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The BRCA1 gene is included in a 200–400 kb region that is subjected to a recombination suppression
mechanism; this region shows nearly complete linkage disequilibrium for a series of common biallelic
polymorphisms, all of them with rarer allele frequency close to 0.4. These series of SNPs define two major
haplotypes designated as class I and class II. In the present study, we have determined haplotype classes in
the index case of 106 breast/ovarian cancer families previously screened for mutations in the BRCA genes
and we have found that haplotype II (the less frequent in the control population) is over-represented
among chromosomes harbouring mutations in BRCA1. In addition, we have defined a subtype of
chromosomes characterized by haplotype I and one specific allele for the microsatellite marker D17S855,
which are also more frequently associated with BRCA1 mutations. These findings may have important
consequences for the selection of families with higher probabilities of carrying mutations in the BRCA1
gene.
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1. Introduction
Mutations in the BRCA genes are thought to account for

about 30% of the breast and/or ovarian cancer families,1

and their alterations are scattered through the whole

sequence of the genes (http://www.nhgri.nih.gov/Intra-

mural_research/Lab_transfer/Bic/Member/index.html);

this lack of hot-spots, in addition to the large size of the

genes, makes its molecular analysis hard and expensive in

most cases. For this reason, the identification of molecular

markers that could help to select patients with high

probabilities to carry BRCA mutations would be useful in

making the screening more effective and faster. In this way,

it has recently been observed in Spanish populations that

BRCA1 mutations could be more frequently found in

chromosomes that are defined by the presence of short

alleles (139 and 141bp) for the BRCA1 intragenic micro-

satellite marker D17S855.2

In the present study, we have determined two haplotypes

associated with the BRCA1 gene in the index cases of 106

breast/ovarian cancer Spanish families by genotyping three

BRCA1 SNPs included in a 200–400 kb region that is

subjected to a recombination suppression mechanism.

These SNPs define two major haplotypes, designated as

class I and class II, that account for nearly all chromosomes

in European and Asian populations.3 We have found that

haplotype II is over-represented among chromosomes
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harbouring mutations in the BRCA1 gene (OR¼ 2.8), while

the shortest allele of the D17S855 microsatellite marker

(139 pb) is more frequently than expected associated with

haplotype I (OR¼3.5) among BRCA1 mutation carriers,

defining a second haplotype over-represented among these

chromosomes.

Patient and methods
Patients

The analysis was performed in a serie of 106 high-risk

breast and/or ovarian cancer families, selected using

criteria previously described.4 The index case of each

family had been previously screened for mutations in the

BRCA1 and BRCA2 genes.4,5 Forty three families carried 22

different mutations in the BRCA1 gene (Table 1) and 63 did

not carry mutations in either of the two genes. A total of

180 control individuals paired if sex and age with the cases,

were used to establish the general frequencies of haplo-

types I and II. The frequency of individual allele lengths for

the D17S855 polymorphism in BRCA1 has been previously

published.4

Polymorphism genotyping

Three BRCA1 biallelic polymorphisms were used to estab-

lish haplotype classes; the SNPs were IVS9-57T/DT, 4427T/
C and 5272+66G/A, located in intron 8, exon 13 and intron

18, respectively. The three fragments were PCR amplified

from genomic DNA using primers and PCR conditions

previously described.4,5 When possible, one BRCA1 micro-

satellite marker, D17S855, was also genotyped. The PCR

conditions and methods for fragment length analysis have

been previously published.2

Statistical analysis

Comparison of allele frequencies was performed using w2

test or Fisher exact test when necessary. The strength of the

association between different categories was stated using

OR and 95% confidence interval calculated by the exact

method. Epi Info v 6.0 and SPSS v 9.0 statistical packages

were used for the analysis.

