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ABSTRACT The high prevalence of rare genetic diseases in Finland has
been attributed to a founder effect some 2,000 years ago. However, this
hypothesis has not been supported from mtDNA sequence and autosomal
microsatellite data which indicate high levels of gene diversity. Here we have
identified genetic evidence for a population bottleneck by examining variable
microsatellite loci on the nonrecombining portion of Y chromosomes from
Finland and four populations from Europe and the Americas. Sequence data
from segment I of the control region (HVS-1) of mtDNA (360 bases) and 20
autosomal dinucleotide repeat markers were also analyzed. Partitions of
genetic variance within and between populations revealed significant levels of
Y-chromosome differentiation between populations. Phylogenetic and diver-
sity analyses revealed divergent Finnish Y-haplotype clades and significantly
lower Y-haplotype diversity among Finns as compared to other populations.
Surprisingly, Finnish Y-haplotype diversity was even lower than the Native
American populations. These results provide support for the Finnish bottle-
neck hypothesis. Evidence for two separate founding Finnish Y-chromosome
lineages was also observed from the Y-chromosome phylogeny. A limited
number of closely related founding males may have contributed to the low number
of paternal lineages in the Finnish population. In contrast, high levels of genetic
diversity for mtDNAand autosomal STRs may be the result of sex-biased gene flow
and recent immigration to urban areas from established internal isolates within
Finland. Am J Phys Anthropol 108:381–399, 1999. Published 1999 Wiley-Liss, Inc.†

Geneticists have considered the Finnish
population to be an isolate founded some
2,000 years ago (Nevanlinna, 1972). Within
the last 300 years, the population has ex-
panded from an estimated 250,000 to more
than 5 million. Throughout this period of
rapid expansion, Finland has been relatively

isolated from neighboring countries for both
geographic and sociocultural reasons. Finns
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do not speak an Indo-European language as
do most other European populations. Their
language, Finnish, is a branch of the Uralic
language family (Ruhlen, 1987). Within the
Finnic branch are closely related languages
spoken by Finns, Estoninans, and Saami
(Lapps).

Two models have been proposed for the
origin of the Finns. The single-origin model
purports a founding of Finland some 2,000
years ago by a small number of settlers
(Nevanlinna, 1972; de la Chapelle, 1993),
followed by relative isolation. A competing
model, the dual-origins hypothesis, con-
tends that two different groups settled Fin-
land. The first group arrived from the east
near the Lake Ladoga region and the second
group of settlers from the south via the Gulf
of Finland (Norio, 1981; Meinander, 1973;
Eriksson, 1973). Similar to the opposing
model, the dual-origin model asserts that
the Finnish population has remained iso-
lated for some 2,000 years.

The purported consequences of the found-
ing of the Finnish population and subse-
quent isolation are a high prevalence of
recessive diseases (.30) which are other-
wise rare in other parts of the world (de la
Chapelle, 1993), reduced heterozygosity
(gene diversity) of the Finnish population,
and genetic differentiation of Finns from
other European populations. Reduced het-
erozygosity is the characteristic signature of
population bottlenecks (Nei et al., 1975).
However, reduced heterozygosity in Finns
has never been demonstrated. Although
some comparative studies of classical blood
antigen and protein loci suggest that Finns
are distinct outliers from other Europeans
(Erikkson, 1973; Sokal et al., 1988, 1989;
Guglielmino et al., 1990; Cavalli-Sforza and
Piazza, 1993; Nei and Roychoudhury, 1993;
Sanchaz-Mazas et al., 1994), recent studies
using nuclear DNAmarker (mini- and micro-
satellites) loci have not confirmed these find-
ings (Sajantila et al., 1992; Lahermo et al.,
1996; Kittles et al., 1996). Consequently, the
nuclear DNA marker data do not support
the bottleneck hypothesis.

Although the population bottleneck hy-
pothesis has been used in the past to explain
the Finnish population structure, the hy-
pothesis has received little scrutiny. In fact,

the bottleneck hypothesis is contradicted by
the uneven geographic distribution of ge-
netic recessive diseases in Finland. This
distribution of genetic diseases is better
explained by isolation by distance or ‘‘inter-
nal isolates’’ each with its own signature of
enriched recessive alleles and perhaps an
overall increase in recessive diseases. It is
important to reconstruct the demographic
history of the Finnish population since the
population has been successfully used in
gene-mapping studies (Hastbacka et al.,
1992; Hoglund et al., 1995; Varilo et al.,
1996; see also Peltonen et al., 1995). Much of
this success has been attributed to Finland’s
unique population history and excellent
church and family records (de la Chapelle,
1993; Hastbacka et al., 1992). Thus, there is
a need to evaluate how the Finnish popula-
tion structure has facilitated gene-mapping
efforts. For instance, in the search for founder
disease mutations for complex disorders
within Finland, it may be important that
families with the disease in question origi-
nate from the same geographic area. This
may decrease the level of genetic heterogene-
ity in the disease sample. Here, for the first
time, data from different polymorphic sys-
tems consisting of microsatellite loci from
autosomal and Y chromosomes and mtDNA
control region sequences are used together
to evaluate patterns of genetic variation and
test the hypothesis of a bottleneck event
during the founding of the Finnish popula-
tion. These markers have higher heterozy-
gosities than classical markers and thus are
more informative for assessing population
structure.

Autosomal microsatellite loci have been
utilized for population studies (Bowcock et
al., 1994; DiRienzo et al., 1994; Deka et al.,
1995; Goldstein et al., 1995; Shriver et al.,
1995; Jorde et al., 1995; Nei and Takezaki,
1996), mainly due to an ease in typing using
high throughput polymerase chain reaction
(PCR) technology. A vast majority of these
loci have .70% heterozygosity levels in Eu-
ropeans (Deka et al., 1995) and thus are very
powerful for genetic linkage and microevolu-
tionary studies.

Polymorphic genetic elements with sex-
specific transmission have also proven to be
extremely useful and informative in popula-

382 R.A. KITTLES ET AL.



tion studies. Segment I (positions 16024–
16383) of the mtDNA control region has
been extensively used by investigators for
population studies (see Bertranpetit et al.,
1995; Mountain et al., 1995; DiRienzo and
Wilson, 1991; Ward et al., 1991; Sajantila et
al., 1995; Graven et al., 1995), and the utility
of the Y chromosome has been increasing
since more paternally inherited single nucle-
otide and microsatellite polymorphisms have
been characterized on the nonrecombining
portion of the chromosome (Hammer et al.,
1997; Jobling and Tyler-Smith, 1995; Santos
et al., 1996; Underhill et al., 1997). Recent
analyses of Y-chromosome microsatellites
have revealed high levels of variation in
closely related human populations (Deka et
al., 1996; Roewer et al., 1996). The lack of
recombination for Y-specific microsatellites
and mtDNA allows for easy construction of
definitive haplotypes which provide informa-
tion on paternal and maternal lineages. This
study assesses the levels of gene diversity
and differentiation for autosomal DNA loci
and paternal and maternal lineages from
three populations of European origin and
two Native American populations. The pat-
tern of genetic variation in Finns was com-
pared to that of the other two European and
two Native American populations. These
four were ideal comparative populations
since the European populations had not
undergone a recent population bottleneck,
in contrast to the Native American popula-
tions. For the Finns, a major reduction in
Y-chromosome variation was observed, in
support of a population bottleneck.

