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Table S2. Related to Figure 2. Allelic bias through differentiation in ATAC-seq, H3K27me3 and H3K27ac ChIP-seq read counts.
Assay Timepoint Haplotype 1 Reads (rep 1)Haplotype 1 Reads (rep 2)Haplotype 2 Reads (rep 1)Haplotype 2 Reads (rep 2)Allelic Ratio P-value
ATAC-seq Day 0 25 18 9 14 1.87 0.02
ATAC-seq Day 2 26 18 10 14 1.83 0.021
ATAC-seq Day 14 12 25 4 15 1.95 0.02
H3K27me3 ChIP-seq Day 0 76 60 82 52 1.01 0.95
H3K27me3 ChIP-seq Day 2 87 59 53 68 1.21 0.46
H3K27me3 ChIP-seq Day 14 73 73 56 84 1.04 0.31



Table S3. Related to Figure 2. Relative mRNA levels in AMSCs differentiated to osteoblasts (n=5) and adipocytes (n=5)
Marker Gene Diff day 0 Diff day 6 Diff day 14

Osteoblasts RUNX2 1.1+0.03 1.6+0.09 3.4+0.08
OCN 1.1+0.12 1.0+0.15 2.9+0.38
OSX 1.0+0.01 1.3+0.07 2.2+0.08

Adipocytes CEBPA 0.9+01 3.1+0.03 3.2+0.2
PPARG 1.1+0.07 2.8+0.15 3.5+0.05
ADIPOQ 1.0+0.2 1.3+0.07 5.2+0.2
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Table S5. Related to Figure S3D. Quantification of bands from competition EMSA using ImageJ software. NE, nuclear extract.

Well Nr. NE Competitior 
amount Probe Band 

quantification
1 - - rs56371916 -C
2 - - rs56371916 -T
3

AMSC d0

- rs56371916 -C 5199.865
4 - rs56371916 -T 3840.087
5 11x rs56371916 -C 5057.066
6 11x rs56371916 -T 3722.966
7 33x rs56371916 -C 4553.007
8 33x rs56371916 -T 5902.572
9 100x rs56371916 -C 4632.179

10 100x rs56371916 -T 5491.271
11 200x rs56371916 -C 2318.974
12 200x rs56371916 -T 3081.894
13

AMSC d10

- rs56371916 -C 7595.522
14 - rs56371916 -T 10941.685
15 11x rs56371916 -C 4524.936
16 11x rs56371916 -T 10942.626
17 33x rs56371916 -C 4423.501
18 33x rs56371916 -T 6478.513
19 100x rs56371916 -C 0
20 100x rs56371916 -T 3936.572
21 200x rs56371916 -C 0
22 200x rs56371916 -T 2734.238
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Table S8. Related to Figure 5. Fold change and significance (p-value) 
of expression changes in primary human osteoblasts and adipocytes 
(haplotype 1 and haplotype 2). p-values were calculated by Mann 
Whitney U test. 

Homozygous/ Heterozygous
Gene Fold change (+SE) p-value

Osteoblasts RUNX2 1.9+0.42 0.06
OCN 1.4+0.32 0.04
OSX 1.2+0.27 0.001
ACCB 1.1+0.13 0.04
ACAT1 1.5+0.31 0.05
CPT1 1.7+0.22 0.001

Adipocytes ATGL 1.3+0.35 0.02
LIPE 2.1+0.56 0.01
PLIN2 1.4+0.25 0.05



Table S9. Related to Figure 5. CRISPR based single-nucleotide editing reverses 
osteoblast differentiation and adipocyte lipid metabolism marker genes, 
confirming pleiotropy. 

Relative mRNA levels in osteoblasts (ratio TT/CC) 

Gene Fold change p-value Fold change (+SE)p-value
ADCY5 1.6+0.4 0.0286 1.1+0.2 n.s.

Relative AP activity levels in  osteoblasts (ratio TT/CC) 
Diff day 14
Fold change p-value
1.6+0.2 0.01

Relative mRNA levels in adipocytes (ratio CC/TT) 

Gene Fold change p-value Fold change p-value
ADCY5 0.7+0.3 0.0286 1.03+0.3 n.s.

Relative mRNA levels in adipocytes (ratio TT/CC) 
Diff day 0 Diff day 14

Gene Fold change p-value Fold change p-value

ATGL 1.3+0.4 0.02 1.5+0.9 0.07
HSL 1.8+0.63 0.09 1.8+0.4 0.03
PLIN2 1.9+0.42 0.05 1.9+1.2 0.05



Figure S1. Manhattan plot of genome-wide association results for bone density and glycemic 
traits using CP-ASSOC (Related to Figure 1). 

Panel A. Bivariate genetic associations for two bone traits LSBMD and FNBMD and four glycemic 
traits (HOMA-IR, HOMA-B, fasting glucose levels, and fasting insulin levels). Genetic loci passing 
bivariate criteria are highlighted in red. 

