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Abstract—Two single nucleotide polymorphisms of the mitochondrial DNA polymerase gamma gene
(POLG1), rs2238296 (T/C) and rs758130 (T/C), were analyzed in individuals of different ethnicity (Russians
and Buryats) with known genotypes of the CAG microsatellite located in the same gene. It was shown that microsatellite alleles with repeat numbers other than 10 were significantly more frequent within the TT haplotype.
A phylogenetic analysis of human and chimpanzee POLG1 intron 2 sequences suggested that the haplotype TT,
which is more heterogeneous regarding the CAG repeat polymorphism, is evolutionally younger than the haplotype CC. These data may be useful in the further research of the association between the CAG microsatellite
polymorphism of POLG1 and male infertility.
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INTRODUCTION
Human mitochondrial DNA (mtDNA) is replicated
by mitochondrial DNA polymerase γ, which comprises a catalytic subunit encoded by POLG1 on chromosome 15q25 and an accessory subunit encoded by
POLG2 on chromosome 17q23–24 [1]. The genetic
variation of POLG1 was studied mainly in patients
with hereditary mitochondrial disorders and in control
groups of individuals, primarily Caucasians [2–9].
This research led to the discovery of a number of
POLG1 mutations associated with numerous nucleotide deletions and substitutions in mtDNA of the
patients' skeletal muscle and other tissues; the list of
known mutations is available, for example, from the
Human DNA Polymerase Gamma Mutation Database
at www.tools.niehs.nih.gov/polg.
The best studied POLG1 polymorphism is the CAG
microsatellite repeat in exon 2 [8–12], with the number of repeats varying from 6 to 13. A screening study
involving 1330 individuals from 12 ethnic groups
established that the allele containing 10 CAG repeats
((CAG)10 allele) was the most common one in all Eurasian populations: its frequency varied from 88% in
Poland to 96% in Korea [12]. Among the alleles with
the number of repeats other than 10 ((CAG)non-10 alleles), the most frequent one contained 11 repeats
(6.7%).
The polymorphism of the CAG repeat may be
functionally significant, as it encodes a polyglutamine

stretch in the enzyme, and a change in its length may
affect the DNA synthesis fidelity and result in replication errors (single nucleotide deletions, insertions, or
substitutions in mtDNA) [13]. It was reported that the
frequency of the (CAG)non-10/(CAG)non-10 genotype
was significantly higher in infertile men with
azoospermia and in patients with seminoma of the testicle [8, 11]. Although other studies did not confirm an
association of the (CAG)non-10/(CAG)non-10 genotype
with azoospermia [9, 14–17], it may be present under
certain conditions.
On the ethnic level, the (CAG)non-10/(CAG)non-10
genotype frequency varies from 0.5% in East Asian
populations to 2.4% in European populations [12] and
to 9–11% in populations of Africa [9]. As shown by
the analysis of single nucleotide POLG1 polymorphisms, there are two major groups of linked POLG1
alleles (haplotypes) ([18], data from the HapMap
project (www.hapmap.org)). For instance, in Tuvans,
Altay, Yakuts, and Russians, the polymorphic POLG1
loci rs758130 (T/C) and rs2238296 (T/C) are in a
complete (or nearly complete in Tuvans) linkage disequilibrium [18]. However, the CAG microsatellite
allele distribution within the two POLG1 haplotype
groups has not been studied so far, although such data
may be helpful for clarifying the association between
different microsatellite alleles and male infertility.
Our objective was to investigate two POLG1 SNPs
(rs758130 and rs2238296) in individuals of different
ethnicity (Russians and Buryats) with known CAG
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Table 1. The genotype distribution of three POLG1 loci in Russians and Buryats
Loci
Number of CAG repeats

Frequency

rs2238296

rs758130

Russians (n = 50)

Buryats (n = 94)

10/10

T/T

T/T

0.22 (11)

0.29 (27)

10/10

T/C

T/C

0.34 (17)

0.43 (40)

10/10

C/C

C/C

0.14 (7)

0.11 (10)

10/10

T/T

T/C

0

0.02 (2)

10/10

T/C

C/C

0.06 (3)

0.04 (4)

10/10

T/T

C/C

0

0.02 (2)

10/non-10

T/T

T/T

0.16 (8)

0.05 (5)

10/non-10

T/C

T/C

0.02 (1)

0.04 (4)

