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Figure 1 Mitochondrial DNA and NRY phylogenies illustrating the relationship between
different kinds of mutations used in phylogenetic reconstructions.
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lineages present in human populations (Figure 1). By analyzing the sequence
variation in them, one can identify the maternal and paternal lineages present
within populations, characterize the extent of diversity within them, and ascertain
the manner in which they have been spread into neighboring groups. Other genetic
loci also have been used to explore Native American origins and affinities, but they
are not discussed here (Crawford et al. 1998, Rothhammer et al. 1997, Salzano
2002, Schurr 2004c).

This paper reviews the findings of molecular genetic studies of Native American
and Siberian populations and explores their implications for the peopling of the
New World. Several specific issues are addressed, including (a) the nature of
genetic diversity in Native Americans and Siberians, (b) the timing of the initial
colonization of the New World, (c) the number of expansions that entered the
Americas, and (d) the source area for ancestral Native Americans. In addition,
the population history of Native American tribes after the initial colonization, and
the consequences of contact with Europeans since the late fifteenth century, are
discussed briefly.

GENETIC DIVERSITY OF NATIVE
AMERICAN POPULATIONS

mtDNA Diversity in Siberia and the Americas

Much is now known about the maternal genetic lineages present in Native Ameri-
can populations. Their mtDNAs belong to five founding haplogroups, which have
been designated A–D and X (Brown et al. 1998; Forster et al. 1996; Schurr et al.
1990; Torroni et al. 1992, 1993a,c). Each of these maternal lineages is distinguished
by a unique combination of restriction fragment length polymorphisms (RFLPs)
and hypervariable region I (HVR-I) sequence polymorphisms, as well as coding
region mutations (Kivisild et al. 2002, Yao et al. 2002). Together, they encompass
96%–100% of the mitochondrial haplotypes in modern indigenous populations of
the New World (Schurr 2002, and references therein).

There are also several major geographic trends in the distribution of the found-
ing mtDNA lineages in the Americas. First, haplogroups A–D are observed in
Amerindian populations from North, Central, and South America (Schurr 2002,
and references therein) (Figure 2). These trends also have been detected in the
three Native American linguistic groups (Amerind, Na-Dené, Eskimo-Aleut) pro-
posed by Greenberg et al. (1986) and Greenberg (1987). Investigators interpret
these findings as indicating that all four mtDNA lineages were present in the orig-
inal migration(s) to the New World (Kolman et al. 1996; Merriwether et al. 1994,
1995; Stone & Stoneking 1998). However, Na-Dené Indians and Eskimo-Aleuts
show a different haplogroup profile than do Amerindians, one consisting largely of
haplogroup A and D mtDNAs, and may have lacked haplogroup B, and possibly
haplogroup C, in their original genetic makeup (Rubicz et al. 2003; Saillard et al.
2000; Shields et al. 1993; Starikovskaya et al. 1998; Torroni et al. 1992, 1993a;
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Ward et al. 1993). For this reason, they may represent a different expansion into
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Y Chromosome Diversity in Siberia and the Americas

To characterize NRY variation in Native Americans, researchers have employed
a number of different single nucleotide polymorphisms (SNPs) and short tandem
repeat (STR) loci to define the paternal lineages present within them (Bianchi
et al. 1997, 1998; Hammer et al. 1997; Karafet et al. 1997, 1999; Lell et al.
1997, 2002; Pena et al. 1995; Underhill et al. 1996, 1997, 2000, 2001). How-
ever, these research groups have not consistently used the same combination of
genetic markers in their studies, which leads to alternative and sometimes con-
fusing nomenclatures for NRY haplotypes and haplogroups. A recent synthesis
of these data has resulted in a consensus nomenclature based on known SNPs [Y
Chromosome Consortium (YCC) 2002], and it is used in this review. This sys-
tem identifies an NRY haplogroup by a letter and the primary SNP that defines it
(e.g., G-M201).

