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Dispersion of Human Y Chromosome
Haplotypes Based on Five Microsatellites in
Global Populations
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We have analyzed five microsatellite loci from the nonrecombining portion of the human Y chromosome in
15 diverse human populations to evaluate their usefulness in the reconstruction of human evolution and early
male migrations. The results show that, in general, most populations have the same set of the most frequent
alleles at these loci. Hypothetical ancestral haplotypes, reconstructed on the basis of these alleles and their
close derivatives, are shared by multiple populations across racial and geographical boundaries. A network of
the observed haplotypes is characterized by a lack of clustering of geographically proximal populations. In
spite of this, few distinct clusters of closely related populations emerged in the network, which are associated
with population-specific alleles. A tree based on allele frequencies also shows similar results. Lack of
haplotypic structure associated with the presumed ancestral haplotypes consisting of individuals from almost
all populations indicate a recent common ancestry and/or extensive male migration during human
evolutionary history. The convergent nature of microsatellite mutation confounds population relationships.
Optimum resolution of Y chromosome evolution will require the use of additional microsatellite loci and

diallelic genetic markers with lower mutation rates.

Reconstruction of the evolutionary histories of
human populations from genetic data is intrinsi-
cally complex because most contemporary popu-
lations have exchanged genes during prehistoric/
historic migrations. Nevertheless, a variety of
polymorphic systems have been used to study
human evolutionary history, each of which has
its own inherent shortcomings. Apparently iden-
tical regions of the X chromosome, autosomes, as
well as the pseudoautosomal portion of the Y
chromosome, have multiple ancestors because of
recombination. Therefore, it is theoretically dif-
ficult to trace the migrations of single haplo-
types. The mitochondrial (mtDNA) genome has a
single maternal ancestor and its utility in the
study of human evolution has been demon-
strated (Cann et al. 1987; Stoneking 1993). How-
ever, the high mutation rate of mtDNA (Stonek-
ing 1993) results in frequent recurrent mutations
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that may obscure the migratory histories of
populations. Highly polymorphic autosomal mi-
crosatellites have been used recently to recon-
struct phylogenetic relationships of human
populations (Bowcock et al. 1994; Deka et al.
1995; Jorde et al. 1995). These loci, however, are
subject to recombination and high mutation
rates (Weber and Wong 1993), and the conver-
gent nature of their mutational processes (Shriver
et al. 1993) make them less efficient for tracing
human migration. The usefulness of the nonre-
combining portion of the human Y chromosome
in studies of human origins has been shown re-
cently (Hammer 1995; Jobling and Tyler-Smith
1995; Pena et al. 1995; Whitfield et al. 1995; San-
tos et al. 1996; Underhill et al. 1996). However,
only a limited number of polymorphic loci on
the human Y chromosome have been identified
and only a few systematic population genetic
studies on Y-specific microsatellites have been re-
ported (Roewer et al. 1996). In an attempt to
evaluate the usefulness of the Y-specific microsat-
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ellites in detecting evidence of early migration
during human evolution, we have analyzed five
such loci in 15 ethnically and geographically di-
verse human populations.

