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INTRODUCTION

Analysis of Y-chromosome haplogroups obtained
by genotyping a set of DNA markers of its nonrecom-
bining region is one of the main approaches to studying
the structure of the gene pools of modern populations
and their genetic history [1]. Studies using mtDNA [2,
3] and Y-chromosome [4, 5] markers have demon-
strated that the genetic legacy of the Paleolithic Euro-
pean human population accounts for 80% of the mod-
ern European gene pool, and only 20% of it is the con-
tribution of Neolithic migrants from Near East. The
geographic gradients of haplogroup frequencies in pop-
ulation gene pools reflect past migrations differing in
time and direction. To date, detailed analysis of the
genetic structures of various ethnic groups in order to
determine in detail their specific features seems rele-
vant. In works published during several past years, Y-
chromosome markers were used to study the popula-
tions of Scandinavia [6], Anatolia [7], the British Isles
[8], the Carpathian region [9], three largest Mediterra-
nean islands [10], the Caucasus [11], and other Euro-
pean regions. Some other studies focused on individual
ethnic groups, including Icelanders [12], Irish [13],
Armenians [14], Saami [15], and various Finno-Ugric
populations [16]. However, the male gene pool struc-
ture of Eastern European populations, including East-
ern Slavs, has been studied poorly.

We studied the distribution of haplogroups identi-
fied by genotyping 23 biallelic loci of the Y-chromo-
some nonrecombining region (

 

YAP, 92R7, DYF155S2,
12f2, Tat, M9, M17, M25, M89, M124, M130, M170,
M172, M174, M173, M178, M201, M207, M242,

M269, P21, P25

 

, and 

 

P37

 

) in a sample of Belarussians.
The sample consisted of persons that were unrelated to
one another in the paternal line in at least three past
generations.

MATERIALS AND METHODS

The material consisted of total DNA isolated from
peripheral blood lymphocytes by a standard method. A
total of 68 blood samples were analyzed.

Loci

 

 YAP, 92R7, DYF155S2, 12f2, Tat, M9, M17, M25

 

,
and 

 

M89

 

 were genotyped as described earlier [17].
Markers M170 and M174 were genotyped via

directly sequencing polymerase chain reaction (PCR)
products obtained by means of an ABI Prism 310 auto-
mated analyzer (Perkin Elmer) with the use of primers
described earlier [18] and a BigDye Terminator cycle
sequencing kit as recommended by the manufacturer.

The other loci were genotyped using PCR in a Tertsik
thermocycler (DNK-Tekhnologiya) followed by analysis
of the restriction-fragment lengths (for 

 

M130, M172,
M173, M178, M207, M242, M269

 

, and 

 

P37

 

) or using
allele-specific PCR (for 

 

M124, M201, P21

 

, and 

 

P25

 

).
Restriction endonucleases and ready-made buffer

solutions were from SibEnzim (Novosibirsk); the reac-
tions were carried out as recommended by the manu-
facturer. All primer sequences were taken from the
nomenclature system [18] unless indicated otherwise.
Electrophoresis was performed in 3% agarose gel (for

 

M172, M178

 

, and 

 

M207

 

), 10% PAAG (for

 

 M173

 

), or
2% agarose (for other markers).
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Abstract

 

—The compositions and frequencies of Y-chromosome haplogroups identified by genotyping 23 bial-
lelic loci of its nonrecombining region (

 

YAP, 92R7, DYF155S2, 12f2, Tat, M9, M17, M25, M89, M124, M130,
M170, M172, M174, M173, M178, M201, M207, M242, M269, P21, P25

 

, and

 

 P37

 

) have been determined in a
sample of 68 Belarussians. Eleven haplogroups have been found in the Belarussian gene pool (E, F*, G, I, I1b,
J2, N3a*, Q*, R1*, R1a1, and R1b3). Haplogroup R1a1 is the most frequent; it includes 46% of all Y chromo-
somes in this sample. The frequencies of haplogroups I1b and I are 17.6 and 7.3%, respectively. Haplogroup
N3a* is the next in frequency. The frequencies of haplogroups E, J2, and R1b3 are 4.4% each; that of R1* is
3%; and those of F*, G, and Q* are 1.5% each.
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Marker 

 

M130,

 

 which is a C–T transition, was geno-
typed by the restriction analysis of PCR products. The
T allele was detected by the presence of a 

 

Bsc4

 

I restric-
tion site at which the 205-bp PCR product is cleaved
into a 159-bp and a 46-bp fragments.

