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ABSTRACT

An important question in the ongoing debate on the origin of Homo sapiens is whether modern human
populations issued from a single lineage or whether several, independently evolving lineages contributed
to their genetic makeup. We analyzed haplotypes composed of 35 polymorphisms from a segment of the
dystrophin gene. We find that the bulk of a worldwide sample of 868 chromosomes represents haplotypes
shared by different continental groups. The remaining chromosomes carry haplotypes specific for the
continents or for local populations. The haplotypes specific for non-Africans can be derived from the
most frequent ones through simple recombination or a mutation. In contrast, chromosomes specific for
sub-Saharan Africans represent a distinct group, as shown by principal component analysis, maximum
likelihood tree, structural comparison, and summary statistics. We propose that African chromosomes
descend from at least two lineages that have been evolving separately for a period of time. One of them
underwent range expansion colonizing different continents, including Africa, where it mixed with another,
local lineage represented today by a large fraction of African-specific haplotypes. Genetic admixture
involving archaic lineages appears therefore to have occurred within Africa rather than outside this
continent, explaining greater diversity of sub-Saharan populations observed in a variety of genetic systems.

N the ongoing debate on the origin of Homo sapiens,
genetic studies usually support the recently-out-of-
Africa model, according to which modern humans
emerged in Africa 200,000 to 100,000 years ago and
then dispersed throughout the Old World, replacing
preexisting archaic hominids with little or no admixture
(CANN et al. 1987; STRINGER and ANDREWS 1988; HAR-
PENDING et al. 1993; CAVALLI-SFORZA et al. 1994; CHEN
et al. 1995; HORATI et al. 1995; NEI 1995; BATZER et al.
1996; TisHKOFF el al. 1996; KRINGS et al. 1997). The
greater genetic variability in sub-Saharan Africa, seen
in the molecular data (CANN et al. 1987; BowcocKk et
al. 1991, 1994; JorpE et al. 1997; CLARK el al. 1998;
HAMMER et al. 1998; Z1eTKIEWICZ et al. 1998) as well as
in craniometic measurements (RELETHFORD and HAR-
PENDING 1994), was used as an argument for (i) the
older age of the population in Africa (CANN et al. 1987)
and (ii) a larger long-term effective population size on
this continent (RELETHFORD and HARPENDING et al.
1995; ROGERS and JORDE 1995; ZIETKIEWICZ et al. 1998).
The underlying assumption in these interpretations was
a continuity of genetic pools among populations of mod-
ern humans, possibly constrained by the recent out-of-
Africa demographic bottleneck (T1SHKOFF et al. 1996).
Our analysis of DNA haplotypes in an 8-kb segment from
the dystrophin gene (hereafter referred to as dys44)
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provides evidence for a discontinuity in the genetic
makeup of the present-day humans. In particular, (i)
it provides evidence for an expansion of one lineage
throughout different continents and (ii) it suggests that
a greater genetic diversity in sub-Saharan Africans as
compared to other continental populations could be
due to enrichment of their genetic pool through admix-
ture with independently evolving local lineage(s).

MATERIALS AND METHODS

Populations: The reported haplotypes represent the popula-
tion sample consisting of 262 sub-Saharan African chromo-
somes (58 West African, 56 M’Buti, and 81 Biaka Pygmy, and
67 African American); 187 European (25 Polish, 26 Italian,
106 French-Canadian, and 30 of mixed European origin); 195
Asian (65 Japanese, 80 Chinese, 22 Siberian, 28 Mongolian);
159 from the Americas (76 Maya and 83 Karitiana), and 65
from Oceania (24 Coastal and 41 Highland New Guinea Pa-
puan chromosomes). DNA samples were kindly provided by
M. Batzer, M. Jamba, J. Jaruzelska, K. Kidd, D. Modiano and
L. Osipova or isolated from peripheral blood collected with
prior informed consent from volunteers in Montreal. All sam-
ples, except for Mongolians and additional Europeans, were
previously analyzed for dys44 polymorphisms, as reported by
ZIETKIEWICZ el al. (1997, 1998).

