


Table S3. Frequency of MYH7 and MYBPC3 in LVNC, HCM and DCM patients. 

Gene % Frequency of 

mutations in LVNC 

patients in this study 

(n=102) 

% Frequency of 

mutations in HCM in 

Japanese cohort* 

(n=127) 

% Frequency of 

mutations in HCM in 

French cohort† 

(n=172) 

% Frequency of 

mutations in HCM in 

US cohort study‡ 

(n=389) 

% Frequency of 

mutations in DCM in 

Finnish cohort study§ 

(n=145) 

MYH7 19.6        24.4 26.2 15.2 0.7 

MYBPC3 0.98 15 26.2 18 0 

 * Heart Vessels. (2016). doi:10.1007/s00380-016-0920-0. † Circulation 2003; 107: 2227–2232. ‡J Am Coll Cardiol 2004; 44: 1903–1910. 

 § Eur Heart J. 2015;36(34):2327-2337.   
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Table S4. Novel mutations, absent in Exome Aggregation Consortium and Human Genetic Variation Database (HGVD). 

     Prediction    

Gene variant FATHMM SIFT Polyphen2 Align 

GVGD 

Mutation Taster Provean CADD 

MYH7 R941C Damaging 

Score: -2.13 

Deleterious 

Score:0 

Probably Damaging 

Score:1 

C65 Disease causing Deleterious 

Score: -6.13 

34 

 Q315R Damaging 

Score: -2.33 

Deleterious 

Score:0.011 

Possibly Damaging 

Score:0.51 

C0 Disease causing Deleterious 

Score: -3.16 

23.8 

 F230S Damaging 

Score: -4.96 

Deleterious 

Score:0 

Probably Damaging 

Score:0.984 

C0 Disease causing Deleterious 

Score: -6.07 

27.7 

 K542N Damaging 

Score: -2.47 

Deleterious 

Score:0 

Probably Damaging 

Score:1 

C65 Disease causing Deleterious 

Score: -4.4 

31 
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 A223V Damaging 

Score: -3.17 

Deleterious 

Score:0.08 

Probably Damaging 

Score:0.854 

C0 Disease causing Deleterious 

Score: -2.75 

25.1 

 M362R Damaging 

Score: -3.64 

Deleterious 

Score:0 

Benign 

Score:0.001 

C0 Disease causing Deleterious 

Score: -5.15 

26.9 

 K542T Damaging 

Score: -2.48 

Deleterious 

Score:0 

Possibly Damaging 

Score:0.517 

C65 Disease causing Deleterious 

Score: -4.4 

27.4 

 E667V Damaging 

Score: --2.46 

Tolerated  

Score:0.113 

Probably Damaging 

Score:0.994 

C65 Disease causing Deleterious 

Score: -5.14 

26.1 

 E448K Damaging 

Score: -2.22 

Deleterious 

Score:0.002 

Possibly Damaging 

Score:0.798 

C0 Disease causing Deleterious 

Score: -2.61 

32 

 L693R Damaging 

Score: -4.85 

Deleterious 

Score:0 

Probably Damaging 

Score:0.997 

C65 Disease causing Deleterious 

Score: -5.29 

28.3 

 R712H Damaging Deleterious Probably Damaging C25 Disease causing Deleterious 35 
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Score: -4.54 Score:0 Score:0.988 Score: -4.35 

 c.896-1 G>A NA NA NA NA NA NA 24.9 

TAZ Q159P Damaging 

Score: -4.39 

Deleterious 

Score:0.001 

Probably Damaging 

Score:0.993 

C0 Disease causing Deleterious 

Score: -5.73 

23.4 

 M185V Damaging 

Score: -3.16 

Deleterious 

Score:0.03 

Probably Damaging 

Score:0.932 

C0 Disease causing NA 26.6 

 L169F Damaging 

Score: -4.78 

Deleterious 

Score:0.01 

Probably Damaging 

Score:0.886 

C0 Disease causing Deleterious 

Score: -3.33 

31 

 H176Y Damaging 

Score: -3.15 

Deleterious 

Score:0 

Probably Damaging 

Score:0.999 

C0 Disease causing NA  16.57 

 

ACTC1 T231R Damaging 

Score: -4.39 

NA Probably Damaging 

Score:0.908 

C65 Disease causing Deleterious 

Score: -2.65 

24.9 

 Y93H Damaging NA Possibly Damaging C65 Disease causing Deleterious 24 
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Score: - 3.43 Score:0.531 Score: -3.59 