A variety of NRY haplogroups are present in Native American populations,
with most of these also being present in Siberia (Figure 3). These haplogroups
include Q-M3, R1a1-M17, P-M45, F-M89, and C-M130. Two of them, Q-M3
and P-M45, represent the majority of Native American Y chromosomes. Q-M3
haplotypes appear at significant frequencies in all Native American populations
and are distributed in an increasing north-to-south cline within the New World
(Bianchi et al. 1996, Karafet et al. 1997, 1999; Lell et al. 1997, 2002; Santos et al.
1999; Underhill et al. 1996, 1997) (Figure 4). In addition, the STR data from Q-M3
haplotypes reveal significant differences in haplotype distributions between North,
Central, and South American populations (Bianchi et al. 1996, 1998; Karafet et al.
1999; Lell et al. 1997, 2002; Ruiz-Linares et al. 1999; Santos et al. 1996b, 1999).
These data point to different population histories in the two major continental
regions of the New World, a pattern also seen in the gamma globulin (GM), major
histocompatibility locus antigen (HLA), and nuclear genetic data from Native
American groups (Erlich et al. 1997, Rothhammer et al. 1997, Schanfield et al.
1992).

P-M45 haplotypes also are widely distributed among Native American popula-
tions and represent approximately 30% of their Y chromosomes (Lell et al. 2002,

Figure 3 An NRY phylogeny that illustrates the relationships among the SNPs that define
different paternal haplogroups in world populations. This is an abbreviated version of the
phylogenies appearing in Underhill et al. (2001) or YCC (2002).
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Ruiz-Linares et al. 1999, Santos et al. 1999). Phylogenetic analysis has revealed
two distinct sets of P-M45 haplotypes in Native American populations. One of
these (M45a) is more broadly distributed in populations from North, Central, and
South America, whereas the second (M45b) appears in only North and Central
American groups (Bortolini et al. 2003, Lell et al. 2002).

The remaining NRY haplotypes belong to one of several different haplogroups
and constitute only 5% of Native American Y chromosomes. For the most part,
these haplotypes have limited distribution, being present only in North and Cen-
tral America. For example, C-M130 haplotypes have been detected only in Na-
Dené-speaking Tanana, Navajo, and Chipewayans, and the Amerindian Cheyenne
(Bergen et al. 1999, Bortolini et al. 2003, Karafet et al. 1999, Lell et al. 2002). In
addition, R1a1-M17 haplotypes have been observed only in the Guaymi (Ngöbe),
a
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D. In fact, most HVS-I studies have provided ages for the four major founding
haplogroups that range between 35,000–15,000 cal BP, with the earliest dates
being 14,000–12,000 cal BP (Shields et al. 1993). A recent analysis of mtDNA
coding region sequences in Native American populations has also provided dates
for haplogroups A–D of between 20,000–15,000 cal BP (Silva et al. 2002). Thus,
most studies now favor an entry time for these mtDNA lineages that is intermediate
between the earliest estimates and the dates associated with the Clovis lithic sites
in North America.

Two related issues about haplogroup ages have arisen in this debate. The first
issue centers on the question of whether haplogroup age estimates actually reveal
the timing of human expansion(s) into the New World. Because the genetic di-
vergence or coalescence of genetic lineages does not necessarily correspond to
the timing of population splits, some scholars suggest that the older dates instead
reflect the emergence of these mtDNA lineages in Asia rather than their entry into
the Americas (Bonatto & Salzano 1997, Merriwether et al. 1995, Shields et al.
1993, Ward et al. 1993). On the other hand, only the founding RFLP haplotypes
for haplogroups A–D and X have been shown to be present in both Siberia and
the Americas (Brown et al. 1998; Schurr et al. 1999; Torroni et al. 1992, 1993a).
Thus, the temporal split between the ancestral Amerindian population and its
Asian precursor would appear to mirror the split in the branches of each respective
haplogroup in each geographic region.

