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Forum

Mitochondrial DNA sequences in
ancient Australians

In January 2001 Gregory Adcock and six co-authors pub-
lished a paper which made some important claims about
the biological history of Australia’s original population.
Discussion about this paper made it apparent that these
claims raised matters which could usefully be aired in
public. We therefore invited three researchers with such
questions and comments to outline them for us and the
original authors to reply to them. We print below first
Adcock et al.’s abstract (slightly abbreviated), then com-
ments from John Trueman, Colin Groves and Don Colgan
and finally the reply by the original authors. Neither the
comments nor the reply have been refereed or abbrevi-
ated. Further contributions to this discussion are invited.

We thank the various authors for their willingness to
participate in this Forum.

Mitochondrial DNA sequences in
ancient Australians: Implications for
modern human origins.

G.J. ADCOCK, E. S. DENNIS, S. ESTEAL,
G. A.HUTTLEY, L. S. JERMIIN,
W. J. PEACOCK, A. THORNE.
PROCEEDINGS OF THE NATIONAL
ACADEMY OF SCIENCES USA 98 (2001) 537.

We report analysis of mtDNA from the remains of 10
ancient Australians. These include the morphologically
gracile Lake Mungo 3 [~ 60 thousand years (ka) before
present] and three other gracile individuals from
Holocene deposits at Willandra Lakes (<10 ka), all
within the skeletal range of living Australians, and six
Pleistocene/early Holocene individuals (15 to <8 ka)
from Kow Swamp with robust morphologies outside the
skeletal range of contemporary indigenous Australians.
Lake Mungo 3 is the oldest (Pleistocene) “anatomically
modern” human from whom DNA has been recovered.
His mtDNA belonged to a lineage that only survives as a
segment inserted into chromosome 11 of the nuclear
genome, which is now widespread among human popu-
lations. This lineage probably diverged before the most
recent commeon ancestor of contemporary human mito-
chondrial genomes. This timing of divergence implies
that the deepest known mtDNA lineage from an anatom-
ically modern human occurred in Australia; analysis
restricted to living humans places the deepest branches
in East Africa. The other ancient Australian individuals

we examined have mtDNA sequences descended trom
the most recent common ancestor of living humans. Qur
results indicate that anatomically modern humans were
present in Australia before the complete fixation of the
mtDNA lineage now found in all living people.
Sequences from additional ancient humans may further
challenge current concepts of modern human origins.

Does the Lake Mungo 3 mtDNA
evidence stand up to analysis?

J. W. H. TRUEMAN

Adcock et al. (2001) argue that DNA sequence from the
mitochondrial control region D-loop of the Australian
burial Lake Mungo 3 (LM3) provides evidence for the
‘regional continuity’ hypothesis of modern human ori-
gins (Wolpoff er al. 1984) and runs counter to the ‘out of
Africa’ hypothesis of Cann et al. (1987).

Their interpretation hinges on two features of the esti-
mated phylogenetic tree of mitochondrial sequences. The
sequence from LM3 lies outside of a clade representing
modern human mitochondria and is sister to a nuclear
pseudogene located on chromosome 11. The ‘modern’
clade, node D in Adcock er al.’s Figure 1B, includes
sequence from several ‘robust’ fossils as well as all’
‘gracile’ fossils and all living persons in their sample. A
single ‘robust’ skeleton, KS8 (>8,000 years bp) lies out-
side of the clade defined by the common ancestor of
clade D and LM3 but is not as far removed from the
‘modern’ clade as is the Feldhofer Neandertal.

The nuclear pseudogene (Zischler er al., 1995) is
restricted to humans. It differs from extant human mito-
chondrial lineages at between 17-25 positions while
those lineages differ from each other at up to 19 posi-
tions (in the sample of 135 human D-loop sequences
from Vigilant et al., 1991). Thus, it probably results from
an insertion event fairly early in modern human evolu-
tion. Zischler et al. (1995) interpreted the insert as pre-
dating and hence sister to the modern human mitochon-
drial radiation. However, their analyses merely suggest a
possible relationship to the mitochondrial D-loop region
of Pygmy peoples. This would be consistent with an ori-
gin of the pseudogene among modern humans in Africa.