Nucleotide diversity data and derivation of haplotypes: The
genomic segment dys44 comprises 7622 bp of mostly intronic
sequence surrounding exon 44 of the human dystrophin gene
on the Xp2l. Thirty-five simple nucleotide polymorphisms,
including two three-nucleotide deletions and one eight-nucle-
otide duplication as well as one three-allelic site due to two
substitutions, were previously ascertained by single-strand con-
formational polymorphism heteroduplex analysis in 250
worldwide distributed chromosomes (ZIETKIEWICZ el al. 1997).
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The analyzed population samples were subsequently typed
by allele-specific oligonucleotide hybridization as described
(ZIETKIEWICZ el al. 1997).

The haplotypes reported here were derived as a subset of
an extended population sample of 1289 chromosomes, which
included additional chromosomes of Euroasiatic origin (to
be reported elsewhere—E. ZIETKIEWICZ, V. YoTOVA and D.
LaBUDA, unpublished results). Converting autosomal geno-
type data into haplotypes typically requires pedigree analysis
or additional experimental effort like allele-specific amplifica-
tion to determine the phase (e.g., FULLERTON et al. 1994; HAR-
DING et al. 1997; CLARK el al. 1998). Computer-assisted ap-
proaches rely on subtracting known haplotypes from the
multiple heterozygote genotypes, which eventually initiates a
cascade of haplotype solving (CLARK 1990). In the X-linked
dys44segment the derivation of haplotypes was straightforward
in hemizygous males as well as in homozygous and single
heterozygous females. These haplotypes represented 67% of
the chromosomes in the sample analyzed (in Figure 1, these
haplotypes have names beginning with an uppercase B). In the
nextstep the remaining multiple-heterozygous female samples
were resolved assuming the most likely combinations of two
unambiguously solved haplotypes. Compared to the algorithm
described by CLARK (1990) our approach additionally took
advantage of the population frequencies of the unambigu-
ously assigned haplotypes. Briefly, an algorithm was imple-
mented (ACCESS database) creating a table with the geno-
types in question presented, whenever possible, as a sum of
two known haplotypes in all combinations. All unique solu-
tions were accepted, whereas in the case of multiple choices,
choosing the most likely combination was based on two crite-
ria: (i) the combined frequencies (product) of the contribut-
ing haplotypes and (ii) these haplotypes’ hierarchical occur-
rence, with the priority given to the local population, then to
the closest group, and finally to the continental cluster (when,
for a given sample, these two criteria favored two different
solutions, the genotype was left for “manual” solving). This
phase resulted in resolving 25% of all chromosomes (or three-
fourths of multiple heterozygous genotypes). The remaining
genotypes (8.2% of all chromosomes) could not be presented
as a sum of two known haplotypes, but in a significant portion
a contribution of one of the known haplotypes could be recog-
nized. The choice of a new haplotype from among all possible
combinations that included a known haplotype was done
“manually.” The most likely solutions were chosen, taking into
account the population frequency of the known haplotype
and the recurrent appearance of the new derived haplotype.
Simplicity of the new haplotype structure was used as an addi-
tional criterion: a new haplotype was chosen if it could be
derived preferably by a single (or if not, by a double) recombi-
nation between known haplotypes, whose frequencies in popu-
lations were taken into accountin the case of multiple choices.
In the portion of genotypes solved in this way (5.6% of the
total), i.e., by indirectly inferring novel haplotypes, these were
assigned names beginning with a lowercase b. The remaining
genotypes were left unsolved since (i) no contribution of any
known haplotype could be recognized, (ii) several solutions
were equally likely using the criteria above, or (iii) no simple
likely connection (through recombination or mutation) to
known haplotypes could be assigned. As a result 17 samples
(34 chromosomes, 2.6% of the total) were excluded from
further analyses [for this reason site 86 (see ZIETKIEWICZ el
al. 1998) was not considered here]; the number of reported
haplotypes is thus conservative. Haplotypes found in more
than one continental group of populations were called com-
mon; those restricted to one continental group or to a popula-
tion were called specific.

