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ABSTRACT Ancient DNA (aDNA) analyses have pro-
ven to be important tools in understanding human popu-
lation dispersals, settlement patterns, interactions
between prehistoric populations, and the development of
regional population histories. Here, we review the pub-
lished results of sixty-three human populations from
throughout the Americas and compare the levels of di-
versity and geographic patterns of variation in the an-
cient samples with contemporary genetic variation in the
Americas in order to investigate the evolution of the
Native American gene pool over time. Our analysis of

Since the early reviews by O’Rourke et al. (2000a) and
Kaestle and Horsburgh (2002), ancient DNA (aDNA)
studies have continued to shed light on regional prehis-
tory, the distribution of pathogens and disease in ancient
America, and the effects of evolutionary forces on Native
American population genetic structure. A few studies
have also attempted to use aDNA analyses to address
larger questions of inter-continental colonizations and/or
population movements (e.g., Kemp et al., 2007; Rasmus-
sen et al., 2010). In this article, we have two primary
aims. First, we review the findings of ancient mitochon-
drial DNA (mtDNA) studies published over the last sev-
eral years. Second, we draw on these studies to compare
the published mtDNA haplogroup frequencies of ancient
and modern Native American populations in order to
extend the earlier analyses of O’Rourke et al. (2000b)
and provide a comprehensive geographic and temporal
picture of Native American genetic diversity. Documen-
tation of the extent and patterning of ancient genetic
variation relative to modern populations will yield im-
portant insights into the evolutionary forces that gave
rise to the modern Native American gene pool and per-
mit more informed hypotheses regarding the origin and
history of populations in this hemisphere.

Although the timing, geographic routes, and number
of initial colonizations into the Western Hemisphere are
still contested, it is widely agreed that all genetic compo-
nents of Native American populations—except those due
to more recent demographic collapse and admixture from
post-1492 European contact—trace their origins to a
sampling of Asian populations before the last glacial
maximum (LGM) (Tamm et al., 2007; Wang et al., 2007;
Fagundes et al., 2008; Gonzalez-José et al., 2008; Mulli-
gan et al., 2008; Schroeder et al., 2009; Yang et al.,
2010). Following the LGM, founder effects and other evo-
lutionary processes further shaped Native American
genetic variation during the expansion into the Ameri-
can continents. The archaeological evidence, hypothetical
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mitochondrial haplogroup frequencies and prehistoric
population genetic diversity presents a complex evolu-
tionary picture. Although the broad genetic structure of
American prehistoric populations appears to have been
established relatively early, we nevertheless identify
examples of genetic discontinuity over time in select
regions. We discuss the implications this finding may
have for our interpretation of the genetic evidence for
the initial colonization of the Americas and its subse-
quent population history. Am J Phys Anthropol 146:503—
514, 2011. ©2011 Wiley Periodicals, Inc.

demographic models of colonizing populations, and
genetic signatures of the peopling of the Americas
observed in modern populations have been reviewed
recently elsewhere (Goebel et al.,, 2008; Kemp and
Schurr, 2010; O’Rourke and Raff, 2010; Perego et al.,
2010).

Ancient DNA studies are uniquely situated to investi-
gate the extent and patterns of genetic diversity in past
populations and the results of gene flow, genetic drift,
and population bottlenecks across time and space. aDNA
studies provide important benchmarks not only for eval-
uation of coalescent models in genome evolution but also
for testing general demographic models of the develop-
ment of genetic diversity in colonizing populations, and
for beginning to critically evaluate alternative scenarios
bearing on the dispersal of populations into the Ameri-
cas. As a starting point for evaluating alternative migra-
tion scenarios, we compare patterns of genetic variability
in ancient and contemporary populations in the Ameri-
cas. Since the vast majority of aDNA studies have
focused on mtDNA, because of its high copy number per
cell, maternal inheritance, and rapid evolution, we also
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focus our attention on variation in this genome.
Although a few aDNA studies have also evaluated Y-
chromosome haplotypes, too few such studies exist to be
informative in a continental survey. Accordingly, we do
not include Y-chromosome diversity in our review.