TPM1 R238Q Damaging 

Score: -6.36 

Deleterious 

Score:0.001 

Probably Damaging 

Score:0.999 

C35 Disease causing Deleterious 

Score: -3.22 

35 

 D14G Damaging 

Score: -2.38 

Deleterious 

Score:0.001 

Probably Damaging 

Score:1 

C0 Disease causing Deleterious 

Score: -3.21 

29.9 

MYL2 E88K Tolerated 

Score: -1.15 

Deleterious 

Score:0.017 

Probably Damaging 

Score:0.995 

C15 Disease causing Deleterious 

Score: -3.62 

34 

TNNC1 E94A Damaging 

Score: -3.74 

Deleterious 

Score:0 

Benign 

Score:0.012 

C65 Disease causing Deleterious 

Score: -5.36 

24.2 

MYBPC3 G758D Tolerated 

Score: -1.64 

Deleterious 

Score:0.001 

Probably Damaging 

Score:0.926 

C65 Disease causing Deleterious 

Score: -5.96 

32 

LMNA A244V Damaging 

Score: -2.5 

Deleterious 

Score:0.001 

Probably Damaging 

Score:1 

C65 Disease causing Deleterious 

Score: -3.76 

34 
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The classification of novel variants is all likely pathogenic except TBX5 p. Arg279Ter. * Two patients have this variant. † Nonsense mutation and 

classification is pathogenic. 

SGCD N99H*  Damaging 

Score: -3.45 

Deleterious 

Score:0.05 

Possibly Damaging 

Score:0.744 

C0 Disease causing Neutral 

Score: -0.69 

23.4 

BMPR1A R284L Damaging 

Score: -3.32 

Deleterious 

Score:0 

Probably Damaging 

Score:0.988 

C65 Disease causing Deleterious 

Score: -6.74 

35 

HCN4 G480S Damaging 

Score: -7.52 

Deleterious 

Score:0.024 

Probably Damaging 

Score:1 

C55 Disease causing Deleterious 

Score: -5.74 

25.9 

TBX5† p. Arg279Ter NA NA NA C25 Disease causing NA 40 
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Table S5. Gene collapsing test of rare variants. 

Rank Gene Qualifying 

Cases 

Frequency 

Qualifying 

Cases (N=102) 

Qualifying 

Controls 

Cases 

Frequency 

Qualifying 

Controls  

(N=4327) 

Fisher’s 

Exact 

Test p-value 

1 MYH7 19 0.1862 41 0.0095 1.29 E-17 

2 TAZ 6 0.0588 2 0.0005 3.48 E-9 

3 MYL2 2 0.0196 5 0.0012 0.01 

4 ACTC1 2 0.0196 2 0.0005 0.003 

5 TPM1 2 0.0196 2 0.0005 0.003 

6 SGCD 2 0.0196 5 0.0012 0.01 

7 ANK2 1 0.0098 4 0.0009 0.251 

8 TNNC1 1 0.0098 5 0.0012 0.131 

9 BMPR1A 1 0.0098 5 0.0012 0.131 

10 KCNE3 1 0.0098 6 0.0014 0.151 

11 TBX5 1 0.0098 7 0.0016 0.170 

12 HCN4 1 0.0098 8 0.0018 0.193 

13 LMNA 1 0.0098 9 0.0021 0.208 

14 KCNH2 1 0.0098 20 0.0046 0.388 

15 MYBPC3 1 0.0098 35 0.0081 0.569 

16 JUP 1 0.0098 37 0.0086 0.589 
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Table S6. Specific variants found in subjects with systolic dysfunction versus those 

without dysfunction 

with systolic 

dysfunction 

without 
systolic 
dysfunction 

ID Gene variant ID Gene variant 

132 MYL2 E88K 250 MYH7 E677V 

133 ACTC1 Y93H 298 MYH7 R904C 

143 MYH7 E1801K 401 HCN4 G480S 

153 MYH7 E448K 

159 TAZ c.109+1G>C

233 KCNH2 A561T

247 MYH7 R712H

260 SGCD N99H

309 MYH7 M362R

312 ACTC1 T231R

313 TAZ M185V

315 MYBPC3 G758D

321 TNN1C E94A

327 TAZ L169F

333 MYH7 A223V

341 ANK2 R321W

350 TPM1 R238Q

361 MYH7 c.896-1 G>A

362 MYH7 F230S

365 MYL2 P144fs

377 MYH7 L693R

378 MYH7 L620P

386 TBX5 p. Arg279Ter
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390 MYH7 E1914K 

391 MYH7 E1801K 

392 MYH7 Q315R 

415 TAZ Q159P 

427 MYH7 R941C 

403 TAZ G197R 

404 MYH7 R23W 

405 LMNA A244V 

342 MYH7 P838L 

BMPR1A R284L 

280 MYH7 K542N 

JUP E146K 

274 KCNE3 R99H 

TAZ H176Y 

339 ANK2 W3620R 

MYH7 K542N 

234 SGCD N99H 

TPM1 D14G 
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Table S7. Details for each subject. 

