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Mechanical stimulation is important for the correct formation of the skeleton. Splotch-delayed mutant embryos
(Pax3°P4/5P4) that develop with no limb muscle and therefore no limb movement experience an altered mechan-
ical environment resulting in specific defects in ossification and joint formation, particularly in the forelimb. To
test the hypothesis that mechanical stimuli influence the regulation of genes important in skeletal development
we generated a transcriptome profile of the developing humerus at Theiler stage 23 (TS23), and then identified
differentially expressed genes in muscle-less mutant embryos compared to control littermates. Here we describe
the experimental methods and analysis of the resulting data, publically available in the ArrayExpress database
under E-MTAB-1745 (Transcriptome of control humerus), E-MTAB-1744 (Microarray; differential expression)
and E-MTAB-1746 (RNA-sequencing; differential expression). Our data provide a resource for exploring the tran-
scriptome that underlies skeletal development at TS23 in the mouse humerus. The interpretation and description
of this data can be found in a recent publication in BMC Genomics [1]. This is a resource for exploring the molecular
mechanisms that are involved in skeletal development and mechanotransduction.
© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Specifications

Organism/cell line/tissue
Strain
Sequencer or array type

Data format

Experimental factors
Experimental features

Consent

Mus musculus embryo, humerus, TS23

C57BL/6 Pax3%¥'*, C57BL/6 Pax3°%/spd

Agilent Mouse GE v2 Microarrays (4x44K format)
[llumina GAIIl — RNA sequencing

Raw and processed

Muscle-less mutant-v-control

The purpose of this profiling analysis was to identify
differentially expressed genes between muscle-less
and control embryonic (TS23) humerus tissue, in
order to determine mechanosensitive genes that
impact skeletal development.

n/a

Direct link to deposited data

Deposited data can be found here: http://www.ebi.ac.uk/arrayexpress/
experiments/E-MTAB-1744/ (Microarray; differential expression), http://
www.ebi.ac.uk/arrayexpress/experiments/E-MTAB-1745/ (Transcriptome
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of control TS23 humerus) and http://www.ebi.ac.uk/arrayexpress/
experiments/E-MTAB-1746/ (RNA-sequencing; differential expression).

Experimental design, materials and methods
Mouse model & RNA extraction

Heterozygous C57BL/Pax3°P? (Jackson Laboratory, Maine USA) mice
were time-mated to produce homozygous Pax3°*%*P¢ mutant embryos
and littermate controls (Pax3°P%/*). All animal work was carried out
under the guidelines of the Trinity College Dublin Bioresources Unit
and Bioethics Committee. All embryonic material was harvested and
staged according to Theiler criteria [2] to obtain Theiler stage 23
(TS23), embryos at embryonic day 14.5 (E14.5). All the embryos were
genotyped [3] following PCR amplification to confirm homozygote
mutants and distinguish heterozygote and homozygote wildtype
littermates. The forelimb was finely micro-dissected from control and
mutant (Pax3°*¥5P?) embryos and the humerus and associated joints
removed. The humeri were pooled from multiple embryos of the same
genotype (2-4) totalling between 4-8 humeri for RNA extraction per
replicate. Tissue was mechanically homogenised using a motor operat-
ed pestle and mortar system in appropriate extraction buffer and total
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Table 1
Details of samples used for microarray hybridization and RNA-sequencing®.
Source name Organism Part Developmental stage Genotype Experimental procedure RIN®
RS-209_01 Control 1 Mus musculus Humerus Theiler stage 23 Splotch-delayed (Pax3°P%/+) Microarray & RNAseq 9.1
RS-211_08 Control 2 Mus musculus Humerus Theiler stage 23 Splotch-delayed (Pax3°P%/+) Microarray & RNAseq 9
RS-211_09 Control 3 Mus musculus Humerus Theiler stage 23 Splotch-delayed (Pax3%P%/+) Microarray 85
RS-211_10 Control 4 Mus musculus Humerus Theiler stage 23 Splotch-delayed (Pax3°P%/+) Microarray & RNAseq 8.1
RS-209_03 Mutant 1 Mus musculus Humerus Theiler stage 23 Splotch-delayed (Pax3°P%/5pd) Microarray & RNAseq 92
RS-211_04 Mutant 2 Mus musculus Humerus Theiler stage 23 Splotch-delayed (Pax3°P%/spd) Microarray & RNAseq 84
RS-211_06 Mutant 3 Mus musculus Humerus Theiler stage 23 Splotch-delayed (Pax3°P%/spd) Microarray & RNAseq 8.2
RS-211_07 Mutant 4 Mus musculus Humerus Theiler stage 23 Splotch-delayed (Pax3°P%/5pd) Microarray 9