ANCIENT DNA VARIATION IN THE AMERICAS

Both archaeological research and studies of genetic di-
versity in modern populations indicate an initial coloni-
zation of the Americas sometime before 15,000 years
before present (YBP). However, the vast majority of
aDNA studies on prehistoric American populations are
based on samples dating to the last 5,000 years. The
handful of older aDNA results in the Americas postdate
the estimated colonization time(s) by several thousands
of years (Smith et al., 2005; Kemp et al., 2007; Gilbert et
al., 2008a; Kemp and Schurr, 2010). Moreover, the ear-
liest samples studied, those most likely to be most in-
formative for colonization questions, are from single indi-
viduals, rendering most standard population genetic an-
alytical methods inappropriate. Although the presence of
specific haplotypes at early points in time can be con-
firmed with small numbers of older samples, genetic di-
versity in a larger cross section of population(s) before or
concurrent with the continental colonization cannot be
ascertained from such data. Furthermore, ancient DNA
studies focused on more recent remains investigate di-
versity patterns that have been shaped by thousands of
years of demographic processes within the Americas.
These more recent prehistoric populations are not appro-
priate stand-ins for the initial inferred source popula-
tion, but they are informative for questions of regional
prehistory that do not require great time depth. Prehis-
toric population movements, for example, can be reliably
tracked with the larger sample sizes and tighter chrono-
logical control characteristic of many aDNA studies with
samples from the past few thousand years. Such studies
also provide a baseline from which to view the geo-
graphic pattern of variation in modern Native American
populations, and they provide a benchmark from which
to evaluate coalescent models for the origin of the Ameri-
can Indian/Alaska Native gene pool.

In what follows, we summarize and evaluate the
results from ancient DNA studies published in the last
dozen years that may inform our understanding of the
colonization and population history of the Americas. We
begin with a review of the studies on the earliest materi-
als available from the Americas, followed by a summary
and analysis of temporally more recent material by geo-
graphic area.

Mitochondrial markers and terminology

Because various screening methods have been used in
aDNA studies, and because there is not yet a standar-
dized nomenclature in mitochondrial genetics (but see
Kemp and Schurr, 2010), we use the following definitions
to simplify our discussion and, hopefully, reduce confu-
sion. Haplogroup is used to signify a group of mtDNAs
that share a defined set of marker states, either in the
first hypervariable region (HVS I) or the coding region of
the molecule, and are therefore considered to be phyloge-
netically related. We use the term haplotype to refer to
distinct subsets of mtDNAs within a haplogroup that
share one or more variants in common beyond those
used to define the haplogroup. There are currently fif-
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teen recognized founding mtDNA haplotypes in the
Americas (Perego et al., 2010). Sequence variants used
to define haplogroups and haplotypes are summarized in
O’Rourke and Raff (2010) and Van Oven and Kayser
(2009). Finally, we use the term lineage to indicate the
presence of additional variants beyond those that define
haplotypes.

METHODS

Because of the focus in early aDNA studies on a very
limited number of restriction sites and a length polymor-
phism, the most useful comparison among all aDNA
samples published over the last few years is by mtDNA
haplogroup. Accordingly, mtDNA haplogroup frequencies
for the ancient populations discussed here are given in
Table 1, and geographic locations for all populations are
shown in Figure 1. We also compiled haplogroup fre-
quency data (from the published literature) for 98 mod-
ern Native American populations from the regions of
North and South America where ancient populations
have been studied (Supporting Information Table 1). To
evaluate the extent of differentiation among populations
grouped both geographically and temporally (usually an-
cient vs. modern, but additional temporal categories
were added when the data permitted), we performed
analyses of molecular variance (AMOVA) in the com-
puter package Arlequin 3.5 (Excoffier and Lischer, 2010).
Fgr values were estimated for population pairs and Man-
tel tests were performed in Arlequin 3.5 to assess corre-
lations between genetic distances and temporal distances
(in years) to evaluate the role of time on population dif-
ferentiation. If the samples in an ancient population
spanned an extended time period, the average time was
used in calculating temporal distances (but see our com-
ments on the limitations of this approach below). Re-
gional haplogroup frequencies in ancient and modern
times were also calculated (Table 2), and principal com-
ponents analysis (PCA) was performed using R version
2.10.1 (R Development Core Team, 2009) to illustrate
genetic similarities and differences. The first two princi-
pal components are reported, representing 64.2% of the
observed haplogroup variation.

Finally, haplogroup diversities (%) for populations (Ta-
ble 1) and geographic regions (Table 2) were calculated
using Arlequin 3.5. We performed a linear regression of
population haplogroup diversity on time in R to investi-
gate changes in haplogroup diversity levels over time,
and an analysis of variance (ANOVA) was conducted
using R to assess the influence of temporal and geo-
graphic groupings on population haplogroup diversities.
We also used ¢-tests to compare the overall haplogroup
diversity in ancient and modern times for each geo-
graphic region. It should be noted that the regional esti-
mates of ancient haplogroup diversity/haplogroup fre-
quencies represent composite measures based on popula-
tion samples that may span many centuries. We are well
aware of the difficulties inherent in using temporally dis-
persed samples from aDNA studies in population genetic
analyses. We employ these methods here as a first
approximation to evaluating stasis or change in genetic
structure over time, but believe the results should be
viewed more properly as qualitative rather than quanti-
tative assessments. As such, they may serve as guide-
lines for future research in American population history
using modern genomic methods.
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TABLE 1. (Continued)

Reference

% B % C % D % X

% A

N

Date (YBP)

Region

Site

Parr et al., 1996; Carlyle et al., 2000

Carlyle, 2003
Carlyle, 2003; Leblanc et al., 2007

Eshleman, 2002
Stone and Stoneking, 1996

Kaestle and Smith, 2001
Kaestle and Smith, 2001
Kaestle and Smith, 2001

Moraga et al., 2005
Moraga et al., 2005
Snow et al., 2010
Snow et al., 2010

Eshleman, 2002
Eshleman, 2002

0.690
0.676
0.601
0.552
0.492
0.591
0.349
0.462
0.383
0.575
0.640
0.533
N.C.

