361024 152112621 A:G 20:11 1.818 0.871-3.795 2.613 0.106
rs2982567 152117180 G:A 54:75 0.720 0.508-1.022 3.419 0.064
rsl 336981 152124062 G:A 61:73 0.836 0.595-1.174 1.075 0.300
rs2504070 152126666 A:G 53:67 0.791 0.552-1.134 1.633 0.201
rs2485209 152131461 C:A 63:76 0.829 0.594-1.158 1.216 0.270
rs6939257 152131738 G:A 32:48 0.667 0.426-1.043 3.200 0.074
rs6939683 1521:^017 G:A 25:38 0.658 0.397-1.090 2.683 0.102
rs2504063 152132400 A:G 54:77 0.701 0.495-0.993 4.038 0.044
rs9371554 152133458 C:A 11:14 0.786 0.357-1.731 0.360 0.549
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Table 5.18. Results of TDT Analysis on Social Cognition genes. Table 2.

Gene Chr SNP Position Alletes T:U OR 95% Gl GHISQ P
rs4870053 152134442 A;G 32:56 0.571 0.370-0.882 6.545 0.011
rs2504065 152136860 A:G 77:50 1.540 1.079-2.198 5.740 0.017
rs2248586 152137025 G:A 52:51 1.020 0.692-1.500 0.010 0.922
rs7767143 152137387 G:A 29:48 0.604 0.381-0.958 4.688 0.030
rs2504067 152137680 A:G 79:54 1.463 1.035-2.068 4.699 0.030
rs1285057 152145485 A:G 59:73 0.808 0.573-1.139 1.485 0.223
rs543650 152152636 A:C 64:53 1.208 0.839-1.738 1.034 0.309

rsl 7081685 152158348 G:A 21:20 1.050 0.569-1.937 0.024 0.876
rs9479117 152159378 G:A 35:35 1.000 0.625-1.598 0.000 1.000
rs2881766 152160812 G:A 41:39 1.051 0.678-1.630 0.050 0.823
rs11964281 152163135 A:G 22:23 0.957 0.533-1.716 0.022 0.882
rs488133 152167137 A:G 56:55 1.018 0.701-1.477 0.009 0.924
rs2077647 152170770 G:A 58:65 0.892 0.626-1.271 0.398 0.528
rs532010 152172611 G:A 54:59 0.915 0.632-1.324 0.221 0.638
rs9371557 152181902 G:A 5:3 1.667 0.398-6.974 0.500 0.480
rs7753153 152189791 A:G 29:27 1.074 0.635-1.814 0.071 0.789
rs7759411 152190563 A:G 3:3 1.000 0.201-4.955 0.000 1.000
rsl 1969288 152190893 A:G 7:4 1.750 0.512-5.978 0.818 0.366
rsl 1155813 152191128 G:A 25:26 0.962 0.555-1.665 0.020 0.889
rsl 7081749 152193618 G:A 34:34 1.000 0.621-1.609 0.000 1.000

ESR1 6 rs6909023 152195390 A:G 11:10 1.100 0.467-2.590 0.048 0.827
rs827423 152197890 A:G 57:53 1.075 0.739-1.563 0.146 0.703
rs6902771 152199574 A:G 64:59 1.085 0.761-1.545 0.203 0.652
rs9322331 152204010 A:G 58:53 1.094 0.754-1.588 0.225 0.635
rs3936674 152209004 A:G 57:55 1.036 0.715-1.501 0.036 0.850
rs9479130 152210149 C:A 61:57 1.070 0.745-1.536 0.136 0.713
rs9340820 152217518 G:A 5:4 1.250 0.335-4.655 0.111 0.739
rs827419 152219356 C:A 62:51 1.216 0.839-1.761 1.071 0.301
rs1514348 152224008 G:A 67:53 1.264 0.881-1.812 1.633 0.201
rs1643821 152225244 A:G 68:54 1.259 0.881-1.800 1.607 0.205
rs1709180 152225713 A:G 14:13 1.077 0.506-2.291 0.037 0.847
rs1709183 152235689 G:A 46:44 1.045 0.691-1.581 0.044 0.833
rs11155819 152241052 G:A 66:53 1.245 0.867-1.788 1.420 0.233
rs9340835 152241624 A:G 66:56 1.179 0.825-1.683 0.820 0.365
rs9322335 152241822 A:G 43:43 1.000 0.655-1.526 0.000 1.000
rs9322336 152242123 G:A 41:38 1.079 0.693-1.678 0.114 0.736
rs9322337 152242332 A:C 10:7 1.429 0.543-3.753 0.529 0.467
rs6557170 152244797 A:G 48:45 1.067 0.710-1.602 0.097 0.756
rsl 1155820 152245903 G:A 52:46 1.130 0.760-1.681 0.367 0.545
rs7761846 152254201 G:A 21:18 1.167 0.621-2.190 0.231 0.631
rs6557171 152276286 A;G 53:46 1.152 0.776-1.710 0.495 0.482
rs9322343 152279452 G:A 9:6 1.500 0.533-4.214 0.600 0.439
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Table 5.19. Results of TDT Analysis on Social Cognition genes. Table 3.

Gene Chr SNP Position Alleles T;U OR 95% Cl CHISQ P
rs988328 152282843 G:A 23:28 0.821 0.473-1.426 0.490 0.484

rs12154178 152292773 C:A 48:41 1.171 0.771-1.776 0.551 0.458
rs2347868 152293261 A:G 41:43 0.954 0.621-1.463 0.048 0.827
rs6927072 152299380 A:C 61:56 1.089 0.757-1.566 0.214 0.644
rs6912184 152301899 G;A 43:43 1.000 0.655-1.526 0.000 1.000
rs3020410 152308070 A:C 32:33 0.970 0.596-1.577 0.015 0.901
rs3020314 152312365 G:A 67:56 1.196 0.839-1.706 0.984 0.321
rs3020317 152320434 G:A 39:45 0.867 0.564-1.331 0.429 0.513
rs3020401 152324737 G:A 67:56 1.196 0.839-1.706 0.984 0.321
rs1884051 152324972 G:A 66:54 1.222 0.853-1.751 1.200 0.273
rs985191 152325151 C:A 44:27 1.630 1.009-2.631 4.070 0.044
rs985192 152325171 A:C 43:46 0.935 0.616-1.417 0.101 0.751
rs3003925 152326151 G:A 42:44 0.955 0.625-1.457 0.047 0.829
rs2982688 152326815 G:A 61:49 1.245 0.854-1.813 1.309 0.253
rs985694 152328318 A:G 40:34 1.176 0.744-1.858 0.487 0.486
rs985695 152328398 A:G 39:35 1.114 0.706-1.759 0.216 0.642
rs9340917 152328917 C;A 5:2 2.500 0.485-12.89 1.286 0.257
rs2347869 152328988 C:A 58:43 1.349 0.909-2.001 2.228 0.136
rs3020318 152331463 A:G 63:51 1.235 0.854-1.787 1.263 0.261
rs1884054 152333259 C:A 57:50 1.140 0.779-1.667 0.458 0.499
rs2347871 152334353 G:A 62:51 1.216 0.839-1.761 1.071 0.301
rs2347872 152334365 A:G 36:33 1.091 0.680-1.750 0.130 0.718

ESR1 6 rs3020325 152335598 G:A 58:46 1.261 0.856-1.857 1.385 0.239
rs2982683 152340128 A:G 52:51 1.020 0.692-1.500 0.010 0.922
rs9340931 152341582 G;A 43:38 1.132 0.731-1.751 0.309 0.579
rs726281 152344271 G:A 58:43 1.349 0.909-2.001 2.228 0.136
rs9397463 152346021 A:G 41:29 1.414 0.878-2.275 2.057 0.152
rs926777 152346740 A:C 54:41 1.317 0.877-1.977 1.779 0.182

rs2982684 152347897 A:C 21:23 0.913 0.505-1.650 0.091 0.763
rs9371236 152348039 G;A 5:2 2.500 0.485-12.89 1.286 0.257
rs2144025 152349399 A;G 35:28 1.250 0.765-2.055 0.778 0.378
rs7743290 152350825 C:A 39:47 0.830 0.547-1.269 0.744 0.388
rs9340941 152354839 A:G 13:12 1.083 0.494-2.374 0.040 0.842
rs9340944 152355411 A:G 34:42 0.810 0.515-1.272 0.842 0.359
rs722208 152364578 G:A 48:52 0.923 0.623-1.367 0.160 0.689

rs13216134 152370177 G:A 22:24 0.917 0.514-1.635 0.087 0.768
rs1569788 152370309 G:A 51:60 0.850 0.585-1.235 0.730 0.393
rs9340955 152371894 A:G 10:10 1.000 0.416-2.403 0.000 1.000
rs13203975 152374797 A:G 24:27 0.889 0.512-1.540 0.177 0.674
rs9340978 152375638 A:G 11:17 0.647 0.303-1.381 1.286 0.257
rs2207232 152381981 G:A 21:24 0.875 0.487-1.572 0.200 0.655
rs3020411 152385456 G:A 60:58 1.034 0.721-1.484 0.034 0.854
rs3020418 152386855 A:G 51:57 0.895 0.613-1.305 0.333 0.564
rs9478265 152390594 A:G 18:9 2.000 0.898-4.452 3.000 0.083
rs9397472 152398740 G:A 16:20 0.800 0.414-1.544 0.444 0.505
rs3020432 152399620 G:A 62:60 1.033 0.724-1.474 0.033 0.856
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Table 5.20. Results of TDT Analysis on Social Cognition genes. Table 4.