¢ Source name as defined in ArrayExpress database.
b RIN: RNA integrity number.

RNA was extracted (SV Total RNA Isolation System: Promega, UK). RNA
quantity and integrity were assessed on a 2100 Bioanalyser (Agilent
Technologies). RNA samples with RNA integrity number (RIN) values
greater than 8 were used for microarray and RNA-sequencing analy-
sis. Details of the samples used for array hybridization and RNA-
sequencing as described in ArrayExpress are shown in Table 1.

Microarray study design

Four independent pooled sets of biological replicate samples were
used for microarray (n = 4 biological replicates) analysis, as shown in
Table 1. All microarrays were processed at IMGM® Laboratories
(Martinsried, Germany). The protocol involved the reverse transcrip-
tion of 100 ng of total RNA per sample into cDNA and then the conver-
sion into labelled cRNA by in vitro transcription (Low input quick-amp
labelling kit one-colour, Agilent Technologies) incorporating cyanine-
3-CTP. All cRNA was quality control checked to asses yield and activity
prior to hybridisation. The cRNA values ranged from 4.53 pg to 1.70 pg
and completely fulfilled the quality criteria defined by Agilent. The
cRNA was cleaned up and quantified and 1.65 pg of each Cyanine-3-
labelled cRNA sample was fragmented and prepared for one-colour
based hybridisation (Gene Expression Hybridisation Kit, Agilent
Technologies). The cRNA samples were hybridised at 65 °C for 17 h on
separate Mouse GE v2 Microarrays (4x44K format) (G4846A, Agilent
Technologies), which contain 39,485 coding and non-coding sequences
of the mouse genome. Microarrays were then washed with increased
stringency using Gene Expression Wash Buffers (Agilent Technologies)
followed by drying with Acetonitrile (Sigma). Fluorescent signal

Table 2
Details of protocols used for microarray hybridization and RNA-sequencing®,

intensities were detected with Scan Control A.8.4.1 software (Agilent
Technologies) in the Agilent DNA microarray scanner and extracted
from the images using Feature Extraction 10.7.3.1 software (Agilent
Technologies). A workflow of the individual protocol followed for
microarray preparation can be seen in Table 2.

RNA-sequencing alignment

A total of six independent DNase-treated RNA (3 pg) samples of the
control and mutant preparations, as indicated in Table 1, were used to
prepare RNA-sequencing libraries with the TruSeq RNA Sample Prep
kit for RNA-sequencing. Libraries were prepared according to the
[llumina protocol (Illumina Part #15008136 Rev. A) and sequenced on
an Illumina GAII sequencer (Trinity Genome Sequencing Laboratory,
Institute of Molecular Medicine, Trinity College Dublin, Ireland). The
workflow to prepare the libraries consisted of purification and fragmen-
tation of the mRNA, first strand cDNA synthesis, second strand cDNA
synthesis, repair of fragmented ends into blunt ends, adenylate 3’
ends, ligation of adapters, PCR amplification and library validation. The
six constructed cDNA libraries represent triplicate biological replicates
for each group. 40 bp single end reads were obtained from an Illumina
GAIl in FASTQ format, with one sample per sequencing lane (n = 6).
The Tophat aligner (http://tophat.cbcb.umd.edu/) was used to align
the reads to the mouse reference genome (mm9). After alignment the
read counts for each gene were extracted using htseq-count (http://
www-huber.embl.de/users/anders/HTSeq/) based on an mm9 Refseq
eff file. A workflow of the individual protocols followed for RNA-
sequencing preparation can be seen in Table 2.