The second issue is the number of founding haplotypes that were brought with
each founding haplogroup. The number of founders present in a genetic lineage
will affect estimates of its age because a certain amount of the diversity present in
that lineage will have accumulated from each founding type. If a haplogroup had
more than one founding haplotype, then its age or entry time would need to be
estimated from the diversity of haplotypes accumulating from each of its founding
haplotypes. Otherwise, the estimated ages made under the assumption of a single
founder might inflate the antiquity of these genetic lineages in the Americas. For
Native Americans, the presence of more than one founding haplotype would imply
that the ages of haplogroups A–D should be less than 30,000–25,000 cal BP, and
that the colonization date for the Americas is more consistent with a late-entry, or
Clovis-first migration model.

As noted above, there appears to be only one founding haplotype each for
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In comparison, more than one founder HVS-I sequence from some of these
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subgroups. Its antiquity is indicated by the presence of two different sets of NRY
haplotypes in Native Americans: a central Siberian set (P-M45a) that is present
in all Native American populations, and an eastern Siberian set (P-M45b) that
appears only in Native Americans from North and Central America (Lell et al.
2002).

Researchers have also estimated the ages of several other NRY lineages present
in Siberia and the Americas. One of the older lineages in Siberia, K-M9, has
been dated at >50,000 cal yr BP (Karafet et al. 1999, Underhill et al. 2000).
The antiquity of the K-M9 lineage is consistent with the presence of this SNP in a
sizeable majority of Siberian Y chromosomes (Karafet et al. 1999, Lell et al. 2002,
Santos et al. 1999, Underhill et al. 2000). An older SNP in the Eurasian branch
of the NRY phylogeny, F-89, can be dated to ∼62,000 cal BP. F-89 predates
the occurrence of the K-M9 lineage because it appears in all haplotypes bearing
the latter mutation. Its age also likely reflects the time at which modern human
populations began expanding out of East Africa because it demarcates the majority
of all non-African NRY haplotypes in the Old World.

The C-M130 lineage is somewhat younger than the F-M89 or K-M9 lineages,
having been dated at ∼30,000–25,000 cal BP (Karafet et al. 1999, Underhill et al.
2000). This date is generally consistent with the broad distribution of C-M130 in
East Asia, where it appears to have originated, and with its considerable haplotypic
diversity in eastern Siberian and East Asian populations (Lell et al. 2002, Su et al.
1999). In fact, the C-M130 lineage is quite widespread, being found in India,
Australia, Papua New Guinea, and Melanesia (Underhill et al. 2000, 2001, Su et al.
1999), and may be more ancient than previously estimated because researchers
associate it with the earliest expansions into East Asia.

The estimated age of haplogroup R1a1-M17 is also intriguing. Using the SNP
evolution rate from Underhill et al. (2000), one obtains an age of 13,800 cal yr BP
for this lineage, which falls toward the end of the LGM. These haplotypes also
constitute a distinct branch within R1a and are not especially common in Siberian
populations, although they do occur across a broad geographic area (Lell et al.
2002). Such data suggest that R1a1-M17 haplotypes did not emerge in Siberia
until after the Americas had already been settled, and they, along with C-M130
and P-M45b haplotypes, were brought to the New World through a secondary
expansion of ancient Asian populations (Lell et al. 2002).

NUMBER OF MIGRATIONS TO THE NEW WORLD

One of the most hotly debated issues concerning the peopling of the Americas has
been about the number of migrations that reached the New World and gave rise to
ancestral Native Americans. On the basis of nonmolecular data, this number has
ranged from one to eight or more, depending on the data set being examined (cran-
iometric, dental, blood group markers, GM allotypes, HLA haplotypes). There is
general agreement that the Eskimo-Aleuts and Na-Dené Indians represent the last
significant population expansion into the New World. However, investigators still
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2000b). However, at present, there are insufficient genetic data from Na-Dené
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features between Polynesians and Andean populations, as well as the finding that
agriculture foodstuffs cultivated in South America also were present in Polynesia.
In addition, genetic data from Andean Indians do not clearly show the presence
of haplogroup B mtDNAs possessing the Polynesian motif, something that would
be expected if there was any significant maternal gene flow between Austronesian
speakers and Andean Indian groups (Bonatto et al. 1996). In addition, a recent
NRY study of the Polynesian slave trade suggests that the shared paternal haplo-
types and cultural contacts between these cultures were a consequence of South
American Indians being enslaved, not the result of a trans-Pacific voyage to the
New World (Hurles et al. 2003). Thus, the existing genetic data do not support
ancient contacts between Polynesia and South America.

