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Geographic clustering of human Y-chromosome haplotypes
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SUMMARY

Five polymorphic markers on the Y-chromosome (mostly microsatellites) were typed in 121

individuals from 13 populations around the world. With these markers 78 different haplotypes were
detected. Haplotypes present more than once tend to be shared by individuals from the same
population or continent. A reconstruction of haplotyvpe phylogeny also indicates significant

geographic structure in the data. Based on the similarity of the haplotypes. population relationships

were examined and found to be largely concordant with those obtained with other markers. Even
though the sample size and the number of markers are small. there is very signficant clustering of

the haplotypes by continent of origin.

INTRODUCTION

A considerable amount of genetic data tends
to support an expansion out of Africa of modern
humans probably on the order of 100.000 vears
ago (1-8). In addition to the extensive literature
on gene frequency analysis of autosomal genes
(1-4), a great deal of work has been devoted to
mitochondrial DNA (5-8). This molecule has
been extensively studied due to the ease with
which it can be examined, the clearcut nature of
most of its genetic variation and its high
substitution rate relative to autosomes. Fur-
thermore, it is inherited only through females
and undergoes no recombination. Therefore
mtDNA behaves effectively as a single locus.
allowing the analysis of female lineages.

The Y-chromosome is seen as the male counter-
part to mtDNA as it is inherited exclusively
through the male lineage and most of it does not
recombine (9.10). However. two problems have
delayed progress in using the Y-chromosome in

evolutionary studies. First, polymorphic markers
have been difficult to find on this chromosome
(11-13). Second. until recently. most available
Y -specific polymorphisms have been laborious to
type and of a complex molecular nature. so that
collection of data and the design of models with
which to interpret them have been difficult (10.
14-16).

Thus. Y-chromosome markers that are easy to
type and of a clearcut molecular nature would be
desirable for population studies. Fortunately.
such markers are now becoming available. Here
we show that five well-defined Y-specific poly-
morphisms. mostly microsatellites. identify nu-
merous Y -chromosome haplotypes in a sample of
world populations. The geographic distribution
of these haplotypes shows a significant level of
population structure. \When populations are
compared. relationships are obtained that are
largely concordant with those seen with larger
data sets of autosomal markers. These results
justifv optimism for future studies based on
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Table 1. Number of chromosomes examined and of
Y-chromosome haplotypes detected in 13 aboriginal
populations

Number of Number of

Population chromosomes haplotypes
(1) Zaire Pygmy 10 10
(2) C.A.R. Pygmy 12 8
(3) Lisongo 4 4
(4) European 16 13
(3) Chinese 13 11
(6) Japanese 11 10
(7) Cambodian 15 12
(8) Melanesian 4 3
(9) New Guinean 6 5
(10) Australian 2 2
(11) Karitiana 11 4
(12) Surui 8 3
(13) Mayan 9 9
Total 121 78

microsatellite and other simple Y-chromosome
polymorphisms.

MATERIALS AND METHODS
Populations and loci examined.

121 individuals from 13 populations were
assayed (Table 1): 3 from sub Saharan Africa
(Pygmies from Zaire and from the Central
African Republic (C.A.R.). and the Lisongo
population from the C.A.R.):
Europe (mostly Northern Europeans): 3 from
East Asia (Chinese. Japanese and Cambodian): 3
from Oceania (Melanesians. Australians and New
Guinea Highlanders)
(Mayans, and Surui and Karitiana from the

a sample from

and 3 from America
Amazon basin in Brazil). In samples from these
populations we typed 4 microsatellites. an Alu
insertion-deletion (DYS287) and a nucleotide
polymorphism (DYS271). Three of the micro-
satellites typed (YCAI, YCAII and YCAIII)
were (CA)n repeats (16) and the third was a
tetranucleotide repeat (DYS19) (17). In the
populations examined here. YCAI was seen to be
monomorphic. YCAII was typed by standard
PCR (30 amplification cycles of 94 °C for 30 s,
52°C for 1 min and 72°C for 1min were
performed) while YCAIII and the tetranucleo-
tide were typed using ‘touch down’ PCR:
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annealing temperatures were decreased from
62 °C by 05 °C successively for each of the first
14 cycles. The remaining 20 cycles were: 94 °('
for 30s, 55°C for 45s and 72°C for 1 min.
Amplification of both YCAII and YCAIII
usually produced two Y specific bands each (with
7 and 9 different sizes, respectively), therefore
they were assumed to be duplicated loci with in-
separable alleles [K. Nayar et al., in preparation].
Microsatellite allele sizes were determined using
an ABI 373 automatic sequencer with dye-
labeled primers. The Alu indel and the nucleotide
polymorphism were typed as reported in (18,19).