RNA extraction
protocol

Microarray Treatment protocol Nucleic acid labelling

protocol

Normalisation of data
transformation tools used

Nucleic acid hybridization Array scanning protocol
to array protocol

Muscleless phenotype, SV Total RNA RNA RT into cDNA and

Mouse GE v2 Fluorescent signal Feature Extraction 10.7.3.1,

Spd/Spd

ntensities detected with

spontaneous Isolation system, converted into labelled microarray platforms

GeneSpring GX 11.5.1 and

mutation (Jax labs) Promega, UK cRNA by IVT incorporating  (4x44K format) Scan Control A.8.4.1 Spotfire Decision Site 9.1.2
Heterozygous matings to cyanine-3-CTP

generate TS23 embryos

Muscleless phenotype, SV Total RNA RNA RT into cDNA and Mouse GE v2 Fluorescent signal Feature Extraction 10.7.3.1,

spontaneous SP4/5Pd

mutation (Jax labs)

Isolation system, converted into labelled microarray platforms
Promega, UK cRNA by IVT incorporating  (4x44K format)

Heterozygous matings to cyanine-3-CTP
RNA-sequencing generate TS23 embryos Nucleic acid library construction
protocol

RNA prepared into RNA-Seq
libraries with the TruSeq
RNA Sample Prep kit.

intensities detected with

Scan Control A.8.4.1

Nucleic acid sequencing
protocol

40 bp single end reads
[llumina GAII in FASTQ
format

GeneSpring GX 11.5.1 and
Spotfire Decision Site 9.1.2

Normalisation of data
transformation tools used
Tophat aligner aligned reads
to reference genome (mm9).
Read counts extracted using
htseq-count. DE evaluated
using DESeq version 1.4.1

RT: Reverse transcription, IVT: In vitro transcription, and DE: differential expression.
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Table 3

List of Differential Expressed genes (p<0.05) with fold change 22 identified from Microarray and RNA-

sequencing.
Overlap of DE genes highlighted in Grey

680 Down-regulated DE genes

452 Up-Regulated DE genes

1110002E22Rik, 1110059M19Rik, 1500017E21Rik,
1600029D21Rik, 1700094D03Rik, 1700113122Rik,
1700125H20Rik, 1810041L15Rik, 2010204K13Rik,
2210403K04Rik, 2310002L09Rik, 2310007A19Rik,
2310015B20Rik, 2310050B0O5Rik, 2700023E23Rik,
2900005J15Rik, 2900079G21Rik, 3425401B19Rik,
4833415N18Rik, 4833419012Rik, 4922502B01Rik s
4930429F24Rik, 493051 1E03Rik, 4930512H18Rik,
4932438H23Rik, 4933403008Rik, 4933408N0O5Rik,
4933436C20Rik, 5330417C22Rik, 5930412G12Rik,