Number of Migrations Based on NRY Haplogroup Data

To date, researchers have identified six major paternal SNP haplogroups that are
shared between Siberian and the American populations (DE-M1, Q-M3, R1a1-
M17, P-M45, N3-M46, and C-M130). Only two of these, P-M45 and Q-M3,
were part of the initial peopling of the New World, either through single (Bianchi
et al. 1998, Santos et al. 1999, Underhill et al. 1996) or multiple (Bortolini et al.
2003, Karafet et al. 1999, Lell et al. 2002) migrations (Figure 7). The Q-M3
haplogroup is the most frequent paternal lineage in Native American populations
and is widely distributed throughout the New World (Bianchi et al. 1998, Bor-
tolini et al. 2003, Karafet et al. 1999, Lell et al. 2002). In addition, the ancestral
P-M45a haplogroup, the direct ancestor to the Q-M3 lineage, has the widest ge-
ographic distribution of all of those present in the Americas, occurring in pop-
ulations from central Siberia to South America (Bortolini et al. 2003, Lell et al.
2002).

A second and later expansion(s) of human groups from Beringia appears to have
brought a different set of P-M45 haplotypes to the Americas. These P-M45b hap-
lotypes show a different array of STR alleles than do the Q-M3/P-M45a haplotypes
that arrived in the initial expansion into the New World, and they also possess the
M173 SNP. This second set of P-M45b haplotypes is also shared between eastern
Siberian and North and Central American groups but is absent in those groups from
central Siberia and South America (Lell et al. 2002). This secondary expansion
may also have contributed the R1a1-M17 and C-M130 haplotypes to Amerindian
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shared ancestry in Central Asia for some of the initial migrants to Europe and the
Americas. In either case, south-central Siberia appears to have played a major role
in the peopling of the New World, as well as the expansion of many indigenous
groups into different parts of Siberia itself.

Expansion of Circumarctic Peoples

Recent work has provided new information about the expansion of Native Amer-
ican populations from the circumarctic region. All circumarctic populations have
primarily haplogroup A mtDNAs that possess the 16192T mutation, with these
haplotypes being absent in Amerindian groups. This is also true of the Navajo and
Apache tribes of the American Southwest, who arose out of a southern expansion of
Na-Dené groups some 500–1000 years ago (Budowle et al. 2002; Lorenz & Smith
1996; Malhi et al. 2001; Torroni et al. 1992, 1993a). The dating of the 16192T
branch of haplogroup A suggests that the populations ancestral to the Aleuts, Es-
kimos, and Na-Dené Indians emerged between 13,120–10,000 cal yr BP (Rubicz
et al. 2003, Starikovskaya et al. 1998). These circumarctic groups share only cer-
tain founding haplotypes from haplogroups A and D, and have become genetically
differentiated from each other, as evidenced by the presence of population-specific
sublineages within them (Derbeneva et al. 2002b, Rubicz et al. 2003, Schurr et al.
1999, Starikovskaya et al. 1998). The most recent expansion across the Canadian
Arctic by the Inuit or Thule people took place between 4000–1000 cal yr BP and
reached Greenland by around 1000 A.D. (Saillard et al. 2000).

