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Supplementary Figures 

Supplementary Figure 1. Gene perturbations with highly similar and dissimilar 

gene expression signatures to cases in the TWAS. Expression signatures of 

perturbations (gene knockdowns) in CMap were compared with those of the TWAS. 

Perturbations with a median connectivity score > 90 (similar gene signatures) or < -90 

(dissimilar gene signatures) are shown.  
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 2 

 

Supplementary Figure 2. RNAi successfully silences GDF5 and does not cause 

cell death. a GDF5 was silenced with siRNA and >75% silencing efficiency was 

achieved. Expression levels of GDF5 as well as those of the housekeeping gene, 

HPRT1, were measured. Expression of GDF5 was (1) specific to GDF5 and silencing 

this gene did not affect expression of HPRT1 (siGDF5), and (2) not affected by non-

targeted silencing (siNT). b HCM cell absorbance was measured before treating the 

cells with doxorubicin and cell viability was not affected by siGDF5 alone. 
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Supplementary Tables 

Supplementary Table 1. Differential gene expression of TWAS associated genes 

in each tissue 

 
GDF5 FRS2 HDDC2 EEF1B2 

Tissue 

Z-

score P 

Z-

score P 

Z-

score P 

Z -

score P 

Adipose-Subcutaneous -4.30 1.70x10-5 
  

3.53 4.15x10-4 
  

Adipose-Visceral (Omentum) 
    

1.63 0.10 
  

Adrenal Gland 
    

0.16 0.87 
  

Artery-Aorta 
    

2.55 0.01 
  

Artery-Coronary 
    

3.32 9.01x10-4 
  

Artery-Tibial 
  

-1.07 0.29 3.14 1.70x10-3 
  

Brain-Anterior cingulate cortex (BA24) 
    

1.51 0.13 
  

Brain-Cerebellum 
    

-2.36 0.02 
  

Brain-Cortex 
    

4.01 6.08x10-5 
  

Brain-Frontal Cortex (BA9) 
    

2.30 0.02 
  

Brain-Putamen (basal ganglia) -0.59 0.55 
      

Breast-Mammary Tissue 
  

0.78 0.43 2.97 3.00x10-3 
  

Cells-EBV-transformed lymphocytes 
    

2.06 0.04 
  

Cells-Transformed fibroblasts 
  

2.29 0.02 2.63 8.49x10-3 
  

Colon-Sigmoid 0.11 0.92 
  

3.08 2.05x10-3 
  

Colon-Transverse 
  

3.61 3.12x10-4 3.44 5.91x10-4 
  

Esophagus-Gastroesophageal Junction -1.54 0.12 1.08 0.28 3.28 1.03x10-3 
  

Esophagus-Mucosa 
    

3.32 9.01x10-4 
  

Esophagus-Muscularis -1.19 0.23 0.12 0.91 3.34 8.38x10-4 -0.51 0.61 

Heart-Atrial Appendage -1.53 0.13 
  

3.61 3.04x10-4 
  

Heart-Left Ventricle 
  

-0.96 0.34 3.30 9.79x10-4 
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Lung 1.63 0.10 
  

3.44 5.76x10-4 
  

Minor Salivary Gland 
    

2.99 2.79x10-3 
  

Muscle-Skeletal 
  

-1.24 0.21 2.85 4.40x10-3 -1.57 0.12 

Nerve-Tibial 
  

2.30 0.02 
    

Ovary 
    

2.19 0.03 
  

Pancreas 
  

4.07 4.67x10-5 3.13 1.75x10-3 
  

Pituitary -1.89 0.06 
  

1.32 0.19 
  

Skin-Not Sun Exposed (Suprapubic) 
    

3.35 8.11x10-4 
  

Skin-Sun Exposed (Lower leg) 
  

1.39 0.17 2.77 5.63x10-3 
  

Small Intestine-Terminal Ileum 
    

3.07 2.17x10-3 
  

Spleen 
  

2.39 0.02 -0.56 0.58 
  

Stomach 
  

-1.99 0.05 3.51 4.51x10-4 
  

Testis 1.47 0.14 
  

-1.77 0.08 
  

Thyroid 0.87 0.39 1.90 0.06 3.26 1.11x10-3 
  

Vagina 
      

-3.97 7.24x10-5 

Whole Blood 
  

-0.19 0.85 2.76 5.72x10-3 
  

Shaded cells indicate no differential expression 
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Supplementary Table 2. Publicly-available and cardiotoxic/cardioprotective gene 

sets 

Gene Set Description 

Number of 

genes Reference(s) 

Publicly-available gene sets 

FDA-approved drug 

targets 

Genes whose protein 

products are targets for 

FDA-approved drugs 

385 7–11 

Drug targets (Nelson et 

al., 2012) 
Drug targets 201 12,13 

All dominant genes 

OMIM disease genes 

that follow autosomal 

dominant inheritance 

709 14,15 

All recessive genes 

OMIM disease genes 

that follow autosomal 

recessive inheritance 

1183 14,15 

Essential in culture 
Genes essential in 

human cell lines 
283 16 

Essential in mice 

Genes intolerant to 

homozygous knockout in 

mice 

2454 17–19 

Genes nearest to 

GWAS peaks 

Genes closest to GWAS 

hits (p<5E-8) in the 

NHGRI GWAS catalog 

6336 20 
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DNA repair genes 

(Wood et al., 2005) 