ID Gene variant Sex 

(1M 2F) 

age on 

set 

Heart 

failure 

family  history  (0 

no) 

LVEF% LVDD-Z 

SCORE 

Arrhythmia (0 

normal) 

Prognosis (0: 

alive) 

132 MYL2 E88K 1 0.083 1 father DCM 39 1.2 0 0 

133 ACTC1 Y93H 2 0 1 Mother LVNC 36 1.88 0 0 

143 MYH7 E1801K 1 0 1 0 42 1 0 0 

153 MYH7 E448K 2 0.083 0 Sister LVNC 46 0.795 0 0 

159 TAZ c.109+1G>C 1 0.167 1 Mother LVNC 20 2.888 0 death 

233 KCNH2 A561T 1 0 1 0 31 1.1116 non-specific change death 

247 MYH7 R712H 2 0 1 0 36 -0.244 0 Heart 

transplantation 
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250 MYH7 E677V 1 0.04 1 0 60 1.6326 0 0 

260 SGCD N99H 1 0.083 0 0 45 1.5 0 0 

298 MYH7 R904C 2 6 0 0 65 2.1 0 0 

309 MYH7 M362R 2 0.01 0 Father  and  brother 

LVNC 

39 1.08 0 0 

312 ACTC1 T231R 1 4 1 0 49.4 1.8727 Supraventricular 

tachycardia 

ICD 

313 TAZ M185V 1 0.083 1 Mother LVNC 40 3.3333 0 Heart 

transplantation 

315 MYBPC3 G758D 2 3 0 0 38.5 1.25 0 0 

321 TNN1C E94A 2 0.333 0 0 32.5 2.22 0 Heart 

transplantation 

327 TAZ L169F 1 0 1 brother LVNC 22 2.566 0 0 

 by guest on Septem
ber 26, 2017

http://jaha.ahajournals.org/
D

ow
nloaded from

 

http://jaha.ahajournals.org/


333 MYH7 A223V 1 0 1 0 10 -0.4 0 0 

339 MYH7 K542N 2 0 1 0 48 1 non-specific change 0 

341 ANK2 R321W 2 0.083 1 0 46.8 1.9166 non-specific change 0 

350 TPM1 R238Q 2 0 1 0 38.4 1.33 0 0 

361 MYH7 c.896-1

G>A

2 0 1 0 38 0.977 0 0 

362 MYH7 F230S 2 0.0833 0 0 40 -0.823 0 0 

365 MYL2 P144fs 2 0.0416 1 0 34 1.7391 0 0 

377 MYH7 L693R 2 0.0833 1 0 30 1.3333 0 0 

378 MYH7 L620P 2 0 1 Sister LVNC 20 0.1 AF 0 

386 TBX5 p. 

Arg279Ter 

1 0 1 0 31 1.88 non-specific change 0 

390 MYH7 E1914K 1 0 0 0 43.5 3.3833 0 0 

391 MYH7 E1801K 2 0.8333 1 0 38 2.6785 0 0 
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392 MYH7 Q315R 1 0.0833 1 0 29 2.1428 T wave 0 

415 TAZ Q159P 1 0.8333 1 Sister LVNC 14 2.4 0 0 

427 MYH7 R941C 2 1.5 0 father DCM 44.1 1.3709 0 0 

401 HCN4 G480S 2 0.0166 1 Mother LVNC 59.4 -0.833 0 0 

403 TAZ G197R 1 0.25 1 0 6 4.4523 0 0 

404 MYH7 R23W 2 0.08333 0 0 48.9 0.0408 0 0 

405 LMNA A244V 2 0.08333 1 Sister LVNC 34 1.89 0 0 

342 MYH7 P838L 2 0 1 0 38 1.72 ventricular 
 
fibrillation 

death 

342 BMPR1A R284L 
        

280 MYH7 K542N 1 0 1 0 40 2.16 0 death 

280 JUP E146K 
        

274 KCNE3 R99H 1 0.005 1 0 45 2.03 left bundle branch death 
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block 
 

274 TAZ H176Y 
        

234 SGCD N99H 1 0 1 0 27 3.3095 0 death 

234 TPM1 D14G 
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