N.C.

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.067
0.556
0.000
0.571
0.139
0.000
0.067
0.000
0.043
0.375
0.435
0.000
0.000

0.263
0.200
0.000
1.000
0.000
0.139
0.083
0.133
0.179
0.043
0.563
0.435
0.667
0.000

0.421
0.533
0.333
0.000
0.381
0.694
0.333
0.800
0.714
0.783
0.063
0.087
0.333
1.000

0.316
0.200
0.111
0.000
0.048
0.028
0.583
0.000
0.107
0.130
0.000
0.043
0.000
0.000

19
15
18

1
21
36
12
30
38
23
16
23

6

1

1650-1000
1000-500
860-5905
9200
290-3290
850-1150
650-850
500-1500
1010-2010
2500-1300
1765-2055

3600-2860
8000

2000

Southwest/Great Basin/CA
Southwest/Great Basin/CA
Southwest/Great Basin/CA
Southwest/Great Basin/CA
Southwest/Great Basin/CA
Southwest/Great Basin/CA
Southwest/Great Basin/CA
Southwest/Great Basin/CA
Southwest/Great Basin/CA
Southwest/Great Basin/CA
Southwest/Great Basin/CA
Southwest/Great Basin/CA

South America
South America

Pyramid Lake (Wizards Beach)

Stillwater Marsh

North Chile Late Intermediate
Tommy Site

North Chile Middle Horizon
Pyramid Lake
Western Basketmaker 11

Cecil
Hourglass Cave

Mine Canyon
Fremont
Anasazi
Applegate

Cook

b Also reported 0.667 frequency of haplogroup M.

2 N.C., Not Calculated.

50
51
52
53
54
55
56
57
58
59
60
61
62
63
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RESULTS
The oldest samples (>8,000 YBP)

Gilbert et al. (2008a) obtained DNA from 14 coprolites
excavated from the Paisley 5 Mile Point Caves in south-
central Oregon (see Fig. 1 for the locations of all sites in
this study). These samples were dated to >14,000 YBP,
making this site and the aDNA results coeval with the
early site of Monte Verde in Chile, and predating the
Clovis archaeological culture in North America.
Although the coprolites were not excavated under sterile
conditions and were contaminated with nonendogenous
(primarily European) DNA, cloned and pyrosequenced
PCR products from six samples yielded Native American
SNPs diagnostic for mitochondrial haplotypes A2 and
B2. These results appear to represent the oldest human
DNA reported in the Americas and provide evidence of a
pre-Clovis human presence in western North America,
suggesting at least one pre-LGM founding event. They
also suggest that mtDNA haplotypes A2 and B2 have
the time depth expected for founding haplotypes (see
Perego et al., 2009 for recent coalescence estimates).

Kemp et al. (2007) identified mtDNA haplotype D4h3a
(Rickards et al. 1999; Perego et al., 2009) from a single
sample dated to 10,300 YBP from the On-Your-Knees (O-
Y-K) Cave site on Prince of Wales Island, Alaska. There
are two clades within the D4h3 haplotype. D4h3a is com-
monly found in Pacific coastal populations of South
America, and is represented in North America by the O-
Y-K Cave specimen and one individual from the Pete
Klunk mound group (1825 YBP) in Illinois (Bolnick and
Smith, 2007). D4h3b is known from a single modern
sample in China. The identification of D4h3a in the
early O-Y-K Northwest coast individual was an impor-
tant piece of evidence for Perego et al’s (2009) dual
migration colonization model for the Americas.

Two additional samples that predate 8,000 years ago
have also been reported. Using HVS I sequencing, Stone
and Stoneking (1998) reported an individual member of
mtDNA haplogroup B from Hourglass Cave in Colorado
dating to 8,000 YBP, while Kaestle (1998) and Kaestle
and Smith (2001) identified the 9,200-year-old Wizard’s
Beach, Nevada individual as a member of mtDNA hap-
logroup C. Thus, in the small number of individuals
from four archaeological sites dating to 8,000 years ago
or earlier that have been characterized for mtDNA line-
ages, each carried a different representative of the cur-
rently recognized Native American mtDNA founding
haplogroups.