Gene Chr SNP Position Alleles T:U OR 95% 01 OHISQ P
rs2982712 152399872 G:A 65:66 0.985 0.699-1.387 0.008 0.930
rs3020433 152400020 C;A 58:60 0.967 0.673-1.387 0.034 0.854
rs3020364 152408811 G:A 62:60 1.033 0.724-1.474 0.033 0.856
rs3020368 152412883 A:G 16:23 0.696 0.367-1.317 1.256 0.262
rs6932864 152418168 A:G 23:24 0.958 0.540-1.698 0.021 0.884
rs9371575 152420245 G;A 23:24 0.958 0.540-1.698 0.021 0.884
rs2273206 152424004 A:C 22:24 0.917 0.514-1.635 0.087 0.768
rs2207396 152424075 A:G 48:41 1.171 0.771-1.776 0.551 0.458
rs9341019 152424381 C:A 12:13 0.923 0.421-2.023 0.040 0.842
rs3778082 152429357 A:G 22:24 0.917 0.514-1.635 0.087 0.768
rs3778084 152429732 G:A 22:24 0.917 0.514-1.635 0.087 0.768
rs3020375 152431661 G:A 61:58 1.052 0.734-1.507 0.076 0.783

ESR1 6 rs12199102 152434254 A:C 11:21 0.524 0.252-1.086 3.125 0.077
rs3778089 152435454 A:G 18:20 0.900 0.476-1.701 0.105 0.746
rs3822990 152447658 A:G 16:20 0.800 0,414-1.544 0.444 0.505
rs2474148 152454597 A:C 60:56 1.071 0.744-1.542 0.138 0.710
rs2982900 152456685 A:G 11:15 0.733 0.336-1.597 0.615 0.433
rs9341052 152458318 G:A 19:15 1.267 0.643-2.493 0.471 0.493
rs3778099 152460268 G:A 20:24 0.833 0.460-1.508 0.364 0.547
rs9341066 152461219 A:G 15:19 0.790 0.401-1.554 0.471 0.493
rs2228480 152461788 A:G 41:41 1.000 0.648-1.542 0.000 1.000
rs3798577 152462823 A:G 66:62 1.065 0.752-1.506 0.125 0.724
rs3798758 152463547 A:C 12:5 2.400 0.845-6.812 2.882 0.090
rs2813543 152466171 A:G 40:39 1.026 0.659-1.594 0.013 0.910
rs2813544 152467275 G:A 41:47 0.872 0.573-1.326 0.409 0.522
rsl 0891549 112783657 A:G 69:65 1.062 0.756-1.490 0.119 0.730
rs2242592 112784640 G:A 56:45 1.244 0.840-1.842 1.198 0.274

rs6278 112785934 A:C 35:42 0.833 0.532-1.305 0.636 0.425
rs6275 112788687 A;G 56:47 1.191 0.808-1.756 0.786 0.375

rsl 076560 112788898 A:C 35:42 0.833 0.532-1.305 0.636 0.425
rs2734838 112791711 A:G 68:63 1.079 0.766-1.521 0.191 0.662
rs2440390 112792088 A:G 29:20 1.450 0.820-2.563 1.653 0.199
rs l079727 112794392 G:A 35:41 0.854 0.543-1.340 0.474 0.491

DRD2 11 rs2002453 112794508 A:G 51:40 1.275 0.842-1.929 1.330 0.249
rs l076563 112801119 A:C 68:63 1.079 0.766-1.521 0.191 0.662
rsl 076562 112801218 A:G 51:40 1.275 0.842-1.929 1.330 0.249
rs1116313 112801317 A:G 68:63 1.079 0.766-1.521 0.191 0.662
rs1079597 112801496 A:G 35:41 0.854 0.543-1.340 0.474 0.491
rsl 125393 112802559 A:G 33:41 0.805 0.508-1.273 0.865 0.352
rs2471857 112803549 A:G 35:41 0.854 0.543-1.340 0.474 0.491
rsl 2364051 112810524 A:G 68:63 1.079 0.766-1.521 0.191 0.662
rs4436578 112811975 G:A 28:27 1.037 0.611-1.759 0.018 0.893
rs4620755 112814829 A;G 27:26 1.038 0.606-1.779 0.019 0.891
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Table 5.21. Results of TDT Analysis on Social Cognition genes. Table 5.

Gene Chr SNP Position Alleles T:U OR 95% 01 OHISQ P
rsl 1214606 112815079 A;G 9:14 0.643 0.278-1.485 1.087 0.297
rs7125415 112815891 A;G 21:22 0.955 0.524-1.736 0.023 0.879
rs4648318 112818599 G:A 50:42 1.190 0.789-1.794 0.696 0.404
rs4648319 112819573 A:G 28:39 0.718 0.441-1.167 1.806 0.179
rs17529477 112822277 A:G 63:54 1.167 0.811-1.678 0.692 0.405
rs4245146 112823183 A:G 74:66 1,121 0.804-1.562 0.457 0.499

DRD2 11 rs4936270 112823618 A;G 20:23 0.870 0.477-1.583 0.209 0.647
rs4274224 112824662 G:A 73:66 1.106 0.792-1.543 0.353 0.553
rs4581480 112829684 G:A 19:23 0.826 0.449-1.517 0.381 0.537
rs7131056 112834984 A:C 50:61 0.820 0.564-1.191 1.090 0.297
rs4648317 112836742 A:G 32:26 1.231 0.733-2.065 0.621 0.431
rs4938019 112846601 G:A 32:26 1.231 0.733-2.065 0.621 0.431
rsl 799978 112851561 G:A 9:8 1.125 0.434-2.916 0.059 0.808
rs12364283 112852165 G:A 11:17 0.647 0.303-1.381 1.286 0.257
rs8020646 63761073 G:A 11:10 1.100 0.467-2.590 0.048 0.827
rs12434245 63761606 A:G 14:14 1.000 0.476-2.098 0.000 1.000
rsl 048315 63762218 G;A 19:13 1.462 0.721-2.959 1.125 0.289

rs7229 63762578 G:A 64:64 1.000 0.707-1.414 0.000 1.000
rs8018687 63763835 G:A 11:10 1.100 0.467-2.590 0.048 0.827
rs928554 63763948 G:A 64:60 1.067 0.750-1.517 0.129 0.719
rsl 256066 63768644 A:G 9:4 2.250 0.692-7.306 1.923 0.166
rsl 256065 63768685 C:A 59:61 0.967 0.676-1.383 0.033 0.855
rs8006145 63769203 A:C 44:60 0.733 0.497-1.082 2.462 0.117
rs4986938 63769569 A:G 59:66 0.894 0.629-1.270 0.392 0.531
rs944050 63769798 G:A 9:4 2.250 0.692-7.306 1.923 0.166

rs1256064 63770492 G:A 19:13 1.462 0.721-2.959 1.125 0.289
rs944045 63771199 G:A 10:7 1.429 0.543-3.753 0.529 0.467

rsl 256063 63771970 A:G 18:21 0.857 0.456-1.609 0.231 0.631

ESR2 14 rsl 256062 63773071 G:A 21:20 1.050 0.569-1.937 0.024 0.876
rsl 256061 63773346 C:A 57:51 1.118 0.766-1.631 0.333 0.564
rs10144225 63774747 G:A 13:15 0.867 0.412-1.821 0.143 0.706
rsl 256059 63780170 A:G 62:63 0.984 0.693-1.397 0.008 0.929
rsl 7766755 63785526 A:G 64:64 1.000 0.707-1.414 0.000 1.000
rs8017441 63785547 G:A 13:15 0.867 0.412-1.821 0.143 0.706
rs4365213 63790017 A:G 66:66 1.000 0.710-1.407 0.000 1.000
rs12435857 63793278 G:A 66:66 1.000 0.710-1.407 0.000 1.000
rsl 256049 63793804 A:G 8:5 1.600 0.523-4.891 0.692 0.405
rs8003490 63795122 A:G 11:13 0.846 0.379-1.889 0.167 0.683
rsl 256044 63803780 G:A 61:63 0.968 0.680-1.377 0.032 0.858
rsl 269056 63813643 A;G 61:64 0.953 0.671-1.354 0.072 0.788
rsl 256031 63815932 G:A 62:66 0.939 0.664-1.329 0.125 0.724
rs3783736 63821125 A:C 64:64 1.000 0.707-1.414 0.000 1.000
rs6573553 63824114 C:A 59:59 1.000 0.697-1.435 0.000 1.000
rs7159462 63828629 A:G 15:14 1.071 0.517-2.22 0.034 0.853
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Table 5.22. Results of TDT Analysis on Social Cognition genes. Table 6.

