
NEWS AND COMMENTARY

Evolutionary genetics...............................................................
Direct evidence of recombination in
human mitochondrial DNA
ED Ladoukakis and A Eyre-Walker
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Heredity (2004) 93, 321. doi:10.1038/sj.hdy.6800572
Published online 25 August 2004

O
ver the last 5 years, there has been
considerable debate as to whether
there is recombination in human

mitochondrial DNA (mtDNA) (for re-
ferences, see Piganeau and Eyre-Walker,
2004). That debate appears to have
finally come to an end with the publica-
tion of some direct evidence of recom-
bination. Schwartz and Vissing (2002), 2
years ago, presented the case of a 28-
year-old man who had both maternal
and paternally derived mtDNA in his
muscle tissue – in all his other tissues he
had only maternally derived mtDNA. It
was the first time that paternal leakage
and, consequently, heteroplasmy was
observed in human mtDNA. In a recent
paper, Kraytsberg et al (2004) take this
observation one step further, and claim
to show that there has been recombina-
tion between the maternal and paternal
mtDNA in this individual.

There is a major possibility, in experi-
ments of this nature, that the recombi-
nants have been produced in laboratory,
either by PCR, or by some other mistake.
However, the authors have gone to great
lengths to ensure that the recombinants
are genuine, including repeating the
experiment with a mix of maternal and
paternal mtDNAs. They did not observe
any recombination in this latter experi-
ment, so we can be very confident that
recombinants that they detected in the
muscle tissue are genuine.

The direct demonstration of recombi-
nation in human mtDNA has a number
of important implications. First, the
results show that recombination be-
tween maternal and paternal mtDNA
is possible. It has been known for
sometime that paternal mtDNA enters
the egg in humans (see Cummins, 2000),
and that mammalian mitochondria con-
tain the enzymes necessary to promote
homologous recombination (Thyagara-
jan et al, 1996). However, there are
efficient mechanisms that target pater-
nal mtDNA for destruction once it is in
the egg (Sutovsky et al, 2000), and there
is no evidence that different mtDNAs

would ever have the chance to recom-
bine. If different mtDNAs are intro-
duced into the same cell in different
mitochondria, can be maintained in that
state for many generations, without
ever appearing in the same mitochon-
dria (Enriquez et al, 2000).

Second, the results suggest that hu-
man mitochondria have an active re-
combination pathway. Human mtDNA
has a high rate of evolution and this has
been attributed to a lack of repair
enzymes (Brown, 2001). The possibility
of a recombination pathway suggested
by these current results may also pro-
vide a further reason.

Human mitochondrial DNA has been
used extensively to study the evolution
of our species. However, most of the
conclusions from these studies are likely
to remain unaffected, either because they
do not rely on the assumption of
clonality, or because the level of recom-
bination is such that its effects will be
small. For example, mtDNA has been
used to study the spread of humans
across the globe (Cann, 2001). The genetic
differences were probably established as
human populations spread to new local-
ities and have persisted because of
reduced gene flow between distant po-
pulations. If there is little gene flow, there
will be little opportunity for recombina-
tion. The one area in which recombina-
tion may have implications is dating
events in human evolution. This is for
two reasons – first, the phylogenetic tree
may not represent the particular evolu-
tionary events of interest; for example, a
mtDNA tree may not represent the
phylogeny solely of females if there is
paternal leakage and/or recombination;
it could not, therefore, be used to
estimate the date of our most recent
female common ancestor. Second, recom-
bination will tend to generate homopla-
sies and therefore variation in the rate of
nucleotide substitution between sites.
This in turn will lead to an overestimate
of the rate of nucleotide substitution if
clonal inheritance is wrongly assumed.

Although Kraytsberg et al (2004) show
very clear evidence of crossing-over in
human mtDNA, there is little or no
population genetic evidence of recom-
bination. How can this be? There are
two possibilities. One possibility is that,
although Kraytsberg et al (2004) have
detected recombination in a somatic
tissue, it never occurs in the germ line.
This seems unlikely, however. Alterna-
tively, the explanation may be that
recombination is difficult to detect in
population genetic data, even if it is
occurring at appreciable frequencies.
This is because all methods for detecting
recombination have low statistical
power.

The results of Kraytsberg et al (2004)
show that recombination has been fairly
frequent in the individual they study.
Even if we assume that all identical
sequences are the product of the same
recombination event, there must still
have been 16 events. Unfortunately, this
observation does not give us a handle
on how frequent recombination is likely
to be in the population, since this
depends on the rate of paternal leakage;
yet, we have no precise estimate of this
parameter. At most, one presumes it
must be less than 1 in 1000, since there
are 100 000 mitochondria in the human
egg and only 100 in the sperm (Satoh
and Kuroiwa, 1991).

The challenge for the future will be to
determine how frequent paternal leak-
age and recombination are in humans,
and how frequent these processes are in
other species.
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