MATERIALS AND METHODS
Sample collection and processing

Eighty-nine unrelated males from diverse
geographic regions of Finland were ascer-
tained as volunteers from newspaper adver-
tisements for a psychiatric genetic study in
Helsinki, Finland. All males were Finnish
speakers. In addition, unrelated males from
Lund, Sweden (n 5 32), European Ameri-
cans from Bethesda, Maryland (n 5 45), and
two Native American populations, Pima (n 5
55) and Cheyenne (n 5 31) were included.
Native Americans were identified based on
their eligibility for tribal enrollment. Indi-
viduals of mixed tribal or ethnic ancestry

were not excluded. Both the Pima and Chey-
enne are members of the Amerind language
family according to Greenberg’s new classifi-
cation (1987). All samples were collected
with informed consent. Samples from each
of the five populations were typed for 20
unlinked autosomal (dinucleotide repeat)
and seven male-specific Y-chromosome (5
tetra- and 2 trinucleotide repeat) microsatel-
lites and a restriction site at the Y-chromo-
some alphoid satellite DNA DYZ3 locus and
sequenced for HVS-1 of the mtDNA control
region.

All microsatellite loci were typed follow-
ing PCR amplification with fluorescently
labeled upper primers. For each PCR reac-
tion, 50 ng of DNA was added to 200 µM of
dNTPs, 10 mM Tris-HCl (pH 8.3), 50 mM
KCl, 1.0–2.0 mM MgCl2, 0.6 units of Ampli-
Taq polymerase (Perkin Elmer, Foster City,
CA), and 0.33 uM of primers. PCR cycling
conditions were 93°C for 3 min, 10 cycles at
94°C for 15 sec, 55°C for 15 sec, and 72°C for
30 sec, followed by 20 cycles at 89°C for 15
sec, 55°C for 15 sec, and 72°C for 30 sec. The
final extension cycle was at 72°C for 10 min.
The PCR products were then pooled in the
presence of a size standard and electropho-
resed using an Applied Biosystems, Inc.
(ABI) (Foster City, CA), 373A DNA se-
quencer.

The autosomal microsatellite loci we evalu-
ated are unlinked and located on three
chromosomes: D1S196, D1S197, D1S206,
D1S213, D1S220, D1S228, D1S234, D1S235,
D1S249, D1S255, D1S484, D2S117, D2S134,
D2S157, D5S210, D5S406, D5S407, D5S419,
D5S422, D5S433. Seven Y-specific microsat-
ellite loci were amplified: DYS388, DYS389,
DYS390, DYS391, DYS392, DYS393, DYS394.
The primers for DYS389 yielded two amplifi-
cation products, a smaller (240–260 bp) and
a larger (370–400 bp) product. Only the
smaller product was used in the analysis.
Primer sequences for all microsatellite mark-
ers used in the study can be found at the
Genome Database URL (http://www.gdb.org).

A PCR-based assay was used to type the
Y-chromosome alphoid satellite DYZ3 re-
striction site (Santos et al., 1995). Forty
nanograms of genomic DNA was amplified
using 200 µM of dNTPs, 10 mM Tris-HCl
(pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 0.6
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units of AmpliTaq polymerase, and 0.33 µM
of the forward and reverse primers desig-
nated U972 (58-TCTGAGACACTTCTTT-
GTGGTA-38) and L1214 (58-CGCTCAAAAT-
ATCCACTTTCAC-38). The PCR conditions
were as follows: 94°C for 3 min and then 30
cycles at 94°C for 30 sec, 65°C for 30 sec, and
72°C for 1 min. Following amplification, the
PCR products were visualized on a 3.5%
agarose gel, and the presence or absence of
the restriction site was detected using 20
units of the restriction enzyme HindIII (New
England Biolabs, Beverly, MA).

Hypervariable segment I of the control
region of mtDNA was amplified using two
oligonucleotide primer sequences from Vigi-
lant et al. (1989): L15996 (58-CTCCACCATT-
AGCACCCAAAGC-38)andH16401(58-TGAT-
TTCACGGAGGATGGTG-38). Amplification
was performed using 2 ng of DNA in 150 µM
dNTPs, 10 mM Tris-HCl (pH 8.3), 50 mM
KCl, 1.0–2.0 mM MgCl2, 0.6 units of Ampli-
Taq polymerase, and 1 ul of a 5 uM primer
mix. The PCR conditions consisted of 95°C
for 1 min and 36 cycles of 95°C for 10 sec,
55°C for 30 sec, and 72°C for 30 sec. Both
DNA strands were then sequenced using
fluorescent-labeled dideoxy terminator cycle
sequencing chemistry (ABI) and the ABI
373A DNA sequencer.

Statistical and phylogenetic methods

Genotypes were determined using the GS
Analysis and Genotyper programs (ABI).
Corrections were made for individual gel
shifts using the computer program BioAuto-
Graph (Long and Ross, 1995). Afterwards,
discrete size categories were assigned to the
PCR products, and the number of alleles per
locus were determined. For the sequence
data, the Seq A and AutoAssembler pro-
grams (ABI) were used. These programs
aligned and overlapped both sequenced
strands of DNA, allowing for the visual
inspection of ambiguities in the sequence.

Microsatellite allele frequencies were esti-
mated by direct gene counting. Average gene
diversity (H) and its standard error were
calculated using equations 8.6 and 8.7 of Nei
(1987). Y chromosomes were scored as haplo-
types using the seven Y-chromosome micro-
satellite loci and the alphoid repeat poly-

morphism. Haplotype diversity (h), the prob-
ability that two individuals chosen at ran-
dom from a population have different Y-
chromosome or mtDNA haplotypes, was
estimated along with its standard error us-
ing equations 8.5 and 8.13 of Nei (1987).
Nucleotide diversity (p), the measure of
gene diversity at the nucleotide position
level was estimated for the mtDNA se-
quence data using equations 10.6 and 10.7 of
Nei (1987).

Differences among populations were as-
sessed using two methods, the hierarchical
analysis of molecular haplotype variance
calculated using the WINAMOVA computer
package for Y-chromosome and mtDNA data
(Excoffier et al., 1992; Michalakis and Ex-
coffier, 1996) and Slatkin’s (1995) measure of
population subdivision based on variance of
microsatellite repeat length (RST). Esti-
mates using microsatellite data assumed
the single stepwise mutation model (Valdes
et al. 1993; DiRienzo et al. 1994; Shriver et
al. 1993), after the mutation/drift model of
Kimura and Ohta (1978). The infinite alleles
model (Kimura and Crow, 1964) was as-
sumed for the mtDNA sequence data. For
Slatkin’s (1995) measure, RST 5 (S - Sw)/S,
where S is twice the estimated variance of
microsatellite repeat length for all the popu-
lations and Sw is twice the estimated vari-
ances of microsatellite repeat length within
each population. RST is the proportion of the
total variance in microsatellite repeat length
that is due to differences between popula-
tions. This measure is analogous to Wright’s
(1951) FST and Excoffier et al.’s (1992) FST.