10/non-10

T/T

T/C

0.02 (1)

0

non-10/non-10

T/T

T/T

0.02 (1)

0

non-10/non-10

T/C

T/C

0.02 (1)

0

genotypes and to analyze the distribution of microsatellite variants within different SNP haplotypes.
EXPERIMENTAL
Subjects participating in this study were Russian
residents of Belgorodskaya Oblast’ (n = 50) and Buryats from the Buryat Republic (n = 94). The polymorphisms rs758130 (T/C) and rs2238296 (T/C) located
in POLG1 intron 2 1500 bp from each other were studied by RFLP analysis as described by Buikin et al.
[18]. We also used our previously published data on
the variation of the CAG repeat located in POLG1
exon 2 in the above populations [12]. This region is
located approximately 1500 bp in the 5' direction from
rs2238296 and is available from the dbSNP database
(www.ncbi.nlm.nih.gov/SNP) as rs28567406. Thus,
the relative position of the loci is as follows:
5' rs28567406 (CAG microsatellite) rs2238296
rs758130 3'. The numbering of nucleotide positions is
given here according to the POLG1 genomic sequence
available from the GenBank database (www.ncbi.
nlm.nih.gov/Genbank, Acc. No. Ac133637).
Nucleotide sequence variation in POLG1 intron 2
was investigated between the loci rs28567406 (CAG
repeat) and rs2238296. The 716 bp fragment was
amplified with the primers 5'-ACAACCTGGACCAGCACTTC-3' and 5'-AAAGGCTGGGGATGCTAAAT-3' designed using the Primer3 software
[19]. The PCR included 35 cycles of 30 sec at 94°C,
60 sec at 50°C, and 60 sec at 72°ë. Amplification
products were sequenced with an ABI Prism 3130
sequence analyzer (Applied Biosystems, United
States) using a Big Dye Terminator kit (Applied Biosystems, v. 3.1). Nucleotide sequence alignment and

analysis were performed with MEGA 3.1 software
package [20].
Statistical analysis. The correspondence of the
genotype distribution to the Hardy–Weinberg equilibrium, linkage disequilibrium and haplotype structures
were analyzed using the Arlequin 3.01 software [21].
Haplotype frequencies were determined using the
maximum likelihood-based EM algorithm [22]. The
most probable haplotype structures were reconstructed from multilocus genotypes using a
pseudobayesian ELB algorithm [21]. The divergence
between the nucleotide sequences of POLG1 intron 2
was calculated from p-distances using the MEGA 3.1
software package [20].
RESULTS AND DISCUSSION
We analyzed the genotype frequency distributions
of rs758130 and rs2238296 POLG1 SNPs in Russian
and Buryats and found that they were similar
(Table 1). The frequency of rs758130*C was 42% in
Buryats and 38% in Russians, and the frequency of
rs2238296*C was 36% in Buryats and 35% in Russians. In the studied population samples, the singlelocus genotype distributions corresponded to the
Hardy–Weinberg equilibrium. Our data suggest a
nearly complete linkage disequilibrium between
rs758130 and rs2238296 (r2 = 0.844 in Russians, r2 =
0.799 in Buryats, and D' = 1 and  = 0 in both populations). These results agree with the data from an earlier study [18] describing the POLG1 genotype and
haplotype distribution at rs758130 and rs2238296 in
the populations of Siberia (in Tuvans, Altay, Yakuts,
and Russians).
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Table 2. The genotype distribution of three POLG1 loci in Russians and Buryats
Loci
Number of CAG repeats

Frequency

rs2238296

Rs758130

Russians (2n = 100)

10

T

T

0.47 (47)

0.54 (101)

10

C

C

0.35 (35)

0.36 (68)

10

T

C

0.04 (4)

0.05 (10)

non-10

T

T

0.13 (13)

0.05 (9)

non-10

C

C

0.01 (1)