For typing the T–G transversion (mutation 

 

M172

 

),
we used a modified reverse primer (R: 5'-TAA TAA
TTG AAG ACC TTT TGA GT-3'), which, in the case of
the G allele, resulted in the appearance of a 

 

Hinf

 

I site
and the cleavage of the 220-bp PCR product into a 197-
bp and a 23-bp fragments.

Marker 

 

M178 

 

(a C–T transition) was genotyped
similarly, with the use of a modified reverse primer
(M178R: 5'-AGT TCT CCT GGC ACA CTA AGG
AGC C-3'), which, in the case of the T allele, resulted
in the appearance of a 

 

Bsp19

 

I site and the cleavage of
the 245-bp fragment into a 218-bp and a 27-bp ones.

Marker M207 (an A–G transition) was detected by
the presence of a 

 

Dra

 

I restriction site in the A allele (a
346-bp and a 77-bp fragments) and its loss in the case
of mutation (a 423-bp fragment).

Marker

 

 M242

 

 (a C–T transition [19]) was detected
by the presence of a 

 

Bbv12

 

I restriction site in the C
allele (a 179-bp and a 187-bp fragments) and its loss in
the case of mutation (a 366-bp fragment).

The allelic state of marker 

 

P37

 

 (a T–C transition)
was determined by the absence of a 

 

Bst4C

 

I restriction
site in the T allele (447 bp) and its appearance in the
case of mutations (136 bp and a 311 bp).

For typing the 

 

M269

 

 marker, which is a T–C transi-
tion [20], we used the 

 

Bst2

 

UI restriction endonuclease.
Its restriction site was absent in the T allele (427 bp)
and its presence in the C allele (357 bp and 68 bp).

For typing the A–C transversion (mutation 

 

M173

 

),
we used a modified reverse primer (R: 5'-TCT GAA
TAT TAA CAG ATG ACA CAG-3'), which, in the case
of the G allele, resulted in an additional 

 

Bst4

 

CI restric-
tion site and the cleavage of the 215-bp fragment into
four parts (91, 69, 33, and 22 bp). In the case of the A
allele, restriction yielded only three fragments (91, 91,
and 33 bp).

Allele-specific PCR was used for genotyping the

 

M124, M201, P21

 

, and 

 

P25 

 

markers. The 

 

M124 

 

muta-
tion is a C–T substitution. Each of the two reverse prim-
ers was strictly complementary to only one of the allelic
variants and differed from the other primer in one
nucleotide at the 3'-end (M124R1: 5'-CAC AAA CTC
AGT ATT ATT AAA CCA-3' and M124R2: 5'-CAC
AAA CTC AGT ATT ATT AAA CCG-3'). The 269-bp
fragment was present only in one PCR variant, at an
annealing temperature of 63

 

°

 

C.

Marker 

 

P21

 

 a C–A substitution) was genotyped by
a similar method. We used two different reverse primers
(P21R1: 5'-GTG AGG TGT CAG AGC AGG AGA
GTA G-3' and P21R2: 5'-GTG AGG TGT CAG AGC
AGG AGA GTA T-3'). The 780-bp fragment was present

only in one PCR variant, at an annealing temperature
of 65

 

°

 

C.
For typing the G–T transversion (marker 

 

M201

 

), we
used two different forward primers (M201F1: 5'-CTA
ATA ATC CAG TAT CAA CTG AGG G-3' and
M201F2: 5'-CTA ATA ATC CAG TAT CAA CTG AGG
T-3'). The annealing was performed at 66

 

°

 

C. The 215-
bp fragment was found in only one PCR variant.

Marker 

 

P25

 

 was genotyped by a similar method
using two different forward primers (P25F1: 5'-TAT
CTG CTG CCT GAA ACC TGC CTG C-3' and P25F2:
5'-TAT CTG CTG CCT GAA ACC TGC CTG A-3').
The 269-bp fragment was present only in one PCR vari-
ant, at an annealing temperature of 58

 

°

 

C.
In some blood samples, all biallelic markers were

genotyped; usually, however, we performed genotyping
hierarchically on the basis of the known sequence, in
which mutations had accumulated in the Y chromo-
some [1, 18]. The haplogroups were designated accord-
ing to the standard nomenclature suggested by the Y-
Chromosome Consortium [18].