Maximum parsimony (MP) was performed
using PAUP 3.1.1 (Swofford, 1993) in order
to reconstruct the Y-chromosome haplotype
phylogeny. Y-chromosome loci were defined
as ordered characters incorporating a single
stepwise mutation model (DiRienzo et al.,
1994; Valdes et al., 1993). Since mutations
were more prevalent among the seven micro-
satellite loci, equal weights of one were used
for the microsatellite loci, while a weight of
six was used for the less variable DYZ3
HindIII restriction site.

Phylogeny reconstruction using mtDNA
control region sequences has revealed star
topologies for populations which have re-
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cently grown in size (DiRienzo and Wilson,
1991; Rogers and Jorde, 1995). In theory, a
star topology should also be observed for
Y-chromosome haplotypes defined by highly
variable microsatellites alleles. Coalescence
theory suggests that common, geographi-
cally dispersed haplotypes should be found
at internal nodes of the tree and ancestral to
the less frequent, geographically restricted
haplotypes (Hudson, 1990; Griffiths and Ta-
vare, 1994; Donnelly, 1996; Templeton, 1993).
Thus, we defined major Y-lineage groups as
monophyletic clades of haplotypes whose
most recent common ancestor (MRCA) was
observed at a frequency greater than 4%.

RESULTS
Autosomal microsatellite diversity

Table 1 presents the average number of
alleles per autosomal microsatellite locus for
the five populations. The average number of
alleles for Finns was within the range ob-
served in the other European populations.
The Native American populations possessed
fewer alleles per locus than the Europeans,
possibly due to founder effects during the
colonization of the New World and subse-
quent drift following their divergence as
separate populations in NorthAmerica. Gene
diversity for each locus and population is
shown in Table 1. The Euro-American sam-
ple exhibited the highest diversity (0.790 6
0.01), while the Pima had the lowest (0.710 6
0.02). Gene diversity for the Pima was signifi-
cantly lower than all other populations (P ,
0.02) except the Cheyenne. Interestingly,
variance in microsatellite repeat length was
not correlated with standard gene diversity
estimates. Both the Pima and Euro-Ameri-

can samples had quite similar values of
repeat length variance (Table 1) yet consider-
ably different gene diversity estimates.

Average gene diversity estimates for each
of the populations were similar to those
found in a previous study using microsatel-
lite markers on chromosome 20 (Urbanek et
al., 1996). The Finnish population falls
within the range of gene diversity seen
throughout Europe and does not exhibit
reduced heterozygosity.

mtDNA diversity

Mitochondrial DNA diversity is shown in
Table 2. No significant reduction in mtDNA
diversity was found for the Finns when
compared to other Europeans. In fact, the
Finnish population is quite similar to other
European populations in haplotype and nu-
cleotide diversity. Although haplotype diver-
sity was low for the Swedes, their level of
nucleotide diversity was consistent with
other European populations. One hundred
and thirty-five distinct mtDNA haplotypes
were observed in the five populations. The
number of individuals per population pos-
sessing each mtDNA haplotype is given in
Appendix A. An interesting pattern of
mtDNA variation was observed at the conti-
nental level. Although mtDNA haplotype
diversity was lower in Pima (0.932 6 0.011)
than in Finns (0.964 6 0.007), Pima and
Cheyenne mtDNA nucleotide diversity was
almost three times higher than European
mtDNA diversity. Most importantly, not a
single mtDNA haplotype was shared be-
tween the two Native American populations.
These patterns of mtDNA nucleotide and
haplotype diversity, which have also been
observed in other Amerind populations
(Stone and Stoneking, 1998), reveal that
pairwise sequence differences within Amer-

TABLE 1. Genetic variation at 20 autosomal
microsatellite loci in five populations1

Population n k H Sw

Finland 71 9.0 0.779 6 0.02 44.2 6 0.52
Sweden 44 9.4 0.786 6 0.02 44.6 6 0.48
Euroamerican 32 8.8 0.790 6 0.01 43.4 6 0.62
Cheyenne 30 8.6 0.728 6 0.03 43.0 6 0.59
Pima 50 7.6 0.710 6 0.02 42.6 6 0.52

Overall 227 12.4 0.810 6 0.02 46.0 6 0.27
1 H, average gene diversity; k, average number of alleles; n,
sample size; Sw, twice the mean variance in microsatellite repeat
length.

TABLE 2. mtDNA diversity in five populations

Population n k h p

Finland 73 50 0.964 6 0.007 0.011 6 0.001
Sweden 28 13 0.839 6 0.031 0.009 6 0.001
Euroamerican 44 33 0.965 6 0.009 0.009 6 0.001
Cheyenne 39 26 0.973 6 0.004 0.021 6 0.002
Pima 40 22 0.932 6 0.011 0.019 6 0.002

h, haplotype diversity; k, number of haplotypes; n, sample size;
p, nucleotide diversity.
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ind populations are quite large. This sug-
gests that the ancestral founder population
was highly polymorphic (Ward et al., 1991)
and/or that after colonization of the New
World, Native American populations ex-
panded in size rapidly and in relative isola-
tion (Shields et al., 1993).

As seen elsewhere (DiRienzo and Wilson,
1991), the phylogeny of European mtDNA
haplotypes exhibits a star topology whose
root is the Cambridge Reference Sequence
(CRS) (Anderson et al., 1981). This pattern
indicates rapid demographic growth and has
been confirmed by pairwise sequence com-
parisons of mtDNA (Rogers and Harpend-
ing, 1992; Harpending et al., 1993; Rogers
and Jorde, 1995). The CRS has a frequency
of about 20% in nearly all European popula-
tions. It was found in the Finnish population
at a frequency of 23% (haplotype 1 in Appen-
dix A), and the Finnish mtDNA phylogeny
(data not shown) was quite similar to those
found using other European data sets (see
Richards et al., 1996).

Y-chromosome haplotype diversity

One hundred and eleven Y-chromosome
haplotype configurations were observed (see
Appendix B) in the sampled populations. As
shown in Table 3, the Finns possess the
lowest haplotype diversity of all popula-
tions, 0.877 6 0.013. Y-haplotype diversity
for the other populations ranged from 0.905–
0.965. A similar pattern was observed in
Finns by Sajantila et al. (1996) using fewer
Y-chromosome loci. Significant differences
in Y-chromosome diversity exist between the
Finns and both European populations (P ,
0.02). No significant differences in Y-haplo-
type diversity were observed between any
other pairs of populations.

Three Y-chromosome haplotypes were ob-
served in high frequency (more than ten
copies), while 94 were observed in less than
three copies. One of the three common Y
haplotypes (haplotypeA/76) was found exclu-
sively in Finns at a frequency of 30%. An-
other common Y haplotype (haplotype B/102)
was found in 15% of Finns and 11% of
Swedish males. A third common haplotype
(haplotype D/69) was observed only in Pima
males. In the two European populations,
many of the single-copy haplotypes were
only one or two mutational steps away from
a common haplotype from within the same
population. If we assume that the oldest
haplotypes are those that are in high fre-
quency, then we can infer that the closely
related rare haplotypes have recently evolved
from the common haplotypes from within
that population and are not due to gene flow.

