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recurrent mutations in BRCA1/2 genes constitute at least 
half of BRCA1/2 pathogenic alleles detected in the breast or 
ovarian cancer patients [1–6].

Recent NGS-based studies provided a more systematic 
overview with regard to the BRCA1/2 mutation spectrum in 
Poland and Russia. It has been convincingly demonstrated 
that earlier investigations overestimated the ratio between 
founder and non-founder pathogenic alleles in these coun-
tries and provided grounds for full-length BRCA1/2 clinical 
testing in at-risk groups. Belarus is a country with a Slavic 
population, which is located between Poland and Russia, 
has over 9 million inhabitants, and is characterized by the 
predominance of ethnic Belarusians coupled with a rela-
tively low presence of non-Slavic people. The analysis of 
several founder mutations in Belarusian consecutive ovar-
ian cancer patients revealed pathogenic alleles in 25% of 
analyzed women suggesting that PCR-based BRCA1/2 test-
ing is highly efficient in this ethnic group [7, 8]. This study 
aimed to provide a comprehensive overview of the distribu-
tion of BRCA1/2 pathogenic alleles in patients from Belarus.

Introduction

BRCA1/2 germline mutations make a significant contribu-
tion to breast and ovarian cancer morbidity. The spectrum 
of BRCA1/2 pathogenic variants is characterized by a high 
level of diversity; therefore, BRCA1/2 testing involves a 
thorough analysis of nucleotide sequences of these genes. 
Some countries and ethnic groups demonstrate a so-called 
founder effect, which is attributed to geographic and/or cul-
tural isolation. Countries with predominantly Slavic popu-
lation, such as Poland, Belarus, Ukraine, and Russia, have 
surprisingly pronounced genetic homogeneity. For example, 
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Abstract
The spectrum of BRCA1/2 mutations demonstrates significant interethnic variations. We analyzed for the first time the 
entire BRCA1/2 coding region in 340 Belarusian cancer patients with clinical signs of BRCA1/2-related disease, including 
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that the founder effect observed in Belarus is among the highest estimates observed worldwide. These findings are surpris-
ing, given that the population of Belarus did not experience geographic or cultural isolation throughout history.
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[p.Ser1253fs], c.3700_3704delGTAAA [p.Val1234fs], 
c.4035delA [p.Glu1346fs], c.5251C > T [p.Arg1751Ter], 
c.5266dupC [p.Gln1756fs]; BRCA2: c.658_659delGT 
[p.Val220fs], c.3847_3848delGT [p.Val1283fs], c.5946delT 
[p.Ser1982fs], c.7913_7917delTTCCT [p.Ala2637_Phe-
2638insTer]). Clinical characteristics of BC and OC cases 
and the flowchart summarizing the patient recruitment are 
presented in Supplementary Fig. S1 and Table 1.

DNA from blood lymphocytes was extracted either by 
conventional protocol [9] or with ReliaPrep Blood gDNA 
Miniprep System (Promega). 400 ng of genomic DNA were 
subjected to the library preparation with Kapa HyperPlus Kit 
(Roche) according to the manufacturer’s instructions. Dual-
index libraries were used to pool up to 96 samples into one 

Materials and methods

This study included 340 consecutive patients who had 
clinical signs of BRCA1/2-related cancer disease and 
were referred to Grodno University Clinic within the 
years 2019–2021. The inclusion criteria were the diag-
nosis of ovarian cancer (OC; n = 104), bilateral or early-
onset (aged < 50 years) breast cancer (BC; n = 168), or 
multiple primary malignancies involving BC and/or OC 
(n = 68). In addition, we considered 97 OCs from the study 
[8] that were negative for 13 Central European / Slavic 
founder alleles (BRCA1: c.68_69delAG [p.Glu23fs], 
c.181T > G [p.Cys61Gly], c.676delT [p.Cys226fs], 
c.1687C > T [p.Gln563Ter], c.3756_3759delGTCT 

Clinical features BRCA1 patho-
genic variants 
frequency

BRCA2 
pathogenic 
variants 
frequency

Total Notes

Ovarian cancer
Age
</= 50 11/40 (27.5%) 1/40 (2.5%) 12/40 (30%) BRCA1: 

p = 0.21
BRCA2: 
p = 0.4

> 50 10/64 (15.6%) 5/64 (7.8%) 15/64 
(23.4%)