6230400D17Rik, 6330403A02Rik, 6430562015Rik,
6530418L21Rik, 6720420G18Rik, A2bpl, A430110N23Rik,
A930003A15Rik, AA060545, Abca8b, Ablim2, Ablim3, Abra, Ache,
Acpt, Actal, Acta2,Actcl, Actn2, Adamla, Adam2, Adamts20,
Adcyaplrl, Adoral, Adprhll, Adrb2, Adssll, AF366264, Afaplll,
AI314760, Aifm3, Akl, AkapS, Akap6, Aknadl, Aldhla3, Alpk2,
Alpk3, Ambn, Ampdl, Amtn, Angptl7, Ankl, Ank2, Ankrdl,
Ankrd2, Ankrd23, Ankrd33b, Anxa8, Aoc2, Apobec2, Arc, Argl,
Arhgap26 ,Arhgap36, Arhgdig, AridSa, Arpp2l, Artl, Art5, Arx,
Asbl10, Asb2, Asph, Atcay, Atf3, Atpl3a5, Atpla2, Atplb4, Atp2al,
Atp2a2, Atp2b3, AWS551984, B3galt2, Barx2, Bcam, Best3, Bexl,
Binl, Btbdl7, Bves, BY080835, C130080G10Rik, Clql3,
C230098021Rik, C2cd4c, C4b, Cacnals, Cacngl, Cacng6, Calb2,
Camk2a, Camk2b, Camkv ,Cap2, Capnll, Capn3, Car3, Casql,
Casq2, Caszl, Cav3, Cblc, Ccdc134, Cedel4l, Cein, Cck, Cenb3,
Cd3g, Cd44, Cdhl5, Cdh4, Cdhr3, Cdk5rl, Cdknla, Cecr2, Cela3b,
Celfl, Cenpv, Cf12, Chd7, Chodl, Chrm3, Chrnal, Chrna4, Chrnbl,
Chrnd, Chrng, Cidea, Cilp, Citedl, Ckb, Ckm, Ckmt2, Clcnka,
Cldn3, Cnnml, Cnrl, Cobl, Coch, Col19al, Col20al, Col22al, Colq,
Coro6, Cox6a2, Cox8b, Cpa5, Creldl, Crhr2, Cryab, Crym, Csdc2,
Csn3, Csrp3, Ctnna3, Cym, Cyp2abl, DI7H6S56E-3,
D930048N14Rik, Dbh, Dbnddl, Dbxl, Ddec, Des, Dhrs7c, Dleu7,
DIll, Dmd, Dmpk, DnahcS, Dnaic2, Dner, Doc2g, Dok3, DokS,
Dok7, Dpepl, Dpf3, Dpysl3, Dpysl5, Dtx4, Duoxal, Duspl3,
Duspl4, Dusp27, Dusp6, Dusp8, Dynltla, Dysfipl, E2f2,
E330033B04Rik, Ect2l, Egr2, Ehbplll, Ehd4, Elovl3, Enl, Enkur,
Eno3, Epcam, Erbb3, Erbb4, Esrrb, Etv4, F2, F2rll, Fabp3,
Fam159a, Fam169b, Fam78a, Fbx122, Fgf4, Fgf5, Fgf6, Fgf8, Fgfr4,
Fhadl, Fitml, Flnc, Fndc5, Folr4, Foxd4, Frem2, Frmd3, Frmpdl,
Fsd2, Fzd10, Gadll, Gal3st2, Gamt, Gatm, Gckr, Gecoml, Gja3,
Gja5, Gjd2, Gjd4, Glde, Glipr2, Gls2, Gml1346, Gm14492,
Gml574, Gm2252, Gm5091, GmS5105, Gm572, Gm6880,
Gm7325,Gm8617, Gm889, Gmpr, Gnb3, Gprl20, Gpr20, Gpr37,
Gpr83, GpreSa, Grip2, Hapl, Hasl, Haverl, Hbegf, Hes6, Hfe2,