Allele frequencies for each Y-chromosome
locus are shown in Table 4. The Native
American populations possessed less diver-
sity and fewer alleles at all Y loci except one,
DYS392, where the Pima possess the largest
number of alleles. While most observations
of microsatellite mutations have not found
changes in allele size of more than one or
two repeat units (Weber and Wong, 1993),
there is a possibility of mutations of larger
size changes (DiRienzo et al., 1994). Allele
sizes for the DYS392 locus ranged from
248–257 base pairs in all populations except
the Pima. The presence of the 260, 263, and
266 alleles in the Pima most likely is due to a
random mutational event of larger effect
that may have occurred after the founding of
the Americas. Subsequently, these alleles
may have risen to high frequencies in the
population due to drift. Nonetheless, re-
duced Y-chromosome diversity of the Pima is
reflected in the average variance in microsat-
ellite repeat length (Sw) across all seven
loci. The variance is greatest for Swedes and
Euro-Americans (Table 3).

Y-chromosome haplotype phylogeny

The phylogeny relating Y-chromosome
haplotypes is shown in Figure 1. Groups A
and D are two population-specific clades of Y
haplotypes observed in Finnish and Pima
males, respectively. Groups A and B were

TABLE 3. Y chromosome diversity in five populations

Population n k h Sw

Finland 89 29 0.877 6 0.013 19.4 6 0.34
Sweden 45 25 0.965 6 0.008 26.6 6 0.56
Euroamerican 32 22 0.964 6 0.005 22.0 6 0.43
Cheyenne 31 16 0.905 6 0.019 21.8 6 0.50
Pima 55 32 0.959 6 0.007 21.2 6 0.42

Overall 252 111 0.975 6 0.002 27.0 6 0.19

h, haplotype diversity; k, number of haplotypes; n, sample size;
Sw, twice the mean variance in microsatellite repeat length.
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observed as two major star-shaped clusters
in the phylogeny. This is indicative of a
population expansion from two common Y
haplotypes. Group A haplotypes coalesced to
a common Y haplotype whose frequency was
observed at 30% in Finland. The Pima spe-
cific (group D) clade was not surprising since
the population was known to have experi-
enced at least one population bottleneck. In
fact, this sample was previously shown to be
relatively homogeneous and quite divergent

from European populations (Urbanek et al.,
1996). However, the divergent clade of Finn-
ish Y-chromosome haplotypes lends support
to the Finnish population bottleneck hypoth-
esis.

The Y-chromosome phylogeny also re-
vealed substantial amounts of haplotype
sharing and clades of related haplotypes
among Europeans. Group B and C haplo-
types were observed in all of the European
populations. A majority of the Finnish Y

TABLE 4. Allele frequency distributions in five populations

Locus and allele1 Finn Swede
Euro-

American Pima Cheyenne

DYS388
126 0 0.031 0 0 0
129 0.775 0.406 0.911 0.873 0.613
132 0.022 0.063 0.022 0.091 0.387
135 0.202 0.500 0.067 0 0
138 0 0 0 0.018 0
141 0 0 0 0.018 0

DYS389a
243 0 0.031 0 0.018 0
247 0.258 0.531 0.222 0.109 0.032
251 0.292 0.313 0.578 0.481 0.710
255 0.449 0.125 0.200 0.382 0.258

DYS390
202 0 0.063 0.089 0.073 0.097
206 0.011 0.250 0.089 0.018 0
210 0.360 0.406 0.111 0.182 0.581
214 0.517 0.219 0.533 0.473 0.290
218 0.112 0.063 0.133 0.255 0.032
222 0 0 0.044 0 0

DYS391
283 0.360 0.719 0.533 0.673 0.839
287 0.629 0.250 0.467 0.327 0.161
291 0.011 0.031 0 0 0

DYS392
248 0.337 0.594 0.244 0.091 0.323
251 0 0.031 0.156 0 0
254 0.034 0.281 0.422 0.109 0.065
257 0.629 0.094 0.178 0.218 0.613
260 0 0 0 0.291 0
263 0 0 0 0.145 0
266 0 0 0 0.145 0

DYS393
120 0 0 0 0.055 0.355
124 0.416 0.906 0.889 0.727 0.419
128 0.573 0.094 0.089 0.127 0.129
132 0.011 0 0.022 0.091 0.097

DYS394
239 0 0.031 0 0 0
243 0.011 0.063 0.178 0.418 0.323
247 0.809 0.656 0.644 0.491 0.290
251 0.101 0.188 0.067 0.055 0.323
255 0.022 0.031 0.111 0 0
259 0.045 0.031 0 0.036 0.065
263 0.011 0 0 0 0

DYZ3 HindIII site
1 0.876 0.625 0.311 0.145 0.355
2 0.124 0.375 0.689 0.855 0.645

Number of chromosomes 89 32 45 55 31
1 For microsatellite loci, allele sizes (bp) are presented; for the DYZ3 locus, 1 denotes the presence of the HindIII site.
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haplotypes were found in groups A and B,
while the Euro-American and Swedish Y
haplotypes were more evenly distributed
throughout the phylogeny (Fig. 1). Euro-
American Y-chromosome haplotypes were
highly prevalent (50%) in group C.

The majority of Native American Y-chro-
mosome haplotypes clustered separately
from Europeans; however, there were four Y
haplotypes shared between the Native
American and European populations. After
careful evaluation of the Native American
pedigree and heritage data, we discovered
that the four shared haplotypes were due to
Euro-American gene flow.

Population differentiation

Genetic variance statistics for the Y-
chromosome, autosomal, and mtDNA data
are shown in Table 5. AMOVA reveals that
Y-chromosome microsatellite diversity is
nonrandomly distributed across popula-
tions. The FST value for all five populations
consisting of a European group (Finns,
Swedes, and Euro-American) and a Native
American group (Pima, and Cheyenne) is
0.349 (P , 0.001). This means that 35% of
the total variance of Y-chromosome haplo-
types is attributable to differences between
populations. The amount of variance attrib-
uted to continental differences (Europe/

Fig. 1. Y chromosome haplotype phylogeny. Un-
rooted phylogram relating Y-chromosome haplotypes
from five populations. Circles represent observed haplo-
types from select populations. The sizes of the circles are
proportional to haplotype frequency, and branch lengths
are proportional to mutational steps. Group A haplo-

types (Finn exclusive) are colored orange, group B
haplotypes are blue, group C haplotypes are green, and
group D (Pima exclusive) are violet. Phylogeny was
inferred using maximum parsimony and represents one
of several thousand equally parsimonious trees. Groups
A–D were found in 100% of strict consensus trees.
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Americas) was estimated to be 21% (P ,
0.05). We note that these variance estimates
assume that heterozygosity levels are equal
for all populations (Urbanek et al., 1996). In
order to measure the extent of differentia-
tion within the two continental groups, we
applied the AMOVA separately to Europe-
ans and to Native Americans. Significant
Y-chromosome differentiation was observed
between the three European populations.
Table 5 shows that 19% (FST 5 0.189, P ,
0.001) of European Y-chromosome variance
was attributed to differences between the
Finnish, Swedish, and Euro-American popu-
lations. Native American Y-chromosome dif-
ferentiation exhibited a slightly lower value
of 0.137.

While the AMOVA of Y-chromosome varia-
tion estimated haplotype differences using
all eight Y-chromosome loci including the
DYZ3 restriction site, the RST estimates
were calculated using only the variance in
repeat lengths of the seven microsatellite
loci. The pattern of differentiation observed
using the R statistic was quite different than
the pattern observed using AMOVA. RST for
all five populations was 0.178; among the
Europeans it was 0.090 and among Native
Americans 0.190. Autosomal microsatellite

differentiation among the five populations
was also estimated using the R statistic. RST

for all five populations was 0.054 (P , 0.05).
Table 5 also shows that RST estimates for
the Y chromosome are two to three times
higher than the autosomal estimates, consis-
tent with the fourfold-smaller effective popu-
lation size for the Y chromosome compared
to the autosomes (excluding the X chromo-
some).