Gene Chr SNP Pceitbn Alleles T:U OR 95% Cl CHISQ P
rs1952586 63829172 G:A 18:16 1.125 0.573-2.206 0.118 0.732
rs17101765 63829622 G:A 44:56 0.786 0.529-1.166 1.440 0.230
rs1887994 63830364 A:C 33:26 1.269 0.759-2.122 0.831 0.362
rs2978381 63836405 G:A 64:71 0.901 0.643-1.264 0.363 0.547

14
rs3020450 63838055 A:G 60:66 0.909 0.640-1.290 0.286 0.593

ESR2 rs10137185 63845529 A:G 18:17 1.059 0.545-2.054 0.029 0.866
rs8019025 63849191 G:A 19:17 1.118 0.580-2.150 0.111 0.739
rs3020445 63858397 A:G 61:64 0.953 0.671-1.354 0.072 0.788
rs3020443 63862093 C:A 48:52 0.923 0.623-1.367 0.160 0.689
rs17101774 63863334 G:A 2:2 1.000 0.140-7.099 0.000 1.000
rs1256114 63879758 A:G 23:20 1.150 0.631-2.094 0.209 0.647
rsl 1697250 2996537 G:A 37:39 0.949 0.6051.488 0.053 0.819
rs877172 2997890 C:A 47:46 1.022 0.680-1.534 0.011 0.917

20
rs3761248 2998393 G:A 30:33 0.909 0.554-1.491 0.143 0.706

OXT rs2740210 3001255 A:C 51:57 0.895 0.613-1.305 0.333 0.564
rs2770378 3001514 A:G 52:67 0.776 0.540-1.115 1.891 0.169
rs4813627 3003513 G:A 67:60 1.117 0.788-1.582 0.386 0.535
rs2740201 3004686 A:G 55:62 0.887 0.617-1.275 0.419 0.518
rs2770381 3009986 C;A 64:59 1.085 0.761-1.545 0.203 0.652

AVP ?n rs2740204 3010467 A:C 63:58 1.086 0.760-1.552 0.207 0.649
rs2282018 3012949 G:A 51:66 0.773 0.536-1.114 1.923 0.166
rs3761249 3014362 C:A 24:22 1.091 0.611-1.946 0.087 0.768
rs12396249 66693791 A:G 7:12 0.583 0.229-1.482 1.316 0.251
rsl 204038 66704950 A:G 7:12 0.583 0.229-1.482 1.316 0.251
rs2255702 66714836 A:G 4:5 0.800 0.214-2.979 0.111 0.739
rs5918757 66722755 G:A 8:12 0.667 0.272-1.631 0.800 0.371
rs5919393 66742082 G:A 7:11 0.636 0.246-1.642 0.889 0.346
rs4827545 66745110 A:G 3:7 0.429 0.110-1.657 1.600 0.206

AR X rs5918760 66755476 A:G 8:12 0.667 0.272-1.631 0.800 0.371
rs6624304 66792481 A:G 7:11 0.636 0.246-1.642 0.889 0.346
rsl 337080 66795644 G:A 5:6 0.833 0.254-2.731 0.091 0.763
rs5918762 66831526 A:G 7:10 0.700 0.266-1.839 0.529 0.467
rs5919411 66835438 A:G 5:6 0.833 0.254-2.731 0.091 0.763
rs7064188 66853144 G:A 4:6 0.667 0.188-2.362 0.400 0.527
rs12014709 66855191 C:A 4:6 0.667 0.188-2.362 0.400 0.527
rs5031002 66859350 A:G 8:5 1.600 0.523-4.891 0.692 0.405
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Table 5.23. Social cognition genes haplotype analysis results. Table 1 of 4.

Gene Markers Alleles Freq. T:U CHISQ P

AR
rs12396249 | rs1204038 | rs2255702 | rs5918757 | rs5919393 | 
rs4827545 | rs5918760 | rs6624304 | rs1337080 | rs5918762 | 

rs5919411 j  rs12014709 | rs5031002

GGAGGGAAAGAGG 0.889 12.0 : 8.0 0.800 0.371
AAGAAAGAGAAAA 0.052 5.0 : 6.0 0.091 0.763
AAGAGAACGAGAA 0.052 4.0 : 6.0 0.400 0.527

AVP rs2770381 | rs2740204 | rs2282018 | rs3761249

AACA 0.433 63.0 : 59.0 0.132 0.716
ACAA 0.241 55.0 : 46.0 0.801 0.371
GGAA 0.217 38.3 : 53.7 2.575 0.109
GCAC 0.100 23.7 : 23.3 0.003 0.954

DRD1

rs835541 | rs835616 | rs83 5540
GGA 0.463 61.0 : 60.0 0.008 0.928
GAG 0.400 58.0 : 60.0 0.034 0.854
AGA 0.137 28.0 : 27.0 0.018 0.893

rs265978 | rs251937
GA 0.482 62.5 : 46.7 2.285 0.131
AG 0.341 49.0 : 53.0 0.157 0.692
GG 0.176 31.7 : 42.5 1.571 0.210

rs4867798 | rs686 | rs4532 | rs5326 1 rs265981

AGGAA 0.396 54.0 : 59.0 0.221 0.638
AAAGA 0.296 43.0 : 57.0 1.960 0.162
GAAAG 0.255 54.0 : 39.8 2.149 0.143
GAAAA 0.032 9.0 : 6.2 0.516 0.473
GAGA A 0.013 4.0 : 2.0 0.667 0.414



Table 5.24. Social cognition genes haplotype analysis results. Table 2 of 4.

Gene Markers Alleles Freq. T:U CHISQ P

rs10891549 | rs2242592
CG 0.824 42.0 ; 35.0 0.636 0.425
AA 0.174 35.0 ; 41.0 0.474 0.491

rs6278 | rs6275 AG 0.867 26.0 : 32.0 0.621 0.431
GA 0.133 32.0 : 26.0 0.621 0.431

GGG 0.555 65.0 : 70.0 0.186 0.666

rsl 076560 1 rs2734838 | rs2440390
AG A 0.270 56.0 : 51.0 0.234 0.628
AAA 0.115 26.0 : 26.0 0.000 0.999
AGG 0.058 13.0 : 14.0 0.037 0.847

GGCA 0.557 65.0 : 67.0 0.030 0.862
rsl 079727 | rs2002453 | rs1076563 | rs1076562 AGCG 0.267 56.0 : 47.0 0.786 0.375

DRD2
GAAA 0.174 35.0 : 41.0 0.474 0.491

GA 0.616 63.0 : 68.0 0.191 0.662
rsl 11 6313 1 rsl 125393 AA 0.210 51.0 ; 40.0 1.330 0.249

AG 0.174 35.0 ; 41.0 0.474 0.491
GA 0.776 44.0 ; 52.0 0.667 0.414

rs12364051 | rs4436 578 AG 0.207 51.0 ; 38.0 1.899 0.168
GG 0.013 2.0 : 5.0 1.286 0.257
GA 0.520 66.0 : 73.6 0.411 0.521

rs4648318 | rs4648319 GG 0.382 70.6 : 60.0 0.857 0.355
AG 0.098 20.0 : 23.0 0.209 0.647

rs1799978 | rsl 2364283 GC 0.615 63.0 : 68.0 0.191 0.662
AA 0.385 68.0 : 63.0 0.191 0.662
GA 0.471 54.0 : 75.7 3.633 0.057

rs12525163 1 rsl 159327 AG 0.337 72.0 : 56.0 1.999 0.157

ESR1
AA 0.190 42.0 : 37.3 0.281 0.596
GC 0.739 43.0 : 54.9 1.439 0.230

rs6939257 | rs6939683 AA 0.148 41.0 : 29.0 2.057 0.152
GA 0.113 24.0 : 24.1 0.000 0.985



Table 5.25. Social cognition genes haplotype analysis results. Table 3 of 4.

Gene Markers Alleles Freq. T:U CHISQ P
AG 0.517 72.5 : 69.6 0.062 0.803

rs11964281 | rs2 077647 AA 0.248 34.6 ; 56.5 5.299 0.021
GG 0.235 62.0 : 43.0 3.438 0.064
GA 0.778 51.4 : 41.0 1.189 0.275

rs9371557 | rs7753153 GG 0.121 27.5 : 34.6 0.818 0.366
AC 0.101 20.5 : 23.9 0.255 0.614
AA 0.594 66.0 : 65.0 0.008 0.930

rs9340820 | rs827419 GA 0.302 52.0 : 51.0 0.010 0.922
GG 0.104 22.0 : 24.0 0.087 0.768
GA 0.485 77.0 : 50.0 5.740 0.017

rs1514348 | rs1643821 AG 0.467 54.0 : 75.0 3.419 0.065
AA 0.048 9.0 : 15.0 1.500 0.221

AGG 0.680 60.0 : 62.0 0.033 0.856
rs9340835 | rs9322335 | rs9322336 CAG 0.261 51.0 : 58.0 0.450 0.503

ESR1 CGA 0.059 18.0 : 9.0 3.000 0.083
AG 0.532 61.3 : 68.7 0.421 0.517

rs6927072 | rs6912184 AA 0.273 52.7 : 51.0 0.027 0.870
GG 0.195 44.0 : 38.3 0.399 0.528

rs3020314 | rs3020317 AG 0.630 57.0 : 68.0 0.966 0.326
GA 0.359 68.0 : 54.0 1.611 0.204
AG 0.779 39.3 : 41.9 0.083 0.773

rs2347871 | rs2347872 CG 0.121 28.9 : 25.3 0.239 0.625
CA 0.100 22.0 : 23.0 0.022 0.882
GO 0.706 56.2 : 60.0 0.122 0.727

rs9340931 | rs9397463 GA 0.216 51.0 : 41.2 1.034 0.309
AA 0.078 17.0 : 23.0 0.900 0.343
AA 0.672 59.0 : 63.0 0.131 0.717

rs926777 | rs9371236 AC 0.224 48.4 : 41.7 0.497 0.481
GC 0.102 20.6 : 24.3 0.304 0.581
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Table 5.26. Social cognition genes haplotype analysis results. Table 4 of 4.

