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GENETIC variation at hypervariable loci is being used extensively
for linkage analysis' and individual identification®, and may be
useful for inter-population studies”™. Here we show that pelymor-
phic microsatellites (primarily CA repeats) allow trees of human
individuals to be constructed that reflect their geographic origin
with remarkable accuracy. This is achieved by the analysis of a
large number of loci for each individual, in spite of the small
variations in allele frequencies existing between populations®’,
Reliable evolutionary relationships could also be established in
comparisons among human populations but not among great ape
species, probably because of constraints on allele length variation.
Among human populations, diversity of microsatellites is highest
in Africa, which is in contrast to other nuclear markers and sup-
ports the hypothesis of an African origin for humans.

We examined 30 microsatellite loci in about ten individuals,
from each of 14 indigenous populations chosen from the five
continents. As a measure of similarity between the multiple locus
genotype of two individuals, we calculated the proportion, Ps,
of alleles that they share averaged over loci, where Ps is the
number of shared alleles summed over loci/ (2 X number of loci
compared). A distance measure between pairs of individuals was
calculated as (1 — Ps). A tree constructed from the pairwise inter-
individual distances shows that individuals cluster according to
their geographic origin (Fig. 1). Of the 148 individuals examined,
130 (87.8%) form discrete clusters that coincide with the conti-
nent of origin of the sample. The position of seven individuals
(4.7%) is not clearly defined in the tree, and eleven individuals
(7.4%) fall in a continental cluster that does not correspond to
their geographic origin. Within continents these samples tend to
form sub-clusters that correspond to their population of origin,
with the exception of East Asian and some African populations.
Nine out of 14 populations form sub-clusters that usually include
more than 50% of the individuals from that population.

The tree shown in Fig. 1 contrasts sharply with trees derived
from mitochondrial (mt)DNA in which it is rare for individuals
of related geographic origin to form discrete clusters®®. The clus-
tering pattern with microsatellites is not due to continent- or

population-specific alleles. Among the 342 alleles detected, there
are 78 that are present in one continent only (43 in Africa, 14
in Oceania, 9 in East Asia, 6 in Europe, 6 in America), but they
always have very low frequencies (4.1% on average). Further-
more, there is no indication of high continental differentiation:
the average distance (1 — Ps) among individuals within the 14
populations is 0.64, versus an average of 0.73 among individuals
from different continents, showing that the bulk of the genetic
variation is within populations, as seen with other markers'>"".

Construction of trees of individuals with samples of the loci
indicates that there is no subset that is particularly informative.
However, loci with higher F,, values (where for each locus, Fy =
T Vi/[Z P(1—P)]; P;, V; are the mean and variance of gene
frequencies of allele / summed over all L alleles at the locus)
tend to produce trees where clusters are more defined. F, is
negatively correlated with locus heterozygosity (r=
—0.49, P<0.01), suggesting that loci with more extreme divers-
ity and presumably higher mutation rates might on the whole
be less informative.

Although most upper segments in the tree of Fig. 1 are very
short, the various populations branch in an order similar to
that seen in trees derived from classical markers or restriction-
fragment length polymorphisms (RFLPs)'*'*. The first split
separates Africans; this is followed by the close separation of
Europeans, East Asians and Pacific populations. Finally, Ameri-
cans branch off from Asian populations.

Population relationships were also examined using genetic dis-
tance measures based on allele frequencies. In the tree of popula-
tions (Fig. 2a) there is strong statistical support for the
separation of African populations from other world populations
(100% of bootstrap resamplings), in agreement with the hypo-
thesis of an African origin for humans. The second split in this
tree is supported by 84% of the bootstraps and separates Euro-
peans from other populations, an observation that could reflect
a real phylogenetic event, as suggested on the basis of non-DNA
markers'®, or could be due to Europeans having received genetic
flow from both Africa and Asia'®. Finally, with lesser statistical
support (56% of bootstraps), Amerindians appear most closely
related to East Asians, a classical observation but one that has
been challenged recently'.

A subset of ten loci was also examined in the three primates
closest to humans (chimpanzees, gorilla and orang). A genus tree
constructed from the allele frequencies has very little structure,
indicating that microsatellites do not provide adequate informa-
tion for this type of comparison (Fig. 2b). Table 1 shows that
the average length of alleles at the loci examined is quite similar
for the four primates. Furthermore, although the non-human
primate /human variance ratios are significantly higher than one
for five loci, they are low considering that the divergence between
primates took place at least 10 times (probably 100) earlier than
the divergence among humans'®. This suggests that there is a
constraint on allele-length variation, as under an unconstrained

TABLE 1 Variation in allete length at ten microsatellite loci within humans and great apes

Mean allele length (base pairs)

Locus Human Chimp Gorilla Orang
ACTC 83.1 78.0 75.9 75.7
D13S5133 154.9 144.6 122.4 123.2
D13S137 1115 105.6 113.5 99.4
D138227 152.7 152.7 137.6 144.0
D13S5193 136.6 134.3 140.6 116.0
084XC5 834 81.5 81.6 87.4
D13S119 132.5 129.0 135.5 1247
D135118 1931 191.5 190.6 190.8
D13S125 147.4 141.4 1483 141.0
Utsw1523 179.1 175.8 1749 173.6

Variance Variance

for for F ratio* (d.f.)
non-humans humans (non-human/human)

21.8 470.88 0.31 (45,263)
132.50 422.76 0.31 (45,265)
93.61 48.53 1.93 (47,267)
54.37 21.41 2.54 (47,259)
123.40 47.37 2.61(47,273)
10.19 23.34 0.44 (45,265)
42.46 34.69 1.22 (43,283)
15.17 12.05 1.26 (39,281)
120.57 49.08 2.46 (45,269)
18.62 5.23 3.56 (47,259)

* Critical values for F at P=5% are between 1.44 and 1.49.
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