RESULTS

Populations Share the Most Frequent Alleles at Y
Microsatellites

Allele frequency distributions at five Y-specific
microsatellite loci are given in Table 1, where the
most frequent allele (MFA) for each population is
indicated by boldface type. Fourteen out of the
15 populations share the 283-bp MFA at DYS391,
the exception being Guyami who are monomor-
phic for the 287-bp allele. At DYS388, 12 popu-
lations share the 129-bp MFA. At DYS395, 11
populations have the 123-bp MFA. The MFAs at
the other four populations at this locus are only
one step away from the 123-bp allele. At DYS394
(also known as DYS19; Jobling and Tyler-Smith
1995), eight populations share the 251-bp MFA,
and four have MFAs one step away from this al-
lele. Interestingly, three South American Indian
populations (Guyami, Bribri, and Pehuenche)
display an extremely high frequency of the 243-
bp allele at this locus. DYS390 displays the largest
number of alleles. At this locus the MFA for 12
populations is either the 211-bp allele (four
populations) or the 215-bp allele (eight popula-
tions), whereas the MFA in the two African popu-
lations (Benin and Sokoto) is the 203-bp allele,
which is rare in all non-African populations.
Under a stepwise mutation model, the fre-
quency distribution of alleles labeled by repeat
size can drift away from the original distribution
and may never reach a stationary distribution
(Moran 1975; Shriver et al. 1993; Valdes et al.
1993). For isolated populations, the mode of the
allele frequency distributions is expected to vary.
At least two mechanisms can be responsible for
the observation of common MFAs over several
loci in different populations—common ancestry
and/or migration among populations. In the first
case, the observation of common MFAs across
populations indicates that the differentiation
among populations is not great and the common
ancestral alleles are still the MFAs. On this basis,
common haplotypes consisting of the MFAs at
five loci should be CCCCH, CCCCG, CCCBH,
CCCBG, and their derivatives. We observed a to-
tal of 125 haplotypes (see Fig. 1). With the excep-
tion of CCCCH, which was not observed in our
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sample, the other three haplotypes are shared by
multiple populations: CCCCG (J/M/N/V),
CCCBH (D/G/O/V/E), CCCBG (E/G). Several one-
step derivatives of these haplotypes (i.e., differ by
only one repeat unit at one of the five loci) are
also observed across racial and geographical
boundaries, e.g., CCCCF (J/S), CCCCI (A/G/S),
CCDCH (C/V), CDCCG (N/V/C), CDCCH (N/S/
V/M/0O), CCDCF (A/E/V), DCCBG (C/E/P), and
DCCBH (E/G/P).

Haplotype Network

The convergent nature of mutations at microsat-
ellite loci may obscure the true phylogenetic re-
lationships of haplotypes. Two haplotypes (or se-
quences) can be identical by state but not by de-
scent. Therefore, two identical haplotypes may
not necessarily be derived from a recent common
ancestral haplotype and a haplotype can mutate
to another by multiple pathways. Although these
haplotypes can be related as phylogenetic trees,
given these concerns, a more reasonable way to
display haplotype relationships is to construct a
network of haplotypes. Such a network is shown
in Figure 1. The hypothetical ancestral (common)
haplotypes and their derivatives are indicated by
dark circles that generally lie in the middle of the
network and are surrounded by haplotypes ob-
served in diverse populations. The network is
characterized by a lack of clustering of haplo-
types from the same population or geographi-
cally neighboring populations. Nevertheless, few
distinctive clusters emerge that are ethnically
specific. Several haplotypes from the Native
American populations form a cluster in the upper
right corner of the network. This may be consis-
tent with the Native American-specific Y haplo-
type (Pena et al. 1995; Underhill et al. 1996).
Some haplotypes observed in the Kacharis also
cluster indicating an independently derived lin-
eage. Haplotypes observed among the Samoans
(shown at the lower left corner) form another
distinct cluster. Although a few of the haplotypes
observed among the Africans appear to be among
the ancestral ones, the majority of the haplotypes
found in Africa form a distinct cluster in the
lower right corner of the network, along with a
few haplotypes from Japan. This observation is
consistent with African-specific Y haplotypes
characterized by the YAP (Hammer 1995) and/or
G allele in DYS271 (Seielstad et al. 1994).