Quantitative analyses: Principal component (PC) analysis

using allele frequencies at 35 dys44 segregating sites in differ-
ent populations or groups of chromosomes was carried out
using the program Population Structure Statistics by Harpend-
ing (HARPENDING et al. 1996), kindly provided by M. Batzer.
A maximum likelihood tree from the allele frequencies was
constructed using CONTML (and evaluated using BOOT-
STRAP) program from Phylip package 3.5 (FELSENSTEIN
1993). The tree was rooted by setting at 1.0 the frequencies
of ancestral alleles inferred by comparison with orthologous
positions in chimpanzee, gorilla, and/or orangutan DNA: the
human allele identical by state with at least two of the great
ape orthologues was considered ancestral. Given the mutation
rate in the order of 107Y per nucleotide site per year, there
is a very small chance that a recurrent event would have taken
place since the divergence of these species and the human
lineage 5-12 million years ago. In other words, the probability
is negligible that a human allele identical with the correspond-
ing site in the great apes results from a back mutation or that
three identical mutations occurred independently after the
separation of these lineages. In practice, therefore, in the case
of simple nuclear DNA polymorphisms considered here, the
identity by state of a human allele and the corresponding
positions in great apes is tantamount to their identity by de-
scent (ZIETKIEWICZ el al. 1998). Nucleotide diversity, A, was
calculated from allele frequencies (gene counting) at 35 segre-
gating sites in the total sample, in Africans and non-Africans,
or in population subgroups containing common or specific
haplotypes. The Fg; statistic was evaluated as (hr — hs)/hr,
where At corresponds to the nucleotide diversity of the entire
population (calculated from the weighted allele frequencies)
and hs to the average of the contributing subpopulations
(HarTL and CLARK 1989). If two subpopulations diverge and
remain genetically isolated, F4r is expected to grow with time:
Fir(g) = 1 — exp(—g/2N), where Nis the long-term effective
population size of the diverging populations and gis the num-
ber of generations since the divergence (WRIGHT 1969); in
the case of dys4#4, 1.5N rather than 2N has to be used in the
formula above, correcting for the ratio of X chromosomes to
autosomes.

RESULTS

Excess of dys44 variability in Africa: In dys#4 segment,
36 simple polymorphisms were previously ascertained
in a sample of 250 X chromosomes from all over the
world (ZIETKIEWICZ el al. 1997, 1998). Following ex-
tended genotyping of these polymorphisms in more
than a thousand chromosomes (not shown), 21 new
alleles were found distributed worldwide, 13 were con-
firmed unique to sub-Saharan Africa (hereafter referred
to as Africa), and only 2 were restricted to populations
from other continents (Japan and Papua New Guinea).
The new information reported here was obtained by
analyzing polymorphic sites in their genomic context,
i.e., as haplotypes representing combinations of alleles
on a single chromosome. Dys44 haplotypes shown in
Figure 1 were built from 35 sites, i.e., excluding a solitary
African site 86 (see MATERIALS AND METHODS) and
counting a single three-allelic polymorphism as two sep-
arate sites, 95 and 96. Derivation of haplotypes required
substantial additional experimental effort; inversion of
an allele due to misreading or mistyping was of little
consequence for frequency evaluation in a large sample
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but, in most cases, it would have led to a novel false
haplotype. The analysis therefore included verification
of the data and retyping of a variety of samples, resulting
in elimination of spurious haplotypes and confirmation
of the reported ones.

