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Supplementary Table 1. Clinical characteristics of 24,947 eMERGE III participants. 
 

Sexa Ancestryb Count Current age (SD), y 

Female (n=13,458) African American 1758 38.6 (23.5) 

East Asian 952 52.3 (14.2) 

European American 9122 54.1 (21.3) 

Hispanic 960 49.5 (18) 

South Asian 65 63.1 (13.9) 

unknown 601 48.8 (23.1) 

Male (n=11,498) African American 1994 31.5 (21.8) 

East Asian 588 53.9 (16) 

European American 7892 54.1 (23.8) 

Hispanic 546 46 (20.6) 

South Asian 34 51.3 (20.1) 

unknown 444 41.3 (24.7) 

aSex was genetically inferred. 
bAncestry was self-reported. 

 

  



 

 

Supplementary Table 2. Recurrent P/LP variants in the breast cancer 
susceptibility genes, sorted by allele count in the eMERGE penetrance cohort. 

cDNA Gene Function ClinVar 
Allele 
count 

c.470T>C CHEK2 missense Conflicting interpretations of pathogenicity 26 

c.1100delC CHEK2 frameshift Conflicting interpretations of pathogenicity 7 

c.2638+2T>C ATM splice-donor 
Pathogenic/Likely pathogenic by multiple 
submitters 

4 

c.5946del BRCA2 frameshift Pathogenic reviewed by expert panel 3 

c.1427C>T CHEK2 missense Conflicting interpretations of pathogenicity 3 

c.1283C>T CHEK2 missense Conflicting interpretations of pathogenicity 3 

c.7271T>G ATM missense 
Pathogenic/Likely pathogenic by multiple 
submitters 

2 

c.3049C>T ATM stop-gain Pathogenic by multiple submitters 2 

c.4876_4877del
AA 

BRCA2 frameshift Pathogenic reviewed by expert panel 2 

c.5217_5223del
TTTAAGT 

BRCA2 frameshift Pathogenic reviewed by expert panel 2 

c.9253dupA BRCA2 frameshift Pathogenic reviewed by expert panel 2 

c.2808_2811del
ACAA 

BRCA2 frameshift Pathogenic reviewed by expert panel 2 

c.7558C>T BRCA2 stop-gain Pathogenic reviewed by expert panel 2 

c.2257C>T PALB2 stop-gain Pathogenic by multiple submitters 2 

 
  



 

 

Supplementary Table 3. Number of carriers and unique P/LP variants for each 
gene and variant type.  

Gene missense splice stop-gain frameshift CNV ClinVara 

No. of carriers       

ATM 3 6 7 5 0 18 (86%) 

BRCA1 3 2 4 8 0 15 (88%) 

BRCA2 0 5 8 26 0 37 (95%) 

CHEK2 33 2 1 10 2 7 (15%) 

PALB2 0 4 6 5 0 14 (93%) 

PTEN 1 0 1 1 0 3 (100%) 

TP53 3 0 2 0 0 4 (80%) 

No. of unique variants      

ATM 2 3 6 5 0 13 (81%) 

BRCA1 3 2 4 8 0 15 (88%) 

BRCA2 0 5 7 20 0 30 (94%) 

CHEK2 4 2 1 4 2 7 (54%) 

PALB2 0 4 5 5 0 13 (93%) 

PTEN 1 0 1 1 0 3 (100%) 

TP53 3 0 2 0 0 4 (80%) 
a Number of variants with at least 2-star review status in ClinVar is given with 
percentage in the parentheses. CNV = copy number variation. 
  



 

 

Supplementary Table 4. Prevalence of individuals with two CHEK2 variants 
estimated in various European populationsa 

Ancestry Prevalence 
No. of 

individuals 
Reference 

CHEK2:c.470T>C    

Byelorussian 1.3% 307 [1] 

German 0.6% 486 [1] 

German 1.6% 500 [2] 

Polish 4.8% 4000 [3] 

Finnish 4.9% 12,551 gnomAD (non-cancer) 

non-Finish European 1.0% 59,069 gnomAD (non-cancer) 

European American 0.2% 17,014 eMERGE III 

CHEK2: c.1100delC    

Byelorussian 0.0% 307 [1] 

German 0.2% 486 [1] 

Czech 0.3% 730 [4] 

German 0.5% 1315 [2] 

European 0.6% 40063 [5] 

non-Finish European 1.7% 12,554 gnomAD (non-cancer) 

European American 0.5% 58,451 gnomAD (non-cancer) 

European American 0.1% 17,014 eMERGE III 
aThe prevalence in gnomAD was calculated based on the allele frequency.  



 

 

Supplementary Table 5. Summary of recent penetrance studies that were used to 
compare with these population-based penetrance estimates for the six breast 
cancer genes. 

Genes No. of women 
with P/LP variants  

Source of the study 
populations 

Ancestry Reference 

ATM NA Meta case-control 
studies 

multiple Marabelli et al. 
2016 [6] 

BRCA1/2 211 General population Ashkenazi 
Jewish 

Gabai-Kapara et 
al. 2014 [7] 

CHEK2 533 Cancer clinic European Gronwald et al. 
2009 [8] 

PALB2 311 Cancer clinic European Antoniou et al. 
2014 [9] 

PTEN 368 Breast Cancer 
Association Consortium 

Asian Han et al. 2017 
[10] 

TP53 189 Cancer history multiple Mai et al. 2016 
[11] 

 
 
 
  



 

 

 

 
Supplementary Figure 1. Breast cancer (BC) status by the last review including 
not developed breast cancer (blue), developed breast cancer (orange) and 
prophylactic mastectomy (red). The average age and standard deviation were shown 
in the secondary y axis. 
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Supplementary Figure 2. Penetrance (orange) of six breast cancer genes 
compared with penetrance (blue) in the literature from Table 2. The sample size of 
the entire eMERGE III including those who were aware of their breast cancer genetic 
results prior to enrollment in eMERGE. Error bars indicate 95% confidence intervals 
(CI). CI of penetrance for CHEK2 and TP53 are not available from the literatures. 
Genes are sorted alphabetically. 
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