The data presented can also be analyzed as
simple frequency data using a measure of genetic
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distance appropriate for microsatellite loci. For
this analysis we used the stepwise weighted ge-
netic distance Dgy, which takes into account the
stepwise mutational mechanism of these loci
(Shriver et al. 1995). When we use allele frequen-
cies, the information contained in the haplo-
types attributable to associations among loci is
not used, and, therefore, the additional variance
attributable to repeated creation of particular
haplotypes is not present. We can, therefore, ex-
pect a simplified picture of the relationships of Y
chromosomes among populations. The Dgyy tree
created using the Neighbor-joining method
(Saitou and Nei 1987) is shown in Figure 2. Be-
cause other genetic data have established the root
of human phylogenetic trees in the branch con-
necting African and all non-African populations
(see Nei and Takezaki 1996), we have placed the
root between Africans and all other populations.
Asian populations form a monophyletic group in
this tree within which another cluster is found
that contains the American Indians (Dogrib,
Guyami, Bribri, and Pehuenche). The German
and the CEPH lie outside the Asian group and the
Samoan and African populations outside of these
branchings. Although the longer branches for
the Amerindian populations could possibly be in-
fluenced by relatively smaller samples of the in-
dividual populations, most likely they reflect
founder effects and genetic drift in these popula-
tions, which is supported by evidence from other
studies (e.g., Underhill et al. 1996).

DISCUSSION

We have used a network of Y-specific microsatel-
lite haplotypes in samples from 15 populations to
search for insights into human population his-
tory. The lack of clustering of haplotypes among
ethnically and geographically proximal popula-
tions may result from several factors. First, a
larger number of loci may be needed to resolve
population clusters given the recent divergence
of human populations. Second, past male migra-
tion among human populations and/or racial
groups may have been sufficient to erase any dis-
tinctive haplotype clustering within the same
populations or between geographically neighbor-
ing groups. Third, the convergent nature of the
mutational process and high mutation rate asso-
ciated with microsatellites may have randomized
the haplotypic structures. The first problem can
be resolved by typing additional microsatellite
loci. The second factor is directly related to the

Y CHROMOSOME HAPLOTYPES IN HUMAN POPULATIONS

evolutionary histories of human populations.
The third factor is an inherent characteristic of
the loci in question. Therefore, the utility of Y-
specific microsatellites is influenced by stochastic
noise introduced by recurrent mutations at mic-
rosatellite loci.

A population-specific mutation is distinctive
only when the mutant allele is either absent or at
low frequency in other populations. However,
the allele frequency distributions at the five mi-
crosatellite loci studied here are, in general, uni-
modal in all populations, with the mode centered
around the same common allele. However, the
few distinct clusters observed in our network are
associated with the presence of population-
specific alleles. (1) The American Indian cluster is
characterized by high frequency of the smallest
allele (243 bp) at DYS394. This supports the re-
ported geographical localization of unique Y-
specific polymorphisms in the American Indians
(Pena et al. 1995; Underhill et al. 1996). (2) Simi-
larly, the haplotypes found in the Kachari cluster
are characterized by the presence of the 123-bp
allele at DYS388, which is rare in other popula-
tions except the Chinese. This reflects the known
Mongoloid lineage of the Kachari. However, their
divergence is reflected in the fact that haplotypes
in the Kachari are more than one mutational step
away from any of the presumed ancestral haplo-
types. (3) The Samoans present a very different
picture—at three of the five loci, their MFAs are
not the MFAs observed in any other population.
Eleven of their haplotypes out of 20 form a con-
tiguous link at the lower left of the network. In-
terestingly, these haplotypes are connected by a
broken line to a New Guinea haplotype, which is
connected to haplotypes observed in other Asian
populations, for example, Javanese, Malay, and
Chinese. Six other Samoan haplotypes are also
shared by these Asian populations. This pattern is
consistent with the proposed migration history
and frequent population bottlenecks, which are
thought to characterize the settlement of the Pa-
cific. (4) The haplotypes found in Japan are very
heterogeneous. Some of them cluster with Afri-
cans, which is interesting given reports of the Af-
rican YAP insertion in a previous Japanese sample
(Hammer and Horai 1995). A few others cluster
with Javanese, Malay, and New Guinean. (5)
Most haplotypes found in Africa form a distinct
cluster characterized by the MFA (203 bp) at
DYS390, which is rare or absent in other popula-
tions. Together with this, the association of the
rest with the ancestral haplotypes or their close
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Figure 1 Network of haplotypes where each circle represents one