Results
We established haplotype classes I and II (defined by the

three common alleles in the BRCA1 SNPs and the three rare

alleles respectively) in 106 index cases from high-risk

breast/ovarian cancer families (43 mutation carriers and 63

noncarriers), and 180 individuals from the general popula-

tion. The genotypic frequencies found are summarized in

Table 2. The frequencies for the three SNPs in the 180

individuals from the general population were the same as

those described by Liu et al,3 P¼0.66 for the common allele

and q¼0.34 for the rare allele. The genotypic and allelic

frequencies were very similar in this group vs the 63

individuals not associated with mutations in BRCA1; so, we

Table 1 Haplotype assignment in the 21 distinct BRCA1 mutations in which the phase could be established

BRCA1 mutationa IVS-57delT T4427C 5272+66G/A D17S855b Class chromosome

185delAG delT C A 0 II
189insTGTC delT C A �2 II
234delCT T T G �2 I
R71G delT C A +2 II
243delA T T G �2 I
IVS6-1G/A T T A +6 I
589delCT T T G +10 I
E445X T T G �2 I
3022delTC delT C A II
L974Xc

3598del11 delT C A 0 II
1135insA T T G +2 I
1241delAC delT C A 0 II
1389insAG delT C A 0 II
1693delA T T G +4/+8 I
G1706E delT C A 0 II
A1708E T T G �2 I
IVS18-1G/C delT T G +12 II
5272+1G/A delT C A 0 II
IVS20+1G/A T T G +8 I
5537delA delT C A 0 II
E1836X delT C A 0 II

aThe mutations are ordered 50–30 sense through the BRCA1 gene. All of them are designated by the nucleotide position, except the cases in which
there is an amino-acid change, in which they are designated by the codon number.
bThe allele lengths for the microsatellite markers D17S855 (GDB192761) have the same distribution as reported in Liu and Barker3 and are designated
in the same way. The most common allele is designated as 0 (1 4 1).
cThis was the only mutation in which the phase could not be established because there was only one carrier heterozygote I/II.

European Journal of Human Genetics

Over-representation of two specific haplotypes
A Osorio et al

490



considered these 63 individuals as the control group for all

the comparisons performed in the study, because they

represented the best matched group with the 43 mutation

carriers (cases). In the 43 BRCA1 carriers, the homozygotes

for haplotype II were clearly over-represented when

compared with the 63 noncarriers (30.2% vs 9.5%). In

terms of OR, homozygotes for haplotype II were 4.12 (CI

1.28–13.70, P¼0.006) times more frequent in the group of

cases than in the controls.

Among the 43 BRCA1 mutation carriers, only 22

different alterations were present. This could have biased

the results, given that each recurrent mutation is usually

found in its own specific haplotype. To avoid this problem,

we tried to establish haplotype phase for the 22 distinct

mutations found in our series and we found that the

distinct BRCA1 mutations were more frequently associated

with haplotype II than expected (57 vs 35%), (OR 2.8, CI

0.99–7.84, P¼ 0.029) (Table 1).

In 20 BRCA1 mutations we could complete haplotypes I

and II with the D17S855 microsatellite marker (Table 1),

whose shortest alleles (139 and 141bp, designated as �2

and 0, respectively) have recently been described to be

associated with chromosomes harbouring BRCA1 muta-

tions.2 We confirmed that shortest alleles were concen-

trated in chromosomes carrying BRCA1 mutations (65 vs

40%, Po0.05); moreover, the distribution of allele �2, the

less frequently associated with haplotype I in the general

population,3 was over-represented in the chromosomes

with mutations associated with haplotype I (12 vs 44.4%)

(OR 3.5, CI 1.14–11.15, P¼ 0.049).

Discussion
In the present study, we have established haplotypes I and

II in the index cases of 106 breast/ovarian cancer families,

by genotyping three of the SNPs located in the BRCA1

gene. Of these index cases, 43 carried mutations in the

BRCA1 gene and 63 were negative for mutations either in

BRCA1 or BRCA2 and were considered as controls for all

the analyses performed. When analysing genotypic fre-

quencies, the most significative finding was that the

percentage of II/II (minor alleles) homozygotes among

the BRCA1 carriers was about four times more frequent

than in the controls (30.2 vs 9.5%) (OR¼4.12, CI 1.28–

13.70, P¼0.006), while the I/I homozygotes (major alleles)

were notably less frequent (21 vs 44%). These results

strongly suggest that the less common haplotype in the

general population, haplotype II, was over-represented

among the BRCA1 mutation carriers. Since these results

could be biased by the presence of recurrent mutations

linked to specific haplotypes, we established haplotype

phases in 21 of 22 distinct mutations present in the 43

carriers, and found that the mutations were 2.8 times (CI

0.99–7.84, P¼ 0.029) more frequently associated with

haplotype II than expected, which was in agreement with

our preliminary results.

