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Mitochondrial DNA Studies of Native Americans:
Conceptions and Misconceptions of the
Population Prehistory of the Americas
JASON A. ESHLEMAN, RIPAN S. MALHI, AND DAVID GLENN SMITH

For several reasons, mtDNA has
been regarded as particularly useful

for studying prehistory. The human
mitochondrion is an extra nuclear or-
ganelle having DNA that exists as a
circular molecule 16,569 base pairs in
length, in which all nucleotide posi-
tions and coding loci are known.3 Be-
cause this DNA is uniquely maternally
inherited and, unlike nuclear DNA,
does not recombine, all changes in
mtDNA sequence are the result of ac-
cumulated mutations inherited from
mother to daughter. In addition,
mtDNA mutates an order of magni-
tude faster than does nuclear DNA,
with the control region mutating at an
even greater rate, making it particu-
larly useful for analyses at shallow
time depths. Finally, mtDNA exists in
high copy number in haploid condi-
tion. Consequently, it is easily assayed
in the laboratory and can be recovered
from prehistoric biological material
in sufficient quantities for amplifica-
tion and analysis using the polymer-
ase chain reaction.

HAPLOGROUPS AND
HAPLOTYPES

Early studies of Native American
mtDNA revealed four major clades, or
haplogroups, of haplotypes.4,5 Al-
though they are broadly distributed
throughout the Americas,6 these four
haplogroups exhibit significant re-

gional patterning among native popu-
lations of North America. All four
haplogroups are shared with Asian
populations, confirming the conclu-
sions of classical genetic studies that
the first Americans migrated from
Asia across the Bering land bridge.4,5

Early analyses of restriction fragment
length polymorphism in the entire mi-
tochondria genome showed that these
four major clades could be readily dis-
tinguished by the gain or loss of one
or more restriction sites or by the
presence or absence of a 9 base-pair
deletion in the COII-tRNAlys inter-
genic regions.5 Torroni and cowork-
ers7 found that diagnostic mutations
in the CR accompanied the restriction
markers and the fragment deletion
that characterize the four haplo-
groups, as is expected of a nonrecom-
bining DNA molecule. Each haplo-
group could be further divided into
subclades or discrete haplotypes
based on additional restriction frag-
ment length polymorphisms or spe-
cific CR mutations.

Although corresponding haplo-
groups can be found in various Asian
populations, only founding haplo-
types of the New World are shared
between the two continents, again
confirming that the Americas were
initially settled by a limited number of
female immigrants from Asia whose
mtDNA underwent subsequent evolu-
tion independent of its ancestral form
in Asia.4
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tent with the single-migration hypoth-
esis. The CR sequence of the great ma-
jority of all Native American members
of haplogroup A, regardless of linguis-
tic affiliation, shares a C3T transition
at np16111 that is not seen in any
Asian populations except a few in
Eastern Siberia, including the Chuk-
chi.19 The predominance of this
marker in the Americas and its con-
spicuous absence from Asia supports
the view that this marker originated in
Beringia soon after its settlement. A
characteristic Native American form
of haplogroup C that includes the
C3T transition at np16325 and a
form of haplogroup X that includes
the T3C transition at np16213 are
both widespread in the Americas and
absent from Asia, suggesting a Bering-
ian source for, and a single origin of,
those haplogroups as well. That a par-
ticular marker is widespread in indi-
viduals classified as Amerind, Eskimo,
and Na-Dene but does not occur in
any Asian source outside of eastern
Siberia suggests that speakers of all
three of the proposed divisions have a
common New World origin.19 More-
over, Bonatto and Salzano19 reported
that the diversity of haplogroup A
among Greenberg, Turner, and Zegu-
ra’s principle Native American lan-
guage groupings was remarkably sim-
ilar within each of the three linguistic
phyla. In addition to the C3T transi-
tion at np16111, the Chukchi of
Northeastern Siberia share a C3T
transition at np16192 with many Na-
Dene and Eskimo samples, suggesting
a common ancestry for members of
both language phyla.19,23 The Chukchi
might be a rare Asian remnant of a
Beringian population that separated
from all other Asian groups before
emergence of the transition at
np16111 and, together with the Na-
Dene and Eskimo, experienced a later
re-expansion during which the C3T
transition at np16192 emerged, as
suggested by Forster and coworkers.21

Population contraction among the
remnant Beringians, who presumably
were isolated from the Amerind pop-
ulations that had earlier moved south
into North and South America, might
have resulted in the dramatic reduc-
tion or extinction of members of
haplogroups B, C, and D among the
Beringians. This scenario is not con-
sistent with separate migrations to the
New World for the Na-Dene and Eski-

mos, but only with a later reexpansion
out of the north.

