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Previous studies3 indicated that the com-
mon POLG allele is found in different eth-
nic groups at a uniformly high frequency
(0.88) and is absent in only approximately
1% of individuals. This indicates that the
common allele may be maintained by selec-
tion. We used fluorescent PCR with custom
primers3 to genotype infertile and control
individuals for POLG CAG-repeat length
(see Web Notes for methods). Using sperm
DNA from individuals in whom azoosper-
mia was excluded, we found 9 of 99 infertile
males (9%) from Finland (6/59) or England
(3/40) to be homozygous for the absence of
the common allele (Fig. 1a and Web Table
A). In contrast, the common allele was pre-
sent in sperm DNA from all 98 fertile males
studied, as well as in all but 6 of 522 healthy
controls whose blood DNA was analyzed in
parallel (see Web Table A).

Based on standard Hardy–Weinberg pre-
dictions (see Web Table A), the ‘homozy-
gous mutant’ genotype (absence of the
common allele, whether or not this reflected
homozygosity for a particular mutant allele)
should be found in approximately 1.7% of
individuals. We found it at a frequency
slightly below expectation (1.2%) in the
general population, although this deviation
is not statistically significant. In contrast,
our finding that the ‘homozygous mutant’
genotype occurs in 9/99 infertile but 0/98
fertile males is highly significant, based on
two different statistical tests (see Web
Notes). We also found a higher frequency of
heterozygosity in infertile men (35%) than
in fertile men (18%) or in the general popu-
lation (23%): some infertile men may be
compound heterozygotes, with a second
mutation elsewhere in the gene. Clearly, fur-

ther study of the entire POLG coding region
in these individuals is warranted.

We found many different repeat-length
alleles, singly and in combination, in indi-
viduals lacking the common allele, with a
frequency distribution otherwise similar
to that in the general population (Fig. 1b).
This indicates that it is the absence of the
common allele, rather than the presence
of a particular alternate allele, that is asso-
ciated with infertility.

To establish the type of infertility asso-
ciated with POLG, we studied blood DNA
(Table 1) collected from three groups of
infertile men in Scotland, Ireland and
Germany, as well as sperm DNA collected
from men in Taiwan and Australia for
whom extensive phenotypic data, includ-
ing clinical profiles and sperm analysis,
were available. Varying criteria had been
applied in their selection (see Web Notes).

The main conclusions that emerge are
the following:

(i) The POLG mutant genotype
(absence of the common POLG allele) is
found at an elevated frequency, specifi-
cally in infertile men with moderate oligo-
zoospermia, in all populations studied.

(ii) Infertile males homozygous for the
POLG mutant genotype are below the com-
monly accepted thresholds for at least two
sperm quality parameters among the fol-
lowing three: sperm number (<20×06

sperm/ml), motility (<50% motile) or mor-
phology (<10% of spermatozoa morpho-
logically normal according to strict criteria).

(iii) The POLG genotype in blood and
sperm is similar in each individual,
excluding any effect of de novo tissue-spe-
cific mutation.

(iv) Homozygosity with respect to the
POLG mutant genotype is not associated
with azoospermia or severe oligozoosper-
mia, based on three different populations
studied (Scottish, Irish and German). The
overall frequency of mutant homozygotes
in this group (3/318, or 0.9%) is similar to
that in the general population.

(v) POLG mutations are also not associ-
ated with isolated asthenozoospermia, at
least in the Chinese population in Taiwan
from which a small set of such individuals
were obtained.

Mutations at the mitochondrial DNA
polymerase (POLG) locus associated
with male infertility
Published online: 22 October 2001, DOI: 10.1038/ng759

Human mitochondrial DNA polymerase, encoded by POLG, contains a polyglutamine
tract encoded by a CAG microsatellite repeat1,2. Analysis of POLG genotypes in differ-
ent populations identified an association between absence of the common, ten-
repeat allele and male infertility typified by a range of sperm quality defects but
excluding azoospermia.

