SUPPORTING INFORMATION
SI Figure Legends
Fig. S1: Marker and target gene analysis during embryonic development. (A): WISH of limb marker genes from E11.5 to E14.5. At E11.5, when Tg(Col2a1-SHOX) expression was first detected in the developing limb, limb buds in transgenic animals were indistinguishable from the wildtype. Expression of the Shh morphogen as a marker gene during limb initiation and outgrowth was normal. Also at E12.5 when Tg(Col2a1-SHOX) is most prominently expressed, chondrocyte proliferation in the transgenic animals appeared normal, as represented by Col2a1 expression comparable to the wildtype. Also, the SHOX-homologue Shox2 and its downstream gene Runx2 were normally expressed in SHOX-transgenic animals at E12.5. Runx2 is known to regulate chondrocyte maturation and Ihh expression, which was also unaffected in Tg(Col2a1-SHOX) limbs at E13.5. Following chondrocyte proliferation at E14.5 in both wildtype and transgenic embryos, a specific Col10a1 pattern is detected which defines chondrocyte hypertrophy. (B): Quantitative RT-PCR on embryonic limb RNA of stages E12.5–E14.5 using primers for the SHOX target genes Fgfr3, Agc1 and Nppb. cDNA of wildtype and transgenic littermates of each stage (N=8-12) were measured individually and in duplicates. Measurements were normalized to Adam9 and Sdha; values on y-axis represent relative normalized expression. The expression of Fgfr3 was unaltered in transgenic limbs. Mean Agc1 expression was increased during E12.5 and E13.5, a trend which did, however not reach significance (E12.5: 2.0-fold, p= 0.068; E13.5: 2.6-fold, p= 0.092; E14.5: 1.3-fold, p= 0.377). Nppb expression levels were weakly increased at E13.5 (1.7-fold, p= 0.104).

Fig. S2: nCounter analysis of eight selected candidate genes in NHDF and U2OS cells. RNA was isolated 6h, 12h and 24h after transfection of expression constructs for SHOX, SHOX Y141D (a defective SHOX variant (1)) and a control (pCDNA4). Measurements were carried out in triplicates and normalized to ADAM9, HPRT1 and SDHA. As a control, SHOX expression upon its target gene AGC1 was analyzed. Upon strong increase of SHOX, AGC1 was significantly activated 12 hours after SHOX-tranfection. Values on y-axis represent absolute counts of mRNA. Significancies of the SHOX-transfected samples are indicated in each diagram by asterisks. *: p< 0.05, **: p< 0.01, ***: p< 0.001.
Table S1: Genes, Gene characterization, fold regulation and p-values of eight selected upregulated genes in the microarray.

	Gene name
	Gene symbol
	gene characterization 
	fold
	p-value
	References

	Periostin
	Postn
	proteinaceous extracellular matrix, cell adhesion, skeletal system development, originally identified in osteblasts and named after its expression in the periosteum, heart development, role in tumorigenesis
	1.48
	2.90E-07
	1, 2

	Asporin
	Aspn
	cartilage small leucine-rich proteoglycan, proteinaceous extracellular matrix, bone mineralization
	1.31
	3.65E-05
	3, 4

	Osteoglycin
	Ogn
	small leucine-rich proteoglycan, proteinaceous extracellular matrix
	1.30
	2.13E-13
	4, 5

	Islet 1
	Isl1
	LIM/homeodomain transcription factor, multicellular organismal development, key regulator for hindlimb initiation 
	1.29
	1.14E-07
	6

	Connective tissue growth factor
	Ctgf
	cartilage condensation, angiogenesis, cell-matrix adhesion, coordinator of chondrogenesis and angiogenesis in hypertrophic chondrocytes 
	1.26
	1.11E-06
	7, 8

	EGF-containing fibulin-like extracellular matrix protein 1
	Efemp1
	negative regulation of chondrocyte differentiation, epidermal growth factor receptor signaling pathway, GWAS-associated gene for height
	1.26
	3.55E-05
	9, 10

	Matrilin 4
	Matn4
	extracellular region, protein binding
	1.16
	6.25E-05
	11

	Myocyte enhancer factor 2
	Mef2c
	chondrocyte/osteblast/muscle cell differentiation, apoptosis, associated with cardiac and skeletal muscle development, matrix mineralization
	1.13
	1.00E-04
	12

	 Characterization is based on ENTREZ gene summary, AMIGO and references given. Most genes represent extracellular matrix genes.