While Bonatto and Salzano could
not estimate the sequence divergence
of haplogroups B, C, and D in the Na-
Dene and Eskimo, in whom these hap-
logroups are rare, they did assess the
relative diversity of haplogroups A, B,
C, and D in Amerinds. As in the anal-
ysis of haplogroup distributions by

Merriwether, Rothhammer, and Fer-
rell,16 larger samples of haplotypes
showed near-equal levels of sequence
diversity in all four lineages.24 Lorenz
and Smith17 found similar diversity
levels in four haplogroups when geo-
graphically diverse samples were con-
sidered. Although some authors ques-
tion whether the equal diversity
estimates are a result of more com-

plete sampling or different methods of



some analysis of aboriginal popula-





masses was apparently impassible
from 30,000 years BP until perhaps
11,000 years BP.61



findings of studies of modern DNA
and other genetic polymorphism.
Haplogroups A, B, C, and D have been
identified through analyses of both re-
striction fragment length polymor-
phism and CR sequencing in many
prehistoric samples in both North and
South America.18,40,54,58,71,72 Similari-
ties in both haplogroup frequencies
and specific haplotypes from ancient
DNA also indicate that, for the most
part, European contact did not signif-
icantly affect mtDNA diversity in the
Americas.18,54,72

The presence of haplogroup X has
been confirmed in prehistoric and
protohistoric burials on the Columbia
Plateau,73 while sequence data sug-
gest its presence in the prehistoric On-
eota population18 and pre-Columbian
South America.40 Hauswirth and co-
workers74 also reported haplogroup X
from Windover pond skeletons (7,000
to 8,000 years BP), although other se-
quences generated in the study sug-
gest the possibility of contamination
in some samples.

While haplogroups B, C, and D have
all been identified in Paleo-Indian
skeletal remains,54,55,56 the oldest re-
ported member of haplogroup A, the
most common haplogroup in North
America and the New World, dates
only to 4,504 � 105 years BP.75 How-
ever, relatively few Paleo-Indian sam-
ples have been analyzed and a major-
ity of these have come from the
western United States, where haplo-
group A is rare in modern populations
except along the coast. In a prelimi-
nary restriction analysis of 18 samples
dating to before 6,500 years of age, no
members of haplogroup A were re-
ported.56 The binomial probability of
identifying no members of haplo-
group A among 18 samples, given the
present distribution of haplogroups
within the continental United States,
is 0.0017.

Finally, in almost all studies of an-
cient Native American populations,
individuals have been discovered who
do not appear to belong to one of the
five founding lineages. In many cases,
this is undoubtedly a result of external
contamination of samples lacking
DNA or in which the DNA is inhibited
from amplifying using the polymerase
chain reaction. Nonetheless, the pos-
sibility remains that additional haplo-



in haplogroup frequency distribu-
tions. In the Southwest, these similar-
ities cross-cut the boundaries among
different unrelated languages, sug-
gesting considerable admixture among
them. These conclusions are consis-
tent with the results of earlier studies
based on both morphology (for exam-
ple, dental variation79) and blood
group phenotypes.80,81 The Southeast
region of North America does not dis-
play a homogeneous pattern of haplo-
group frequency distributions, proba-
bly due to genetic bottlenecks caused
by the high impact of European con-
tact in this region followed by genetic
drift.82