Human DNA repair 

genes 
178 

21, Updated table: 

https://www.mdanderson.org/documents/Labs/Wood-

Laboratory/human-dna-repair-genes.html 

DNA repair genes 

(Kang et al., 2012) 

DNA repair genes 

derived from DNA repair 

pathways 

151 22 

ClinGen 

haploinsufficient genes 

Genes with evidence for 

dosage pathogenicity 

according to the ClinGen 

Dosage Sensitivity Map 

294 23 

Olfactory receptors Olfactory receptors 371 24 

Genes with any 

disease association 

reported in ClinVar 

All genes in ClinVar for 

which there is at least 

one pathogenic or likely 

pathogenic variant 

3078 25 

Kinases 
Uniprot's list of protein 

kinases 
347 26–29 

GPCRs 

GPCR list from 

guidetopharmacology.org 

and from UniProt 

759 29–31 

Natural product targets 
Targets of natural 

products 
37 32 

BROCA - Cancer Risk 

Panel 

Cancer risk panel 

consisting of genes 

involved in various 

cancers for individuals 

66 http://tests.labmed.washington.edu/BROCA 
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suspected to have a 

hereditary cancer 

predisposition 

ACMG V2.0 

List of genes to be 

reported as incidental or 

secondary findings 

developed by the ACMG 

59 33 

GPI-anchored proteins 
Proteins in UniProt that 

are GPI-anchored 
135 29 

Universe 
Protein-coding genes 

according to HGNC 
19 194 34 

LoF intolerant 

Genes deemed intolerant 

to loss of function 

mutations in ExAC 

3230 35 

Cardiotoxic/cardioprotective gene sets 

Cluster 1 

Genes down-regulated in 

hiPSC-CMs across a 

gradient of 5 different 

concentrations of 

doxorubicin 

3062 36 

Cluster 2 

Genes initially up-

regulated and then 

further down-regulated in 

hiPSC-CMs across a 

gradient of 5 different 

concentrations of 

doxorubicin 

3517 36 
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Cluster 3 

Genes up-regulated in 

hiPSC-CMs across a 

gradient of 5 different 

concentrations of 

doxorubicin 

2026 36 

Cluster 4 

Genes down-regulated at 

lower concentrations and 

up-regulated at higher 

concentrations across a 

gradient of 5 different 

concentrations of 

doxorubicin in hiPSC-

CMs 

1150 36 

Cluster 5 

Genes up-regulated at 

lower concentrations and 

down-regulated at higher 

concentrations across a 

gradient of 5 different 

concentrations of 

doxorubicin in hiPSC-

CMs 

1419 36 

Cluster 6 

Genes down-regulated at 

low concentrations but 

then partially recover at 

higher concentrations 

across a gradient of 5 

different concentrations 

1143 36 
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of doxorubicin in hiPSC-

CMs 

ATRA up 

Genes up-regulated in 

response to treating 

H9c2 cells with ATRA 

76 N/A 

ATRA down 

Genes down-regulated in 

response to treating 

H9c2 cells with ATRA 

175 N/A 

ATRA 

All genes up- or down-

regulated in response to 

treating H9c2 cells with 

ATRA 

251 N/A 
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Supplementary Table 3. Significantly enriched gene sets in heart and arterial 

tissues 

aBonferroni adjusted 

bDescribed by Knowles et al.36 

LoF indicates loss of function and ATRA indicates all-trans retinoic acid. 

 

 

 

 

 

 

 

 

 

 Heart and arterial tissues Heart tissue 

Gene set 

Mean Z2 

(gene 

set) 

Mean Z2 

(all 

genes) Pa 

Mean Z2 

(gene 

set) 

Mean Z2 

(all 

genes) Pa 

Publicly-available gene sets 

Essential in mice 0.91 0.83 0.16 0.95 0.84 0.07 

Essential in culture 1.09 0.84 0.04 1.09 0.84 0.12 

Human LoF intolerant 0.92 0.83 0.06 0.95 0.84 1.00 

Cardiotoxic/cardioprotective gene sets 

ATRA (downregulated) 0.98 0.84 0.41 1.15 0.85 0.61 

Cluster 5b 0.85 0.84 1.00 0.90 0.85 0.48 
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Supplementary Table 4. Comparison of discovery and replication studies 

 Aminkeng et al. Schneider et al. 

Sample size 280 (32 cases, 248 controls) 845 (51 cases, 794 controls) 

Population Children Adults 

Ancestry European European 

Major cancer type Acute lymphoblastic leukemia Breast 

GWAS covariates 

• Age at start of treatment 

• Cumulative anthracycline dose 

• Tumour type (acute 

lymphoblastic leukemia, Ewing’s 

sarcoma, rhabdomyosarcoma) 

• Cardiac radiation therapy 

• Age 

• Menopausal status 

• Experimental arm 

• Tumour grade 

• Body surface area 

• Hypertension during therapy 

• Use of antihypertension medications 

at baseline or antihypertensive 

therapy added during treatment 
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