Phylogenetic analyses

Genetic distances between haplotypes were
estimated as one minus the proportion of shared
alleles (or bands) between them (20). YCAII and
YCAIII were given double weight in the cal-
culations. Distances between population pairs
were calculated as the average distance between
haplotypes of the population pair considered.
minus the average distance between haplotypes
within each of the populations being compared.
It is known that this distance has a lower
variance than other genetic distances, when
applied to microsatellite data (21). Trees were
constructed from distance matrices using neigh-
bor-joining NJ (22) or UPGMA (23). Tree
reconstruction from distance matrices and par-
simony analyses were performed using programs
of the PHYLIP package (25). Other calculations
were made using programs specifically written
for those calculations.

RESULTS

Using the 5 markers, a total of 78 haplotypes
were distinguished (Table 2). With the exception
of the two Brazilian Amerind populations, all
other populations have a number of haplotypes
close to the number of chromosomes sampled,
indicating a considerable level of within-popu-
lation genetic variation. 61 haplotypes were seen
only once, while of the 17 haplotypes present
more than once, eight represented chromosomes
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from the same population, seven were seen in
chromosomes from two populations and two
were in chromosomes from three populations.
Only three haplotypes were found in populations
from different continents: two were in popu-
lations from Asia and one was shared by a Mayan
and a European. Thus. haplotype sharing is
structured according to the geographic prox-
imity of the sampled populations. with nearly
complete structuring at the continental level.

HAPLOTYPE PHYLOGEXNY

Trees relating distinct haplotypes were con-
structed based upon the proportion of alleles
shared between them (20). Figure 1 shows the
Neighbour Joining tree relating the 78 haplo-
tyvpes observed in our sample. The mid-point
root of this tree separates a cluster [1 in Figure
12 out of the 18 African
haplotypes observed. from most other haplo-
tyvpes. The segments that separate the clusters in
Figure 1 are very short and the separation of the
clusters is not very sharp. However. the com-
position of the clusters strengthens their validity
considerably because it represents a clear sep-

1].  containing

aration by continents as shown by the con-
tingency table in Table 3. In fact. it can clearly
be seen that cluster 1 contains 12 of the 18 (67 %)
African haplotypes in the sample. The second
cluster has a slight dominance of European
haplotypes, although Europeans are also found
in the third and fifth clusters. Almost half of the
second cluster comprises Africans and Asians in
equal numbers. The third cluster has 12 of the 15
American natives in the sample, while the fourth
is almost entirely Asian. The fifth is mostly
Asians and Oceanians.

Table 3 produces a highly significant chi-
square [p < 1078, calculated as G with Williams
correction (Sokal & Rohlf 1995, p. 738)]. Par-
simony analysis using geographic state as the
character also produces significant clustering of
haplotypes by geographic origin (data not
shown). It is likely that with more markers the
separation into continents would be very much
sharper. ax seen for instance using 30 autosomal
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microsatellite markers from a sample of 148
individuals of both sexes from which the males
greatly overlapped those in the present sample
(20). It is possible. however, that the difference in
structure results at least in part from linkage. As
noted by Goldstein et al. (1995b), with unlinked
markers. averaging within individuals will tend
to place members of a population in the same
cluster even with a substantial degree of ad-
mixture.

Based on the mean number of alleles shared
between haplotypes. genetic distances among
populations were calculated (21) and the possible
phylogenetic relationships among populations
inferred (Figure 2). In the tree constructed using
UPGMA (Figure 2A). the first split separates
African from non-African populations, consistent
with the observation that the greatest genetic
distance is seen between these groups (see also
the Neighbour-Joining [NJ] tree in Figure 2B).
Among non-African populations, the two Brazil-
lan Amerind groups split first, followed by
Europeans and Mayans. and finally Asian and
Oceanians. It is likely that the apparent early
split of the Karitiana and Surui might relate to a
high level of drift in these populations which
have been through recent population constric-
tions (this can also be seen by the long branches
they show in the NJ tree). In addition, some level
of Caucasoid admixture (particularly for the
Mayans) is likely. Such demographic factors are
known to affect the topologies of trees obtained
by different methods (26). A major difference
between the NJ and UPGMA trees is that the
position of the Japanese is closer to Africans in
the NJ tree. Furthermore, in the tree of haplo-
types, several Japanese haplotypes are seen to
cluster with African haplotypes (cluster 1 of
Figure 1). These observations are difficult to
explain but are probably related to the high
frequency of the Alu insertion in Y-chromosomes
from Japan and Africa (18.19,27).

DISCUSSION

It is encouraging that with a few well defined
Y-specific polymorphisms. mainly microsatel-






