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Errors, Phantom and Otherwise, in Human mtDNA
Sequences

To the Editor:
The good news is that a very large number of human
mtDNA sequences from diverse populations and ethnic
groups are becoming available for analysis. The bad news
is that many of these sequences contain errors (Dennis
2003; Forster 2003). In at least one instance, that of the
Icelandic population, it appears that mtDNA sequence
errors were a contributing factor (although not the only
one) to an erroneous conclusion about the genetic di-
versity of these people (Arnason 2003). Forster (2003)
cites other examples where mtDNA sequence errors have
compromised analyses of population genetics and hu-
man evolution. In a reanalysis of mtDNA sequences in
the Ladin population of the Alps, the original conclu-
sions on population diversity were not overturned after
the use of more accurate sequences (Vernesi et al. 2002).
At this point, we do not know the extent of the damage,
so to speak, caused by mtDNA sequence errors. Nev-
ertheless, it is clear that correcting such errors must be
undertaken as quickly as possible.

As a result of our reduced median network analyses
(Herrnstadt et al. 2002), we released a database of 560
human mtDNA coding region sequences. A small num-
ber of errors in these sequences were detected by Dr.
Hans-Jürgen Bandelt, and we were able to correct these,
as noted in an erratum that was published soon after our
original report (Herrnstadt et al. 2002). Subsequently, a
systematic approach to the detection of phantom se-
quence errors was published in this Journal (Bandelt et
al. 2002). As defined by these investigators, phantom er-
rors are those that arise during the sequencing process
itself. Dr. Bandelt contacted us again and suggested that
there were phantom mutations in our mtDNA database.
Specifically, the likely errors involved GrC transversions
at nt 7927 and nt 7985. Such a result was surprising to
us, because we believed that our sequencing approach
and quality control measures had avoided such errors.
Therefore, we used Dr. Bandelt’s information as a start-
ing point for a comprehensive reanalysis of our database.

After reanalysis, which included inspection of the elec-

tropherograms for all GrC and CrG transversions, we
found that 41 of these mtDNA sequences contained at
least one such phantom error. In fact, there were more
such phantom errors than those suggested by Dr. Ban-
delt. In addition to the phantom transversions at posi-
tions 7927 and 7985, we detected instances of other such
errors that included ones at nucleotide positions 500,
14160, 14460, 14974, and 16239. However, these errors
did not occur randomly throughout the database. Instead,
we could “isolate” the errors to a short time period that
was relatively early during our large-scale mtDNA se-
quencing program. With the benefit of hindsight, it ap-
pears that the frequency of these errors was caused by
two technical factors (see also Bandelt et al. 2002). The
first was that one particular capillary array of the ABI
3700 DNA Analyzer produced suboptimal base sepa-
rations, whereas the second was that the sequencing
chemistry at that time utilized an early version of rea-
gents that was optimized subsequently.

In addition to these 41 sequences, we also found that
an additional 26 mtDNA sequences contained errors that
arose during data entry or editing. As a result of this
reanalysis, we have corrected the database of 560 se-
quences, which is available through the MitoKor Web
site (the URL address is given below).

Have these errors invalidated our network analyses?
Not to a substantial degree. Many of the sequence errors
generated private polymorphisms, which were not in-
cluded in our analyses. Furthermore, a substantial pro-
portion of the branches in these networks were established
by multiple substitutions (see figs. 1–4 in Herrnstadt et
al. 2002), and, so far, we have no evidence from additional
network analysis that the original results need major re-
vision. Can we now guarantee that our mtDNA database
is error free? No. Although such is our goal, it is not
practical, and it is probably not technically feasible.

It is now clear that many mtDNA databases or sequence
sets contain errors (Forster 2003). The solution to this
problem is further effort, both at the front end (the se-
quencing process itself) and at the back end (increased
quality control) of mtDNA database construction.
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South Asia, the Andamanese, and the Genetic
Evidence for an “Early” Human Dispersal out of
Africa

To the Editor:
The out-of-Africa model of anatomically modern human
evolution posits an African origin 100,000–200,000 years
ago, followed by subsequent dispersal(s) to Eurasia and
other continents within the last 100,000 years (Stringer
and Andrews 1988). Although alternative models have

been proposed, the out-of-Africa scenario receives the
most support both from archeological and genetic evi-
dence (Lahr and Foley 1994). However, the route(s) fol-
lowed by the African migrants remain poorly understood.
One proposed route was through northern Africa toward
the Levant, which finds support in the archeological and
fossil records (Lahr and Foley 1994). This exit of modern
humans out of Africa would have taken place during the
Upper Paleolithic era (∼45,000 years ago), which consid-
erably postdates the earliest evidence of modern human
presence in the Sahul. Indeed, luminescence dating, pa-
leovegetation changes, and skeletal remains suggest that
Australia was inhabited by modern humans by 60,000
years ago (Roberts and Jones 1994; Johnson et al. 1999;
Miller et al. 1999; Thorne et al. 1999), implying a sub-
stantially earlier migration from Africa to Australia. To
take this evidence into account, as well as morphological
and archeological features of many Australian fossils, a
second migration of modern humans, known as the
“southern route” hypothesis, was suggested to have oc-
curred during Middle Paleolithic times (60,000–100,000
years ago) from eastern Africa to Sahul via South Asia
(Cavalli-Sforza et al. 1994; Lahr and Foley 1994).

In the January 2003 issue of the Journal, Endicott et
al. (2003) investigated the genetic affinities of 11 Anda-
man islanders, a group of people in the Indian Ocean
with phenotypic similarities to some African populations
(i.e., “Negrito” features) and reputed to be possible de-
scendants of early migrants out of Africa to Sahul, fol-
lowing the southern route. The authors claim that the
results of their investigation “support the growing evi-
dence of an early movement of humans through southern
Asia.” In our opinion, Endicott and colleagues’ results do
not support any relationship between the present An-
damanese population and the hypothesized early south-
ern migration. The authors identified three different
mtDNA haplotypes in 11 Andaman islanders, two be-
longing to haplogroup M2 and one belonging to M4.
These haplogroups had previously been reported only in
the Indian subcontinent (Kivisild et al. 1999b; Bamshad
et al. 2001). The Andaman M4 haplotype has been found
previously in mainland India (Kivisild et al. 1999b),
whereas the two Andaman M2 haplotypes are (so far)
unique to the Andamanese. Given that (1) the latter two
types occupy a basal position in the M2 network, which
has an estimated coalescence time of 63,000 � 6,000
years (Kivisild et al. 1999b), and (2) they are not found
in mainland India, Endicott et al. (2003) conclude they
represent an “early” settlement of the Andaman Islands.
These two points need discussion.

Regarding point 1, the age of a haplogroup cannot be
automatically equated to the age of subsets of this hap-
logroup. The founding type of haplogroup M2, charac-
terized by 16223T and 16319A relative to the Cambridge
reference sequence (CRS) (Anderson et al. 1981) (fig. 1),


	Errors, Phantom and Otherwise, in Human mtDNA Sequences
	Acknowledgments
	Electronic-Database Information
	References