For visualization of the amplified fragments and
video recording of the gels, we used the gel documen-
tation and analysis system from the Advanced Ameri-
can Biotechnology and the following software: Video
Studio v.1.0 (Ulead Systems Inc.), Video Packer Plus
v.1.2p (Aura Vision Corp. & VIC Hi Tech Corp.), and
Adobe Photoshop v.6.0 (Adobe Systems Inc.).

RESULTS AND DISCUSSION

The analysis of allele distribution for 23 loci of the
nonrecombining region of the Y chromosome in 68
Belarussians revealed 11 haplogroups (table). The
spectrum of markers was greater than in our previous
study [17], where a sample of Ukrainians was analyzed.
This allowed us to identify novel haplogroups and
revise the data on some of previously known ones.

Haplogroup R1a1 was the most frequent Y-chromo-
some variant in the sample studied. In the Ukrainian
[17] and Russian [21] sample studied earlier, the fre-
quencies of this haplogroup were practically equal
(43.6 and 40.6%, respectively). Almost the same fre-
quencies were earlier found in other Slavic and in Bal-
tic populations [4, 8], which apparently reflects their
genetic relationship. Probably, these Eastern European
ethnic groups are especially close to ancient Indo-Euro-
peans associated with the pit and mound archeological
cultures, which are associated with the spread of R1a1
[8, 21].

Haplogroup I1b was the second most frequent in the
Belarussian sample. The frequency of this haplogroup
is the highest in Bosnians and Croatians (30–40%);
these populations are also characterized by the most
diverse microsatellite haplotypes within this haplo-
group [22]. It is presumed that the carriers of haplo-
group I1b spread and formed its modern geographic
area when Europe was peopled again from the Balkan
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refugium, mainly eastwards, after the last peak of gla-
ciation.

Haplogroup N3a* ranked third in frequency in the
sample studied. The spread of this haplogroup in East-
ern Europe was undoubtedly related to the westward
expansion of Finno-Ugric tribes from the Cis-Ural
region [16]. Other European ethnic groups, whose gene
pools initially had no N3a*, acquired it as they assimi-
lated Finnish tribes while spreading eastwards. This
mainly applies to Slavic, Baltic, and Scandinavian pop-
ulations.

Thus, these three haplogroups were the main com-
ponents of the Y-chromosome gene pool of the sample
studied and together account for 72% of the total num-
ber of Y chromosomes. Similar frequencies of these
haplogroups were earlier found in the Ukrainian popu-
lation [17] (I1b was not differentiated from F in that
study).

The frequency of haplogroup I (I

 

xP37

 

) was slightly
higher than 7%. Most probably, these blood samples
belong to the I1a haplogroup that we did not differenti-
ate; it is presumed to mark (similarly to I1b) the post-
glacial expansion of humans from the refugium located
on the Iberian Peninsula. Its proportion is the highest in
Germanic ethnic groups of Scandinavia (25–35%), in
which the I1b haplogroup has not been found [22]. In
the Eastern Slavic gene pool, both groups of migrants
seem to have left a trace.

Haplogroups E, J2, and R1b3 were found in three
blood samples each, so the frequency of each of them
was lower than 5%. Haplogroups F*, G, Q*, and R1*
were found in one blood sample each (frequencies of
several percent). Haplogroups E, J2, and G mark the
spread of Neolithic farmers from Near East [4, 7, 8, 21,
23]. Haplogroup R1b3, which is very common in Euro-
pean populations, was spread over Europe in Upper
Paleolithic Age, presumably by the people associated
with the Aurignacian culture [7, 8]. Haplogroups Q*
and R1* have also come from Upper Paleolithic
migrants [7, 19].

The composition and frequencies of Y-chromosome
haplogroups in the Belarussian gene pool are similar to
those in the gene pools of other Eastern Slavic popula-
tions (Ukrainians and Russians) studied earlier [17,
21], except for haplogroup J2, the frequency of which
in Ukrainians was two times higher (11.7%). We con-
tinue to analyze the structure of the gene pools of Slavic

populations with the use of Y-linked microsatellite
markers. This will supplement the existing data on the
diversity of STR markers in these populations [24] and
permit a more detailed analysis of the structure of the
biallelic haplogroups that we found in Russians, Ukrai-
nians, and Belarussians.