Collura & Stewart (1995) have demonstrated the dan-
ger of contemporary nuclear pseudogene contamination
when mitochondrial DNA is amplified from an ancient
source. Primers may bind to nuclear pseudogenes in
preference to degraded fossil target sequences and appro-
priate controls for pseudogene contamination should be
included in PCR protocols. A least four pseudogenes for
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part or all of the human mitochondrial D-loop HVS1
region are known. One is on chromosome 11 as docu-
mented by Adcock er al . (2001), others are on chromo-
somes 3, 5 and 9 (e.g., Genbank accessions NT005823,
NTO006654, and NT008421). Other human genomic
sequence bearing a strong similarity to relevant portions
of the mitochondrial D-loop pseudogene from Pan
troglodytes occur on chromosomes X (Genbank
AL391375), Y (Genbank ACO025731) and 16
(AC009140). A tragment from an as yet unidentified
chromosome has accession code AC062016. Simple
BLAST searches probing the Genbank nucleotide data-
base recover several further exact H. sapiens nuclear
genome matches to the primers used by Adcock ez al.

The human nuclear genome contains many partial or
complete copies of mitochondrial D-loop sequence any of
which might mistakenly be amplified for LM3 fossil
mtDNA. The sequence data which Adcock er al (2001)
obtatned from LM3 was fragmented. This is consistent
either with degraded mtDNA from the fossil or with conta-
mination from one or more nuclear pseudogene fragments.
Adcock er al (2001) ran controls for modern mitochondrial
contamination but not for potential contamination from
modern pseudogenes. It would seem wise not to read too
much into their result until further checks are done.

If, after checking, the LM3 sequence does prove to
have come from the LM3 fossil two questions become
pertinent: “Why does LM3 appear outside of the ‘mod-
ern’ clade?”, and “Why does it appear sister to the
‘Insert’ sequence?” To answer these questions we must
look at Adcock er al.’s analysis.

A significant feature of any phylogenetic tree estimation
method is that it must return a tree regardless of the quality
of the data. For this reason phylogeneticists routinely report
measures of branch (node, clade) support whenever they esti-
mate a tree. The most commonly used measure of support is
the bootstrap (Felsenstein 1985). A high bootstrap score
(>90%) indicates that ‘Data like these (i.e., regarding the
given data as a sample drawn from a wider universe of char-
acters with similar characteristics) will return this branch
>90% of the time’. Bootstrap scores below 90% sometimes
are interpreted as indicating a tendency or trend not amount-
ing to a statistically well-supported result.

Adcock et al. (2001) used a maximum-likelihood based
tree estimation method that is certain to return a best-fit tree.
They reported numerical scores for branch A (57.7%),
branch B (30.1%) and branch C (60.3%) on their Figure 1B
tree but not for branch D. However, these reported scores are
not conventional bootstrap scores and have no connection
with conventional measures of clade support. Instead,
Adcock er al. sampled a large number of trees that by the
Kishino-Hasegawa test (Kishino & Hasegawa 1989) are not
significantly less likely than the ML tree. They report the
percentage of those trees that contain the branch. The disad-
vantage of this statistic as a measure of support is that the
number of alternative trees not significantly less likely than
the ML tree may be greatly affected by lack of resolution of
some part of the tree. If one branch is strongly supported but
a subset of branches elsewhere on the tree is not, there can be
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many millions of trees that include the branch of interest and
are not significantly less likely than the ML tree. The inter-
pretation of ‘relative likelihood support’ (Jermiin et al. 1997)
as an index of confidence in branches on a tree is extremely
difficult. Similarly, the fact that branches A, B, C and D
appear in each of the 13,000 most likely trees (Adcock et al.,
2001:540) is not evidence for support in the data. That these
same branches appear in a likelihood-weighted consensus of
all 105 possible trees when the ‘modern’ sequences are con-
strained to appear as a group is not convincing- either,
because under that method branch D is constrained to appear
in all trees and its support is not being tested.

Adcock et al. (2001) report conventional bootstrap
scores for an alternative tree-estimation method, neigh-
bor-joining. Reported scores are 96%, 26%, 76% and
37% for branches A, B, C and D respectively. These
scores suggest that the data support branch A and possi-
bly branch C, but not branch B or branch D. However, the
N-J method is inferior to the ML method for finding phy-
logenetic trees from DNA sequence data and this may
account for why Adcock et al. do not dwell on this result.