0

In both populations, the majority of haplotypes
were TT and CC (Table 2). The TT haplotype frequency was 60% in Russians and 59% in Buryats, and
the CC frequency was 36% in both populations. The
apparently recombinant haplotype TC was observed
in 4% of Russians and in 5% of Buryats, which generally agrees with the data from an earlier study [18]
reporting a 2% TC frequency in Tuvans.
Analyzing the CAG microsatellite genotype distribution, we found that the microsatellite locus was
linked to rs758130 and rs2238296 (D' > 0.8, p < 0.05).
Interestingly, both in Russian and Buryat populations,
microsatellite alleles with repeat numbers other than
10 (non-10 alleles) were found mainly in combination
with TT haplotypes (Table 2). Altogether, there were
five haplotypes: (CAG)10TT, (CAG)10CC, (CAG)10TC,
(CAG)non-10TT, and (CAG)non-10CC. There was only
one case of a CC haplotype including a (CAG)non-10
allele (in a Russian, Table 2), whereas the TT haplotypes exhibited a complete range of microsatellite
alleles (6 to 12 repeats).
To investigate the CAG allele distribution
with respect to the SNP haplotypes, rs758130
and rs2238296 SNPs were typed in a group of individuals with genotypes (CAG)10/(CAG)non-10 and
(CAG)non-10/(CAG)non-10 (n = 35) selected from a sample of 556 Russian individuals, residents of European
Russia. There were six haplotypes: (CAG)10TT,
(CAG)10CC, (CAG)non-10TT, and (CAG)non-10CC
described above, and two new ones, (CAG)10CT and
(CAG)non-10TC (Table 3, 4). Evidently, (CAG)non-10
alleles are extremely rarely found in combination with
the CC haplotype: there were only two cases (3%) in
contrast to 35 cases (50%) of TT haplotype combinations (Table 4). It should be mentioned that the varieties of microsatellite alleles found within the TT and
CC haplotypes were partially overlapping: TT haplotypes included a complete range of 6 to 12 repeats,
whereas CC haplotypes included 8 to 12 repeats. In
general, our results suggest that instability of the CAG
microsatellite as assessed by the number of non-10
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Buryats (2n = 188)

alleles is significantly higher within the TT haplotype
group.
The sequence variation of the 716 bp fragment of
POLG1 intron 2 lying between the CAG microsatellite and rs2238296 was studied in 20 individuals
homozygous for rs2238296 and rs758130, and there
were detected three SNPs registered in the dbSNP
database as rs2283430, rs2239286, and rs2247233.
The CC haplotype corresponded to the haplotype
TCA of rs2283430, rs2239286, and rs2247233, while
the TT haplotype group included two haplotypes,
GGG and GGA. A comparative sequence analysis of
this POLG1 fragment in human and chimpanzee
(NW_001225258 in the GenBank database) indicated
that the TT haplotype is phylogenetically younger,
because its sequence differs more from the chimpanzee haplotype (the average sequence divergence was
1.1% for the TT haplotype and 0.76% for the CC haplotype).
Table 3. The genotype distribution of three POLG1 loci in
Russian individuals with microsatellite genotypes
(CAG)10/(CAG)non-10 and (CAG)non-10/(CAG)non-10
Loci
rs2238296

rs758130

Sample
requency
(n = 35)

10/non-10

T/T

T/T

0.29 (10)

10/non-10

T/C

T/C

0.46 (16)

10/non-10

C/C

C/C

0.03 (1)

10/non-10

T/T

T/C

0.03 (1)

10/non-10

T/C

C/C

0.03 (1)

10/non-10

T/C

T/T

0.03 (1)

non-10/non-10

T/T

T/T

0.09 (3)

non-10/non-10

T/C

T/C

0.03 (1)

non-10/non-10

T/T

T/C

0.03 (1)

Number of
CAG repeats
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Table 4. The genotype distribution of three POLG1 loci in
Russian individuals with microsatellite genotypes
(CAG)10/(CAG)non-10 and (CAG)non-10/(CAG)non-10
Loci
Number of
rs2238296
CAG repeats

rs758130

Sample
frequency
(2n = 70)

10

T

T

0.16 (11)

10

C

C

0.26 (18)

10

C

T

0.01 (1)

non-10

T

T

0.50 (35)

non-10

C

C

0.03 (2)

non-10

T

C

0.04 (3)

Our results also suggest that identical non10(CAG) alleles originated independently within different POLG1 haplotype groups. This is an important
consideration for the molecular genetic research of
male infertility, since azoospermia may be associated
with (CAG)non-10/(CAG)non-10 genotypes within a particular POLG1 variant. Probably, this may explain the
controversial results concerning the association
between male infertility and CAG microsatellite polymorphism of POLG1. This hypothesis should be verified by further investigation of POLG1 polymorphism
in healthy individuals and in those with disturbed
spermatogenesis.
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