Studies of ancient mtDNA diversity
in most regions of North America re-
veal that Native American haplogroup
frequency distributions often exhibit
temporal as well as regional continu-
ity.72,83 In addition to regional studies,
analyses of mtDNA have been used in
direct tests of specific hypotheses of
population movement proposed by
traditional North American prehisto-
rians (archeologists and linguists) as
shown in Table 2. Carlyle and col-
leagues72 have demonstrated that the
haplogroup frequency distribution of
an ancient population that practiced
the Anasazi cultural tradition in the
American Southwest is not signifi-
cantly different from that in modern
Pueblo populations. This study pro-
vides biological as well as cultural

evidence of unbroken ancestor and
descendant relationships in the Amer-
ican Southwest during the last two
millennia. Malhi73 has shown that

high frequencies of haplogroups B
and D have been characteristic of pop-
ulations of the Columbia Plateau for
at least eight millennia. In contrast,
Kaestle and Smith54 have demon-
strated that ancient Western Great
Basin populations are statistically sig-
nificantly different from modern pop-
ulations in the same region, probably
due to a population spread of Numic
speakers into the Great Basin from
southern California approximately
1,000 years BP.84

Recent regional studies of mtDNA
diversity within North America have
shown that detailed analyses of hap-
lotypes can provide better evidence of
ancient shared ancestry than do hap-
logroup frequency distributions alone,
which can be similar in two popula-
tions due to chance alone. For exam-
ple, Malhi, Schultz, and Smith42 have
provided evidence from polymorphic
sites in the control region of a more
recent shared ancestry among speak-
ers of Iroquoian, Caddoan, and Si-
ouan languages than between any of
the three and speakers of Algonquian
languages of Eastern North Ameri-

Figure 2. Electrophoretic gel showing PCR fragments amplified and digested to reveal
polymorphic sites marking 5 known Native American founding haplogroups.

Figure 1. Map of human mitochondrion showing locations of the control region and of
polymorphic sites marking 5 known Native American founding haplogroups.
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ca.42,85 Weiss and Smith82 have shown
shared mutations in the control re-
gion that suggest shared ancestry
among speakers of the Muskogean
languages in the Southeast, even
though haplogroup frequency distri-
butions among these groups are sig-
nificantly different. Thus, while ge-
netic boundaries do not always
coincide with boundaries based on
the distribution of languages and cul-
ture, the latter provide hypotheses
about prehistory that can be tested
using modern and prehistoric popula-
tions. It is important to note that hy-
potheses based on genetic evidence
must be consistent with evidence de-
rived from historical linguistic and ar-
cheological studies.

CONCLUSIONS

It is not surprising that mitochon-
drial DNA has largely confirmed the
findings of classical genetic markers
regarding genetic relationships among
Native American tribal groups and yet
has not conclusively resolved raging
debates regarding number of migra-
tions, source populations, and the

timing of these migrations.80,81 This
does not undermine the utility of ge-
netic data, and mtDNA in particular,
for future research. While our knowl-
edge of the mtDNA diversity among
many tribal and language groups re-
mains limited, the growing mtDNA
databases both within and outside the
Americas offer a wonderful compara-
tive tool. However, it is important to
remember that mtDNA is but one
marker, and one that is solely mater-
nally inherited, and is unlikely to an-
swer all questions regarding the ori-
gins of Native Americans.86 While
Y-chromosome markers have been
employed to address the peopling of
the Americas, they have not yet been
specifically used to address postcolo-
nization events. Like mtDNA, Y-chro-
mosome data have not on their own
conclusively answered questions re-
garding either source populations
within Asia or the number of migra-
tions out of Asia into the New World.
Clearly, nuclear markers from more
populations should be examined to
provide additional data relevant to
these controversies, even though it is
unlikely that additional data will
significantly simplify what is a convo-
luted and complex scenario of migra-



tions and postmigrational evolution-
ary forces.

Although it is possible that nuclear
genes may someday be more easily
recovered from ancient human re-
mains, as of now population-level
studies of single-copy genes remain
prohibitively difficult with ancient
DNA. The scale of the questions most
readily addressed by ancient mtDNA
is different from that of questions ad-
dressed by the earliest mtDNA stud-
ies. While a decade ago research fo-
cused on the Asian affinities and
principle migrations to the New
World, little light was shed upon, nor
interested exhibited in, postcoloniza-
tion movements and interactions. The
sampling necessary for addressing
continent-wide phenomena is differ-
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