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Supplementary Fig. S1 – Expression of chondrogenic markers from day 0 
to day 14 of chondrogenesis. General chondrocyte markers: COMP, ACAN. 
Articular chondrocyte markers: COL2A1, SOX9, SIX1, PRG4, BMPR1B, 
ABI3BP. Hypertrophic/growth plate chondrocyte markers: ITGA4, ALPL, 
COL10A1, RUNX2, PTH1R

Supplementary Figures
Fig. S1- Expression of chondrogenic markers from day 0 to day 14 of chondrogenesis. 
Fig S2 – Frequency of chromatin state changes in hMSCs to chondrocytes.
Fig S3 - S17 - GO terms associated with genes linked to chondrocyte chromatin states
Fig. S18 - Equivalent chromatin states between Roadmap 18 state model and our 16 state model
Fig. S19 – Heatmaps of Jaccard similarity of cell types between equivalent chromatin states 
generated in this study and the Roadmap Epigenomics project. 
Figure S20 – Methylation in the six enhancer regions selected for luciferase reporter assays.
Fig. S21 – Relative SOX9 enrichment in new enhancers compared to constant enhancers
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Supplementary Fig. S2 – Frequency of 
chromatin state changes in hMSCs to 
chondrocytes. The y axis shows the 
chondrocyte chromatin state and the x 
axis shows what state it was prior to 
chondrogenesis.
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Figure S3 - GREAT GO terms for chondrocyte chromatin state 1_TssA

Figure S4 - GREAT GO terms for chondrocyte chromatin state 2_TssS
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Figure S5 - GREAT GO terms for chondrocyte chromatin state 3_TssFlnk



gene expression
RNA m etabolic process

nucleic acid m etabolic process
t ranslat ional init iat ion

t ranslat ion
m RNA m etabolic process

cellular m acrom olecule biosynthet ic process
m acrom olecule biosynthet ic process

viral t ranscript ion
viral gene expression

t ranslat ional term inat ion
cot ranslat ional protein target ing to m em brane

SRP-dependent  cot ranslat ional protein target ing to m em brane
t ranslat ional elongat ion

nuclear-t ranscribed m RNA catabolic process, nonsense-m ediated decay
protein target ing to ER

establishm ent  of protein localizat ion to endoplasm ic ret iculum
protein localizat ion to endoplasm ic ret iculum

RNA processing
nuclear-t ranscribed m RNA catabolic process

0 10 20 30 40 50 60 70 80 90
99.14

90.34
85.37

73.74
73.54

71.61
71.07

70.04
65.62
65.54

63.89
62.76
62.17
61.76
61.63
60.82

59.39
57.91

56.79
56.63

GO Biological Process
-log10(Binom ial p value)

Job ID: 20170606-public-3.0.0-QJr9uj
Display nam e: CHON_4_TssFlnkU__hg19.bed

RNA processing
m RNA m etabolic process

cellular m acrom olecule catabolic process
m ult i-organism  cellular process

viral process
sym biosis, encom passing m utualism  through parasit ism

ncRNA m etabolic process
int racellular protein t ransport

cytoplasm ic t ransport
t ranslat ion

protein localizat ion to organelle
m odificat ion-dependent  m acrom olecule catabolic process

m odificat ion-dependent  protein catabolic process
ubiquit in-dependent  protein catabolic process

m RNA processing
proteolysis involved in cellular protein catabolic process

Golgi vesicle t ransport
establishm ent  of protein localizat ion to organelle

nuclear-t ranscribed m RNA catabolic process
tRNA m etabolic process

0 10 20 30 40 50 60 70 80
89.40

84.83
81.13

73.62
73.31
72.72

67.30
65.06

63.78
54.17

51.51
47.57

46.24
44.88

43.93
43.06

41.06
40.82

39.55
37.02

GO Biological Process
-log10(Binom ial p value)

Job ID: 20170606-public-3.0.0-1jTNZZ
Display nam e: CHON_5_TssFlnkD__hg19.bed

Figure S6 - GREAT GO terms for chondrocyte chromatin state 4_TssFlnkU

Figure S7 - GREAT GO terms for chondrocyte chromatin state 5_TssFlnkD
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Figure S8 - GREAT GO terms for chondrocyte chromatin state 6_TssBiv
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Figure S9 - GREAT GO terms for chondrocyte chromatin state 7_TxWk

Figure S10 - GREAT GO terms for chondrocyte chromatin state 8_TxS
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Figure S11 - GREAT GO terms for chondrocyte chromatin state 9_TxFlnk
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Figure S12 - GREAT GO terms for chondrocyte chromatin state 10_EnhG1

Figure S13 - GREAT GO terms for chondrocyte chromatin state 11_EnhG1
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Figure S14 - GREAT GO terms for chondrocyte chromatin state 12_EnhA
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Figure S15 - GREAT GO terms for chondrocyte chromatin state 14_EnhP

Figure S16 - GREAT GO terms for chondrocyte chromatin state 15_Repr
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Figure S17 - GREAT GO terms for chondrocyte chromatin state 16_Quies



Figure S18 - ChromHMM emission parameters 
for Roadmap’s 18 state model (A) and (B) 
chondrogenesis 16 state model. Roadmap’s 
1_TssA state and the chondrogenesis 2_TssS 
state comprises equal probabilities of H3K4me3 
and H3K27ac histone marks. Likewise, 
Roadmap’s 9_EnhA1 and chondrogenesis 
13_EnhS have similar levels of H3K4me1 and 
H3K27ac.Other states considered comparable 
were Roadmap’s 5_Tx with chondrogenesis 
8_TxS, Roadmap’s 6_TxWk with chondrogenesis 
7_TxWk, Roadmap’s 11_EnhWk with 
chondrogenesis 14_EnhP, Roadmap’s 16_ReprPC 
with chondrogenesis 15_Repr and Roadmap’s 
18_Quies with chondrogenesis 16_Quies
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Figure S19 – Heatmaps of Jaccard similarity of cell types between equivalent chromatin 
states generated in this study and the Roadmap Epigenomics project. The Jaccard similarity 
metric ranges from 1 (identical overlap) to 0 (no overlap). 



Figure S21 – Relative enrichment of SOX9 binding motifs in new enhancers to 
constant enhancers
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Figure S20 – Methylation in the six enhancer regions selected for luciferase 
reporter assays. Methylation beta values are shown on the y-axis and the CpG 
location within the enhancer is shown on the x-axis.