Differentiation between populations for
mtDNA control region sequences was not as
high as observed for the Y chromosome.
AMOVA results for mtDNA revealed that for
five populations, consisting of a European
group (Finns, Swedes, and Euro-American)
and a Native American group (Pima and
Cheyenne), about 23% of the total genetic
variance is attributable to differences be-
tween populations. This variance estimate
is consistent with estimates from previous
studies using mtDNA (Stenico et al., 1996;
Jorde et al. 1995; Stoneking et al. 1990;
Merriwether et al., 1991). Much of the vari-
ance in mtDNA diversity is attributable to
continental differences between Europeans
and Native Americans (FCT 5 0.144, P ,
0.001). Differences between the three Euro-
pean populations accounts for only 5% (P ,

TABLE 5. Genetic differentiation of populations

Genetic
system and

type of
comparison

All
populations Europeans

Native
Americans

P
value

F
statistic

P
value

F
statistic

P
value

F
statistic

Y chromosome
Among groups ,0.05 FCT 5 0.214 — —
Among populations/

within groups ,0.001 FSC 5 0.172 — —
Within populations ,0.001 FST 5 0.349 ,0.001 FST 5 0.189 0.004 FST 5 0.137

mtDNA
Among groups ,0.001 FCT 5 0.144 — —
Among populations/

within groups ,0.001 FSC 5 0.100 — —
Within populations ,0.001 FST 5 0.230 ,0.001 FST 5 0.057 ,0.001 FST 5 0.151

All
populations Europeans

Native
Americans

P
value

R
statistic

P
value

R
statistic

P
value

R
statistic

Y chromosome
Within populations ,0.02 RST 5 0.178 ,0.01 RST 5 0.090 ,0.01 RST 5 0.190

Autosomal microsatel-
lite DNA

Within populations ,0.05 RST 5 0.054 ,0.01 RST 5 0.043 ,0.01 RST 5 0.080
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0.001) of the total variance (Table 5), while
Native American mtDNA differentiation was
three times higher, at 15% (P , 0.001). The
high mtDNA differentiation among Native
Americans is mainly due to drift and is
concordant with other observations of Na-
tive American mtDNA control region se-
quence variation (Shields et al., 1993; Stone
and Stoneking, 1998). The pattern of Euro-
pean mtDNA differentiation is consistent
with diversity and phylogenetic analyses of
European mtDNA control region sequences
which reveal a high degree of homogeneity
among Europeans (Richards et al., 1996).

DISCUSSION

Genetic support for a male-specific bottle-
neck was found from Finnish Y-chromosome
microsatellite variation. Data was collected
and analyzed from different genetic systems
consisting of Y-chromosome microsatellites,
mtDNA HVS-1 sequences, and autosomal
microsatellites from five populations. Finn-
ish genetic variation was compared to four
populations from two continents. Distinct
differences in Y-chromosome variation be-
tween Finns and other Europeans was ob-
served, yet variation at autosomal and
mtDNA loci was indistinguishable among
the Europeans. Finnish Y-haplotype diver-
sity was even lower than the diversity ob-
served in two Native American populations
which have experienced recent population
bottlenecks. While the Cheyenne and Pima
represent may represent a restricted Amer-
indian sample, their patterns of autosomal,
mitochondrial, and Y-chromosome variation
should be consistent with other Amerindi-
ans who experienced similar population his-
tories.

Several features of the RST results were
noteworthy. Higher autosomal gene differen-
tiation was observed among the Native
American populations (8%) than among the
European populations (4%). This pattern of
differentiation reflects unequal divergence
between populations and can be attributed
to higher levels of genetic drift operating in
the two Native American populations. The
higher estimates of RST for the Y chromo-
some in Native American populations are
likely due to many factors, such as differ-

ences in effective population size, the num-
ber of loci sampled, and the complete linkage
of microsatellite loci on the Y chromosome.
We note that the performance of RST is best
when the time between population diver-
gence is large and when mutation, not ge-
netic drift, is the dominant force creating
differentiation (Slatkin, 1995). These as-
sumptions may not hold true for the Native
American populations which have been
strongly affected by drift.

With regard to the two measures of Y-
chromosome differentiation between Euro-
pean populations, quite distinctive features
of Y-chromosome variation were revealed.
Slatkin (1995) defined RST for microsatellite
data at a single locus. The measure takes
into account differences in microsatellite
allelic size. For multilocus microsatellite
data, a weighted average across loci is used.
Michalakis and Excoffier’s (1996) FST is
analogous to RST; however, molecular haplo-
typic differences and frequencies are uti-
lized in the FST estimate. Thus, the low RST

value revealed that the allelic distributions
for Y-microsatellite loci were similar for the
European populations; however, the high
FST revealed large differences in Y-haplo-
type configuration between Finns and other
Europeans. The opposite pattern was ob-
served for Native American Y-chromosome
variation. The high RST value and slightly
lower FST suggest that, although different
alleles were observed within the two popula-
tions, molecular distances between Y haplo-
types were moderate. This pattern is attrib-
utable to different ranges of allele sizes for
loci such as DYS392, where the greatest
number of alleles were observed in the Pima.

The discordance between FST estimates
for mtDNA and the Y chromosome may be
due to greater vulnerability of the Y chromo-
some to the effects of genetic drift than
mtDNA. This may reflect differences in
mtDNA and Y chromosome effective popula-
tion sizes, mainly due to the large variance
in male reproductive success and/or differ-
ences in male and female dispersal patterns.
Another explanation for the differences in
FST estimates for mtDNA and the Y chromo-
some may be differences in mutation rates
for the two genetic systems. While the muta-
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tion rate is lower for the mtDNA control
region (1.4 3 1025) (Lundstrom et al., 1992)
than microsatellites on the Y chromosome
(2.1 3 1023) (Heyer et al., 1997), the number
of polymorphic sites are greater for the
control region. Thus, the potential for higher
variation exists for mtDNA haplotypes since
each polymorphic nucleotide site within
HVS-1 of the mtDNA control region is in
essence a locus when compared to the seven
microsatellites used to construct Y-chromo-
some haplotypes.

Reduced number of males

To date, the Finns are the first European
population to exhibit a marked reduction of
Y chromosome diversity (Table 3). A similar
conclusion was drawn from Sajantila et al
(1996) using two Y-chromosome microsatel-
lite loci and the Y Alu polymorphism (YAP)
locus (Hammer, 1994). Our finding of low
Y-chromosome microsatellite diversity for
the Finns is quite striking, especially since
studies using fewer microsatellite loci have
found significantly higher Y-chromosome mi-
crosatellite diversity estimates in other Eu-
ropean populations (Roewer et al., 1996;
Cooper et al., 1996).