Table S2: Primers, Probes and Oligonucleotides
[image: image1.emf]Primers for the cloning and genotyping of the transgenic construct

LUMIOSHOXCTER_REV AAA AGC GGC CGC TCA GCA ACA GCC AGG ACA ACA GAG CCC CAG GGC CTC CGC GT

SHOXC_FOR CCC TTC GGG CTG CCC ATC GCG TC

SV40POLYA_BAM_REV TTT TGG ATC CTA CCA CAT TTG TAG AGG TTT TAC

SV40POLYA_NOT_FOR AAA AGC GGC CGC CAG ACA TGA TAA GAT ACA TTG AT

SHOX1 ATG GAA GAG CTC ACG GCT TTT GTA TCC

XHO_REV CGA AGA GTC GCT CGA GCT CGT TC

SHOX_ECORI_FOR ACT GAA AGA ATT CGG CAC CGC G

 Primers for qRT-PCR

mFgfr3_FOR_qRT CGA TGA ACA GCC ACA CAT

mFgfr3_REV_qRT GTT AGC GCC TGC AGT CTT G

mCol2a1_5_FOR AAT GCC TGG TGA GAG AGG AG

mCol2a1_5_REV ATG GGC CCA GTC AGA CCT

mBnp_qRT_FOR CCC CTA CTC CGT GAA AAG GT

mBnp_qRT_REV TTC AAC AAC GGT GCC TCT G

mIsl1 GCA ACC CAA CGA CAA AAC TAA

mIsl1 CCA TCA TGT CTC TCC GGA CT

Postn_qRT_FOR AAG CTG CGG CAA GAC AAG

Postn_qRT_REV TCA AAT CTG CAG CTT CAA GG

mSdha_qRT_FOR CAT GCC AGG GAA GAT TAC AAA

mSdha_qRT_REV GTT CCC CAA ACG GCT TCT

mAdam9_qRT_FOR GAG GCT ATG TGG AGG GAG TG

mAdam9_qRT_REV CCA AAA CTG GCA TTC TCC A

SHOX_qRT1_FOR CCC GAA GGG CGG CGG G

SHOX_qRT1_REV CCT ACG TCA ACA TGG GAG CCT TAC

Agc1_qRT_FOR TTC GCA GGG ATA AAG GAC TG

Agc1_qRT_REV GAG TAA AGT GGT CAT AGT TCA GCT TG

Ctgf_qRT-FOR CTG CAG ACT GGA GAA GCA GA

Ctgf_qRT-REV GAT GCA CTT TTT GCC CTT CTT

Efemp1_qRT_FOR CCA CAG GGT TAC GAA GTG GT

Efemp1_qRT_REV TCA TTG GTG GTC TCA CAT TCA

Ogn FOR GGA ATT AAA GCA AAC ACA TTC AAA

Ogn REV TTT CTG GTA AAT TAG GAG GCA CA

Aspn_FOR GAA GAA AAC TTC TCT CCT CTG ACA A

Aspn_REV AGG GCT AAA GAA GGG TTT GG

Matn4_FOR CTT CGA TCT CAT CCA GGA GTT T

Matn4_REV CCA TGA ACC AAC TCA GCA CA

Mef2c_qRT_FOR1 CAC CTC GGC TCT GTA ACT GG

Mef2c_qRT_REV1 GGG GTG GTG GTA CGG TCT

Primers for the cloning of luciferase reporter constructs

conserved_FOR CCC GGT ACC TCA CTG TCC AGA TGC CCA TAT ACG

conserved_REV CCC GGT ACC AAG ATG CAC TAA ATT TTG ACT TGT A

ECR+_FOR AAA GGT ACC AAC ACA AAC CAC ATG CAA CG

ECR+_REV AAA GGT ACC CTG GCC ACT GAG TCC TGT TT

Probes for EMSA

Oligo 1A FOR GGC TTT GCA TTA GAA AAT ATC CTA AGA AAG TCA GAG AAC TAA TTA TAA G 

Oligo 1A REV GGG CTT ATA ATT AGT TCT CTG ACT TTC TTA GGA TAT TTT CTA ATG CAA AG

Oligo 2A FOR GGG TCA GAA TAA TAT TTA  TTA CTA TTT TACAAA AGG CTT CTG GG

Oligo 2A REV GGG CCC  AGA AGC CTT TTG TAA AAT AGT AAT AAA TAT TAT TCT GA

Oligo 1B FOR GGG GAG GAA AAG GCA TGA AGG TAA TGA ATG TAA TTT A 