Smith et al. (2005) attempted to genetically character-
ize all of the earliest human remains in North America,
identifying 20 individuals dating to older than 7,400
YBP. Of the 18 samples that had not been studied genet-
ically before, 10 yielded insufficient DNA for analysis, of
which eight dated to earlier than 8,000 YBP. An addi-
tional three yielded apparently adequate DNA but con-
tained inhibitors that prevented amplification and
sequencing. To our knowledge, mtDNA haplogroups have
not been reported for any of the remaining samples.

The paucity of early aDNA studies that might contrib-
ute directly to our understanding of the initial coloniza-
tion of the Western Hemisphere is the result of two fac-
tors. First, very few remains have been excavated from
early sites that are available for study, and second, the
earliest samples have proven recalcitrant to molecular
analysis due to poor nucleic acid preservation or inhibi-
tors in the DNA extracts. Nevertheless, the few truly an-
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0-62
2-54 63

55-59

Fig. 1.

cient samples in the Americas for which genetic informa-
tion is available have been important in documenting
the geographic range of human populations early in
American prehistory, as well as the extent of mitochon-
drial genetic variation present in the initial populations
of the Americas.

More recent ancient samples (6000-200 YBP)

Our analysis of 59 more recent ancient samples (6000-
200 YBP) and 98 modern populations (Supporting Infor-
mation Table 1) suggests that continent-wide haplogroup
patterns have not changed substantially over the last
several thousand years. Haplogroup frequencies for the
entire American continent are fairly similar in ancient
and modern times, and the linear regression of popula-
tion haplogroup diversity on time (see Fig. 2) indicates

1617
18-19, 24
21-23 20

507

Location of sites reviewed in this study. Site names corresponding to numbers are given in Table 1.

no statistically significant changes in population hap-
logroup diversity levels over the last 4,000 years (¢t =
1.135, P = 0.258, ¥ = 0.002). Furthermore, when popu-
lations are grouped temporally (i.e., ancient vs. modern),
an ANOVA shows that population haplogroup diversities
do not differ between the two temporal groups (Table 3).

However, some changes in regional haplogroup pat-
terns (Table 2) are evident over time. Comparing re-
gional haplogroup diversities in ancient and modern
times reveals an increase in haplogroup diversity in the
Southwest over time (P = 0.006), but a significant
decrease in haplogroup diversity in the Northeast (P =
0.007), on the Columbian Plateau (P = 0.012), and in
South America (P < 0.001). Ancient and modern hap-
logroup diversities do not differ for other regions (P >
0.050). The PCA of regional haplogroup frequencies also
shows that these frequencies have changed from ancient

American Journal of Physical Anthropology
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TABLE 2. Regional haplogroup frequencies and diversities (h) in ancient and modern times

Region Time Period N % A % B % C % D % X h
Arctic/Sub-Arctic Ancient 113 0.453 0.017 0.000 0.530 0.000 0.518
Modern 332 0.551 0.000 0.012 0.437 0.000 0.507
Caribbean Ancient 39 0.026 0.000 0.692 0.282 0.000 0.452
Modern 570 0.546 0.082 0.328 0.044 0.000 0.587
Great Basin/CA Ancient 85 0.047 0.224 0.283 0.447 0.000 0.676
Modern 302 0.073 0.454 0.179 0.288 0.007 0.676
Mesoamerica Ancient 70 0.629 0.100 0.172 0.100 0.000 0.564
Modern 1409 0.472 0.258 0.231 0.038 0.000 0.656
Northeast/Midwest Ancient 291 0.313 0.144 0.361 0.103 0.079 0.737
Modern 502 0.484 0.118 0.227 0.030 0.142 0.681
Northwest Ancient 64 0.219 0.437 0.063 0.235 0.016 0.712
Modern 322 0.319 0.262 0.113 0.279 0.028 0.741
South America Ancient 365 0.134 0.370 0.246 0.249 0.000 0.724
Modern 1278 0.190 0.481 0.194 0.133 0.000 0.677
Southwest Ancient 139 0.108 0.705 0.129 0.057 0.000 0.475
Modern 740 0.127 0.496 0.354 0.005 0.017 0.613
TABLE 3. Analysis of variance results
df SS MS F P
Time Period 1 0.053 0.053 2.343 0.128
Region 7 1617 0.231 10.286 <0.001
Time Period*Region 7 0.222 0.032 1.411 0.206
> Residuals 136  3.054  0.022
.“E;
[
= description and analysis of the aDNA data is presented
%— separately for each geographic region.
[=)]
2 Arctic/Sub-Arctic. Modern populations of the Arctic are
£ characterized by high frequencies of haplotype A2, with
Aleut populations exhibiting a high frequency of haplo-
type D2a (Crawford et al., 2010). Similarly, ancient pop-
s ulations from this region exhibit high frequencies of hap-
. logroups A and D; other haplogroups are either absent
o | . or present at only extremely low frequencies. These simi-
=L , , , , larities between the ancient and modern populations are
4000 3000 2000 1000 0 confirmed by an AMOVA, which shows that ancient ver-
! sus modern contrasts do not account for a significant
Time portion of the total variance in population haplogroup
Fig. 2. Regression of population haplogroup diversity (h) on frequencies (_20'36%’ P N 0.'827)' A Mant.el test also
time. suggests that there is no significant correlation between