Finnish Y-chromosome variation is in
strong contrast to mtDNA and autosomal
microsatellite data. Estimates of Finnish
gene diversity for the two latter genetic
systems are consistent with other European
populations which have not undergone a
population bottleneck. We note that the
mutation rate for the control region of mito-
chondrial DNA is more than 20 times faster
than that of nuclear DNA (Greenberg et al.,
1983) excluding microsatellites, and nucleo-
tide positions within the control region evolve
at different rates (Wakely, 1993). A recent
population genetic study on the Finns at-
tempted to deal with the disparate rates at
different positions by excluding positions in
the analysis which have mutated more than
others (Sajantila et al., 1996). They confined
the analysis of mitochondrial control region
sequences to positions that were slowly
evolving in hopes of defining mtDNA lin-
eages that existed before the putative bottle-
neck. However, using only the slowly evolv-
ing positions in the analysis is problematic

because variation for all of the European
populations, not just the Finns, will be re-
duced. As more positions are excluded from
the analysis, the number of European se-
quences identical to or one mutational step
away from the CRS increases greatly. This is
the case because every European population
shows a similar pattern of divergence from
the CRS and the CRS frequency is similar
throughout the continent (Richards et al.,
1996).

Genetic heterogeneity of the Finns

As stated earlier, many investigators trace
the origin of the Finnish population to an
area south of the Gulf of Finland which
includes present-day Estonia (Nevanlinna,
1972; Luho, 1976; Fodor and Czeizel, 1991).
However, a competing theory contends that
the early settlers arrived from two locations,
one in this southern region and the second
group from the east near the Lake Ladoga
region (Norio, 1981; Meinander, 1973; Eriks-
son, 1973). Archeological evidence appears
to support the ’dual origins’ theory with
considerable cultural differences between
eastern and western Finland. These cul-
tural differences, exhibited by eastern and
western varieties of plows, sleighs, and archi-
tecture (Luho, 1976; Vilkuna, 1976), date
back almost 1,000 years (Hajdu, 1975).

Recently, we have shown that two major
clades of divergent Y chromosome haplo-
types exist within the Finnish population
(Kittles et al., 1998). Group A haplotypes
were a monophyletic clade of haplotypes not
found in other European populations. A sec-
ond major clade of Y haplotypes, group B,
was found in Swedish and Euro-American
males. A minimum of ten mutational steps
separate the two common Y-chromosome
haplotypes (haplotypes A and B). Thus, it is
very unlikely that group A and B haplotypes
originate from the same source population.
The geographic pattern of Y-haplotype varia-
tion suggests that haplotype A may have
entered Finland from the east (near the
Lake Ladoga region), while settlers possess-
ing haplotype B traveled across the Gulf of
Finland and the Swedish border (Kittles et
al., 1998). Estimated expansion times for
the haplotypic groups suggest that group B
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haplotypes may have arrived in Finland
during the diffusion of agriculturalism
through Europe.

The presence of the DYZ3 HindIII restric-
tion site was used in conjunction with the
Y-chromosome microsatellites to increase
haplotype resolution in order to more pre-
cisely define the major Y lineages. The DYZ3
HindIII (1) is ancient, most likely predating
the expansion of humans out of Africa since
it was observed in geographically diverse
populations on different haplotype back
grounds (Santos et al., 1995; Kittles, unpub-
lished data). The DYZ3 HindIII restriction
site was found on 88% of the Finnish Y
chromosomes (groups A and B). The other
12% of Finnish Y chromosomes (group C),
being quite divergent (mutationally) and
rare, may have arrived in Finland relatively
recently.

The Y-chromosome data presented in this
study have helped resolve the question of a
Finnish population bottleneck. Evidence for
distinct Y-chromosome lineages and low Y-
chromosome diversity in Finland provides
support for at least two bottleneck events
affecting males. In fact, multiple founder
effects best explain the high incidence and
geographic pattern of genetic diseases within
Finland. This is especially true since a major-
ity of the genetic diseases result from one
founder mutation, revealing major founder
effects within the Finnish population.

The disparate pattern of diversity ob-
served for Finnish mtDNAand the Y chromo-
somes suggests that females may have been
incorporated from other European popula-
tions, while males were restricted. However,
we note that caution should be used when
comparing haplotype diversity estimates for
the two genetic systems. Diversity within

Finland for autosomal microsatellite loci is
similar to European populations which have
not undergone a population bottleneck. This
may be due to the high mutation rate of
microsatellites. However, the same phenom-
enon was not seen in the Native Americans
which may have undergone several popula-
tion bottlenecks throughout history. This
being the case, other factors such as sex-
biased gene flow and recent internal migra-
tion between Finnish subisolates may be
responsible for high gene diversity in Finns.
Further geographic sampling within Fin-
land will be needed in order to clarify this.
Excluding the Y-chromosome data, genetic
variation in Finland does not reveal evi-
dence of reduced heterozygosity. This sug-
gests that there may be a detectable amount
of underlying autosomal homozygosity
within certain regions formed during the
initial settlement of Finland. This pattern
may also have been diluted by recent immi-
gration of females from other European
populations. While this gene flow would
affect autosomal (including X chromosome)
and mtDNA gene diversity, it would not
affect variation at the paternally transmit-
ted Y chromosome. Consequently, Y-chromo-
some analysis provides an independent ap-
proach to test the isolate hypothesis for the
Finnish population.
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APPENDIX A. Sequence variants in 135 mtDNA haplotypes from five populations1

Haplotype

Variants Population

122223344455678889
912580746712901581

11111111111111111111
00012222233344445555
13671245903906793789

11111111111112222222
66666667899990000011
01234690102470157912

22222222222222222222
11222333333444556666
79356234578037154678

22222222222222333333
67777778899999000011
90123581834567124527

3333333333
2223333345
1782345937 Finn Swede

Euro-
American Cheyenne Pima

1 GTTGACGCCAATTTCCCC TTGTTGCCTGGAACATCAAA ACCCCTCCGGATACTCACCA ACACTGCCACCTCCGCCACC CACCCTCTTAAAGCTTCCAA CAACTTCTCC13 2 8 . .
2 .................. .................... .................... .................... .....C.............. .......... . 11 2 . .
3 .................. .................... ..............C..... .................... .................... .......... . . 1 . .
4 .................. .................... .................... .................... .......C............ .......... 2 . 1 . 2
5 .................. .................... .................... ......T............. .................... .......... 1 . . . .
6 .....T............ .................... .................... .................... .................... .......... 1 . . . .
7 .................. ...........G........ .................... .................... .................... .......... 3 . . . .
8 .................. ......T............. .................... .................... .................... .......... 1 . . . .
9 .................. .................... .................... .................... .................... ....C..... 1 . . . .

