Gene Lineages and Human Evolution

I a recent article, Francisco J. Ayala (1)
does an excellent job of debunking many of
the myths surrounding the “mitochondrial
Eve” hypothesis. However, one myth is per-
petuated. In discussing the “multiregional
model” of gene flow, Ayala (1) correctly
notes that this requires “persistent migra-
tions and interbreeding between popula-
tions from different continents”, but then
incorrectly adds that there is “no direct
evidence” of this in the genetic data. How-
ever, strong and statistically significant ev-
idence of recurrent genetic exchange be-
tween prehistoric human populations on
different continents does exist. When geo-
graphical data are overlayed on the mito-
chondrial DNA (mtDNA) haplotype tree
with rigorous statistical evaluation and in-
terpreted with the use of explicit and ob-
jective criteria (2), a fractal-like pattern of
continental distributions is observed that
recurs throughout the entire mtDNA gene-
alogy at all time depths (3, 4). Such a
pattern could have arisen from recurrent
gene flow (albeit at low levels in this case),
but could not have arisen from a single
episode of range expansion, such as an out-
of-Africa replacement (2, 3, 4) (although
no intercontinental population expansions
were detected in these studies, regional ones
were, such as an expansion across Europe).

Avyala (1) states that African and non-
African populations “split” about 156,000
years ago. This “split” hypothesis is based on
the genetic distances (the distances created
by allele frequencies that differ between
populations) found in nuclear DNA. If such
a split between human populations had oc-
curred, the genetic distances would be a
reflection of the time since the split. An
alternative explanation is that the genetic
distances reflect a pattern of recurrent but
restricted gene flow among human popula-
tions throughout recent human evolution-
ary history, with lower amounts of gene
flow leading to larger genetic distances.
One mechanism for restricted gene flow is
isolation-by-distance, which predicts that
the most geographically distant populations
would have the lowest amount of effective
gene flow. These two explanations make
different and testable predictions. A split
between African and non-African popula-
tions would affect not only nuclear genetic
distances, but also the geographical overlay
on the mtDNA haplotype tree. Explicit and
objective criteria exist for inferring splits
with gene tree data (2), but no split is
detected from the human mtDNA data (3,
4). A split between Africans and non-Afri-
cans would also imply that Asians and Eu-
ropeans would be equally distant genetically
from Africans, and Asians and Europeans

should be equidistant from their common
ancestral node. In contrast, the restricted
gene flow hypothesis with isolation-by-dis-
tance (the model indicated by the mtDNA
analysis 3, 4) predicts that Asians should be
the most distant genetically from Africans,
with Europeans lying in between. The nu-
clear data sets referenced by Ayala (1), and
many other sets, support the restricted gene
flow hypothesis and often provide a statis-
tically significant rejection of the African—
non-African split hypothesis as well (3, 4).
Thus, we know of no evidence that supports
the hypothesis of an African-non-African
population split in either the mtDNA or
the nuclear DNA data. Rather, research
indicates that all humans constitute a single
evolutionary lineage, with populations
showing (i) regional genetic differentiation
because of restricted, but recurrent, gene
flow along with (ii) some recent, regional
range expansions (3, 4).

What do these conclusions imply for the
origin of anatomically modern humans?
Different modern traits could have evolved
in different geographical regions, and then
spread throughout all of humanity by the
combined effects of gene flow and selection
(4, 5). Alternatively, modern traits could
have arisen first in a single geographical
location (within the range of ancient hu-
mans, which includes Africa) and then
spread throughout all of humanity (again by
the combined effects of gene flow and se-
lection). Because gene flow was restricted,
regional genetic differentiation among hu-
man populations would be expected and
could persist even as the genes for anatom-
ically modern traits were spreading (4).

Recent debates (6) about the human-
oid fossil data are based on the myth that
replacement of one physical feature in a
fossil series with another feature can only
be created by one population replacing
another (by exterminating them, for ex-
ample), but such fossil patterns could be a
reflection of one genotype replacing an-
other through gene flow and natural selec-
tion. Morphological replacement should
not be equated with population replace-
ment when one is dealing with popula-
tions that can interbreed.

The mtDNA and nuclear DNA data
show that gene flow occurred in Old World
human populations throughout recent hu-
man evolution, but these data do not help
one to discriminate between the multi-re-
gion and single-region gene flow hypotheses
(discussed two paragraphs above). This can
only be done with the use of fossil data. The
two data sets are complementary: Fossils
can reveal the patterns of evolution, and
genes can reveal the processes that could
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have lead to the observed patterns. The

most important information that the genet-

ic data have yielded so far is that humans

evolved into their modern form as a single

unit, despite past and current regional dif-
ferentiation for some traits.
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Response: Hominid evolution from Austra-
lopithecus to Homo habilis to Homo erectus
occurred in Africa. Shortly after its emer-
gence somewhat more than 1.8 million
years ago (Ma), H. erectus spread to other
continents. Fossil remains of H. erectus from
faraway Java and the Caucasus have been
dated to between 1.6 and 1.8 Ma. The
transition from H. erectus to H. sapiens
occurred around 400,000 years ago, and the
origin of anatomically modern humans
somewhat before 100,000 years ago.