Family history of BC or OC in 
first-degree relatives
Yes 7/17 (41.2%) 1/17 (5.9%) 8/17 (47%) BRCA1: 

p = 0.03
BRCA2: 
p = 1

No 14/87 (16.1%) 5/87 (5.7%) 19/87 
(21.8%)

Total 21/104 (20.2%) 6/104 (5.8%) 27/104 (26%)
Breast cancer
Bilaterality
Yes 12/29 (41.4%) 5/29 (17.2%) 17/29 

(58.6%)
BRCA1: 
p = 0.03
BRCA2: 
p = 0.002

No 29/139 (20.9%) 2/139 (1.4%) 31/139 
(22.3%)

Family history of BC or OC in 
first-degree relatives
Yes 18/41 (43.9%) 5/41 (12.2%) 23/41 

(56.1%)
BRCA1: 
p = 0.0015
BRCA2: 
p = 0.01

No 23/127 (18.1%) 2/127 (1.6%) 25/127 
(19.7%)

Total 41/168 (24.4%) 7/168 (4.2%) 48/168 
(28.6%)

Multiple primaries
First cancer before age 50
Yes 13/30 (43.3%) 2/30 (6.7%) 15/30 (50%) BRCA1: 

p = 0.004
BRCA2: 
p = 0.6901

No 4/38 (10.5%) 4/38 (10.5%) 8/38 (21%)

OC + BC 13/23 (56.5%) 4/23 (17.4%) 17/23 (74%)
OC and other malignancy* 3/17 (17.6%) 0/17 (0) 3/17 (17.6%)
BC and other malignancy** 1/28 (3.6%) 2/28 (7.1%) 3/28 (10.7%)
All cases 79/340 (23.2%) 19/340 (5.6%) 98/340 (28.8%)

Table 1  Patient cohorts and BRCA1/2 muta-
tion frequencies

*OC and endometrial cancer (n = 9); OC and 
colorectal cancer (n = 3), OC and renal can-
cer (n = 2), OC and lung cancer (n = 2), OC 
and gastric cancer (n = 1)
**BC and endometrial cancer (n = 13), BC 
and thyroid cancer (n = 3), BC and cervi-
cal cancer (n = 2), BC and colorectal cancer 
(n = 1), BC and renal cancer (n = 1), BC and 
vaginal cancer (n = 1), BC and melanoma 
(n = 1), BC and gastric cancer (n = 1), BC, 
and gastric cancer, and granulosa cell tumor 
(n = 1), BC, and renal cancer, and endome-
trial cancer (n = 1), BC, and colorectal can-
cer, and esophageal cancer (n = 1), BC, and 
endometrial cancer, and colorectal cancer, 
and bladder cancer (n = 1), BC, and renal 
cancer, and vulvar cancer (n = 1)
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We attempted to evaluate the ratio between founder 
and non-founder mutations among 98 BRCA1/2 heterozy-
gotes. If we consider 3 instances of the same allele as the 
threshold, recurrent mutations constituted 67/98 (68%) of 
pathogenic genetic variants (BRCA1 c.5266dupC: n = 41; 
c.4035delA: n = 13; c.4689C > G: n = 4; c.181T > G: n = 3; 
c.3756_3759delGTCT: n = 3; BRCA2 c.658_659delGT: 
n = 3). It is questionable whether it is appropriate to add 
to this list BRCA1 c.68_69delAG allele (n = 2), and, par-
ticularly, BRCA1 c.1961dupA, BRCA1 c.3770_3771delAG, 
and BRCA2 c.9097dupA alleles, each observed twice in 
the combined set of patients, but if we do so, the contri-
bution of recurrent pathogenic variants would be 72/98 
(73%). While considering the frequency of founder and 
non-founder alleles in the entire group of 340 genetically 
enriched patients, the contribution of the former approached 
20–21%, while the frequency of the latter was below 10% 
(Supplementary Table S2).

Discussion

The contribution of BRCA1/2 mutations to BC and OC inci-
dence varies across different ethnic groups. This is the first 
study involving full-length BRCA1/2 analysis in Belarusian 
cancer patients. It demonstrates that the share of BRCA1/2 
alleles among BC and OC patients is on the upper limit of 
interethnic variations [10–12] and, therefore, suggests a 
high population frequency of BRCA1/2 heterozygotes. It is 
reasonable to undertake a large-scale study of healthy Belar-
usians to evaluate the feasibility of population screening for 
recurrent BRCA1/2 mutations.