to modern times (see Fig. 3). However, the magnitude
and direction of change is not consistent across regions,
and differences between regions generally persist over
time. AMOVAs based on the regional haplogroup fre-
quencies confirm this observation. Temporal groupings
do not account for a statistically significant portion of
the total genetic variance (—0.77%, P = 0.415), but re-
gional groupings (i.e., groups composed of the ancient
and modern haplogroup frequencies for the same region)
do explain a significant amount of the observed hap-
logroup variation (9.42%, P = 0.001). Likewise, an
ANOVA shows that population haplogroup diversities do
vary significantly among geographic regions (Table 3).
These results demonstrate that regional differentiation
and regional haplogroup patterns are not simply a mod-
ern phenomenon. They have existed for at least the last
few thousand years, and recent historical events (such
as those associated with European contact) do not seem
to have drastically altered such patterns. Because re-
gional differences have persisted over time, further
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genetic and temporal distances in this region (r = 0.081,
P = 0.191). However, genetic changes over time are evi-
dent when populations from the Eastern Arctic and
Aleutian Islands are considered separately.

Archaeological evidence suggests substantial and ab-
rupt changes in population composition in both areas be-
ginning around 1000 AD, consistent with dramatic
genetic differences observed between the early Paleo-
Eskimo Dorset and Neo-Eskimo Thule in the Eastern
Canadian Arctic (Hayes, 2002; Hayes et al. 2003, 2005).
These findings support the archaeological inference of a
Thule migration circa-1000 AD as the foundation for the
modern populations of the Eastern Arctic.

Haplogroup frequencies (determined by RFLP analy-
sis) were also reported for samples from the Eastern
Aleutian Islands by Hayes (2002) and later expanded by
Smith et al. (2009). Here, too, genetic evidence suggests
a population transition around 1000 AD. Samples pre-
dating this time exhibit high frequencies of haplogroup
A (72%), while samples dating after AD 1000 are charac-
terized by high frequencies of haplogroup D (77%), as
are modern Unangan (Aleut) populations. Recently, Raff
et al. (2010) reported HVS I sequence results for three
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Fig. 3. Principle components analysis of regional haplogroup
frequencies in ancient and modern times.

sites on (Hot Springs and Brooks River) or adjacent to
(Mink Island) the Alaska Peninsula. Their results sup-
port Smith et al.’s (2009) finding of a population transi-
tion, perhaps a movement of people from the Peninsula
to the Aleutian archipelago, around 1000 AD, and they
also identify the northernmost examples of mtDNA hap-
lotype B2 in an ancient American group (Brooks River).

Finally, two landmark studies have been conducted
using aDNA from the Arctic. Gilbert et al. (2008b)
sequenced the entire mitochondrial genome from a
Greenland Paleo-Eskimo (Saqqaq) individual dated to
about 4,170-3,600 *C YBP, followed shortly by 79% of
the nuclear genome (Rasmussen et al., 2010). The Saq-
gaq individual carried mtDNA haplotype D2al, a haplo-
type found in modern Aleuts, Siberian Sireniki Yuits
and American Na-Dene, but not in descendents of the
Neo-Eskimo (Thule). The estimated coalescent for this
haplotype was also older, as expected, than known Neo-
Eskimo haplotypes (A2a, A2b, D3). SNP analysis of the
nuclear genome consistently grouped the Saqqaq individ-
ual with the Koryaks and Chukchis of Chukotka and
northern Kamchatka, and showed a more distant rela-
tionship to Native American populations. These three
observations suggest that this Paleo-Eskimo originated
from a Beringian source population, as did all other
Native Americans, and therefore shares common ances-
try with them, but at a time when the genetic constitu-
tion of the population(s) was different than that of either
the earlier migrations into the Americas or the much
more recent Thule migrations.