The variable sites recorded by Adcock et al. are shown
in their Table 1, although individual modern aboriginal
sequences cannot be recovered from that table because
variation within the group is lumped under a heading
‘aboriginal polymorphism’. Variable sites in these
sequences are recorded in Table 2 of van Holst Pellekaan
et al (1998). Taking Adcock et al.’s (2001) Table 1 but
excluding both the uninformative ‘aboriginal polymor-
phism’ row and the two rows labelled ‘contaminant’, an
ML tree and conventional ML bootstrap statistics for the
17 remaining taxa can be readily estimated. A best-fit
likelihood model for these variable sites is an HKYS85
model with the transition-transversion ratio set at 9:1,
base usage as observed and all sites varying at the same
rate. On these data PAUP*4.0b8 (Swofford, 2001) yields
a single best-fit ML tree with the topology shown in
Figure 1. In this tree LM3 is sister to the Insert sequence
but this pair is embedded within the modern mitochondr-
ial radiation and is sister to LM15. Bootstrap scores under
this likelihood model are revealing, with only the
Bonobo-Chimp pair (69%), the Bonobo + Chimp +
Feldhofer group (60%) and the KS1-KS13 group (57%)
achieving a score greater than 50%. The bootstrap score
for the LM3-Insert pair is an insignificant 31%. Thus,
according to this analysis there is no evidence to support
branches B, C or D in Adcock er al.’s (2001) figure.

The above re-analysis treats available fossil sequences
as a sufficient sampling of the putative clade D. Those
fossil sequences, LM15, LM55, KS9, KS16, KS13, KS1,
KS7 and LM4, are all from material much younger than
LM3 and arguably are more likely to represent genuine
mitochondrial sequence. However, in case these
sequences are an inadequate sample of putative clade D
the analysis can readily be expanded by up to ten further
sequences drawn from that clade. Unfortunately any
larger sample of taxa becomes ditficult to analyse owing
to the limitations of maximum likelihood tree estimation
programs. When the sample is expanded to include



sequences T14w9, T15w62, T28w70, T31y74, T32y66,
T38y106, T42y84, T45y70, T46y83 and T47y65 (van
Holst Pellekaan er al. 1998) the ML tree is not changed in
any relevant way nor are the bootstrap scores for relevant
branches altered by more than | percentage point,

An alternative objective function for finding a best-fit
tree is given by cladistic parsimony. When the data from
Adcock er al. (2001) Table 1 are analysed cladistically the
number of equaily parsimonious trees is 179. This is so
whether transversions and transitions are weighted equally
or the former are upweighted 9:1 to match the ML esti-
mate. A consensus of most-parsimonious trees identifies
only the Bonobo-Chimp pair, the Bonobo-Chimp-
Feldhofer triplet, the LM3-Insert pair and the KS1-KS13
pair as having any credence. Analysis under 1:1 weighting
returns bootstrap scores of 79% for the Bonobo-Chimp-
Feldhofer triplet, 55% for the LM3~Insert pair and 60%
for the KS1-KS13 pair. All other scores are below 50%.
Analysis under 9:1 weighting returns 52% for the
LM3-Insert pair , 59% for the KSI1-KS13 pair, 60% for
the Bonobo-Chimp-Feldhofer triplet and 75% for the
Bonobo-Chimp pair. Under either weighting scheme the
bootstrap score for branch D is less than 5%.

Discussion

Before concluding that Adcock er al. have indeed
sequenced the mitochondrial D-loop region of the LM3
fossil it would be wise to run additional checks against
contamination from one or more nuclear pseudogene
sequences from laboratory sources. If the sequence is
- correct the position of that sequence on the mtDNA phy-
logenetic tree in Adcock et al. (2001) Figure 1B requires
explanation. The simplest explanation is that that tree
overstates the amount of hierarchic signal in the data.
Neither node ‘D’ representing a ‘modern’ radiation
excluding LM3, the Insert and KS8, nor node “C’, repre-
senting a sister relationship between LM3 and the Insert,
are in any way supported by the data. Further, there is no
evidence that the Insert itself lies outside the modern
human radiation. Adcock e al. (2001) have presented no
evidence for the survival of a ‘relict’ mitochondrial lin-
eage into the Australian Pleistocene. Any inferences
based on that supposition are unfounded.
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Figure 1. Maximum likelihood tree for the variable sites
from Adcock er al (2001) Table 1. The numbers on
branches are bootstrap scores over 50%. A bootstrap
score of 57% attaches to the branch leading to KS1 and
KS13 but for clarity this is not shown on the figure.
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Lake Mungo 3 and his DNA

COLIN GROVES

The recent paper by Adcock et al. (2001) was big news
in Australia and worldwide. The press and TV told us
that the widely-accepted ‘out-of-Africa’ model of mod-
ern human origins had been disproved, and that two dif-
ferent human lineages, from different regions, had popu-
lated Australia in early times. Commentators seemed to
disagree whether these two lineages had combined to
make up the present-day Aboriginal population, or
whether one had overwhelmed and displaced the other.