Fig. 1 POLG genotype in infertile and fertile males,
plus control individuals (see Web Table A for details).
a, Genotype frequencies in the three groups: 10/10,
homozygous for wildtype allele (allele with 10 CAG
repeats); 10/x, heterozygous for wildtype and one
mutant allele; x/x, homozygous for one mutant
allele; x/y, ‘homozygous’ as to mutant status but
bearing two different mutant alleles. b, Frequencies
of different mutant alleles (alleles with other than 10
CAG repeats) in unselected controls (top panel, 125
heterozygotes plus 6 homozygotes) and in infertile
men lacking the common allele (bottom panel, all
clinical sources combined).
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Our findings indicate that variant POLG
alleles are somehow deleterious to sperm
function or differentiation but have no
obvious, phenotypic effects in other tis-
sues. Spermatozoa are heavily dependent
on respiratory energy for motility, and
impaired energy metabolism has long
been hypothesized to contribute to infer-
tility4. Mitochondrial defects5, sometimes
associated with mtDNA lesions5–7, have
been reported in sperm samples from
infertile males. In addition, sperm motil-
ity8 and other parameters of sperm qual-
ity9 appear to be correlated with
mitochondrial respiratory activity and
membrane potential10. Recently, an asso-
ciation was reported between mtDNA
haplogroup and asthenozoospermia11.

The POLG polyglutamine tract, located
within the amnio-terminal portion of the
mature polypeptide12, is absent from the
ortholog in other metazoans and yeast2.
Its deletion has no detectable effect on
enzymatic activity in cultured HEK293T
cells12. Polyglutamine tracts are com-
monly regarded as interfaces for pro-
tein–protein interactions; thus, a
sperm-specific protein could interact with
this region of POLG. Given the many
rounds of cell division during spermato-
genesis and the functional necessity of
mtDNA for sperm function, it seems plau-
sible that a suboptimal mtDNA poly-
merase could result in the accumulation of
mtDNA mutations and in failure to com-
plete differentiation. Changes in polyglut-
amine tract length in another gene
product, the androgen receptor, also affect
male fertility13.

Male infertility is genetically heteroge-
neous14,15. Our findings indicate that, at

least within European populations and
when there is no other obvious etiology,
POLG contributes to at least 5–10% of
cases. If the prediction is substantiated,
early detection via screening would poten-
tially allow appropriate counseling or
assisted reproduction to a significant, ‘at
risk’ population. Genes for other compo-
nents of the mtDNA maintenance
machinery should also be regarded as can-
didates for involvement in male infertility.
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Table 1 • POLG genotype in different categories of infertile males

Population Phenotype Total Homozygous mutantsa % (1 d.p.f)

Finnish & Englishb excluding azoospermia and 99 9 9.1
extreme oligozoospermia

Scottish & Germanc azoospermia or severe 135 0 0
oligozoospermia (<5×106 sperm/ml)d

Scottish & Germanc moderate oligozoospermia (>5×106 sperm/ml) 113 8 7.1
with or without other defects

Chineseb asthenozoospermia 56 0 0

Australiane combined oligo- and asthenozoospermia 13 1 7.7

Australian unspecified (testicular biopsies) 17 2 11.8

Irishc <5×106 sperm/ml 183 3 1.6

Irishc >5×106 sperm/ml or no data 287 10 3.5

aIndividuals lacking the common, ten-repeat allele. bSperm DNA. Combined data from Web Table A. cBlood DNA. Data on Scottish and German patients are combined,
but data on Irish patients are presented separately because information on other causes of infertility was not available on a case-by-case basis. The proportion of POLG
mutants detected in this group is thus about half that seen in other, comparable groups (see Web Notes). dIncludes 62 men with azoospermia plus 73 with severe oligo-
zoospermia (<5×106 sperm/ml). eSperm DNA. Excludes one additional mutant homozygote with a sperm count in the low normal range. fDecimal place.
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