Oligo1B REV GGG TAA ATT ACA TTC ATT ACC TTC ATG CCT TTT CCT C 

Oligo 2B FOR GGG ATA CCA TTT TTT TTT GTA GAA TTA ATT TAC ATG ATT GAA TTT 

Oligo 2B REV GGG AAA TTC AAT CAT GTA AAT TAA TTC TAC AAA AAA AAA TGG TAT

Oligo 1C FOR GGG AAA GTC AGA GAA  CTA ATT ATA AGG AGG AAA AGG 

Oligo 1C REV GGG CCT TTT CCT CCT TAT AAT TAG TTC TCT GAC TTT 

Oligo 2C FOR GGG AAA AGG CTT CTG GGA TAC CAT TTT TTT TTG

Oligo 2C REV GGG CAA AAA AAA ATG GTA TCC CAG AAG CCT TTTt

Oligo 1 FOR

GGG CTT TGC ATT AGA AAA TAT CCT AAG AAA GTC AGA GAA CTA ATT ATA AGG AGG 

AAA AGG CAT GAA GGT AAT GAA TGT AAT TTA

Oligo 1 REV

GGG TAA ATT ACA TTC ATT ACC TTC ATG CCT TTT CCT CCT TAT AAT TAG TTC TCT GAC TTT  

CTT AGG ATA TTT TCT AAT GCA AAG

Oligo 2 FOR

GGG TCA GAA TAA TAT TTA TTA CTA TTT TAC AAA AGG CTT CTG GGA TAC CAT TTT TTT 

TTG TAG AAT TAA TTT ACA TGA TTG AAT TT

Oligo 2 REV

GGA AAA TTC AAT CAT GTA AAT TAA TTC TAC AAA AAA AAA TGG TAT CCC AGA AGC 

CTT TTG TAA AAT AGT AAT AAA TAT TAT TCT GA

Probes for Ncounter Analysis

HPRT1

TTGCTGACCTGCTGGATTACATTAAAGCACTGAATAGAAATAGTGATAGATCCATTCCTATGACT

GTAGATTTTATCAGACTGAAGAGCTACTGTAATGA

SDHA

GTCCATGTCATAACTGTCTTCATACGCTTCTGCACTCTGGGGAAGAAGGAGTACATTGAAGGGA

GATTGGCACCTAGTGGCTGGGAGCTTGCCAGGAACC

ADAM9

TAGTGCTCCCTCCTGTGGTAATAAGTTGGTGGACGCTGGGGAAGAGTGTGACTGTGGTACTCCA

AAGGAATGTGAATTGGACCCTTGCTGCGAAGGAAGT

CTGF

CACATTTGGCCCAGACCCAACTATGATGCGAGCCAACTGCCTGGTCCAGACCACAGAGTGGAG

CGCCTGTTCTAAGACCTGTGGGATGGGCATCTCCACC

ASPN

ACCTCCAGATAATCTTCCTTCATTATAATTCAATTGCAAAAGTGGGAGTGAATGACTTCTGTCCA

ACAGTGCCAAAGATGAAGAAATCTTTATACAGTGC

OGN

ACTGTGAAGAAGTTGACATTGATGCTGTACCACCATTGCCAAAGGAATCAGCTTATCTTTATGCA

CGATTCAACAAAATTAAAAAGCTGACTGCCAAGGA

SHOX CDS

TCCGAGGCGCGCGTGCAGGTTTGGTTCCAGAACCGGAGAGCCAAGTGCCGCAAACAAGAGAAT

CAGATGCATAAAGGCGTCATCTTGGGCACAGCCAACC

AGC1

AGTTCTTGGAGAAGGGAGTCCAACTCTTCAAGGTGAACTATGACCACTTTACTCTGGGTTTTCGT

GACTCTGAGGGTCATCACTGCAGCTGTCACTGTAG

EFEMP1

GAATACATCGTGGACCTGGAGATGCTGACAGTCAGTAGTATAGGAACCTTCCGCACAAGCTCTG

TGTTAAGATTGACAATAATAGTGGGGCCATTTTCAT

POSTN

CCCGTGACTGTCTATACAACTAAAATTATAACCAAAGTTGTGGAACCAAAAATTAAAGTGATTG

AAGGCAGTCTTCAGCCTATTATCAAAACTGAAGGAC

MATN4

TTGGCGTGATCCAGTATTCGAGTCAAGTGCAGAGCGTCTTCCCTCTCCGCGCGTTCTCTCGCCGCG

AGGACATGGAGCGCGCCATCCGCGACCTGGTGCC

ISL1

CTTACAGGCTAACCCAGTGGAAGTACAAAGTTACCAGCCACCTTGGAAAGTACTGAGCGACTTC

GCCTTGCAGAGTGACATAGATCAGCCTGCTTTTCAG

MEF2C

ACATTTGCCAAAAGCGGCAGATCTTTACTGAAAGAGAGAGCAGCTGTTATGCAACATATAGAA

AAATGTATAGATGCTTGGACAGACCCGGTAATGGGTG
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