Sixty-four haplotypes were observed among 868 chro-
mosomes representing 19 populations from different
continents. Haplotypes found in populations from more
than one continent are referred to as common, as op-
posed to specific ones, found only in a single continental
group. Fourteen haplotypes were classified as common
(Figure 1a). The chromosomes carrying common hap-
lotypes represented 82% of the total sample, and among
these, 75% chromosomes in Papuans from New Guinea
(PNGs), 93% in Asians, 93% in Europeans, 96% in Am-
erindians, and only 58% in Africans. Among the com-
mon haplotypes all but one (b052—see Figure 1a) were
shared between Africans and non-Africans. The re-
maining 50 haplotypes (Figure 1b) were specific to the
continental groups: 28 were found on chromosomes
from Africans, and 22 were found on chromosomes
representing PNGs, Asians, Europeans, and Amerindi-
ans. The greater African diversity relative to other conti-
nental groups was therefore seen in the increased num-
ber of dys44 segregating sites as well as in the excess of
specific haplotypes (42 and 8% of all chromosomes from
Africa and outside, respectively); see Summary statistics
below.

Discontinuity in dys44 haplotypes: Inspecting the
structure of dys44 haplotypes reveals a striking dissimi-
larity between African-specific and the remaining chro-
mosomes. In non-Africans, the groups of common and
specific haplotypes appear to be closely related: specific
ones can be most parsimoniously derived (i) by muta-
tions occurring on the mostfrequent common haplo-
types (sites 48 and 87, on B001 and B002, respectively)
or (ii) by recombinations involving two or three com-
mon haplotypes from among the 8 most frequent (Fig-
ure 1b, right column). In contrast, specific haplotypes
in Africans are structurally disparate from the common
ones. First, 19 out of the 28 African-specific haplotypes
are easily recognized by the presence of African-only
polymorphisms (see Figure 1b). Second, the structure
of the haplotypes on which these polymorphisms reside
cannot be related in a simple way to those that are
shared with other continents. Only 5 of the African-
specific haplotypes (B024, B032, B037, b063, and B027)
could be proposed to result from recombinations or
a mutation (at site 64) involving exclusively common
haplotypes. The remaining ones cannot be related in a
simple way to the set of common haplotypes; in contrast,
they can be easily derived through a single mutation or
through a single or double recombination by implicat-
ing other haplotype (s) from the African set. To illustrate
the possibility of such a structural relationship, five fre-
quent African-specific haplotypes (B007, B010, B012,
B018, and B017, indicated by dashes in the last column

in Figure 1b) were arbitrarily selected to derive the less
frequent ones. At three instances (B022, B047, b059)
multiple genetic events, through a number of possible
pathways, would have to be postulated to relate these
with any other known haplotypes—these African haplo-
types were therefore left unassigned (denoted by a ques-
tion mark in the last column in Figure 1b).

Initially, the low world frequency of the new alleles
at African-specific sites suggested the recent origin of
the underlying mutations (ZIETKIEWICZ et al. 1998).
However, their haplotype context contradicts such an
interpretation. First, the same new allele is found associ-
ated with many different haplotypes, causing the reduc-
tion of linkage disequilibrium with the adjacent poly-
morphisms. At four sites the same new allele was
associated with at least 3 (up to 11) haplotypes, at four
sites with 2 different haplotypes, and only four sites were
uniquely found associated with a single haplotype. This
indicates that the corresponding chromosomes must
have undergone multiple historical recombinations.
Second, different African-specific sites tend to cluster
within the same haplotype, with up to four new African
alleles found on the same haplotype (e.g., B047—4 al-
leles; BO12, B018, B021, and b062—3 sites). Such clus-
tering could have resulted (i) from succession of new
mutations within the same chromosome lineage or (ii)
from recombinations juxtaposing mutations that arose
on independent chromosomes. Both mechanisms are
expected to require a substantial evolutionary time to
generate the observed structure of the African-specific
haplotypes. The mutation rate in dys44 was estimated
at 2.3 X 107! per generation per segment (ZIETKIEWICZ
et al. 1998) and the recombination rate can be assumed
to be in the same order of 107* per generation per
segment (ABBS el al. 1990).