ACKNOWLEDGMENTS

We acknowledge the support of the Program for
International Collaboration of the Ministry of Science
of the Russian Federation (N.K.Ya.); Russian Founda-
tion for Basic Research, project nos. 01-04-48986
(N.K.Ya.), 00-04-48506 (V.A.S.), 03-04-49021
(V.A.S.), 03-04-49021mas (V.N.Kh.), and 01-04-
6372mas (V.N.Kh.); Wener-Gren Foundation, grant no.
6801 (V.A.S.); Russian Federation Presidential Grant,
project no. MD-88.2003.04 (V.A.S.); and the grant
“Databases of Human, Animal, Plant, and Microorgan-
ism Gene Pools” of the Federal Target Science and
Technical Program “Research and Developments at
Science and Technological Frontiers of 2002–2004”
(V.A.S. and N.K.Ya.).

REFERENCES

 

1. Jobling, M.A. and Tyler-Smith, C., The Human Y Chro-
mosome: An Evolutionary Marker Comes of Age, 

 

Nat.
Rev. Genet., 

 

2003, vol. 4, pp. 598–612.
2. Torroni, A., Bandelt, H.-J., D’Urbano, L., 

 

et al.

 

, mtDNA
Analysis Reveals a Major Late Paleolithic Population
Expansion from Southwestern to Northeastern Europe,

 

Am. J. Hum. Genet., 

 

1998, vol. 62, pp. 1137–1152.
3. Richards, M., Macaulay, V., Hickey, E., 

 

et al.

 

, Tracing
European Founder Lineages in the Near Eastern mtDNA
pool, 

 

Am. J. Hum. Genet.

 

, 2000, vol. 67, pp. 1251–1276.
4. Rosser, Z.H., Zerjal, O., Hurles, I.A., 

 

et al.

 

, Y-Chromo-
somal Diversity in Europe Is Clinal and Influenced Pri-
marily by Geography, Rather Than by Language, 

 

Am. J.
Hum. Genet.

 

, 2000, vol. 67, pp. 1526–1543.
5. Semino, O., Passarino, G., Oefner, P.J., 

 

et al.

 

, The
Genetic Legacy of Paleolithic 

 

Homo Sapiens

 

 in Extant
Europeans: A Y Chromosome Perspective, 

 

Science

 

,
2000, vol. 290, pp. 1155–1159.

6. Zerjal, T., Beckman, L., and Beckman, G., Geographi-
cal, Linguistic, and Cultural Influences on Genetic
Diversity: Y-Chromosomal Distribution in Northern
European Populations, 

 

Mol. Biol. Evol.

 

, 2001, vol. 18,
pp. 1077–1087.

Frequencies of Y-chromosome haplogroups found in the Belarussians, %

E F* G I I1b J2 N3a* Q* R1* R1a1 R1b3

 

Σ

 

N

 

Data of this study 4.4 (3) 1.5 (1) 1.5 (1) 7.3 (5) 17.6 (12) 4.4 (3) 8.8 (6) 1.5 (1) 2.9 (2) 45.6 (31) 4.4 (3) 68

Data from the study [4] 10 (4) 34 (14) 2 (1) 2 (1) 39 (16) 41

 

Note: The number of individuals is indicated in parentheses, 

 

Σ

 

N

 

 is the total sample size. In study [4] 

 

Y-c

 

hromosomes of five Belarussians
can’t be classified within the limits of modern system of terms of Y-chromosome haplogroups.



 

RUSSIAN JOURNAL OF GENETICS

 

      

 

Vol. 41

 

      

 

No. 8

 

      

 

2005

 

FREQUENCIES OF Y CHROMOSOME BINARY HAPLOGROUPS IN BELARUSSIANS 931

7. Cinnioglu, N., King, R., Kivisild, T., 

 

et al.

 

, Excavating Y-
Chromosome Haplotype Strata in Anatolia, 

 

Hum.
Genet.

 

, 2004, vol. 114, pp. 127–148.
8. Wilson, J.F., Weiss, D.A., Richards, M., 

 

et al.

 

, Genetic
Evidence for Different Male and Female Roles during
Cultural Transitions in the British Isles, 

 

Proc. Natl.
Acad. Sci. USA

 

, 2001, vol. 98, pp. 5078–5083.
9. Stefan, M., Stefanescu, G., Gavrila, L., 

 

et al.

 

, Y Chromo-
some Analysis Reveals a Sharp Genetic Boundary in the
Carpathian Region, 

 

Eur. J. Hum. Genet., 

 

2001, vol. 9,
pp. 27–33.

10. Francalacci, P., Morelli, L., Underhill, P.A., 

 

et al.