On the other hand, it has been recently described that

the shortest alleles (139 and 141bp) of the D17S855

microsatellite (a highly informative BRCA1 intragenic

marker) are more frequent among individuals carrying

BRCA1 mutations.2 So, we genotyped this marker in our

cases and found that the 139bp allele, designated as �2,

was 3.5 times more frequent than expected in mutations

linked to haplotype I (CI 1.14–11.15, P¼0.049). So, these

results define a second haplotype, which is also over-

represented among chromosomes harbouring BRCA1

mutations.

Altogether, these results suggest that the distinct BRCA1

mutations are not randomly distributed, but seem to be

more frequently linked to two specific haplotypes that,

Table 2 Genotype distribution in the 43 carriers of BRCA1 mutations vs the 63 noncarriers and the 180 individuals from the
general population

Group I/I I/II II/II

General population
Observed 70 (39%) 89 (50%) 21 (11%)
Expected 71 85 24
q=0.37

Mutation noncarriers
Observed 28 (44.5%) 29 (46%) 6 (9.5%)
Expected 28.2 28 6.8
qa = 0.33

Mutation carriers
Observed 9 (21%) 21 (48.8%) 13 (30.2%)c

Expectedb 19 19 5

Haplotypes I and II consisted, respectively, of the 0.66 and 0.34 frequency allele at the three biallelic sites in the BRCA gene.3
aAllelic frequency of haplotype II in the group of noncarriers considered as controls for the study.
bGenotypes expected considering the frequencies of the alleles in the control population.
cThis genotype was 4.12 times more frequent than in the control group (CI 1.28–13.7, P=0.006).
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interestingly, are less commonly found in the general

population, haplotype II and haplotype I+(�2) allele. We

do not have a clear explanation for this finding. If we were

analysing one or a few mutations, we could think that

simply these mutant alleles were older than the control,

and haplotype II was more frequent in the time the

mutations originated. However, the analysis and confirma-

tion of our results in 21 different BRCA1 mutations argues

against the possibility of a significant difference in the age

of appearance between the mutant and the control alleles.

That is why we tend to think that these specific haplotypes

are linked to any factor that favours the presence of

mutations.

A similar observation has recently been found for MLH1,

one of the genes involved in DNA mismatch repair (MMR).

Hutter et al6 hypothesize that although the polymorphisms

constituting the haplotype are apparently neutral, the

alleles could not be functionally equivalent and finally

affect MMR efficiency and make mutations accumulate in

the ‘less-efficient’ haplotype. Given that BRCA1 seems

to be involved in DNA repair,7 the previous explanation

could also be applicable to our case. However, most of

these SNPs have been previously analysed in case–

control studies to test its possible role as low penetrance

variants and no association has been found.8 So, although

we cannot discard their possible functional effects in

mutation carriers, we think that the effect is not by

the haplotype itself, but by some linked genetic factor,

given the recombination suppression characteristic of the

region.

Finally, our results are also interesting from a practical

point of view, in order to select families with higher

probabilities to be linked to this gene. In this way, given

that the most commonly found mutations in Spanish

populations are associated with haplotype II (data not

shown), a patient from a high-risk family with a homo-

zygous genotype for haplotype II would have a probability

of 70% to be a carrier of mutations in the BRCA1 gene

(Table 2).

In summary, our results for the BRCA1 gene represent

the second report of mutations clustering in apparently

neutral haplotypes. Although further studies increasing

the number of mutations are necessary to confirm these

findings in MLH16 and BRCA1, it could be common to

other tumour suppressor genes, especially those involved

in DNA repair.
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