Gene Markers Alleles Freq. T:U CHISQ P

ESR1

rs93409411 rs9340944 GA 0.894 24.0; 2a0 0.021 0.884
AG 0.106 23.0: 24.0 0.021 0.884

rs3020411 | rs3020418
CA 0.631 56.0: 61.0 0.214 0.644
AG 0.251 44.0:43.7 0.001 0.973
AA 0.117 29.0: 24.3 0.411 0.521

ESR2

rs72291 rs8018687 | rs928554

AGA 0.573 68.9:63.2 0.250 0.617
GGC 0.302 51.8: 59,0 0.464 0.496
AAA 0.067 18.0: 17.0 0.029 0.866
GGA 0.054 12.2: 12.7 0.010 0.920

rs8006145| rs4986938
AC 0445 62.5 : 64.4 0.029 0.865
GA 0.411 63.5: 71.4 0.460 0.498
AA 0.136 36.3: 27.4 1.250 0.264

ts1256061 1 rs10144225| rs1256059

GGC
AGA
AGC

0.482
0.329
0.136

68.5 : 59.5 
46.6:63.4 
34.5:26.7

0.633
2.575
1.003

0.426
0.109
0.317

GAC 0.054 14.0: 14,0 0.000 1.000

rs8017441 | rs43652131 rs1256049 | rs8003490

GCCC 0.414 62.0 : 62.7 0.004 0.949
AAAC 0.351 60.0: 67.0 0.382 0,536
GAAA 0.132 35.0: 26.8 1.069 0.301
GCAC 0.088 21.0: 19.3 0.073 0.788
GAAC 0.012 2.0: 3.2 0.274 0.601

ts1256031 1 rs3783736
AA 0.574 67.0 : 63.0 0.126 0.723
GG 0.387 63.0: 59.0 0.131 0.717
AG 0.148 41.0: 29.0 2.057 0.152

rs6573553| rs7159462 GA 0.935 16.0: 18.0 0,117 0.732
AG 0.059 16.0: 15.0 0,035 0,851

rs1952586 | rs17101765| rs1887994
AQG 0.506 66.0: 66.0 0.000 1.000
GAA 0.411 62.0 : 63.0 0.008 0.929
GGA 0.083 21.0: 20.0 0.024 0.876

ts3020450 1 rs8019025 | rs30204451 
rs17101774

CAAA 0.450 63.0 : 64.0 0.008 0.929
AAGG 0.407 61.0: 64.0 0.072 0.788
GAAG
GGAG

0.070 18.0: 18.0 0.000 1.000
0.069 19.0: 17.0 0.111 0.739
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6 Appendix VI

Table 6.1. Results of quantitative trait analysis of repetitive behaviours in serotonergic 

genes. Table 1.

Gene Marker IS
Codominant

IS
Dominant

IS
Recessive

RSMA
Codominant

RSMA
Dominant

RSMA
Fteoessive

rs10042486 0.312 0.3004 0.7863 Q155 0.1235 0.596
rs1364043 0.665 0.6564 0.7417 0504 0.4952 0.774

HTR1A rs1423691 0.058 0.0563 0.8012 0901 0.8647 0.7448
rs6449693 0.974 0.8947 0.8968 0.903 0.7455 0.8532
rs7448024 0.275 0.2878 0.1607 0.206 0.1282 0.2233
rs10943^58 0.963 0.8334 0.8217 0.825 0.7921 0.6413
rsl 145831 0.169 0.2298 0.0838 0858 0.8326 0.6652
rs1213352 0.884 0.9138 0.6209 0676 0.7053 0.3812
rs1213371 0.999 0.9737 0.9758 Q525 0.9298 0.2725
rs130060 0.664 0.6639 0.14 0.1396

rs13212041 0.998 0.9762 0.9608 0867 0.645 0.904
rs13^3485 0.827 0.5577 0.9972 0372 0.7704 0.1619

U T D 1  R
rs1343491 0.579 0.3507 0.7589 0106 0.0434 0.7695
rsl 936158 0.79 0.6523 0.7241 0515 0.387 0.648
rs2000292 0.251 0.9271 0.1183 0.585 0.671 0.4351
rs4543330 0.541 0.6809 0.273 0.811 0.5429 0.7239

rs6297 0.911 0.678 0.8174 0.977 0.9895 0.8388
rs6298 0.581 0.5818 0.4876 0049 0.044 0.4321

rs9352481 0.733 0.4524 0.9662 0132 0.3083 0.0473
rs9352483 0.044 0.9961 0.0144 0894 0.841 0.645
rs9361235 0.922 09693 0.7142 0815 0.8233 0.5226
rs10917360 0.755 0.6564 0.2538 0.486 0.4952 0.5582
rs12405002 0.615 0.6026 0.5032 0.774 0.5588 0.5789
rsl 738468 0.127 0.1888 0.025 0.557 0.6721 0.0675
rsl 757044 0.244 0.0972 0.4143 0.324 0.1404 0.8134
rs2746561 0.546 0.5341 0.7968 0652 0.65 0.9653
rs2806555 0.224 0.2217 0.812 0912 0.9178 0.7928
rs2806561 0.805 0.8594 0.1305 0776 0.7283 0.126
rs2806566 0.289 0.2807 0.7583 0497 0.4961 0.8833

HTR1D rs2806570 0.047 0.0669 0.3055 0.145 0.1598 0.3777
rs586589 0.721 0.7151 0.7894 0.622 0.6196 0.9477
rs588387 0.022 0.0532 0.1989 0.088 0.1601 0.2316
rs623988 0.01 0.2775 0.0196 0.041 0.2563 0.0742
rs627304 0.085 0.0728 0.3366 0.652 0.6185 0.4555
rs641032 0.697 0.7867 0.0271 0.208 0.2542 0.0928
rs643492 0.007 0.015 0.2586 0.032 0.0578 0.262
rs674386 0.162 0.1806 0.2991 0.302 0.4227 0.2967
rs676643 0.721 0.8221 0.5352 0692 0.6647 0.6M8
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Table 6.2. Results of quantitative trait analysis of repetitive behaviours in serotonergic 

genes. Table 2.

Gene Marker IS
Codom inant

IS
Dominant

IS
Recessive

RSMA
Ccxdominant

RSMA
Dominant

RSMA
Recessive

rs10507544 0.478 0.4436 0.2536 0.433 0.8696 0.2051
rs10507546 0.973 0.9211 0.8159 0.977 0.9133 0.8356
rs12584920 0.99 0.9637 0.9059 0.964 0.9435 0.8171
rs1328674 0.918 0.6809 0.902 0.803 0.5156 0.9922
rs1328684 0.709 0.4682 0.5387 0.677 0.6328 0.5832
rs1360020 0.59 0.805 0.3065 0.457 0.2108 0.7
rs17069005 0.678 0.776 0.3811 0.738 0.7707 0.4421
rs17288723 0.394 0.347 0.2369 0.704 0.4074 0.7515
rs17289304 0.191 00696 0.5681 0.237 0.0901 0.6219
rs17289394 0.909 07666 0.8411 0.916 0.8708 0.7578
rs1805055 0.031 02345 0.0302 0.109 0.1976 0.1425
rs1923884 0.099 00458 0.2343 0.048 0.0754 0.1909
rs1923885 0.242 0.5422 0.1922 0.428 0.682 0.1926
rsl 923886 0.148 09308 0.0707 0.89 0.9745 0.6416
rs1928039 0.39 0.1716 0.7515 0.906 0.6608 0.8981
rs1928042 0.106 0.7643 0.0546 0.955 0.9627 0.7639
rs2026690 0.692 0.393 0.7167 0.488 0.234 0.7959
rs2039093 0.374 0.1772 0.4761 0.2 0.0953 0.2898

HTR2A rs2070036 0.876 0.8372 0.6247 0.839 0.6419 0.7473
rs2070037 0.8 08571 0.5704 0.6 04474 0.6677
rs2149434 0.537 0.7123 0.2645 0.593 0.8421 0.3111
rs2296972 0.607 0.6296 0.4807 0.53 0.5086 0.489
rs2296973 0.591 0.9073 0.313 0.527 0.9191 0.2676
rs2760346 0.155 0.9354 0.0646 0.48 0.9696 0.2445
rs2770293 0.67 0.7076 0.3731 0.056 0.1358 0.1933
rs2770296 0.565 0.2983 0.5955 0.864 0.9408 0.5928
rs2770298 0.757 0.4723 0.6884 0.916 0.9079 0.6752
rs2770304 0.163 0.0584 0.7153 0.509 0.248 0.6292
rs3803189 0.385 0.5293 0.29 0,339 0.146 0.5879
rs4142900 0.998 0.9984 0.951 0.96 0.7863 0.9948
rs4941573 0.516 0.3742 0.3312 0.49 0.9569 0.2497
rs4942576 0.047 0.4829 0.0136 0.432 0.482 0.3702
rs4942577 0.313 0.3852 0.1425 0.294 02004 0.2054
rs4942578 0.759 0.9214 0.4977 0.332 06728 0.1373
rs4942587 0.756 0.7963 0.5463 0.601 0.4599 0.6485
rs582385 0.736 0.4557 0.9772 0.328 0 .6 ^ 0.2189
rs622337 0.761 0.6506 0.6657 0.577 0.5644 0.4985
rs6306 0.334 0.1545 0.9531 0.727 0.6535 0.5919
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Table 6.3. Results of quantitative trait analysis of repetitive behaviours in serotonergic 

genes. Table 3.