populations are not very distinct,
owing to the small number of loci
typed, the recurrent nature of micro-
satellite evolution, and extensive ad-
mixture before or after the geo-
graphical separation of the ancestors
of contemporary human popula-
tions. As with other genetic systems
used to infer human population his-
tory, recurrent mutation appears to
be a major confounding factor. Op-
timum resolution of Y chromosome
evolution will require the use of ad-
ditional microsatellite loci and dial-
lelic restriction fragment length
polymorphisms (RFLPs), with pre-
sumably lower mutation rates.

METHODS
Population Samples

haplotype. Solid lines connect two haplotypes differing by a single The 15 human populations studied belong
repeat unit at one of the five microsatellite loci. Broken lines connect  to five major groups, namely African, Cau-
two haplotypes differing by more than one step change. The haplo- casian, Mongoloid, American Indian, and
types are designated by five letters in a circle, representing alleles at ~ Pacific Island. The Africans are represented
each locus in the order shown in Table 1. Population abbreviations (see DY two linguistically diverse populations

Table 1) are given under each observed haplotype.

derivatives may be suggestive of uniqueness of
the Africans. (6) The haplotypes found in Euro-
pean populations are distributed over the entire
network, and their frequent appearance with the
ancestral haplotypes is striking.

The ancestral haplotypes, located in the cen-
ter, consist of individuals from almost all ethnic
groups. This suggests that male migration has
been a common feature of human evolution. The
lack of haplotypic structure in the network is
probably caused by a high level of male migra-
tion and frequent recurrent mutation at micro-
satellite loci. Notably, this observation is also
consistent with a recent common ancestry of
modern human populations.

The Dy tree shows some of the same trends
seen in the network. There is a very clear cluster-
ing of populations with Asian ancestry. In par-
ticular, all the Amerindian populations cluster to-
gether, which reflects the high frequency of the
243-bp allele at DYS394. The two African popu-
lations also cluster and are separated by a rela-
tively long branch from most populations. In ad-
dition, as seen in the haplotype network, most
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from Nigeria, the Benin (B) and Sokoto (S).

The Caucasians are represented by German

(G) and unrelated parents of the CEPH co-

hort (E). The Mongoloid populations are

Japanese (J), Chinese (C), Kachari from
Northeast India (A), Malay (M), and Javanese (V). The
American Indian populations consist of Dogrib (D) from
Canada, Guyami (R) and Bribri (I) from Costa Rica, and
Pehuenche (P) from Chile. The Pacific Island populations
are New Guinea Highlander (N) and Samoan (O). Detailed
description of these populations are presented elsewhere
(Deka et al.

66 Chinese

Kachari

Guyami
20
Bribri

Pehuenche

Japanese
Malay
Javanese
New Guinea

15
German
CEPH

Benin

Sokoto

Figure 2 A neighbor-joining tree based on step-
wise-weighted genetic distance Dy,. Bootstrap val-
ues, indicating the degree of support for each
branch point, are shown as the percent of all repli-
cates consistent with each branch point.
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1996). The DNA samples analyzed are drawn from unre-
lated males.

DNA Analysis

Locus and primer descriptions are given in Jobling and
Tyler-Smith (1995). PCR analysis of microsatellites was
performed by amplification of 50 ng of genomic DNA in a
25-pl reaction mixture containing standard PCR buffer,
200 pM each dNTP, and 1 unit of Taq polymerase. The
forward primer was end-labeled using [y->*P]ATP. The am-
plified products were separated on 6% denaturing poly-
acrylamide gels. Allelic fragments were visualized by auto-
radiography and fragment sizes were determined by com-
parison with an M13 sequence ladder.
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