A systematic description of BRCA1/2 founder alleles 
is presented in Table  2. Most of the founder alleles were 
observed in populations characterized by pronounced geo-
graphical or cultural isolation. For example, Ashkenazi 
Jews did not mix with other nations in Europe due to reli-
gious barriers, which explains the dominant role of recur-
rent alleles in this population [15, 18]. Belgian inhabitants, 
although residing in the middle of Western Europe and 
being involved in international trade, apparently experi-
enced complicated relationships with neighboring com-
munities over the course of history, which may explain an 
unexpectedly high contribution of founder alleles [2, 28]. 
There are examples of founder alleles observed in islandic 
populations, e.g., in Iceland or Greenland [4, 39]. None of 
the above situations is applicable to Belarus; therefore, the 
presence of a highly pronounced founder effect is surprising.

The obtained findings are beneficial for the health care 
system in Belarus and for other ethnic communities with 
similar genetic architecture. Non-expensive PCR testing 
for a few recurrent mutations is a method of choice for the 

enrichment reaction. 1000 ng of pooled DNA libraries were 
enriched with a custom panel of biotinylated probes cover-
ing coding sequences as well as exon-intron boundaries and 
5’- and 3’-untranslated regions of BRCA1 and BRCA2. Due 
to the small size of the panel, two-round overnight hybrid-
ization was performed. Enriched libraries were sequenced 
on the Illumina NextSeq 500 platform with the Mid Output 
Kit v2.5 reagents in a paired-end mode for 150 cycles in 
both orientations. Mean depth-of-coverage reached x1500 
with 99.9% of bases read at least 100 times. The bioinfor-
matic pipeline included standard steps, i.e., FASTQ files 
generation, quality assessment, and mapping of the obtained 
sequences to the hg19 genome using the BWA tool. Aligned 
reads were subjected to SNVs and indels calling with the 
HaplotypeCaller [GATK4]. DNA sequence annotation was 
made with the SnpEff software instrument.

Results

The analysis of 340 genetically enriched BC and OC 
patients revealed 98 (29%) carriers of BRCA1/2 pathogenic 
alleles (Table 1). Interestingly, DNA testing of consecutive 
women with OC diagnosis, either alone or as part of mul-
tiple primary malignancies, identified BRCA1/2 germline 
mutations in 47/144 (33%) cases, which is among the high-
est estimates reported worldwide [10–12].

We compared the spectrum of identified mutations 
towards 13 Central European / Slavic founder alleles 
described in [8]. Two BRCA1 mutations, c.5266dupC 
and c.4035delA, were observed in more than a half of 98 
BRCA1/2 heterozygotes (41 (42%) and 13 (13%), respec-
tively). In addition to these two variants, only four of 
previously considered 13 alleles were detected in Belaru-
sian patients; each of these mutations occurred more than 
once (BRCA1 c.68_69delAG: n = 2; c.181T > G: n = 3; 
c.3756_3759delGTCT: n = 3; BRCA2 c.658_659delGT: 
n = 3). In addition, BRCA1 c.4689C > G pathogenic substitu-
tion was revealed in 4 patients. The analysis of 97 founder 
mutation-negative OC patients described in [8] identified 
only 8 BRCA1/2 mutation carriers (BRCA1 c.1612C > T: 
n = 1; c.1961dupA: n = 1; c.3477_3480delAAAG: n = 1; 
c.3770_3771delAG: n = 1; c.5095C > T: n = 1; BRCA2 
c.1813dupA: n = 1; c.4652_4664del13: n = 1; c.9097dupA: 
n = 1), with none of the pathogenic variants occurring 
more than once in this series. Three of these eight alleles 
(BRCA1 c.1961dupA, BRCA1 c.3770_3771delAG, BRCA2 
c.9097dupA) were observed once each in both analyzed 
groups, i.e., in 340 newly collected genetically enriched BC 
and OC patients and patients taken from the study of Savan-
evich et al. [8].
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time being, which can be applied without cost limitations 
to all patients with breast and ovarian cancer and is com-
patible even with low-resource cancer medicine. Compre-
hensive next-generation sequencing analysis may reveal 
additional mutations in less than 10% of Belarusian breast 
or ovarian patients. Therefore, the decision-making pro-
cess should include personalized consideration of expected 
medical benefit from the BRCA1/2 test (e.g., administration 
of BRCA1/2-specific therapy or DNA testing for family 
members), strength of clinical indicators for the presence of 
BRCA1/2 mutation, and available resources.
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