Gene Marker IS
Codom inant

IS
Dominant

IS
Recessive

RSMA
Ccxlominant

RSMA
Dominant

RSMA
Recessive

rs6310 0.058 0.0189 0.3779 0.085 0.0389 0.2269
rs6311 0.506 0.2628 0.4947 0.414 0.1844 0.6429
rs6312 0.115 0.0554 0.2301 0.1 0.0788 0.1147
rs6313 0.568 0.2996 0.5837 0.381 0.1709 0.8308
rs6314 0.459 0.9147 0.2148 0.413 0.9217 0.1867

rs655854 0.62 0.5476 0.5656 0.544 0.4584 0.5617
rs732821 0.75 0.5273 0.5427 0.646 0.6733 0.353

rs7330636 0.119 0.1922 0.2666 0.434 0.2084 0.5019
rs7333412 0.606 0.3169 0.7671 0.084 0.1185 0.0475
rs7983914 0.15 0.0551 0.7405 0.789 0.4993 0.9118
rs927544 0.772 0.9956 0.4906 0.96 0.8912 0.841

rs9316235 0.9 0.9505 0.6494 0.966 0.9769 0.7951
HTR2A rs9534495 0.937 0.728 0.9833 0.616 0.6361 0.3321

rs9534505 0.954 0.8408 0.855 0.744 0.4567 0.7254
rs9534507 0.521 0.3251 0.6774 0.795 0.5012 0.9769
rs9534511 0.356 0.6178 0.1506 0.055 0.9491 0.0242
rs9534520 0.77 0.8469 0.5165 0.806 0.6874 0.6629
rs9567729 0.701 0.6323 0.4305 0.798 0.6146 0.581
rs9567731 0.463 0.4173 0.5336 0.039 0.3153 0.0599
rs9567733 0.469 0.2248 0.5774 0.834 0.5749 0.9678
rs9567737 0.267 0.8643 0.1426 0.974 0.8181 0.9186
rs9567746 0.376 0.1619 0.7131 0.314 0.1444 0.9388
rs9595552 0.624 0.3326 0.9051 0.429 0.1964 0.9149
rs972979 0.471 0.4933 0.2376 0.544 0.2877 0.5423
rs977003 0.687 0.3933 0.8836 0.093 0.2045 0.0365

rs1042173 0.808 0.5989 0.8563 0.585 0.3823 0.4099
rs11657536 0.469 0.5273 0.3359 0.888 0.8178 0.6929

rs140700 0.809 0.5376 0.7525 0.419 0.2178 0.8052
rs140701 0.458 0.5932 0.3828 0.576 0.5024 0.3209

rs2066713 0.171 0.0655 0.8232 0.339 0.1531 0.4333
rs25528 0.395 0.1729 0.7098 0.562 0.833 0.2837

rs28437451 0.457 0.4566 0.738 0.7382
SLC6A4 rs3794808 0.309 0.4449 0.326 0.493 0.5201 0.2464

rs3813034 0.835 0.8323 0.6508 0.69 0.484 0.4747
rs4251417 0.777 0.6994 0.5185 0.043 0.1439 0.026
rs7224199 0.571 0.865 0.3575 0.502 0.41 0.2836
rs8071667 0.672 0.6895 0.4979 0.857 0.6321 0.8731
rs8073965 0.877 0.8771 0.393 0.3928
rs8081028 0.016 0.3527 0.0096 0.871 0.6717 0.7932
rs9303628 0.337 0.1467 0.4505 0.515 0.2961 0.4128
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Table 6.4. Results of quantitative trait analysis of repetitive behaviours in serotonergic 

genes. Table 4.

Gene Marker IS
Codominant

IS
Dominant

IS
Recessive

RSMA
Codominant

RSMA
Dominant

RSMA
Recessive

rs1007023 0.156 0.0712 0.8577 0.885 0.7023 0.8403
rs10506645 0.651 0.405 0.5187 0.712 0.8379 0.4857
rs10748185 0.378 0.3211 0.2031 0.155 0.7838 0.0925
rs10879352 0.134 0.0721 0.1491 0.999 0.9957 0.9662
rs10879354 0.903 0.8174 0.6587 0.792 0.6355 0.7574
rs10879355 0.775 0.7428 0.4794 0.686 0.5154 0.7395
rs10879357 0.835 0.9853 0.5671 0.99 0.9151 0.9054
rs11178993 0.325 0.8925 0.1344 0.544 0.951 0.272
rs11178999 0.174 0.2511 0.2746 0.289 0.2074 0.5821
rs11179003 0.125 0.0414 0.8554 0.182 0.108 0.4&19
rsl 1179022 0.102 0.0414 0.3815 0.212 0.108 0.6001
rs11179039 0.259 0.1862 0.1725 0.986 0.9748 0.8669
rs11179050 0.804 0.965 0.5442 0.846 0.7173 0.76
rsl 1179064 0.419 0.4186 0.379 0.3792
rs ll 179065 0.723 0.4203 0.9412 0.221 0.1163 0.3753
rsl 1615016 0.485 0.2294 0.8172 0.952 0.8953 0.7613
rs12229394 0.697 0.3994 0.706 0.873 0.8428 0.6M5
rs12231341 0.201 0.1123 0.2802 0.543 0.2863 0.6426

TPH2 rs12231356 0.371 0.3175 0.2463 0.58 0.3559 0.5161
rsl 386483 0.79 0.7623 0.495 0.713 0.5444 0.7423
rsl 386488 0.1 0.0497 0.7979 0.688 0.4658 0.8168
rsl 386493 0.037 0.2183 0.0678 0.827 0.9904 0.5548
rsl 386496 0.19 0.1033 0.7299 0.855 0.6712 0.8137
rsl 386497 0.125 0.0432 0.7543 0.666 0.6563 0.5328
rs1386498 0.112 0.074 0.1006 0.95 0.7596 0.842
rs1487275 0.394 0.196 0.4151 0.843 0.5612 0.91
rsl 487276 0.385 0.6414 0.1674 0.404 0.5033 0.3546
rsl 487281 0.233 0.1337 0.6981 0.855 0.7429 0.7271
rs17110627 0.569 0.3834 0.4002 0.692 0.7839 0.4878
rs17110690 0.493 0.5371 0.2493 0.81 0.9976 0.5348
rs17722134 0.564 0.5644 0.422 0.422
rsl 843809 0.219 0.1166 0.775 0.833 0.7803 0.6626
rsl 872824 0.728 0.4253 0.795 0.516 0.5298 0.4808
rs2129575 0.119 0.1391 0.3503 0.361 0.1839 0.9149
rs2171363 0.361 0.2824 0.2127 0.933 0.997 0.7241
rs4570625 0.554 0.456 0.58 0.288 0.2493 0.4723
rs4760751 0.14 0.6955 0.077 0.832 0.725 0.7035
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Table 6.5. Results of quantitative trait analysis of repetitive behaviours in serotonergic 

genes. Table 5.

Gene Marker IS
Codominant

IS
Dominant

IS
Recessive

RSMA
Codominant

RSMA
Dominant

RSMA
Recessive

rs4760816 0.291 0.2749 0.1521 0.648 0.5454 0.6428
rs6582072 0.037 0.1872 0.0779 0.822 0.9581 0.5581
rs6582073 0.266 0.2367 0.1463 0.684 0.5879 0.6454
rs6582077 0.306 0.1758 0.2515 0.732 0.6827 0.6187
rs6582081 0.221 0.7333 0.1211 0.943 0.8078 0.8677
rs7133320 0.723 0.4202 0.9266 0.243 0.1163 0.4527

TPH2 rs7299582 0.113 0.0597 0.7204 0.799 0.5968 0.8014
rs7300641 0.165 0.3673 0.1764 0.946 0.8163 0.7695
rs7305115 0.259 0.1276 0.2738 0.577 0.5716 0.5209
rs7309440 0.927 0.7495 0.8563 0.589 0.3047 0.8266
rs7963226 0.139 0.7333 0.0729 0.885 0.8078 0.7266
rs7963720 0.362 0.3155 0.1948 0.725 0.5563 0.7569
rs7963803 0.259 0.8928 0.1013 0.511 0.9473 0.2486
rs9325202 0.127 0.0884 0.1062 0.984 0.9135 0.8637
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Table 6.6. Results of quantitative trait analysis of repetitive behaviours in X-linked

serotonergic genes.