According to the qualitative analysis above, the spe-
cific chromosomes in continental groups other than
Africans can be directly derived from the common hap-
lotypes, indicating evolutionary continuum, while the
African-specific chromosomes appear to represent a
subset with an evolutionary history distinct from the
rest of the sample. A series of tests were carried out
to examine these observations independently and to
quantify the differences between the continental pools
of common and specific chromosomes.

PC analysis: This analysis has the advantage of allowing
the graphical presentation of multidimensional data in
a reduced number of dimensions (CAVALLI-SFORZA et
al. 1994). First we used the frequencies of 35 dys44
polymorphisms to infer genetic affinities among the
populations represented in our sample. Second, to ex-
amine whether the effect of continentally restricted
sites, “weighting” especially heavily in the African-spe-
cific sample, could alone be responsible for the observed
effect, the analysis was repeated considering only 21
worldwide distributed polymorphisms. A remarkable
separation of the African-specific haplotypes from the
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rest of the sample was seen using both total and the
reduced number of sites. Figure 2 showing the results
for 21 sites illustrates well this effect, which obviously
was even more dramatic with 35 polymorphisms (not
shown). On the PC plot in Figure 2a geographically
related groups of populations cluster together; the vari-
ance attributable to the first and the second component
(50.4 and 28.2% to the total variance, respectively) re-
flected differences between the continental groups and
was enhanced by the presence of outliers represented
by population isolates such as Karitiana from Brazil,
Highland Papuans from New Guinea, and M’Buti Pyg-
mies from Congo. To examine the relatedness of the
common and specific haplotypes, the groups of com-
mon and specific chromosomes in the populations were
considered separately (specific chromosomes in non-
African populations were pooled continentally because
of small per population numbers). This stratification
led to a rearrangement of the PC plot (Figure 2b).
African-specific chromosomes are clearly separated
from the cluster of common African haplotypes found
in the center of an even greater cluster including all
other non-African groups, both common and specific.
This analysis confirms conclusions from structural com-
parisons above (Figure 1 and previous section), indicat-
ing that the African-specific haplotypes represent lin-
eages distinct from those of the common haplotypes
and the closely related non-African-specific haplotypes.

Phylogenetic analysis: Subsequently, the frequencies
of the polymorphisms in dys44 were used to construct
the maximum likelihood tree of the groups of common
and specific haplotypes as in the PC analysis. The tree
shown in Figure 3 was constructed considering the 21
worldwide-distributed sites (essentially the same tree,
only with deeper separation among the groups of Afri-
can-specific chromosomes, was obtained using all 35
polymorphisms, not shown). In the tree, the non-Afri-
can populations clustered continentally, with bootstrap
analysis supporting grouping of European (82/100)
and Amerindian populations (71/100). The separation
of the African-specific haplotypes from the remaining
groups, including common African haplotypes, was sup-
ported by the highest bootstrap value in the tree (88/
100), thus further reaffirming the distinctiveness of the
African-specific haplotypes. In addition, the African-spe-
cific haplotypes were the closest to the root of the tree
and more dispersed, suggesting that they represented
relatively older lineages.

Summary statistics: Table 1 compiles nucleotide di-
versity values that were obtained for all chromosomes
in the total sample, in non-Africans and Africans (col-
umns), and for the corresponding pools of chromo-
somes carrying common and specific haplotypes (rows).
The overall nucleotide diversity z = 0.000977 for the
total sample is similar to the values obtained with other
loci (L1 and SADLER 1991; HARDING et al. 1997; CLARK
et al. 1998; Harris and HEy 1999; JARUZELSKA et al.

Count
African

Count

occurence  N-Afr.