 

, Peo-
pling of Three Mediterranean Islands (Corsica, Sardinia,
and Sicily) Inferred by Y-Chromosome Biallelic Vari-
ability,

 

 Am. J. Ph. Ant.

 

, 2003, vol. 121, pp. 270–279.
11. Nasidze, I., Sarkisian, T., Kerimov, A., and Stoneking, M.,

Testing Hypotheses of Language Replacement in the
Caucasus: Evidence from the Y-Chromosome, 

 

Hum.
Genet.

 

, 2003, vol. 112, pp. 255–261.
12. Helgason, A., Sigur’ardottir, S., Nicholson, J., 

 

et al.

 

,
Estimating Scandinavian and Gaelic Ancestry in the
Male Settlers of Iceland, 

 

Am. J. Hum. Genet.

 

, 2000,
vol. 67, pp. 697–717.

13. Hill, E.W., Jobling, M.A., and Bradley, D.G., Y-Chromo-
some Variation and Irish Origins, 

 

Nature

 

, 2000, vol. 404,
p. 351.

14. Weale, M.E., Yepiskoposyan, L., Jager, R.F., 

 

et al.

 

,
Armenian Y Chromosome Haplotypes Reveal Strong
Regional Structure within a Single Ethno-National
Group,

 

 Hum. Genet.

 

, 2001, vol. 109, pp. 659–674.
15. Tambets, K., Rootsi, S., Kivisild, T., 

 

et al.

 

, The Western
and Eastern Roots of the Saami—the Story of Genetic
“Outliers” Told by Mitochondrial DNA and Y Chromo-
somes, 

 

Am. J. Hum. Genet.

 

, 2004, vol. 74, pp. 661–682.
16. Raitio, M., Lindroos, K., Laukkanen, M., 

 

et al.

 

, Y-Chro-
mosomal SNPs in Finno-Ugric-Speaking Populations

Analyzed by Minisequencing on Microarrays, 

 

Genome
Res., 

 

2001, vol. 11, pp. 471–482.
17. Kharkov, V.N., Stepanov, V.A., Borinskaya, S.A., 

 

et al.

 

,
Gene Pool Structure of Eastern Ukrainians As Inferred
from the Y-Chromosome Haplogroups, 

 

Rus. J. Genet.,

 

2004, vol. 40, no. 3, pp. 326–331.
18. The Y-Chromosome Consortium, A Nomenclature Sys-

tem for the Tree of Human Y-Chromosmal Binary Hap-
logroups, 

 

Genome Res., 

 

2002, vol. 12, pp. 339–348.
19. Seielstad, M., Yuldasheva, N., Singh, N., 

 

et al.

 

, A Novel
Y-Chromosome Variant Puts an Upper Limit on the Tim-
ing of First Entry into the Americas, 

 

Am. J. Hum. Genet.,

 

2003, vol. 73, pp. 700–705.
20. Cruciani, F., Santolamazza, P., Shen, P., 

 

et al.

 

, A Back
Migration from Asia to Sub-Saharan Africa Is Supported
by High-Resolution Analysis of Human Y-Chromosome
Haplotypes, 

 

Am. J. Hum. Genet.

 

, 2002, vol. 70, pp. 1197–
1214.

21. Stepanov, V.A., 

 

Etnogenomika naseleniya Severnoi
Evrazii

 

 (Ethnogenomics of the North Eurasian Popula-
tion), Tomsk: Pechatnaya Manufaktura, 2002.

22. Rootsi, S., Magri, C., Kivisild, T., 

 

et al.

 

, Phylogeography
of Y-Chromosome Haplogroup I Reveals Distinct
Domains of Prehistoric Gene Flow in Europe, 

 

Am. J.
Hum. Genet.

 

, 2004, vol. 75, pp. 128–137.
23. Semino, O., Magri, M., Benuzzi, G., 

 

et al.

 

, Origin, Dif-
fusion, and Differentiation of Y-Chromosome Haplo-
groups E and J: Inferences on the Neolithization of
Europe and Later Migratory Events in the Mediterranean
Area, 

 

Am. J. Hum. Genet., 

 

2004, vol. 74, pp. 1023–1034.
24. Kravchenko, S.A., Slonimsky, P.A., Bets, L.A., 

 

et al.

 

,
Polymorphism of STR Loci of the Y Chromosome in
Three Populations of Eastern Slavs from Belarus, Rus-
sia, and Ukraine, 

 

Rus. J. Genet.

 

, 2002, vol. 38, no. 1,
pp. 80–86.