Newspapers are given to that sort of oversimplifica-
tion. It is an unusually media-savvy scientist who can get
all the nuances of his or her research over to a journalist
in a way that ensures that it won’t be misrepresented, and
it takes an unusually clued-up science journalist to avoid
oversimplifying a research finding or even getting it
thoroughly mixed up.

What, then, did Adcock et al. really say? Turning to
the original paper, we read the following:

1. They successfully extracted mitochondrial DNA
from 10 ancient Australian human specimens; most of
these were latest Pleistocene in age, but one of them,
Lake Mungo 3 (LM3) is over 60ka. They took precau-
tions against contamination of the ancient sequences by
modern ones; in particular, the two individuals who had
handled the ancient specimens most extensively (Greg
Adcock and Alan Thorne) were themselves sequenced
for comparison with ancient DNA specimens.

2. The ancient sequences were compared with the
Cambridge Reference Sequence, and with sequences
from modern Aboriginal people, Alan Thorne, Greg
Adcock, a mitochondrial insert on chromosome 11, a
Neandertaler, a chimpanzee and a bonobo. (About this
insert, see below). They used a method of analysis called
maximum-likelihood, and set their parameters to reflect
the fact that some mutations (called transitions) are much
commoner than others (transversions).

3. The resulting phylogenetic tree showed (expectedly) a
chimpanzee/bonobo branch and a human branch. The
human branch then split into a Neandertal branch and a
modern human branch. The modern human branch was, in
Adcock er al’s (2001) Figure 1(B), designated Branch A. 1t
then split in turn into two: a branch containing Kow
Swamp (KS) 8 and a branch containing all the rest (Branch
B). Branch B in turn split into Branch C, containing LM3
and the insert, and Branch D containing everybody else —
the Cambridge Reference Sequence, living Aboriginals,
Adcock, Thorne, LM4, 15 and 55 and KS1,7,9, 13 and 16.

4. As modern mtDNA sequences are poorly sorted
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geographically, the ancestor of Branch D was taken to be
equivalent to so-called ‘mitochondrial Eve’, the Most
Recent Common Ancestor (MRCA) of all living people.

5. Relative likelihood support (a measure of the relia-
bility of branches) was 67.7% for Branch A, 30.1% for
Branch B, and 60.3% for Branch C. The support for
Branch D was not given. The exceedingly low support
for Branch B, the one which excludes KS8, was taken to
imply that no reliance could be placed on the separation
of KS8 from other modern humans.

6. There was no difference between the ‘gracile’ (LM)
and ‘robust’ (KS) lineages into which Thorne (1976)
divided Pleistocene Australians.

7. The grouping of Lake Mungo 3 with the insert was
significant, but ‘trees in which the LM3/Insert lineage
branch before the MRCA of contemporary human
sequences were not significantly more likely than trees
in which this lineage diverged after the MRCA of con-
temporary human sequences’ (Adcock et al. 2001:540).

So that is what they said. Is it what the news media
said they said? Yes and no. They did not claim outright
that their findings refute the out-of-Africa model, but
that they ‘present a serious challenge to interpretation of
contemporary human mtDNA variation as supporting’
that model. They did seem to assume that population
replacement was involved, that people with LM3-type
mitochondrial sequences had been replaced by people
descended from ‘Eve’, yet, because LM3 was anatomi-
cally completely modern, there must have been inter-
breeding. They also offered another explanation: that the
‘Eve’ mtDNA type might have been much fitter than
others, so that there was a worldwide ‘selective sweep’
that replaced the one type with another.

[ will take up several issues, addressing not what the
news media said they said, but the rather more cautious
interpretations which they actually put on their research.
And some issues arising from the paper itself. I want to
address, very briefly, whether their evolutionary tree (Fig
1B) is valid; the meaning of ‘Eve’; the MRCA of mod-
ern mtDNA; the nature of the famous insert; and the
Australian human fossil record itself.

Is their evolutionary tree valid?

In Adcock er al’s evolutionary tree (Figure 1B), rela-
tive likelihood support is given for Branches A, B and
C but not for Branch D. This is simply astonishing.
Branch D is the branch which groups all moderns
(excluding the enigmatic KS8) and separates them from
LM3 and the insert. The validity of this Branch is the
lynchpin of the entire edifice. Unless it is significant,
then the only conclusions which can be drawn tfrom the
analysis are that a) we are not Neandertals, which we
know already, and b) LM3 resembles the insert, which
is indeed interesting and needs discussion; but not,
absolutely not, that LM3’s mtDNA and the insert pre-
date the MRCA. And yet we are offered no evidence
that it is significant!