Ancient DNA studies of archeological populations of the Canadian Arctic also
have added new information about the colonization of this region. Ongoing analy-
ses of mtDNA variation in the Dorset, Sadlermuit, and Thule populations suggest
that these groups expanded into this region in a sequential fashion. The earliest set-
tlers, the Dorset, who date to 1250 BP, had predominantly haplogroup D mtDNAs.
The related Sadlermuit culture showed roughly similar frequencies of haplogroups
A and D, whereas the later Thule people had exclusively haplogroup A mtDNAs
(O’Rourke et al. 2000b). This series of cultural expansions is further supported
by stable isotope work, which shows dietary differences between the Dorset and
Thule peoples based on their consumption of marine and terrestrial species (Hayes
et al. 2003).

Molecular studies also are providing a more complete picture of the settlement
of the Aleutian Islands. Similar to other circumarctic groups, Aleuts have only
haplogroup A and D mtDNAs (Derbeneva et al. 2002b, Merriwether et al. 1994,
Rubicz et al. 2003). However, unlike Eskimos and Na-Dené Indians, Aleuts have
predominantly haplogroup D mtDNAs. Although sharing several haplotypes with
other circumarctic groups, Aleuts have mostly unique HVS-I sequences, includ-
ing those belonging to two distinct sublineages of A and D. These Aleut-specific
sublineages have been dated to 6540 and 6035 years BP, respectively, with these
estimates being generally congruent with the earliest archeological dates for the
colonization of the Aleutian archipelago (Rubicz et al. 2003). In addition, Aleuts
lack haplogroup A mtDNAs, with the 16265G mutations that are specific to Eskimo
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pattern using both Andean and Amazonian routes (Keyeux et al. 2002, Salzano
& Callegari-Jacques 1988, Tarazona-Santos et al. 2001). Under this scenario, the
colonizing groups would have initially experienced significant drift effects be-
cause of their relative isolation from one another but would have remained part
of the same gene pool owing to gene flow across the region. Relatively soon af-
ter occupying these regions, however, native populations underwent a tribalization
process, with this stage being marked by a significant reduction in gene flow among
them (Salzano & Callegari-Jacques 1988, Malhi et al. 2002, Torroni et al. 1993a).
This transition may be seen at archeological sites from the Archaic Period, where
evidence for the specialization and intensification of local resource use appears
(Dillehay 1999, Fiedel 1999, Fagan 2000, Roosevelt et al. 1996). The increased
population growth and sedentarization of these groups that accompanied these
changes would have reduced the effects of genetic drift in these populations and
increased gene flow within local groups, thereby contributing to the formation of
regional gene pools (Malhi et al. 2002).

In large part, the ancient DNA (aDNA) data support this perspective. They in-
dicate that Amerindian populations, or groups of related populations, maintained
their genetic integrity within a particular region for thousands of years, once be-
coming genetically distinct from surrounding groups (O’Rourke et al. 2000a,b).
Patterns of continuity are seen in the American Southwest between Anasazi and
modern Puebloan groups (Carlyle et al. 2000, Parr et al. 1996), ancient Tainos
and modern Puerto Ricans whose ancestors trace to Carib Indian populations
(Martinez-Crusado et al. 2001, Lalueza-Fox et al. 2001), and ancient and modern
populations from southern Chile and Patagonia (Fox 1996, Lalueza et al. 1997,
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revealed ties between these archeological populations from the Ohio Valley and
Great Lakes tribes (Mills 2003).

Another region that has been the focus of numerous genetic studies, the U.S.
Southwest, is also one of the most genetically diverse regions of North Amer-
ica, largely because of the number of population expansions it has experienced
throughout its long history. Interestingly, the tribal haplogroup frequencies in the
southwest United States are structured more by the archeological traditions in
the area than by the linguistic affiliation of its extant groups (Malhi et al. 2002,
2003). Although the Uto-Aztecan languages prevalent in the region are thought to
have arisen in northern Mexico, there is no evidence of maternal gene flow north
from Mexico to the U.S. Southwest. This finding suggests that males disseminated
Uto-Aztecan languages north into the U.S. Southwest (Malhi et al. 2002, 2003).
Further evidence for the expansion of haplogroup B mtDNAs in the Southwest
exists (Torroni et al. 1993a; Lorenz & Smith 1996, 1997; Malhi et al. 2002), prob-
ably in association with maize agriculture. This recent re-expansion of haplogroup
B might explain its lower age estimate relative to those of the other four founding
lineages (e.g., Torroni et al. 1993a), as most of its haplotypes would be derived
recently, and hence, limited in genetic diversity.