Gene Marker IS 
P Value

RSMA 
P Value Gene Marker IS

P Value
RSMA 

P Value
rs 10875535 0.475 0.960 rs5987797 0.398 0.234
rs11167436 0.398 0.234 rs5988087 0.414 0.254
rs12688871 0.512 0.311 rs5988105 0.398 0.234
rs12690135 0.463 0.281 HTR2G rs5988143 0.260 0.221
rs12690355 0.453 0.297 rs6579543 0.206 0.189
rs12836771 0.446 0.194 rs6644093 0.659 0.781
rs12846241 0.446 0.194 rs7055144 0.151 0.084
rsl 360851 0.261 0.233 rs7887868 0.212 0.093
rs1414324 0.405 0.328 rsl 137070 0.177 0.237
rsl 577456 0.261 0.233 rsl 181275 0.243 0.243
rsl 7326436 0.398 0.234 rsl 2843268 0.173 0.182
rs1801412 0.423 0.872 rsl 465108 0.159 0.401
rs2248440 0.420 0.235 rsl 800464 0.546 0.967
rs2428700 0.261 0.233 rsl 800659 0.128 0.428
rs2428702 0.261 0.233 rs2072743 0.471 0.450
rs2428707 0.254 0.252 rs2235186 0.173 0.182
rs2428713 0.261 0.233 rs2283724 0.115 0.572
rs2428722 0.392 0.253 rs2283725 0.139 0.436
rs2497505 0.261 0.233 rs28401570 0.104 0.172
rs2497528 0.261 0.233 rs28556796 0.173 0.182
rs2497541 0.398 0.234 rs3027396 0.115 0.572

HTR2C rs2497551 0.398 0.234 rs3027398 0.115 0.572
rs3813928 0.429 0.211 rs3027400 0.084 0.261
rs3813929 0.429 0.211 rs3027409 0.546 0.967
rs4243981 0.250 0.201 rs3027410 0.087 0.326
rs4272555 0.261 0.233 MAOA rs3027415 0.872 0.321
rs4332303 0.261 0.233 rs3810709 0.152 0.301
rs4421526 0.261 0.233 rs3859959 0.023 0.452
rs4537474 0.264 0.206 rs5905613 0.257 0.671
rs475717 0.394 0.264 rs5905702 0.156 0.728

rs4911871 0.781 0.597 rs5906893 0.038 0.405
rs493533 0.247 0.147 rs5906938 0.048 0.277
rs498207 0.195 0.109 rs5953210 0.079 0.511
rs521018 0.191 0.120 rs5953385 0.228 0.533
rs543229 0.398 0,234 rs6323 0.104 0.172
rs547617 0.225 0.185 rs6520894 0.038 0.405
rs556677 0.398 0.234 rs6609257 0.468 0.565

rs5945997 0.261 0.233 rs6610845 0.197 0.382
rs5945998 0.261 0.233 rs6610846 0.339 0.295
rs5946014 0.261 0.233 rs7052785 0.546 0.967
rs5946022 0.261 0.233 rs909525 0.115 0.572
rs5946023 0.254 0.252 rs979605 0.186 0.190
rs5946203 0.251 0.199 rs979606 0.084 0.261
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Table 6.7. Results of quantitative trait analysis of social communication in social cognition 

genes. Table 1.

Gene Marker SC Codominant SC Dominant SC Recessive
rs2282018 0.786 0.492 0.922

AVP rs2740204 0.796 0.526 0.974
rs2770381 0.946 0.974 0.759
rs3761249 0.637 0.484 0.443
rs10047514 0.299 0.260 0.165
rs1042615 0.551 0.744 0.339
rs10747983 0.452 0.395 0.446
rs10877969 0.306 0.160 0.669
rs11174810 0.348 0.348

AVPR1A
rs11174811 0.637 0.395 0.552
rs3021527 0.024 0.024
rs3021528 0.247 0.247
rs3021529 0.637 0.395 0.552
rs3759292 0.915 0.915
rs3803107 0.441 0.807 0.401
rs7954346 0.009 0.247 0.005
rs28373064 0.296 0.310 0.351

AVPR1B
rs35439639 0.569 0.569
rs35608965 0.672 0.672
rs35810727 0.936 0.936
rs10029603 0.009 0.009
rs10805347 0.328 0.380 0.421
rsl 130169 0.546 0.482 0.450
rsl 3137313 0.984 0.959 0.885
rsl 7476066 0.518 0.501 0.854
rs 1800051 0.739 0.760 0.480
rsl 803404 0.170 0.170
rs2286553 0.440 0.440
rs3733593 0.905 0.654 0.880
rs3796864 0.534 0.266 0.807

CD38
rs3796866 0.440 0.440
rs3796867 0.009 0.009
rs3796870 0.847 0.674 0.598
rs3796878 0.857 0.579 0.977
rs4508877 0.575 0.322 0.744
rs6449181 0.733 0.436 0.918
rs6449195 0.536 0.486 0.322
rs6831585 0.846 0.933 0.607
rs6836946 0.685 0.389 0.672
rs7655635 0.266 0.426 0.785
rs7666953 0.083 0.043 0.261
rs7667590 0.847 0.674 0.598
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Table 6.8. Results of quantitative trait analysis of social communication in social cognition

genes. Table 2.

Gene Marker SC Codominant SC Dominant SC Recessive
rs11747728 0.229 0.089 0.589
rs251937 0.915 0.816 0.796
rs265978 0.612 0.441 0.754
rs265981 0.646 0.898 0.419

rs4532 0.646 0.419 0.898
DRD1 rs4867798 0.900 0.787 0.263

rs5326 0.375 0.331 0.214
rs686 0.608 0.384 0.898

rs835540 0.357 0.278 0.630
rs835541 0.651 0.456 0.798
rs835616 0.433 0.206 0.896
rsl 076560 0.002 0.001 0.072
rsl 076562 0.177 0.427 0.112
rs1076563 0.002 0.001 0.630
rsl 079597 0.051 0.443 0.005
rs1079727 0.582 0.501 0.072
rs10891549 0.140 0.053 0.939
rs1116313 0.002 0.001 0.630
rs11214606 0.327 0.569 0.270
rs1125393 0.971 0.144 0.000
rsl 2364051 0.002 0.001 0.630
rsl 2364283 0.305 0.160 0.558
rsl 7529477 0.037 0.138 0.144
rsl 799978 0.679 0.453 0.667
rs2002453 0.177 0.427 0.112
rs2242592 0.337 0.322 0.360

DRD2 rs2440390 0.384 0.384
rs2471857 0.002 0.001 0.072
rs2734838 0.002 0.001 0.630
rs4245146 0.871 0.941 0.606
rs4274224 0.871 0.606 0.941
rs4436578 0.028 0.127 0.036
rs4581480 0.298 0.298
rs4620755 0.014 0.014
rs4648317 0.200 0.789 0.107
rs4648318 0.880 0.735 0.098
rs4648319 0.147 0.324 0.001
rs4936270 0.657 0.773 0.424
rs4938019 0.200 0.107 0.789

rs6275 0.292 0.160 0.185
rs6278 0.002 0.001 0.072

rs7125415 0.164 0.164
rs7131056 0.323 0.741 0.002
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Table 6.9. Results of quantitative trait analysis of social communication In social cognition

genes. Table 3.

Gene Marker SC Codominant SC Dominant SC Recessive
rs10214867 0.269 0.269
rs10872678 0.518 0.787 0.253
rs11155813 0.531 0.375 0.396
rsl 1155819 0.159 0.134 0.329
rsl 1155820 0.540 0.745 0.266
rsl 159327 0.752 0.915 0.353
rsl 1969288 0.891 0.891
rsl 2154178 0.715 0.704 0.915
rsl 2195741 0.365 0.545 0.157
rsl 2199102 0.592 0.903 0.321
rsl 2525163 0.518 0.787 0.253
rsl 285057 0.551 0.278 0.647

rs13203975 0.080 0.197 0.034
rsl 3216134 0.087 0.037 0.197
rsl 336981 0.559 0.827 0.280
rsl 361024 0.252 0.252
rsl 514348 0.126 0.144 0.654
rsl 569788 0.245 0.327 0.128
rsl 643821 0.737 0.573 0.464
rsl 7081685 0.294 0.951 0.131
rsl 7081749 0.276 0.141 0.396

ESR1 rsl 709180 0.111 0.111
rsl 709183 0.289 0.873 0.123
rsl 884051 0.996 0.959 0.959
rs1884054 0.393 0.396 0.591
rsl 999805 0.300 0.717 0.186
rs2077647 0.876 0.639 0.965
rs2144025 0.263 0.301 0.135
rs2207232 0.176 0.170 0.037
rs2207396 0.953 0.794 0.937
rs2228480 0.153 0.975 0.074
rs2248586 0.095 0.093 0.364
rs2273206 0.938 0.206 0.072
rs2347868 0.706 0.495 0.170
rs2347869 0.797 0.763 0.706
rs2347871 0.850 0.706 0.784
rs2347872 0.424 0.220 0.897
rs2474148 0.484 0.695 0.228
rs2485209 0.905 0.745 0.701
rs2504063 0.035 0.037 0.448
rs2504065 0.803 0.689 0.439
rs2504067 0.138 0.657 0.102
rs2504070 0.243 0.262 0.129
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Table 6.10. Results of quantitative trait analysis of social communication in social cognition

genes. Table 4.