Northwest. The Pacific Northwest exhibits high fre-
quencies of haplogroups A, B, and D (as well as lower
frequencies of C and X) in both ancient and modern
times. When all populations from this region are consid-
ered, an AMOVA shows that temporal groupings (1,500—
500 YBP, 200 YBP, and modern) do not explain the var-
iance in population haplogroup frequencies (—4.30%, P
= 0.646). Similarly, a Mantel test indicates no significant
correlation between genetic and temporal distances in
the Pacific Northwest (r = —0.021, P = 0.555).
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However, clear geographic structuring exists in the
mtDNA haplogroup frequency distributions for modern
populations in this region, with the frequency of hap-
logroup A increasing with distance from the coast. The
Columbian Plateau populations have high frequencies of
haplogroups B and D, while the coastal populations are
characterized by a high frequency of haplogroup A
and only moderate frequencies of haplogroups B, C, and
D. Since all published aDNA data from the Pacific
Northwest are from the Columbian Plateau, we investi-
gated whether genetic changes have occurred over time
on the Plateau, separately. The available data suggest a
decrease in the frequency of haplogroup A and an
increase in the frequency of haplogroup B over time in
this region. While an AMOVA found that temporal
groupings (1500-500 YBP, 200 YBP, and modern) do not
account for the variance in population haplogroup fre-
quencies on the Columbian Plateau (1.65%, P = 0.432),
a Mantel test does indicate a significant correlation
between genetic and temporal distances (r = 0.791, P =
0.030). In addition, overall haplogroup diversity seems to
have declined on the Columbian Plateau from ancient to
modern times (P = 0.012).

These results indicate that the genetic makeup of pop-
ulations on the Columbian Plateau has been altered over
the last few thousand years. Malhi et al. (2004) identi-
fied lineage sharing as well as similar haplogroup fre-
quencies between an ancient Northern Plateau group
(the 500-1500 YBP Vantage site) and modern popula-
tions of the Northwest Coast, which they cited as evi-
dence for a pre-1500 YBP population incursion from the
Coastal/Subarctic region, possibly associated with the
hypothesized expansion of Salishan-speaking peoples
into the Northern Plateau.

It should also be noted that the only evidence of
mtDNA haplogroup M in indigenous Americans comes
from studies of aDNA from the Pacific Northwest. Malhi
et al. (2007, 2010) used RFLP analysis and direct
sequencing to identify two individuals from the China
Lake site (4,950 “C YBP) in British Columbia that
belong to haplogroup M, an Asian haplogroup not previ-
ously found in Native Americans. This haplogroup has
yet to be confirmed in other ancient or modern samples
from the Americas, but continues to spur interest in
identifying potential founder lineages that may be
absent from modern populations.

Northeast and Midwest. Following Stone and Stonek-
ing’s (1998) classic study of the 700 YBP Norris Farms
site, there have been several investigations of mtDNA
variation in ancient populations from the Northeast and
Midwest. Mills (2003) analyzed individuals of the Hope-
well Mound Group (1,700 YBP) in Ohio, while Bolnick
and Smith (2007) studied the Middle Woodland popula-
tion from the Pete Klunk Mound Group (1,825 YBP) in
West-Central Illinois. Raff (2008) reported haplogroup
frequencies for the Late Woodland (1,200 YBP) and Mis-
sissippian (900 YBP) components of the Schild site, also
in West-Central Illinois. Shook and Smith (2008) ana-
lyzed mtDNA from four sites: two in the Central Illinois
Valley (Morse and Orendorf, respectively dating to 2,700
YBP and 800 YBP), and two in southwestern Ontario
(Great Western Park and Glacial Kame, respectively dat-
ing to 800 YPB and 2,900 YBP).

The haplogroup frequency distributions for many of
these ancient populations are similar and fit with the
overall pattern for modern populations in the Northeast
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and Midwest (high frequencies of haplogroups A and C,
and moderate frequencies of haplogroups B, D, and X).
However, the two earliest populations (Glacial Kame and
Morse) are distinct, exhibiting higher frequencies of hap-
logroup B and lower frequencies of A (Shook and Smith,
2008). The Late Woodland and Mississippian components
of Schild also differ from the other ancient populations
in exhibiting higher frequencies of haplogroup X (Raff,
2008). Nevertheless, these data suggest that haplogroups
B and C decreased in frequency, whereas haplogroups A
and X increased in frequency over time in this region.
An AMOVA shows that a significant amount of variation
in haplogroup frequencies occurred between four desig-
nated time periods (3.02%, P = 0.024), and a Mantel test
indicates a significant correlation between genetic and
temporal distances (r = 0.372, P = 0.005). Regional hap-
logroup diversity has also decreased over time (P =
0.007), as noted earlier. Altogether, these results suggest
that haplogroup patterns changed gradually over time,
but the general regional pattern seems to have been
established by ~ 2,000 years ago.