-

e

-

-

-

-

Haplo (2 3 5 8 101214 15 18 20 25 30 32 33 35 38 40 45 48 50 55 58 59 64 65 70 71 72 85 87 88 90 93 95 96|Continental

1D

FIGURE 1.—Dys44 haplotypes occurring on more than one continent are listed as common (a) while those restricted to a single continent as specific (b). The haplotypes
(built of 35 segregating sites indicated at the top) are defined by the presence (number 1) or absence (empty space) of a new allele at each of the sites (allele shared
with the chimpanzee, gorilla, and/or orangutan was considered ancestral). The order of polymorphisms corresponds to the physical map; new alleles whose occurrence

is continentally restricted are boxed (ZIETKIEWICZ ef al. 1998). The symbol <> indicates “all except.” In the putative genealogical reconstruction of specific haplotypes
(b, last column) the haplotype name followed by the name of a segregating site indicates the background haplotype on which this polymorphism occurred; the haplotype

name followed by another haplotype name(s), separated by /, represents a list of the proposed parental recombining haplotypes. Five frequent African-specific haplotypes

(B007, B010, B012, BO17, and B018) arbitrarily selected to derive the less frequent ones through mutation or recombination are indicated by dashes in the last column.
Three African-specific haplotypes (B022, B047, b059) where multiple genetic events, through a number of possible pathways, would have to be postulated to relate these

with any other known haplotypes are denoted ? in the last column.
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FIGURE 2.—Principal component analysis using allele fre-
quencies at 21 worldwide-distributed dys44 polymorphisms.
(a) Within each population, all chromosomes are considered
together. (b) Chromosomes carrying common and specific
haplotypes indicated by circles and squares, respectively, are
considered separately; specific chromosomes in non-African
populations were grouped into continental pools to increase
sample size. Afr (Africans): W1, W2, W3, populations from
West Africa; Fcl, Fc2, French-Canadians from Montreal and
North-Eastern Quebec, respectively; Mb, Mbuti Pygmies; Bi,
Biaka Pygmies; AA, African Americans. Eur (Europeans): Po,
Polish; It, Italian; Mt, Montreal; Sa, Saguenay/Lac-St-Jean; Me,
mixed European origin. Asi (Asians): Ch, Chinese; Ja, Japa-
nese; Si, Siberians; Kh, Khalka Mongolians. AmI (Amerindi-
ans): Ma, Maya; Ka, Karitiana. PNG (Papuans from New
Guinea): Pc, Coastal; Ph, Highland.
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FIGURE 3.—Maximum likelihood tree using allele frequen-
cies at 21 worldwide-distributed polymorphisms in pools of
common and specific chromosomes from the populations un-
der study as indicated in the legend to Figure 2 (S- denotes
“specific”). Bootstrap values of more than 70/100 replicates
are indicated on the tree.

1999) and leads to the effective population size estimate
of 10,900; the % values for different subgroups listed in
Table 1 yield similar estimates of the effective popula-
tion size. However, in the pool of African-specific chro-
mosomes characterized by the overall % value of
0.000885, the contribution of the worldwide polymor-
phisms is only 0.000627 (i.e., one-third less than in the
pool of common chromosomes), which is compensated
for by the relatively high contribution of the continen-
tally restricted sites (0.000258).

The magnitude of the population variance thatis due
to the difference among subgroups can be measured
by a statistic Fgr evaluated from nucleotide diversities
(MATERIALS AND METHODS); if two subpopulations di-
verge and remain genetically isolated, Fsr is expected
to grow with time (WRIGHT 1969). The world pool of
common haplotypes subdivided into Africans and non-
Africans was characterized by a very low Fgp value of
0.016, revealing little separation between Africa and the
rest of the world. However, when the pool of specific
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TABLE 1

Nucleotide diversities of the total chromosomal sample and the separate pools
of common and specific chromosomes

Haplotypes Population Total Non-African African
All No. chromosomes 868 606 262

h (X 10%) 0.977 (0.052)" 0.897 (0.002)" 1.051 (0.148)"
Common No. chromosomes 709 557 152

h (X 10%) 0.911 0.895 0.923
Specific No. chromosomes 159 49 110

h (X 10%) 1.016 (0.221)° 0.832 (0.025)" 0.885 (0.258)"

“The contribution of the continentally restricted sites (see boxed positions in Figure 1) to the overall
nucleotide diversity (4) value is given between parentheses.