Hhatl, Hnl, Hpcal4, Hre, Hsd11bl, Hspbl, Hspb2, Hspb3, Hspb7,
Hspb8, Htr2b, Htra3, Htra4, Iffol, Igfbpl, I117b, 11119, 1120rb, 1133,
Impgl, Insrr, Igsec3, Islr2, Itgad, Itga7, Itgblbp2, Itgblbp3, Itgb6,
Jag2, Jakmip3, Jam2, Jph2, Jsrpl, Kbtbd10, Kbtbd12, KbtbdS5,
Kencel, Kened, Kenell, Kenip4, Kenjl0, Kenjl1, Kenjl2, Kenk13,
Kera, Kirrel2, K1h130, KIhI31, KIhI38, Klk1b26, Kirblc, Kremen2,
Krt33b, Krt4, Ky, L3mbtl, Lamb3, Lbx1, Ldb3, Lfng, Lgil, Lhfpll,
Lmod2, Lmod3, LOC100044755, LOC100047320, LOC100048513,
LOC100302688, LOC100499420, LOC634496, LOC669787,
Lrrc14b, Lrre30, Lrre39, Lrrnl, Lrtm1, Macrodl, Magel2, Marveld2,
Mb, Meg3, Megfl0, Meox1, Mepla, Met, Mfsd2a, Mical2, Mip,
Mirl33a-2, Mir133b, Mirl7hg, Mir23b, Mir25, Mir3064, Mir3072,
Mir351, Mirg, Mlcl, Ms4al0, Msc, Mstn, Mt3, Murc, Musk,
Mustnl, MyadmlI2, Mybpcl, Mybpc3, Mybph, Mycll, Myf5, Myf6,
Myhl, Myh3, Myh4, Myh6, Myh7, Myh7b, Myh8, Myll Myl2,
Myl3, Myl4, Myl6b, Mylk2, Mylk4, Mylpf, Myol6, Myol8b,
Myo5b, Myodl, Myog, Myoml, Myom2, Myom3, Myot, Myozl,
Myoz2, Mypn, Neb, Nes, Nexn, Ngfr, Nnmt, Nol3, Nptx1, Nrap,
Ntn5, Ntrk1, Nup210, Nxph3, Obscn, Odf311, ORF63, Ostn, Otog,
Ovgpl, P2rx5, P2rx6, Pabpcll, Padi2, Palm2, Palmd, Parml, Pax7,
Pdelc, Pdgfa, Pdliml, Pdlim3, Pdlim4, Pdlim5, Pgam2, Pip5klb,
Pitx2, Pitx3, Pkia, Pknox2, Pla2g4c, Plat, Plchl, Plekhhl, Pls1, Pnmt,
Popdc2, Popdc3, Pou3fl, Ppfia4, Ppplrldb, Ppplrldc, Ppplr3a,
Prame, Prdm8, Prg4, Prkag3, Prkcc, Prkeq, ProxI, Prss46, Ptx4,
Pvrll, Pygm, Qprt, Rab40b, Rai2, Rampl, Rapsn, Rasef, Rasl10a,
Rassf5, Rbl, Rbfox1, Rbm20, Rbm24, Rbm38, Rgr, Rgs16, Rhox5,
Rimbp3, Ripplyl, Rit2, Rosl, Rprm, Rrad, Rragd, Rtll, Rtn2, Rxrg,
Ryrl, Sag, Salll, ScnlOa, Scn3b, Scnda, Sct, Scx, Sema6b,
Serpinal I, Serpina3n, Sgca, Sgeg, Sh2b2, Sh2d5, Sh3bgr, Shb, She3,
Shisa2, Shroom3, Sikl, Siml, Sirt7, Slc18al, Slc25al8, Slc25al8,
Slc28a2, Slc29a4, Slc2a5, Slc30a3, Sle35f3, Slc44a3, Slc6al3,
SlcoSal, Sln, Smpx, Smtnll, Smtnl2, Smyd1, Snai3, Snap91, Snhg7,
Snoral6a, Snora34, Snora43, Snord47, Snord52, Snord65, Snord83b,

