Questioning Evidence for
Recombination in Human
Mitochondrial DNA

The possibility of recombination in human
mitochondrial DNA (mtDNA), raised recently
by Awadalla ef al. (1), holds crucial implica-
tions for many evolutionary studies (2). Here,
we reexamine the data analyzed in (), show
that some of those data are likely unreliable,
and suggest that the short-distance correlations
found by Awadalla et al. (I) can be more
plausibly interpreted phylogenetically.

Awadalla et al. (1) examined 14 variable
positions in 45 mtDNA genomes for distance
correlation. The first of those positions, nu-
cleotide 4985, is known to be a sequence
error (3). In another position, nucleotide
6455, a T has been recorded in eight out of
ten sequences from haplogroups M and U
(4), while in other related haplogroup M
genomes, it is a “conventional” C (5). We
analyzed 48 European and Asian haplogroup
M and U mtDNA samples and did not detect
any variation at this position; moreover, a C
is present at this position in a sequence from
sub-Saharan African haplogroup L1 sequence
(6), as well as in the mitochondrial genomes
of Pan paniscus and Pan troglodytes (7).
Hence, a sequencing or typing error in (4) is
a likely explanation. This does not exhaust
the list of suspicious polymorphisms used in
(1); sequence 12 from (8), for example, is
likely a mosaic of haplogroup T— and H-type
mtDNA genomes.

Our next criticism is based on a phyloge-
netic argument. We have resequenced or
typed by restriction enzymes seven sites used
in the analysis of Awadalla et al. (1)—7028,
9540, 10873, 11251, 11467, 12705, and
15043—in 88 mtDNAs of African, Asian,
and European origin. All but one of the sites
were found to occur only once in the phylog-
eny of human mtDNA haplogroups. The only
exception was at position 15043, where A
was found in all haplogroup M and haplo-
group I mtDNAs, but only once each in hap-
logroups L3 and T. We sequenced 14 addi-
tional haplogroup T mtDNAs and found that
all of them contain G in position 15043,
which confirms that this position is slightly
polymorphic within haplogroup T. Should
this change from G to A be ascribed to re-
combination? We consider that prospect un-
likely, because two other polymorphic sites
typical for haplogroup T in the vicinity of
15043, 14905A, and 15607G, are fixed in all
haplogroup T mtDNAs examined.

We also stress that substitutions at sites
13366, 15606, and 15925 in haplogroup T
[figure 1B in ()], 10394 and 10397 in hap-
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logroup M [figure 1D in ()], and 7933 and
8391 in haplogroup Y [figure 1C in (7)],
which account for the short distance correla-
tions, segregate in linkage with a number of
other haplogroup-specific substitutions that
are spread over the entire mtDNA genome (4,
5,9, 10). The latter have, however, remained
hidden in the analysis of Awadalla et al. (1)
because of a bias created by particular restric-
tion fragment length polymorphism (RFLP)
sites used.

In sum, likely errors in the sequence data
used by Awadalla ef al. (1) and the possibility
that straightforward phylogenetic explana-
tions can explain the observed correlations
make the conclusions drawn in (/) weaker
than such an exceptionally important problem
deserves.
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Awadalla et al. (I) presented an ingenious
approach for testing for recombination in the
mitochondrial genome. Their analysis of four
mtDNA data sets showed a consistent decline
of linkage disequilibrium (LD) with physical
distance, a phenomenon typically observed in
the recombining nuclear genome (2). The
number of sites they analyzed is quite small
in three of the data sets, however, and they
used a measure, 72, that can produce mislead-
ing results because of its sensitivity to allele
frequency variation (3).

We have reanalyzed their data using D’
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(4), a measure that provides better accuracy
and power for LD detection and is less sus-
ceptible to the effects of allele frequency
variation (3, 5). We have also analyzed four
additional mtDNA data sets (191 Armenians,
109 Croatians, 388 Turks, and 67 Germans)
kindly provided by R. Villems and T.
Kivisild. For two polymorphic sites, 4 and B,

D/ = (Pl] 7p]q])/Dmax (1)

where P, is the population frequency of the
haplotype containing alleles 4, and B, p, is
the frequency of 4, ¢, is the frequency of B,,
and D__ is the maximum value of the nu-
merator in Eq. 1 that is allowed by the allele
frequencies. D' is equivalent to r2/r?__ .,
where 12 is the statistic used by Awadalla er
al. (1). Like 2, D' is expected theoretically to
decline as the recombination fraction increas-
es [(3), p. 316]. We tested the correlation
between physical distance and LD using the
Mantel matrix comparison method, a permu-
tation-based approach (6).

Although we obtain the same correlations
for 2 with physical distance as Awadalla et al.
(1), we find that, in contrast to their report, only
two of their data sets yield significance levels
(P) of <0.05, and none of four additional data
sets that we have analyzed show a significant
relationship between 2 and physical distance
(Table 1). Furthermore, neither the data sets
analyzed by Awadalla et al. nor the four addi-
tional sets analyzed here reach statistical signif-
icance when D’ is used (one set does yield a D’
value for which P < 0.05, but the correlation is
positive rather than negative). Most of the D’
values are equal to 1.0, and D’ does not show a
decline with distance in any of the eight data
sets (Fig. 1). Most pairs of sites are at the
maximum level of disequilibrium allowed by
the allele frequencies. Thus, most of the r?
values reported by Awadalla et al. (1) are as
high as they can be given the allele frequencies.
The apparent decline of 2 with distance would
seem to be primarily an artifact of allele fre-
quency dependency.

Awadalla et al. (I) concluded that their
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Fig 1. The relationship between linkage disequi-
librium, measured by D’, and the physical dis-
tance between pairs of polymorphisms, mea-
sured in number of base pairs (bp), using the
data from Awadalla et al. [figure 1A of (7)].
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