haplotypes was subdivided in a similar way, the Fg value
was 0.167. Not surprisingly, this effect was due to the
specific haplotypes in Africans: stratification of all the
African chromosomes into two pools, of common and
specific haplotypes, led to the substantial Fg; value of
0.141, while similar stratification of non-African chro-
mosomes yielded Fg of 0.029. Considering common
and specific haplotypes in Africans to represent genetic
pools of independent subpopulations, one may estimate
(assuming N of ~10,000) the period of their separation
at 2260 generations or ~45,000 years (see MATERIALS
AND METHODS). This estimate uses the effective popula-
tion size based on a number of nuclear data sets and
the assumption of panmixia. If the proposed model of
ancient structure is true, the effective population size
would be lower, and the estimate for the time of separa-
tion should be considered an upper bound. On the
other hand, this has to be taken with extreme caution
due to a great variance associated with such an estimate.

DISCUSSION

Admixture with ancient lineages: Similar to other
systems, the dys44 segment reveals greater diversity
among sub-Saharan Africans. However, neither the
older age of African populations (CANN ¢t al. 1987; TisH-
KOFF et al. 1996) nor their greater effective population
size (RELETHFORD and HARPENDING 1995; ROGERS and
JorpE 1995) following divergence from the homoge-
neous ancestral stock (ZIETKIEWICZ et al. 1998) can
alone explain the pattern and distribution of dys44 hap-
lotypes described above. Examination of the structure
of dys44haplotypes, supported by PC analysis, maximum
likelihood trees, and summary statistics, reveals a sharp
discontinuity between groups of common and African-
specific chromosomes. Although the analysis presented
here should be considered exploratory, these results
suggest that the genetic pool of sub-Saharan Africans
represents two lineages that had evolved separately for
some period of time and eventually hybridized. The Fyy
value obtained for the African sample stratified into
subpopulations of common and specific haplotypes,

considered to represent these lineages, suggests that the
time of their separation could have lasted ~50,000 years.
Given the underlying assumptions (WrIGHT 1969) and
uncertainty in N estimate, this should be considered
rather as an indication of a time range between 10* and
10° years. A period of 20,000-100,000 years corresponds
to that between the appearance of the first anatomically
modern humans and the Upper Paleolithic expansion.
The earliest fossils displaying modern characteristics,
from Omo Kibbish in Ethiopia, Klassies River Mouth in
South Africa, and Skhul and Oafzeh in Israel, indicate
that humans inhabited widely disparate regions within
Africa and the Middle East as early as ~120,000-100,000
years ago (BRAUER 1989; LAHR and FoLEY 1994), i.e.,
during the last interglacial. The following periods of
arid climate, due to glacial maxima, could have led to
the fragmentation of population inhabiting this geo-
graphic area (LAHR and ForLey 1999). This would pro-
mote independent evolution of separated local popula-
tions. On the other hand, according to archeological
evidence, the Upper Palaeolithic revolution began in
Africa and outside only around 50,000-40,000 years ago
(KLEIN 1995), coinciding with the range expansion and
important demographic growths. The evidence for the
latter is found in the mitochondrial DNA (D1 Rienzo
and WiLsoN 1991; RoGers and HARPENDING 1992;
WATSON et al. 1997; KIvisiLDp et al. 1999; QUINTANA-
Murct et al. 1999) supported by microsatellite data (D1
RIENZO et al. 1998; KIMMEL et al. 1998). Dys44 haplotype
data fit a scenario in which previously separated and
independently evolving lineages mix together. The min-
imal model requires at least two such lineages, a local
one that stayed in Africa and a second one that ex-
panded within this continent and outside, which pre-
sumably occurred in the Upper Paleolithic.