1500015010Rik, 1700003E16Rik, 1700025F22Rik,
2010110P09Rik, 2410066E13Rik, 3110047P20Rik,
3110082D06Rik, 3110099E03Rik, 4930441014Rik,
5033411D12Rik, 6330407J23Rik, 6430704MO3Rik,
9130008F23Rik, 9130404H23Rik, A730069N0O7Rik,
AA387883, Abcal, Accnl, Ace, Adamts12, Adh7,
Adora3, Adralb, Adrald, Aff2, Ahr, Alcam,
Aldhlal, Angptl4, Ankrd29, Ankrd45, AnkrdSS,
Aox3, Aox4, Apbb2, Apod, Aqp5, Arhgap20, Bace2,
Bai3, BC005561, BCO068157, BC100530, Bdh2,
Bhlhe22, Bmp3, Bnc2, C030030A07Rik, C3,
Cacna2d3, Cadm2, Cadm3, Cadps2, Camp, Cbl,
Cblnl, Ccbel, Cedcl21, Cede158, Cede30, Cede60,
Cd274, Cd83, Cd96, Cdh20, Cdh8, Cdkl5, Cerl,
Ces2g, ChdS, Chgb, Chrml, Chrm2, Chrna7, Cldnl,
Cldnll, Clic5, Cnksr2, Cntnl, Cntn4, Cntn5,
Cntnap5b, CntnapSc, Col8al, Col8a2, Cpa3, Cpz,
Crabpl, Csmd3, Cxcll3, Cxcll4, Cxcl5, Cypllal,
D130017N08Rik, D830031NO3Rik, Darc, Dbcl,
Dio3, Dkk2, Dlg2, DIx6os1, Dnahc2, Dnahc8, Dpyd,
Dsc3, Dscam, E330013P04Rik, Edar, Elav12, Elovl7,
Emr4, Enam, Enpep, Epha3, Epha4, EphaS, Erc2,
Esrl, Evi2a, Faml07a, Faml63a, Faml8lb,
Fam196a, Faml198a, Fam84a, Fat2, Fat4, Fgd3,
Fgfl0, Fgf2, Figf, Flrtl, Fmn2, Fmol, Foxc2, Foxd2,
Foxo3, Frem3, Fstl5, Fxyd7, Gabra5, Gabrb3,
Gabrg3, Gal3st4, Galntl3, Galntl6, Gan, Gbp3,
Gbp6, Gfra2, Glis3, Gm106, Gm13152, Gm13154,
Gm3333, Gm5382, Gm765, Gpe5, Gpr2l, Gprd,
Gpr50, Gpr88, Gprin2, Gprin3, Grap2, Grem2, Gria2,
Grid2, Grin2a, Grin2c, Grin3a, Grm4, Grm7, Grm§8,
Grp, Grpr, Gsgll, Gsttl, Gucyla2, H2-T24, H60b,
Hba-x, Hbb-bhl, Hbb-y, Henl, Hde, Hgf, Hhip,
Hmbox1, Hmenl, Hmges2, Hs3st5, Htr4, Hyall,
Ifi44, Ifitdl, Igfl, Illrll, I2rb, Ina, Irs4, Itgb2l,
Kcnal, Kcna2, Kcnabl, Kcnb2, Kenc2, Kend2,
Kenh3, Kenh5, Kenipl, Kenj5, Kens3, Kectdl16,
Ketd8, Kifl3b, Kitl, KIf12, KIf7, Klhl34, Kndcl,
Krt13, Krtl5, Krtl8, Krt7, L3mbtl3, Lama3, Lamc3,
Len2, Ldb2, Lgals7, Lgr5, Lhegr, Lhfpl3,
Lingo2,Lmx]a, Lmxlb, LOC100046616,
LOC552880, Lonrf2, Lphn3, Lrfn2, LrfnS, Lrplb,
Lrrede, Lrre7, Lrrn3, Lrrn4, Lrrtml,Lsamp, Ltf,
Lypdl, Maf, Maspl, Mdga2, Me3, Mecom, Megf6,
Megf9, Mgatdc, Mgat5, Mgstl, Mme, Mmp28,
Mmrnl, Mpo, Mx2, Myocd, N28178, Ncam2,
Nckap5, Nebl, Nefh, Negrl, Ngp, Nhs,Npy2r, Nrgl,
Nrip3, Nrxnl, Nrxn3, Nxphl, Odzl, Odz2, Olfm3,
Olfm4, Olfml2a, Opceml, Oprdl, Oprkl, Oprll, Optc,
Pappa, Pappa2, Paqr6, Pcdhl0O, Pcdhllx, Pcdh8,
Pcdhbl0, Pcdhb2, Pcdhb6, Pcdhgal, Pcdhga2,
Pcdhga9, Pcp4, Pdella, Pde3a, Pdgfra, Pdpr, Penk,
Pgapl, Pgr, Phox2b, Pil5, Plbl, Plxna4, Pnma2,
Ppp1r3b, Prdm11, Prdm6, Prokrl, Prrx1, Prtn3, Ptafr,
Ptchl, Ptchdl, Ptplad2, Ptx3, Qrfpr, Rabl7, Ragl,
Rapgef5, Rasd2, Rasgrfl, Rasgrf2, Rassf4, Rassf6,
Rassf8, Rassf9, Rgs7bp, Rgs9bp, Rimsl, Rmst,
Rndl, Rnf180, Rnf182, Robo2, Rspo2, Rspo3, Rtn4r,
Rtp4, Rundc2a, S100a8, S100a9, Samdl2, SamdS,
Samd9l, Sarml, Scg2, Scnla, Scube2, Scube3,
Sema3d, Sema5a, Serpinbla, Sesn3, Sez6l, Sfrp2,
Sfrs13b, Shankl, Shroom4, Siglecl, Slcl6al4,
Slc16a8, Slc22a3, Slc26a7, Sle40al, Slcdall, Slc5a3,
Slc5a7, Slfnl0-ps, Slit3, Slitrk3, Slitrk6, Snedl,
Soresl, Sorcs3, Sorll, Sox5, Spn, Spockl, Spock2,
Sstr4, St6gal2, Stac2, Statl, Stfal, Stk32b, Stmn2,
Stmn3, Sult5al, Svepl, Syn2, Sytl, Sytl6, Syt2,
Syt5, Tefep2ll, Th, Thsd4, Thsd7a, Thsd7b, Tinag,
Tlr7, Tmeml45, Tmeml178, Tmem213, Tmem26,
Tmem28, Tmem90b, Tns3, Tox, Tpsgl, Trhde,
Trim30a, Trim30d, Trim56, Trpc5, Tuba8, Tulp2,
Uncl3c, Uprt, Vnnl, Vsnll, Vstm2a, Wfikkn2,
Wntl6, Wnt2, Wnt2b, Wnt4, Xpnpep2, Xrnl, Zbed6,
ZbtbTc, Zfp366, Zfp369, Z{p382, Zfp618, Z{p804a,
Ztp804b, Zkscanl6, Zpld1
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List of Differential Expressed genes (p<0.05) with fold change 22 identified from Microarray and RNA-