Gene Marker SC Codominant SC Dominant SC Recessive
rs2813543 0.120 0.089 0.524
rs2813544 0.572 0.293 0.720
rs2881766 0.620 0.637 0.339
rs2982551 0.129 0.931 0.059
rs2982565 0.559 0.303 0.557
rs2982567 0.300 0.717 0.186
rs2982570 0.075 0.312 0.131
rs2982575 0.223 0.105 0.931
rs2982683 0.910 0.935 0.666
rs2982688 0.938 0.980 0.706
rs2982712 0.348 0.152 0.910
rs2 982900 0.230 0.230
rs3003925 0.932 0.780 0.871
rs3020306 0.223 0.931 0.105
rs3020314 0.685 0.709 0.867
rs3020317 0.507 0.557 0.802
rs3020318 0.850 0.784 0.706
rs3020325 0.838 0.765 0.625
rs3020331 0.077 0.312 0.130
rs3020333 0.149 0.160 0.301
rs3020343 0.178 0.717 0.109

ESR1 rs3020348 0.971 0.879 0.656
rs3020364 0.302 0.121 0.695
rs3020368 0.873 0.873
rs3020375 0.203 0.074 0.695
rs3020401 0.900 0.738 0.872
rs3020410 0.644 0.644
rs3020411 0.649 0.573 0.121
rs3020418 0.370 0.708 0.159
rs3020432 0.302 0.121 0.695
rs3020433 0.522 0.765 0.116
rs3778082 0.083 0.197 0.035
rs3778084 0.083 0.035 0.197
rs3778089 0.237 0.001 0.055
rs3778099 0.256 0.174 0.197
rs3798577 0.889 0.699 0.904
rs3798758 0.535 0.535
rs3822990 0.192 0.197 0.102
rs3936674 0.990 0.971 0.890
rs4870053 0.315 0.654 0.603
rs488133 0.712 0.420 0.606
rs532010 0.925 0.829 0.699
rs543650 0.924 0.829 0.509
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Table 6.11. Results of quantitative trait analysis of social communication in social cognition

genes. Table 5.

Gene Marker SC Codominant SC Dominant SC Recessive
rs6557170 0.434 0.251 0.302
rs6557171 0.395 0.389 0.898
rs6902771 0.834 0.647 0.593
rs6909023 0.256 0.256
rs6912184 0.503 0.646 0.240
rs6927072 0.715 0.617 0.657
rs6932864 0.080 0.197 0.034
rs6939257 0.846 0.649 0.773
rs6939683 0.367 0.367
rs722208 0.245 0.327 0.128
rs726281 0.382 0.733 0.165
rs7743290 0.721 0.619 0.105
rs7753153 0.559 0.316 0.535
rs7759411 0.927 0.927
rs7761846 0.453 0.453
rs7767143 0.895 0.743 0.773
rs827419 0.467 0.381 0.380
rs827423 0.418 0.359 0.760
rs851980 0.644 0.844 0.350
rs851982 0.979 0.892 0.311
rs851987 0.854 0.664 0.639
rs926777 0.399 0.180 0.550

ESR1 rs9322331 0.996 0.971 0.930
rs9322335 0.131 0.045 0.417
rs9322336 0.097 0.285 0.033
rs9322337 0.144 0.145
rs9322343 0.426 0.426
rs9340820 0.133 0.055 0.590
rs9340835 0.574 0.427 0.585
rs9340917 0.591 0.591
rs9340931 0.196 0.817 0.088
rs9340941 0.370 0.396 0.388
rs9340944 0.830 0.830
rs9340955 0.734 0.734
rs9340978 0.673 0.482 0.467
rs9341019 0.364 0.364
rs9341052 0.826 0.568 0.915
rs9341066 0.887 0.887
rs9371236 0.591 0.591
rs9371554 0.474 0.474
rs9371557 0.004 0.004
rs9371575 0.080 0.034 0.197
rs9397463 0.586 0.302 0.902
rs9397472 0.192 0.102 0.197
rs9478265 0.783 0.783
rs9479117 0.532 0.264 0.690
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Table 6.12. Results of quantitative trait analysis of social communication in social cognition

genes. Table 6.

Gene Marker SC Codominant SC Dominant SC Recessive
rs9479130 0.493 0.548 0.556
rs985191 0.629 0.620 0.345

ESR1 rs985192 0.104 0.047 0.922
rs985694 0.461 0.220 0.939
rs985695 0.184 0.986 0.368
rs988328 0.612 0.604 0.762

rs10137185 0.636 0.636
rsl 0144225 0.927 0.920 0.740
rs1048315 0.924 0.924
rsl 2434245 0.860 0.860
rsl 2435857 0.777 0.480 0.847
rs l256031 0.819 0.840 0.528
rsl 256044 0.818 0.859 0.528
rsl 256049 0.880 0.880
rsl 256059 0.688 0.397 0.859
rs1256061 0.808 0.576 0.378
rsl 256062 0.916 0.862 0.740
rsl 256063 0.437 0.569 0.211
rsl 256064 0.924 0.924
rs1256065 0.161 0.160 0.859
rsl 256066 0.880 0.880
rsl 256114 0.731 0.731

ESR2
rsl 269056 0.818 0.528 0.859
rsl 7101765 0.883 0.971 0.373
rsl 7101774 0.903 0.903
rsl 7766755 0.837 0.624 0.604
rsl 887994 0.965 0.915 0.708
rsl 952586 0.636 0.636
rs2978381 0.969 0.824 0.852
rs3020443 0.498 0.487 0.693
rs3020445 0.930 0.760 0.740
rs3020450 0.871 0.828 0.599
rs3783736 0.529 0.482 0.790
rs4365213 0.777 0.847 0.480
rs4986938 0.192 0.160 0.929
rs6573553 0.611 0.692 0.652
rs7159462 0.650 0.650

rs7229 0.688 0.859 0.397
rs8003490 0.916 0.740 0.885
rs8006145 0.575 0.575 0.856
rs8017441 0.927 0.920 0.740
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Table 6.13. Results of quantitative trait analysis of social communication in social cognition

genes. Table 7.

Gene Marker SC Codominant SC Dominant SC Recessive
rs8018687 0.996 0.996
rs8019025 0.770 0.770

ESR2 rs8020646 0.996 0.996
rs928554 0.819 0.859 0.529
rs944045 0.947 0.741 0.996
rs944050 0.880 0.880

rs11697250 0.714 0.958 0.440
rs2740201 0.208 0.093 0.997
rs2740210 0.041 0.021 0.861

OXT rs2770378 0.089 0.059 0.791
rs3761248 0.984 0.943 0.886
rs4813627 0.833 0.939 0.535
rs877172 0.716 0.679 0.710

rs1042778 0.438 0.837 0.242
rs11131149 0.767 0.537 0.586
rsl 1706648 0.568 0.326 0.925
rsl 3060135 0.052 0.026 0.133
rsl 3087941 0.090 0.096 0.088
rsl 3093809 0.047 0.123 0.026
rs2268490 0.785 0.785
rs2268491 0.849 0.579 0.817
rs2268492 0.656 0.482 0.452
rs2301261 0.228 0.085 0.717

OXTR rs2324728 0.653 0.468 0.460
rs237884 0.631 0.341 0.708
rs237887 0.432 0.291 0.660
rs2 37888 0.784 0.784
rs237889 0.508 0.482 0.551
rs237899 0.780 0.771 0.481
rs4686301 0.486 0.925 0.269
rs4686302 0.899 0.735 0.688
rs6777726 0.208 0.085 0.971
rs7629329 0.741 0.542 0.523
rs9872310 0.036 0.037 0.039
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Table 6.14. Results of quantitative trait analysis of social communication in X-linked social 

cognition genes.

Gene Marker SC P Value
rs12396249 0.1783
rs1204038 0.1783
rs2255702 0.1783
rs5918757 0.1142
rs5919393 0.1141
rs4827545 0.1783

AR rs5918760 0.1142
rs6624304 0.1783
rsl 337080 0.159
rs5918762 0.1142
rs5919411 0.159
rsl 2014709 0.4466
rs5031002 0.5124
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7 Appendix VII

Table 7.1. Results for OXTR expression levels to genotypes in the amygdala.

Gene Marker Codominant
3-actin

Dominant
3-actin

Recessive
3-actin

Codominant 
32 M

Dominant
32IVi

Recessive
32M

rs1042778 0.742 0.742 0.280 0.280
rs11706648 0.174 0.108 0.119 0.470 0.248 0.935
rs11720238 0.303 0.303 0.717 0.718
rs13316193 0.044 0.334 0.047 0.967 0.796 0.925
rs1488467 0.320 0.320 0.767 0.767
rs2268490 0.424 0.631 0.182 0.567 0.541 0.283
rs2268491 0.979 0.980 0.158 0.158
rs2268494 0.052 0.052 0.271 0.271
rs2268495 0.857 0.649 0.649 0.446 0.567 0.202

OXTR rs237885 0.171 0.078 0.234 0.148 0.753 0.047
rs237887 0.475 0.229 0.380 0.874 0.752 0.836
rs237888 0.971 0.971 0.303 0.303
rs237894 0.477 0.497 0.225 0.405 0.997 0.206
rs237895 0.313 0.120 0.535 0.352 0.446 0.348
rs4564970 0.410 0.410 0.635 0.635
rs4686301 0.358 0.152 0.506 0.239 0.100 0.990
rs4686302 0.405 0.405 0.948 0.948
rs7632287 0.604 0.937 0.394 0.106 0.698 0.111
rs9840864 0.730 0.978 0.433 0.933 0.734 0.816
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Table 7.2. Results of AEI assay for rs237884 in OXTR.