The contribution of archaic lineages to the genetic
makeup of present-day populations has been previously
debated in the context of early Eurasian populations,
descendants of H. erectus, facing the recent out-of-Africa
expansion, or in the context of the putative hybridiza-
tion between Neanderthals and Upper Paleolithic popu-
lations in Europe (BRAUER 1989; THORNE and WOLPOFF
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1992; KLEIN 1995; KRINGS ¢f al. 1997; DUARTE et al. 1999;
TATTERSAL and SCHWARTZ 1999). In our data the only
compelling evidence for mixing of separate lineages is
found within the African sample. While not excluding
the possibility of such events outside Africa, our model
differs from others by proposing admixture between
the expanding population (represented by common
haplotypes) and the local (specific) African lineages.
This new interpretation not only embraces findings
from other genetic systems but also provides a better
explanation. Expansion of the lineages represented by
common chromosomes outside Africa can be perceived
as the recently-out-of-Africa bottleneck (T1SHKOFF ef al.
1996); their expansion within Africa can lead to an
interpretation of a contribution of other continents to
the genetic make-up of African populations (HARDING
et al. 1997, HAMMER et al. 1998). The joint contribution
of the “expanding” and “local” lineages, which increases
genetic diversity of the present-day African genetic pool,
can be interpreted as the indication of greater antiquity
(CANN et al. 1987) or larger long-term effective popula-
tion size of Africans (RELETHFORD and HARPENDING
1995; ROGERS and JORDE 1995). Given structural discon-
tinuity in the African genetic pool, seen clearly in dys44
data but also apparent from the examination of gene
trees from other systems (see below), these genetic find-
ings can be most parsimoniously explained within the
frame of the proposed model.

Other data: The interpretation above finds support at
other nuclear loci tested for polymorphisms in genomic
samples of different geographic origin. In the studies
of three X-linked DNA segments, PDHAI (HARR1s and
Hey 1999), ZFX (JARUZELSKA et al. 1999), and Xql3.3
(KAESSMANN et al. 1999), of a fragment of the B-globin
gene (HARDING et al. 1997), as well as the Y chromosome
(HAMMER et al. 1998), owing to the absence of recombi-
nations (or by neglecting their relatively minor contri-
bution), it was possible to analyze the underlying gene
trees by coalescent approach making use of the full data
(GrrrFrTHS and TAVARE 1994). In the corresponding
trees, redrawn in Figure 4, the oldest branches (starting

years are shown at the top. The
African-only branches are indi-
cated by thick lines.

il

at or near the root of the coalescent trees) represent
almost uniquely African chromosomes, thus essentially
displaying the same pattern as in Figure 3. It is notewor-
thy that similar topology, with the African-only branches
separated at the root of the tree from the remaining,
mixed non-African and African branches, was found
with the mitochondrial DNA tree as well (CANN et al.
1987; CHEN et al. 1995). In Figure 4 the discontinuity
between African-specific branches and the rest of the
world is exceptionally deep in the PDHAI tree (see,
however, DisoTELL 1999; HARDING 1999) and is least
pronounced in the Xql3.3 tree, where the ancestral
haplotype is relatively very frequent and occurs outside
Africa as well. In all these trees the split between the
oldest (locally evolving) African-only branches and the
rest of the world takes place at the deepest nodes of
the tree, as in Figure 3. The height of these trees (see
Figure 4), dating this split accordingly, differs substan-
tially. However, these coalescent estimates were ob-
tained using the simple model of a homogenous, con-
stant-size population. When we take into account the
present data that suggest admixture involving indepen-
dent lineages, the simple model used in these calcula-
tions above does not hold, and the resulting time esti-
mates (Figure 4) will have to be reevaluated under
different demographic and evolutionary scenarios.

Combining dys44 polymorphisms into a haplotype
provided important information that could not be
gained by analyzing them separately. The high contribu-
tion of recombinations into dys44 haplotype diversity,
while preventing an application of standard methods
of coalescent analysis that make use of the whole data
in the gene tree, allowed us to look at the history of the
analyzed segment from a different perspective. How-
ever, it seems that optimal analytical tools with which
to investigate jointly recombination and mutational data
under complex demographic scenarios have not yet
been developed. We hope that our results will stimulate
the development of new and perhaps more appropriate
methods of formal genetic analysis for studying the his-
tory of human populations.
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