sequencing.
Overlap of DE genes highlighted in Grey

680 Down-regulated DE genes

452 Up-Regulated DE genes

Snord99, Sod3, Speg, Spg21, Spink2, Spink5, Spnbl, Spon2, Sppl,
Spryl, Spry2, Spry4, Srl, Srpk3, Stac3, Stk32a, Stmn4, Stoml3, Sync,
Synpo2, Synpo2l, Sypl2, Tacl, Taslrl, Tbc1d8, Tbx1, Tcap, Tceals,
Tceal6, Tceal7, Tcfl5, Tchh, Tdrdl, Tead4, Tecrl, TektS, Tex14,
Thbs4, Tigd4, TI2, Tm6sfl, Tmem100, Tmeml08, Tmeml16,
Tmem150c, Tmem182, Tmem184a, Tmem38a, Tmem88b, TmemS8c,
Tmodl, Tmprss2, Tmsbl5a, Tnfrsfl2a, Tnfsf13b, Tnik, Tnmd,
Tnncl, Tnnc2, Tnnil, Tnni2, Tnntl, Tnnt2, Tnnt3, Tnxb, Tpml,
Tpm2, Tpm3, Tppp, Tppp3, Traf3ip3, Trdn, Triml7, Trim54,
Trim55, Trim63, Trim72, Trp63, Trpvl, Tslp, Tspan33, Ttn, Ttyh2,
Tubada, Tubb2b, Tubb6, Txlnb, Ucp3, Ufspl, Unc45b, Unc3a,
Usp44, Uts2r, Vampl, Vgll2, VglI3, Wdrl6, Xirpl, Xirp2, Yipf7,
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Zfp185, Zfp238, Zp352, Zfp407, Zfpa T4, Zic3, Zmynd17

Whole transcriptome profile of developing humerus at TS23

The three constructed libraries of the TS23 control developing
humerus samples representing distinct biological replicates were se-
quenced using Illumina GAII and aligned to the mm9 mouse reference
genome. Following alignment, an average read count value was com-
puted from the three replicates and the total number of transcripts
with greater than/equal to 5 reads were defined as expressed.