Overall, the extent of language and gene association varies from region to
region in the Americas. In the Pacific Northwest, there is only a modest association
between language and genes (Shields et al. 1993; Ward et al. 1991, 1993). Lorenz &
Smith (1997) later observed a general concordance between genetic and linguistic
diversity in many North American populations. However, Hunley & Long (2004)
recently showed that, within North America, there is a weak correlation between
patterns of linguistic and mtDNA variation in Native American groups. Conversely,
the linguistically related Chibchan-speaking populations of Costa Rica share a
number of mtDNA haplotypes in common (Batista et al. 1995; Kolman et al.
1995; Kolman & Bermingham 1997; Torroni et al. 1993a, 1994c). There is a similar
correspondence between mtDNA haplogroup frequencies and linguistic affiliations
in Bolivian Amerindian tribes speaking Andean, Equatorial-Tucanoan, and Ge-
Pano-Carib languages (Bert et al. 2001). In fact, when Fagundes et al. (2002)
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similar kinds of comparisons between ancient Aztec and Toltec individuals and
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more A–D haplotypes) and contributed NRY haplogroups P-M45b, C-M130, and
R1a1-M17 to Native American populations, with these being disseminated in only
North and Central America. This expansion may have coincided with the opening
of the ice-free corridor around 12,550 cal yr BP.

A somewhat later expansion likely involved the ancestors of modern circum-
arctic populations, such as the Yupik and Inupik Eskimos, Aleuts, and Na-Dené
Indians. These populations show some similarities to Amerindians living south
of Canada, which suggests that their founders may have shared a common an-
cestral population with Amerindians. However, they have since become distinct
from Amerindians in terms of the types and frequencies of genetic haplotypes and
lineages they possess.

The Annual Review of Anthropology is online at http://anthro.annualreviews.org
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Figure 2 Distribution of mtDNA haplogroups in Native American populations. The
key for Native American language groups is indicated in the upper left-hand corner
of the figure, whereas the color key for the haplogroups is indicated in the lower left-
hand corner. The OTH category represents “other” mtDNAs that do not belong to
haplogroups A–D and X, i.e., they come from African or European populations. The
frequencies shown for different parts of the Americas represent summaries of
mtDNA diversity across broad geographic areas and may not reflect the regional
diversity occurring at more local levels. Data for individual populations can be
found in the references listed in the Literature Cited.
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Figure 4 Distribution of NRY haplogroups in Native American populations. The color
key for the haplogroups is indicated in the upper left-hand corner. The OTH category rep-
resents NRY haplotypes that do belong to “other” haplogroups, i.e., those contributed by
African or European populations. The data shown here were taken from Lell et al. (2002)
and Bortolini et al. (2003). For the Bortolini et al. (2003) data, the Q-M242 frequencies
were added to the P-M45 frequency totals to make the distributions equivalent to those
appearing in Lell et al. (2002), who did not screen their samples for the M242 SNP.
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Figure 5



Figure 6 Possible migration pathways to the Americas. From Sci. Am. Disc. Archeol. Jan./Feb. 2000, pp. 34–35. Leach publ.
Group Ltd.
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Figure 7 Migration model based on NRY haplogroup data. This model involves the fol-
lowing stages: (1) Haplogroups P-M45 and Q-M3 (M242) were initially brought to the
Americas from central Siberia; alternatively, Q-M3 arose in the Americas shortly after
human populations arrived there; (2) a secondary expansion from either central or eastern
Siberia brought additional P-M45 haplotypes, along with those from C-M130 and R1a1-
M17.
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