10 .................. .................... .................... ..............A..... .................... .......... 1 1 . . .
11 .................. .................... .................... .................... .................... .......C.. 1 . . . .
12 .........G........ .................... .................... .................... .................... .......... 1 . . . .
13 .................. ........C........... .................... .................... .................... .......... . . . . .
14 .................. .................... .................... ......T......T...... .................... .......... 1 . . . .
15 ....G............. .................... .................... ......T......T...... .................... .......... 1 . . . .
16 .................. .................... ..........T......T.. .................... .................... ..T....... 1 . . . .
17 .................. .................... .................... .................... .................... T...C..C.. 1 . . . .
18 .............C.... .................... .................... ......T......T.....T .................... .......... 1 . . . .
19 .............C.... .................... ......T............. ......T......T.....T .................... .......... 1 . . . .
20 .................A .................... ......T............. ......T......T...... ..T................. .......... 1 . . . .
21 .................. .................... ......T............. ......T......T...... .................... .......C.. 1 2 . . .
22 .................. ...........G........ .................... ......T......T...... .................... .......... 1 . . . .
23 .................. .................... .................... ......T......T...... ..T................. .......... 1 . . . .
24 .................. .........A.......... .................... .................... .....C.............. .......... . . . . .
25 .................. .................... G................... .................... .....C.............. .......... 2 . . . .
26 T................. .................... .................... .................... .....C.............. .......... 1 . . . .
27 ...........C...... .................... .................... G................... .....C.............. .......... . . 1 . .
28 .......T.......... .................... .................... ...................T ..............C..... .......... . . 1 . .
29 .................. .................... .................... .......T............ .................... .......... . . 1 . .
30 .................. .................... .................... ...................T .................... .......... 1 . . . .
31 .................. ..A................. .................... .................... .................... .......... 1 . 1 . .
32 .............C.... ..A................. .................... .................... .................... .......... . . 1 . .
33 .................. ..A................. ............C....... .................... .................... .......... . . 1 . .
34 .................. ..A................. .................... .................... ...........T........ .......... . 1 . . .
35 .............C.... ..A................. .................... .................... .........G.......... .......... 2 . . . .
36 .................. .................... .................... .................... ..T.T..C............ .......... . . 1 . .
37 .................. .................... .................... .............T...... ....T..........C.... .......... . . 1 . .
38 .................. .................... .................... .................G.. .................... .......... . . 1 . .
39 .................. .C.................. .................... .................... ..T................. .......... . . 1 . .
40 ........T......... .C.................. .................... .................... .................... .......... 3 . . . .
41 .................. .C.................. .................... .................... ..T...........C..... .......... 1 . . . .
42 ........T........G .C.................. .................... .................... .................... .......... . . 1 . .
43 ........T......... .C.................. .......T............ .................... .................... .......... 1 . . . .
44 ........T......... .C.................. .......T............ ...............T.... .................... .......... 1 . . . .
45 ..A............... .C.................. .................... .................... ..T.T..C............ .......... 1 . . . .
46 .................. .C.......A.......... .................... .................... ..T.T............... .......... . . 1 . .
47 .................. .C.................. .................... ..GA................ ..T.T..C............ .......... 2 . . . .
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Haplotype

Variants Population

122223344455678889
912580746712901581

11111111111111111111
00012222233344445555
13671245903906793789

11111111111112222222
66666667899990000011
01234690102470157912

22222222222222222222
11222333333444556666
79356234578037154678

22222222222222333333
67777778899999000011
90123581834567124527

3333333333
2223333345
1782345937 Finn Swede

Euro-
American Cheyenne Pima

48 .................. .C..........G....... ...T.C.............. .................... ..T................. .......... 1 . . . .
49 ................T. .................... C....C.....C........ .................... .................... .......... . . . 1 .
50 ................T. C................... C....C.....C........ .................... .................... .......... . . . . 1
51 ................T. .................... C....C.....C.T...... .................... .................... ......T... . . . 1 .
52 .A..............T. C................... C....C.....C........ .............T...... .................... .......... . . . . 1
53 ............C..... .................... C.T..C.....C........ .................... ...............CT... .......... . . . . 1
54 ...A..........T... ..................GC C....C.....C........ .................... .................... .......... . . . 1 .
55 ...A..........T... ..............G...GC C....C.....C........ .............T...... .................... .........A . . . 1 .
56 .................. .................... C....C.....C...G.... .G........T......... .................... .......... . . . . 1
57 .................. .................... C....C.....C........ ..........T..T...... .................... .........A . . . . 1
58 .................. .................... C....C.....C........ ..............A..... .................... ......G.G. . . . 1 .
59 .................. .................... C....C.....C........ ..........T......... .................... .........A . . . . 1
60 .................. .................... C....C.....C........ ..........T......... .................... .......... . . . . 8
61 .................. .................... C....C.....C........ ..............A..... .................T.. .......... . . . . .
62 ............C..... .................—.. ...T.C.....C........ .................... .................... .......... . . . . 2
63 .................. ....C............... .....C.............. ...G.........T...... .................... .......... . 1 . . .
64 .................. ....C............... .....C.............. .............T...... ..................G. .......... . 1 . . .
65 .................. .................—.. ...T.C.....C........ .................... .................... .......... . . . . 1
66 .................. ....C............... .....C.............. .............T...... .................... .......... . 3 . . .
67 .................. .................... .....C.............. .................... .................... .......... . . 1 . .
68 ............C..... .................—.. ...T.C.....C........ .............A..G... ..................T. .......... . . . . 1
69 .................. ....C..T............ .....C.............. .............T...... ..................G. .......... . 2 . . .
70 .................. ....C..T............ .....C.............. .............T...... .................... .......... . 1 . . .
71 .................. ....C............... .....C.............. .............T...... ......T............. .......... 1 . . . .
72 .................. .................... .....C.........G.... .............T...... ..........G......... .......... 1 . . . .
73 ..........G....... .................... .....CT............. .............T...... .................... .......... 1 . . . .
74 .................. .............A...... ......T............. .............T...... .................... .......... . . 1 . .
75 .................. .................... .............T...... .................... ..T............C.... .......C.. . . . . 1
76 .................. .................... C....C.............. .............T...... .................... .......... 1 . . . .
77 .................. .................... .....CT............. .............T...... .................... .......... 4 . . . .
78 .................. .................... .....C.............. .................... .....C.............. .......... . . 1 . .
79 .................. .................... .T...........T...... ..........T.......T. ............A....... .......C.. . . . 1 .
80 .................. .CA................. ....T........T...... ..................T. ............A....... .......C.. . . . 1 .
81 .................. .CA................. .............T...... ..................T. ............A.C..... .......C.. . . . 1 .
82 .................. .................... C....C.......T...... ....C.............T. ............A....... .......C.. . . . 1 .
83 ................T. .................... .............T...... ..................T. ............A....... .......C.. . . . 4 .
84 ................T. .................... .............T..G... ..................T. ............A....... .......C.. . . . 1 .
85 ................T. .................... .............T...... ..................T. ............A..C.... .......C.. . . . 3 .
86 ................T. .................... ......T......T...... ..................T. ............A....... .......C.. . . . 3 .
87 ................T. .................... ......T......T...... ..................T. ............A....... .......C.T . . . 1 .
88 ................T. .................... ......T......T...... ....C.............T. ............A....... .......C.. . . . 2 .
89 ................T. .................... ......T......T...... ..................T. ............A......G .......... . . . 1 .
90 ................T. .................T.. .............T...... .......T...A......T. ............A....... .......C.. . . . . 2
91 .................. .................... .............T...... .................... ..T..C.........CT... .........A . . . 1 .
92 .................. .................... .............T...... .................... ..T..C..C......CT... .......... . . . 1 .
93 .................. .................... .............T...... .................... ..T..C.........CT... .......... . . . 3 .
94 .................. .................... .............T...... .................... .....C.........CT... .......... . . . . 6



95 .................. .................... .............T...... .................... .....C..........T... .......... . . . 1 .
96 .................. ...C................ .............T...... ....C............... .....C.........CT... .......... . . . . 1
97 ....G............. .................... .............T....T. .................... .....C.........CT... .......... . . . 1 .
98 .................. .................... .............T....T. .................... ...T.C.........CT... .......... . . . . 5
99 .................. ..A................. .............T....T. .................... ...T.C.........CT... .......... . . . . 1