Ancient DNA from eastern North America was also
used in the first study of autosomal variation in ancient
populations from the Americas. Halverson and Bolnick
(2008) determined ABO genotypes for 15 ancient
remains from Illinois (1,825 + 75 YBP) and Kentucky
(1,950-1,790 YBP). The ancient ABO frequencies were
compared with frequencies from 45 extant Siberian pop-
ulations and 15 extant Native American populations to
investigate whether the high frequency of blood type O
in most extant Native Americans (excluding the Na-
Dene and Aleut-Eskimo) was the result of an initial
founder effect during the peopling of the Americas or
historical events associated with European contact. Hal-
verson and Bolnick (2008) found no significant differen-
ces between the allele frequencies of the ancient, pre-
contact North Americans (.033 A, 0.000 B, 0.967 O) and
those of modern Eastern North Americans (.120 A, 0.014
B, 0.865 O), although both differed substantially from
modern Siberians (0.190 A, 0.188 B, 0.623 O). This
aDNA result suggests that European contact was not
the main determinant of ABO frequency distributions in
the Americas (Halverson and Bolnick, 2008), a result in
agreement with O’Rourke et al. (2000b) and this study,
both of which document a strong concordance between
the geographic distribution of mtDNA haplogroups in
both ancient and modern native North American popula-
tions.

Southwest, Great Basin, and California. Today, hap-
logroups B, C, and D are the most prevalent haplogroups
in the Southwest, Great Basin, and California, with hap-
logroup D more common in the Great Basin and Califor-
nia than in the Southwest. Ancient populations from
this region generally show the same patterns, and AMO-
VAs suggest that temporal groupings (ancient vs. mod-
ern) do not account for a significant percentage of the
observed variation in population haplogroup frequencies
(Southwest: 2.99%, P = 0.272; Great Basin/California:
2.76%, P = 0.109). However, overall haplogroup diversity
in the Southwest has increased from ancient to modern
times (P = 0.006), perhaps due to migrations or other
population changes in the region.

A number of aDNA papers have focused on questions
of population movement in the Southwest, Great Basin,
and California. First, the archaeological hypothesis of a
migration of Numic-speaking peoples into the Great Ba-
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sin (replacing the older, Fremont culture) was tested by
Kaestle and Smith (2001). A statistically significant differ-
ence was found between the ancient and modern popula-
tions of the region, supporting the Numic Expansion hy-
pothesis and suggesting that the ancient Fremont peoples
are instead ancestral to the modern California Penutians
(2008) (although Cabana et al’s (2008) computer simula-
tions indicate that low gene flow and genetic drift could
also account for the observed differences between ancient
and modern populations in the Great Basin). In a second
study, Carlyle et al. (2000) examined mtDNA haplogroup
diversity in Anasazi populations, adding to previously
reported data from eastern Fremont samples excavated
from the margins of the Great Salt Lake (Parr et al.,
1996; Parr, 1998), and found the GSL Fremont resembled
the ancient Ancestral Puebloan samples (Anasazi) more
closely than they did the western Fremont samples
reported by Kaestle and Smith (2001).

Eshleman (2002) also used aDNA to test the Hokan-
Penutian linguistic hypothesis, which suggests that one
or more migrations of Penutian speakers into Califor-
nia’s Central Valley replaced the earlier Hokan speakers
in that area. He found no statistically significant differ-
ence in haplogroup frequency distributions between
three ancient populations of the region, representing two
cultures (Windmiller 2800-3600 YBP, and Middle Hori-
zon ~ 1700-2000 YBP), and hypothesized to represent
descendents of these immigrants. However, all three an-
cient populations were significantly different from all
modern Penutian and Hokan speakers; instead, they
were most similar to the Uto-Aztecan-speaking Takics
from Southern California.

Finally, Snow et al. (2010) obtained aDNA from 48 an-
cient Puebloan individuals from the Tommy (850-1150
YBP) and Mine Canyon (650-850 YBP) sites near Farm-
ington, New Mexico. The haplogroup frequency differen-
ces between these sites were statistically significant. The
population of the Tommy site, with a high frequency of
haplogroup B, most closely resembled the ancient Ana-
sazi and Fremont (Carlyle et al., 2000; Leblanc et al.,
2007), as well as the modern populations of Jemez and
Zuni. The population from the Mine Canyon site
resembled ancient/extant Mesoamerican populations
(Mixtec, Nahua, Maya) and southern Athapascans
(Apache and Navaho) in having a high frequency of hap-
logroup A. However, the HVS I sequence data reveal
haplotypes at both the Tommy and Mine Canyon sites
which are common throughout modern populations of
the Southwest (but not in Mesoamerica), suggesting sub-
sequent population continuity.