Differential expression quantification

Microarray

The software tools Feature Extraction 10.7.3.1, GeneSpring GX 11.5.1
(both Agilent Technologies) and Spotfire Decision Site 9.1.2 (TIBCO)
were used for quality control and statistical data analysis. Quantile
normalisation was applied to each data set in order to impose the
same distribution of probe signal intensities for each array [4], thus
adjusting them to a uniform level that can allow for comparable
downstream analysis. Welch's approximate t-test (“unpaired unequal
variance”, parametric) was applied to compare the control and mutant
groups. A corrected p-value was calculated based on the algorithm of
Benjamini and Hochberg [5], based on control of the false discovery
rate (FDR). In each comparison, two groups were compared in a
pairwise manner. The extent and direction of differential expression
between the groups were determined by calculating a fold change
value. A fold change of >2 and FDR-adjusted p-value of <0.05 were
used as criteria to indicate differential expression (DE) between the
two groups. For example a fold change value of 2 indicates a two-fold
induction or up-regulation, and a fold change of — 2 indicated a two-
fold repression or down-regulation. The fold change threshold signifies
that probes are induced by a factor of 2 (equal to 100% increase in
averaged normalised signal) or repressed by the same factor (equal to
a decrease of the initial signal by 50%).

RNA-sequencing

Differential expression (DE) at a gene level in our two groups
(control and mutant) was evaluated using DESeq version 1.4.1, imple-
mented in R 2.14.1. DESeq uses a negative binomial distribution to
model genic read counts following normalisation based on size factors
and variance. As with the microarray data the extent and direction of
differential expression was determined by calculating a fold change
value. The read count for an expressed gene from the control sample
(n = 3) was directly compared to the read count from the mutant
(n = 3) in order to obtain the fold change value. Values >2 were
taken as an indication of induction or up-regulation of expression,
while values <0.5 were taken to indicate repression or down-
regulation of expression. The p-values presented are adjusted for
multiple-testing with the procedure of Benjamini and Hochberg to

control the type I error rate, and a cut off of p < 0.05 was used as a
threshold to define differential expression (Table 3).

Discussion

The data described here catalogue the transcriptome of a developing
skeletal rudiment (humerus; TS23), as well as reveal differentially
expressed genes between humeri developing normally and humeri
with reduced mechanical stimulation(Table 3). These datasets have re-
cently been analysed and interpreted to reveal aspects of the molecular
mechanisms involved in mechanotransduction during skeletal develop-
ment [1]. Here we describe the publically available datasets in order to
facilitate future analyses and integration with other appropriate studies.
The normal transcriptome (E-MTAB-1745) provides a valuable resource
to help understand the processes that are occurring during
skeletogenesis at this stage of development when ossification and
joint specification is occurring. These data can be used in combination
with other genome wide databases and tools, for example EurExpress
(www.eurexpress.org) which examines the spatial expression patterns
of 18,000 coding genes and over 400 microRNAs in the whole mouse
embryo at the same developmental stage examined here, TS23 [6].
Combining these resources gives information on the quantitative and
spatial expression of individual genes providing the basis to explore reg-
ulatory networks active during the development of skeletal rudiments.
Differential expression was revealed by both Microarray (374) and
RNAseq (1037) approaches with RNAseq showing greater sensitivity
in this respect [1]. These datasets can now be mined and integrated
with the results of other experiments examining the impact of mechan-
ical stimuli on developing tissues (e.g.[7]) and cells (e.g. [8]), focusing
perhaps on specific pathways or genes. This holds the potential to reveal
highly informed and supported hypotheses to drive functional studies,
for example, asking if similar pathways and component genes are affect-
ed by mechanical stimuli in different biological contexts.
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