100 .................. ..A................. ..T..........TC..... .........T.......... .....C.............. .......... . 1 . . .
101 .................. .................... .............T...... ...T................ .....C.........CT... .......... . . . . 1
102 .................. .C.................. .............T...... .........T.......... .....C.............. .......... 1 . . . .
103 .................. .................... .....C.......T...... ...............T.... .................... .......... . . 1 . .
104 .................. .................... .............T...... .................... T................... .......... . . 1 . .
105 .............C.... .................... C....C...A...T...... ...............T.... .................... ...G.CT... . . . 1 .
106 ......A.........T. ..........T........C C....C.............. ...............T.... .................... .......... . . . . 1
107 .................. .................... C....C.......T...... ...............T...T ............A....... .....C.... . . . 3 .
108 .............C.... .................... C....C...A...T...... ...............T.... .................... .......... . . . 1 .
109 .................. .................... C....C.......T...... ...............T...T ............A....... .......... . . . 2 .
110 ...............T.. .................... .....C.......T...... .....A.........T.... .................... .......... 1 . . . .
111 .................. .................... ......T......T...... .................... T..............C.... .......... 1 . . . .
112 .................. .................... .............T....T. .................... T................... .......... 1 . . . .
113 .................. .................... .............T...... .T.................. T................... .......... 1 . . . .
114 .................. .....A..........G... .............T...... .................... .................... .......... 1 . . . .
115 .................. .................... ...................G .................... ............AT...... .......... . . 1 . .
116 .............C.... .................... .........A.......... .................... .................... .......... . . . 1 .
117 .............C.... .................... .................... .................... .....C.............. .......... . . 1 . .
118 .............C.... .................... .....C.............. .................... .................... .......... 1 . . . .
119 .............C.... .................... .................... .................... .................... .......... 1 . 1 . .
120 .................. .................... .................... .................... ........C........... .......... 1 1 3 . .
121 .................. ...............C.... .................... .................... ........C........... .......... . . 1 . .
122 .................. .................... ..............C..... .................... ........C........... .......... 1 . . . .
123 .................. .................... .................... ............T....... ........C........... .......... . . 2 . .
124 ..............T... .................... ..............C..... .................... ........C........... .......... . . 1 . .
125 .................. .................... ..............C..... .................... ........C........... .......C.. . . 1 . .
126 .................. ...............C.... .................... .................... .......CC........... .......... . . . . 1
127 .................. .................... .................... ........G........... ........C......C.... .......... 1 . . . .
128 .............C.... .................... .....C.............. .................... ........C........... .......... . . 1 . .
129 .............C.... .................... .................... .................... ........C........... .......C.. . . 1 . .
130 .............C.... .................... .................... ...............T.... ........C........... .......... . . 1 . .
131 .................. .................... .................... ...............T.... .G......C........... .......... 1 . . . .
132 .................. .................... .................... ...............T.... .G......C........... .T........ 1 . . . .
133 .................. .................... .................... ..........T......... ........C........... .......... 1 . . . .
134 .................. .................... ........TT.......... .....T.............. .....C.............. .......... . 1 . . .
135 ............C..... .................... .............T...... .................... .....C.........CT... .......... . . . . 1

73 28 44 39 40

1 Variable nucleotide positions (108) from mitochondrial control region sequence (HVS-1) data for 135 haplotypes found in five populations. Position 19 corresponds to position 16043 of the published
human reference sequence (Anderson et al. 1981).



APPENDIX B. Y chromosome haplotypes for five populations1

Haplotype DYS388 DYS389 DYS390 DYS391 DYS392 DYS393 DYS394 DYZ3 Population

1 126 251 218 283 248 124 255 2 S
2 129 243 218 287 263 128 243 2 P
3 129 247 202 283 248 128 251 1 E
4 129 247 202 283 248 132 251 1 P
5 129 247 206 283 257 124 243 2 S
6 129 247 210 283 257 120 247 2 P
7 129 247 210 283 257 124 243 2 S
8 129 247 210 283 248 124 247 1 F
9 129 247 210 283 248 124 251 1 S,F

10 129 247 214 283 254 124 247 2 E
11 129 247 214 283 248 128 243 1 E
12 129 247 218 283 257 128 247 2 C
13 129 247 218 283 263 128 247 2 P
14 129 247 214 287 254 124 247 2 S
15 129 247 218 287 257 128 247 1 F
16 129 251 202 283 248 124 255 1 E
17 129 251 206 283 254 124 247 2 E
18 129 251 206 291 254 124 247 2 S
19 129 251 210 283 248 120 247 1 C
20 129 251 210 283 248 124 243 1 E
21 129 251 210 283 251 124 243 1 E
22 129 251 210 283 254 124 247 2 P
23 129 251 210 283 257 124 247 2 P
24 129 251 210 283 257 128 247 2 C
25 129 251 210 287 254 124 239 2 S
26 129 251 210 287 254 124 247 2 P
27 129 251 210 287 257 124 243 2 P,C
28 129 251 210 287 257 124 259 2 C
29 129 251 210 287 257 128 247 1 F
30 129 251 214 283 248 124 243 1 F
31 129 251 214 283 248 124 247 2 F
32 129 251 214 283 254 124 243 2 P,E
33 129 251 214 283 254 124 247 2 E,S,F
34 129 251 214 283 257 120 247 2 C
35 129 251 214 283 257 124 243 2 P,C
36 129 251 214 283 257 124 247 2 C
37 129 251 214 283 257 124 259 2 C
38 129 251 214 283 260 128 243 2 P
39 129 251 214 283 263 128 243 2 P
40 129 251 214 287 248 124 247 2 E
41 129 251 214 287 254 124 243 2 P
42 129 251 214 287 254 124 247 1 P,F,E,S
43 129 251 214 287 254 128 247 2 E
44 129 251 214 287 257 124 247 2 E
45 129 251 214 287 257 128 247 1 F
46 129 251 214 287 257 132 247 1 F
47 129 251 214 287 260 128 243 2 P
48 129 251 214 287 266 124 243 2 P
49 129 251 218 283 257 120 247 2 P
50 129 251 218 283 257 124 243 2 P
51 129 251 218 283 257 124 247 2 P
52 129 251 218 283 248 124 251 2 F
53 129 251 218 283 248 124 259 2 S
54 129 251 218 287 266 124 243 2 P
55 129 251 218 287 257 124 247 2 E
56 129 251 218 287 248 124 255 2 F
57 129 251 218 287 248 124 259 2 F
58 129 251 218 287 257 128 259 1 F
59 129 251 222 287 251 124 255 2 E
60 129 255 202 283 254 124 243 1 E
61 129 255 202 283 257 132 243 2 C
62 129 255 210 283 257 124 243 2 C
63 129 255 210 283 257 124 247 1 P
64 129 255 210 287 257 124 247 1 F
65 129 255 210 287 248 128 247 1 F
66 129 255 210 287 257 128 247 2 F
67 129 255 214 283 254 124 247 2 E
68 129 255 214 283 257 124 247 2 F

D/69 129 255 214 283 260 124 247 2 P
(continued)
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