Gene Marker Kappa P
rs237897 0.455 0.010
rs237895 0.385 0.024
rs237894 0.231 0.117
rs237899 0.201 0.117

rs17049528 0.103 0.117
rs4643699 0.103 0.117
rs1488466 0.103 0.117
rs1488467 0.103 0.117
rs6777726 0.103 0.117
rs237889 0.098 0.300
rs1042778 0.055 0.390
rs237888 0.053 0.367
rs9840864 0.031 0.436
rs2268494 0.027 0.409
rs4 564970 0.027 0.409
rs2301261 0.027 0.409
rs237887 0.012 0.476

OXTR rs13316193 0.012 0.476
rs11131149 0.012 0.476

rsl 80789 0.012 0.476
rs401015 0.012 0.476
rs237884 0.000
rs2324728 0.000
rs6770632 0.000
rs2139184 -0.047 0.631
rs4686302 -0.047 0.631
rs4686301 -0.052 0.610
rs2268492 -0.103 0.700
rs237885 -0.114 0.735
rs2268490 -0.119 0.777
rs2268491 -0.150 0.896
rs2254298 -0.150 0.896
rs2254295 -0.150 0.896
rs2268495 -0.196 0.842
rs2268496 -0.196 0.842
rsl 1706648 -0.202 0.860
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Table 7.3. Results of AEI assay for rs1042778 of OXTR.

Gene Marker Kappa P
rs237895 0.449 0.002
rs237897 0.449 0.002
rs237887 0.289 0.024
rs237885 0.273 0.014

rs13316193 0.273 0.014
rs11131149 0.273 0.014
rs2268492 0.214 0.048
rs237889 0.214 0.048

rs4564970 0.210 0.065
rs2301261 0.210 0.065
rs4686301 0.182 0.071
rs237884 0.157 0.163

rs2324728 0.157 0.163
rs6770632 0.157 0.163
rs237899 0.153 0.142

rs 11706648 0.093 0.196
rs237888 0.066 0.316

OXTR rs237894 0.049 0.374
rs180789 0.028 0.412
rs401015 0.028 0.412

rs 17049528 0.012 0.460
rs4643699 0.012 0.460
rsl 488466 0.012 0.460
rs1488467 0.012 0.460
rs6777726 0.012 0.460
rsl 042778 0.000
rs2268491 -0.034 0.604
rs2254298 -0.034 0.604
rs2254295 -0.034 0.604
rs2139184 -0.050 0.750
rs9840864 -0.118 0.769
rs2268490 -0.118 0.792
rs4686302 -0.194 0.895
rs2268494 -0.293 0.974
rs2268495 -0.353 0.986
rs2268496 -0.353 0.986
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Table 7.4. Results of AEI assay for rs1042778 in OXTR in the amygdala.

Gene Marker Kappa P
rs237895 0.380 0.080

rs13316193 0.310 0.070
rs4686301 0.210 0.130

rs11706648 0.120 0.190
rs4564970 0.070 0.260
rs1488467 0.040 0.320
rs2268494 0.040 0.320
rs237888 0.020 0.370

rsl 042778 0.000
OXTR rs4686302 0.000

rs237894 -0.170 0.850
rs9840864 -0.170 0.850
rs2268495 -0.170 0.890
rs237885 -0.200 0.850

rs11720238 -0.200 0.990
rs7632287 -0.210 0.900
rs2268490 -0.220 0.980
rs237887 -0.240 0.930

rs2268491 -0.250 1.000
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Table 7.5. Results of AEI assay for AVPR1 A.

Gene Marker Kappa P value
rs7308855 0.069 0.116

rs10877969 0.065 0.120
rs7298346 0.065 0.120

rs10877970 0.065 0.120
rs10877972 0.065 0.120
rs10784342 0.065 0.120
rs11836346 0.065 0.120
rsl 1174820 0.055 0.236

rs962862 0.038 0.188
rsl 1174815 0.038 0.188
rs7972829 0.025 0.351

rsl 0784339 0.025 0.351
rs11174811 0.025 0.351
rs3803107 0.025 0.351

rsl 0877968 0.025 0.351
rsl 0747983 0.019 0.390
rs3021529 0.019 0.390

rsl 1174806 0.014 0.412
AVPR1A RSI 0.000

RS3 0.000
rs11174804 0.000
rs7980289 0.000
rsl 587098 0.000
rs7954346 0.000
rs7967990 0.000

rs11174808 0.000
rsl 0047514 0.000
rsl 0877967 0.000
rsl 1174810 0.000
rs3741865 0.000
rs3021528 0.000
rs2738253 0.000

rsl 1174816 0.000
rsl 0784343 0.000
rsl 587097 -0.013 0.593

rsl 1174805 -0.013 0.593
rs2738250 -0.015 0.575



Table 7.6. Results of AEI assay for CD38.

Gene Marker Kappa p Marker Kappa P Marker Kappa P
rs12644606 0.364 0.015 rsl 1574925 0.000 rs3796865 -0.050 0.661
rs463^217 0.364 0.015 rs950566 0.000 rs3796864 -0.050 0.624
rs6449195 0.300 0.038 rs10805347 0.000 rs2286553 -0.050 0.661
rs3796867 0.300 0.038 rsl 1574929 0.000 rs2286552 -0.050 0.661
rs4473651 0.246 0.071 rs6812996 0.000 rsl 6892438 -0.050 0.661
rs11945730 0.246 0.071 rs6813018 0.000 rsl 6892441 -0.050 0.661
rs6449197 0.238 0.085 rs10516293 0.000 rsl 1724146 -0.050 0.661
rs3796863 0.183 0.064 rs16892463 0.000 rsl 1574927 -0.050 0.624
rs4698420 0.176 0.073 rsl 130169 0.000 rs4698122 -0.050 0.624
rs4516711 0.176 0.073 rs16892467 0.000 rs4698123 -0.050 0.624
rs4580644 0.160 0.041 rs17408310 -0.012 0.529 rs11574928 -0.050 0.661
rs1803404 0.160 0.162 rs6449192 -0.014 0.583 rsl 1574930 -0.050 0.661
rs13137313 0.160 0.162 rs10016948 -0.033 0.634 rs1004124 -0.050 0.661
rs17476066 0.160 0.084 rs3796878 -0.035 0.609 rs1800051 -0.052 0.663
rs4396987 0.160 0.084 rs3796874 -0.036 0.654 rsl 6892453 -0.055 0.669
rs6449190 0.138 0.106 rs7663941 -0.039 0.672 rs4508877 -0.089 0.724
rs16892407 0.109 0.201 rs3796875 -0.039 0.672 rs6836374 -0.089 0.724
rs6841880 0.109 0.201 rs7666953 -0.039 0.672 rs3796871 -0.089 0.724
rs6836946 0.102 0.219 rs6449189 -0.039 0.672 rsl 6892418 -0.098 0.735
rs6858536 0.092 0.182 rs10016073 -0.039 0.672 rsl 3136498 -0.186 0.881
rs3733593 0.083 0.196 rs7679308 -0.039 0.672

CD38
rs10516294 0.083 0.196 rs6449191 -0.039 0.672
rs13136270 0.083 0.196 rs9884223 -0.039 0.672
rs13133313 0.074 0.219 rs16892403 -0.050 0.624
rs7688839 0.038 0.323 rs6831585 -0.050 0.931
rs3796872 0.024 0.376 rs6449181 -0.050 0.661
rs7667590 0.024 0.376 rs3756243 -0.050 0.661
rs3796870 0.024 0.376 rs3822257 -0.050 0.661
rs16892404 0.000 rs3756242 -0.050 0.624
rs16892405 0.000 rs6816486 -0.050 0.624
rs6847178 0.000 rs3822256 -0.050 0.661
rs4426771 0.000 rs13104011 -0.050 0.624
rs6852944 0.000 rs10029603 -0.050 0.661
rs6853339 0.000 rs7690096 -0.050 0.661
rs9968421 0.000 rs13147551 -0.050 0.624
rs4611930 0.000 rs7655635 -0.050 0.624
rs4546237 0.000 rs11574922 -0.050 0.661
rs7655746 0.000 rs4698121 -0.050 0.624
rs16892415 0.000 rs7690685 -0.050 0.661
rs7664143 0.000 rs953870 -0.050 0.661
rs12648700 0.000 rs4698422 -0.050 0.624
rs3796869 0.000 rsl 112243 -0.050 0.661
rs7694167 0.000 rsl 112244 -0.050 0.661
rs6825395 0.000 rs3796866 -0.050 0.661
rs16892445 0.000
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