The origin of modern humans is debated.
Some scientists argue that it occurred in
Africa, whence they spread throughout the
world, there replacing any preexisting hu-
mans. Proponents of the multi-regional mod-
el argue, instead, that the transition from H.
erectus to modern humans occurred conso-
nantly in various parts of the Old World.
This explanation postulates “persistent mi-
grations and interbreeding between popula-
tions from different continents, of which no
direct evidence exists,” as I wrote in my
article (1). Templeton disagrees with my “no
direct evidence” statement. He then argues
that his statistical analysis of published
mtDNA data demonstrates that some re-
gional expansions occurred, such as an
expansion across Europe, “although no in-
tercontinental  population  expansions
were detected. . . . ” But this conclusion of
Templeton’s (no intercontinental expan-
sions) appears, in fact, to support my point
(no direct evidence of intercontinental
migration).

In any case, Templeton’s mtDNA anal-
yses are largely irrelevant to the issue at
hand. What is at stake is the continuity
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from early dispersed H. erectus, dated 1.6 to
1.8 Ma, to anatomically modern Homo sa-
piens. The mtDNA data embrace much
more recent times, the last 200,000 years in
the prevailing view.

In my article (1), I quoted the conclu-
sion of Goldstein et al., derived from the
analysis of 30 DNA polymorphisms, that
the deepest split separating African from
non-African populations occurred 156,000
years ago (2). But I also quoted estimates for
the origin of anatomically modern humans,
derived from mtDNA, of 200,000, 143,000,
298,000, and 622,000 to 889,000 years ago;
and estimates derived from Y chromosome
studies of 270,000, 168,000, and 37,000 to
49,000 years ago. 1 did not favor any par-
ticular date, but rather pointed out that the
discrepancies underscore “the need for more
extensive and accurate data” (1).

[ do not find it surprising that disparate
estimates exist for the origin of anatomically
modern humans or for the split between
African and non-African populations. The

estimates depend on many uncertainties, in-
cluding the assumption that rates of molec-
ular evolution are constant and that we
know precisely enough what rate to apply in
each particular case. Rather, what I find
surprising is the “assurance with which some
molecular evolutionists assert the precise
dates they infer from their analyses.” (3).
Templeton states that he knows of “no
evidence for a split” between African and
non-African populations. But there is plen-
ty of evidence. Cavalli-Sforza et al. (4), for
example, have analyzed 120 genes in 42
populations broadly representative of the
world, and shown a deep split between Af-
rican and non-African populations. The
split is statistically robust, present in about
83% of bootstrap replications. When the 42
populations are collapsed into nine com-
pact clusters, the bootstrap value rises to
98%. Perhaps Templeton would argue that
this split and other evidence is not conclu-
sive of the African replacement hypothesis
(because the split can also be explained by

models that assume restricted gene flow be-
tween populations); this happens to be my
view as well. The weight of evidence, I
wrote, favors a recent African origin for
modern humans, but the replacement may
not have been complete everywhere. Many
uncertainties remain, so that only the future
will “provide more definitive and precise
answers” (1).
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AAAS-Newcomb Cleveland Prize

To Be Awarded for a Report, Research Article, or
an Article Published in Science

The AAAS-Newcomb Cleveland Prize is awarded
to the author of an outstanding paper published in
Science. The value of the prize is $5000; the winner
also receives a bronze medal. The current competition
period began with the 2 June 1995 issue and ends with
the issue of 31 May 1996.

Reports, Research Articles, and Articles that in-
clude original research data, theories, or syntheses and
are fundamental contributions to basic knowledge or
technical achievements of far-reaching consequence
are eligible for consideration for the prize. The paper
must be a first-time publication of the author’s own
work. Reference to pertinent earlier work by the author
may be included to give perspective.

Throughout the competition period, readers are

invited to nominate papers appearing in the Reports,
Research Articles, or Articles sections. Nominations
must be typed, and the following information pro-
vided: the title of the paper, issue in which it was
published, author’s name, and a brief statement of
justification for nomination. Nominations should be
submitted to the AAAS—Newcomb Cleveland Prize,
AAAS, Room 1044, 1200 New York Avenue, NW,
Washington, DC 20005, and must be received on or
before 30 June 1996. Final selection will rest with a
panel of distinguished scientists appointed by the
editor-in-chief of Science.

The award will be presented at the 1997 AAAS
annual meeting. In cases of multiple authorship, the
prize will be divided equally between or among the
authors.
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