Panel B. Stratified LD score regression analysis (Finucane et al., 2015) across the entire bivariate 
GWAS for all FNBMD, LSBMD, FG, FI, HOMAIR and HOMAB pairs using active histone modification 
genome-wide ChIP-seq data from diverse cell types and tissues. Cutoff for Bonferroni significance 
(-log10(P) = 3.25) is indicated by black dotted lines. 

Panel C. Stratified LD score regression analysis (Finucane et al., 2015) for mesenchymal versus 
non-mesenchymal cell type groups for diverse histone marks. 

Panel D. Annotation panel and color key for the 25 chromatin state model (Roadmap Epigenomics 
Consortium et al., 2015). Rows represent states and columns are emission parameters (left table) and 
enrichments of relevant genomic annotations (right panel). 

Panel E. Allelic imbalance analysis of the 3p21.1 risk locus for chromatin accessibility by ATAC-seq in 
heterozygous AMSCs from two individuals comparing haplotype 1 (blue) and haplotype 2 (pink). Each 
panel depicts ATAC-seq read counts separated by strand above/below the midpoint. 

Panel F. Allelic imbalance analysis of the 3p21.1 risk locus for chromatin accessibility by DHS-seq in 
heterozygous skeletal muscle-derived MSCs (Maurano et al., 2015) comparing haplotype 1 (blue) and 
haplotype 2 (pink). Each panel depicts DHS-seq read counts separated by strand above/below the 
midpoint.

 



Figure S2. AMSC-derived adipocytes and osteoblast differentiation model system (Related to 
Figure 2). 

Panel A. Lineage relationships of MSCs and MSC-derived lineages. Epigenome identity (EID) num-
bers from the Roadmap Epigenomics (Roadmap Epigenomics Consortium et al., 2015) are indicated. 

Panel B. Microscopic visualization of morphological and cellular changes of AMSCs during adipocyte 
and osteoblast from bright field microscopy, Oil-Red-O lipid staining (adipocytes) and Alkaline Phos-
phatase and Alizarin Red (osteoblasts). Representative images are shown from three replicates.  



Figure S3. rs56371916 – SREBP1 – ADCY5 regulatory circuitry and its cellular mechanisms in 
adipocytes and osteoblasts (Related to Figure 3 to 5). 

Panel A. Correlation of predicted SNP accessibility difference from the CNN Basset and chromatin acces-
sibility for variants at the 3p21.1 locus. rs56371916: r = 0.957, P = 0.04.

Panel B. Distribution of CNN predicted SNP accessibility for 29,472 trait-associated SNPs in the GWAS 
catalog. Empirical P (rs56371916) = 0.0061. 

Panel C. rs56371916 allele-specific luciferase assays for 1kb centered on rs56371916 in adipocytes and 
osteoblasts. Mean + SD **P < 0.01.

Panel D. Competition EMSA assays using adipocyte nuclear extract and 11-, 33-, 100-, and 200-molar 
excess of unlabeled probes. Representative blot from three replicates is shown. 

Panel E. Correlation of ADCY5 mRNA with SREBP1 mRNA in human subcutaneous adipose tissue from 
30 (Cohort 2) and subcutaneous AMSCs from 24 individuals (Cohort 3), measured by Illumina microar-
rays. Pearson’s r (whole tissue) = 0.63, P = 7 x 10-06, r (AMSC) = - 0.426, P = 0.038. 

Panel F. Correlation of ADCY5 mRNA with SREBP2 mRNA in human subcutaneous adipose tissue from 
312_270 (Cohort 2) and subcutaneous AMSCs from 24 lean individuals (Cohort 3), measured by Illumina 
microarrays. 

Panel G. Quantification of gene expression for ADCY5, SREBP1, and SREBP2 in differentiating human 
adipocytes (yellow background) and differentiating mouse osteoblasts (blue background) from the FAN-
TOM5 database. 

Panel H. Schematic regulatory model of the 3p21.1 risk locus. 

Panel I. Catecholamine-stimulated glycerol release in differentiated adipocytes from 23 homozygotes and 
18 heterozygotes for haplotype 1 (Cohort 1). Mean + SD **P < 0.01.

Panel J. Oxidation of [14C]-palmitate to 14CO2 at different stages of osteoblast differentiation (day 0, day 
3, and day 7). Mean + SD **P < 0.01; ***P < 0.001; n = 4 (haplotypes 1/2) and n= 4 (haplotypes 1/1), 
Cohort 4. 

Panel K. Quantification of gene expression of marker genes involved in fatty acid transport and lipid 
oxidation in murine bone marrow stromal cells (BMSCs) differentiated to osteoblasts (day 0, 1, 2, 3, 7). 

Panel L. Catecholamine-stimulated glycerol release upon doxycycline-induced overexpression of ADCY5 
in adipocytes from qPCR. Mean + SD **P < 0.01; n = 4 (haplotypes 1/2) and n= 4 (haplotypes 1/1), Cohort 
4.  

Panel M. Quantification of RUNX2 gene expression from qPCR upon siRNA knock-down of ADCY5 (56% 
knock-down efficiency). Mean + SD **P < 0.01; n = 18 (haplotypes 1/2) and n= 23 (haplotypes 1/1), 
Cohort 1.