Mesoamerica. Today, Mesoamerica is characterized by
higher frequencies of haplogroups A, B, and C and only
a low frequency of haplogroup D. Three ancient popula-
tions from this region have been studied: a 500675 YBP
sample of Post-Classic Aztec from Tlatelolco, Mexico
(Kemp et al., 2005), a 480-1400 YBP Maya sample from
Xcaret, Mexico (Gonzalez-Oliver et al., 2001), and a 750—
1300 YBP Maya sample from Copan, Honduras (Merri-
wether et al., 1997). The two ancient Mexican popula-
tions exhibit a high frequency of haplogroup A, like
many modern Mesoamerican populations, but the an-
cient Maya population from Copan belongs primarily to
haplogroup C. An AMOVA suggests that temporal group-
ings (ancient vs. modern) do not account for a significant
portion of the variance in population haplogroup fre-
quencies (—0.91%, P = 0.347).
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Ancient DNA data from this region has been used to
test hypotheses about prehistoric interactions and popu-
lation movements between Mesoamerica and the Ameri-
can Southwest, perhaps associated with the spread of
Uto-Aztecan languages. Although linguistic and archaeo-
logical evidence suggest cultural ties, modern popula-
tions from the two regions exhibit significantly different
mtDNA haplogroup frequencies. To investigate whether
the same patterns were present before European contact,
Kemp et al. (2005) determined the haplogroups (via
RFLP) of 23 Aztec individuals from Tlatelolco. This
Aztec population was distinct from Southwestern groups
but similar to modern Mesoamerican populations (even
those from different geographic areas and/or language
families), suggesting that the pattern of haplogroup vari-
ation in Mesoamerica is quite ancient (Kemp et al.,
2005). These aDNA data, like the modern mtDNA data,
provide no evidence for a large-scale prehistoric migra-
tion from Mesoamerica to the Southwest.

Caribbean. Unlike many other regions of the Americas,
the Caribbean shows clear and dramatic differences
between the ancient and modern populations that have
been sampled. Two pre-Columbian populations have
been analyzed—Tainos from the La Caleta site in the
Dominican Republic (Lalueza-Fox et al., 2001) and Cibo-
neys from three sites in Cuba (Lalueza-Fox et al.,
2003)—and both are characterized by high frequencies of
haplogroups C and D. In contrast, modern Caribbean
populations exhibit higher frequencies of haplogroups A
and C, as well as many non-Native American hap-
logroups. An AMOVA (based just on the frequencies of
the founding Native American haplogroups) shows that
temporal groupings (ancient vs. modern) account for a
significant percentage of the variation in population hap-
logroup frequencies (26.03%, P < 0.001). However, a
Mantel test does not indicate any significant correlations
between genetic and temporal distances (r = —0.038, P
= 0.600). These results suggest that changes in hap-
logroup frequencies may have occurred fairly abruptly
and recently in this region, possibly in association with
the decimation of indigenous Caribbean populations fol-
lowing European contact.

South America. Modern indigenous populations of
South America have been well characterized molecularly,
and have contributed disproportionately to our under-
standing of the genetic patterns and diversity in Native
American populations. It is somewhat surprising, then,
that comparatively few aDNA studies have been con-
ducted on prehistoric samples from the continent. Over
the past decade, ancient populations from South America
that have been studied come from Peru, Argentina, and
Chile (Demarchi et al., 2001; Shimada et al., 2004; Mor-
aga et al., 2005; Luciani et al., 2006; Shinoda et al.,
2006; Lewis et al., 2007; Kemp et al., 2009; Carnese et
al., 2010; Fehren-Schmitz et al., 2010; Fehren-Schmitz
et al., 2011). Our comparisons with modern South Amer-
ican populations, therefore, include only modern popula-
tions from the same regions of the continent.

When the overall haplogroup frequencies for South
America (Table 2) are considered, we see higher frequen-
cies of haplogroup B and more moderate frequencies of
haplogroups A, C, and D in both ancient and modern
times. An AMOVA indicates that these two groupings do
not explain a significant portion of the total genetic var-
iance (1.00%, P = 0.146). However, when the South
American populations are divided into five temporal
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groupings (6,000-2,200 YBP, 2,200-1,400 YBP, 1,400-
1,000 YBP, 1,000-500 YBP, and modern) to better repre-
sent the temporal variation present in the sampled popu-
lations, we do see evidence of significant genetic changes
over time. The earliest populations generally exhibit
higher frequencies of haplogroup D and lower frequen-
cies of haplogroup B compared to population samples
from later time periods. An AMOVA shows that these
five temporal groupings do account for a significant com-
ponent of the variation in population haplogroup fre-
quencies (6.05%, P = 0.016). A Mantel test also indicates
a significant correlation between genetic and temporal
distances (r = 0.436, P = 0.010), suggesting that hap-
logroup frequencies have changed gradually in South
America over the last 3,000—4,000 years. As noted ear-
lier, overall haplogroup diversity appears to have
declined in South America from ancient to modern times
(P < 0.001).

Temporal changes in the genetic composition of South
American populations have also been documented in
studies of more localized regions of the continent.
Demarchi et al. (2001), for example, found no evidence
for the 9bp deletion (a discrete marker defining hap-
logroup B) in any samples from prehistoric Argentina.
This result stands in sharp contrast to the high fre-
quency of B found in modern Argentineans, suggesting
that evolutionary events (such as the gene flow and
depopulation from the expansion of the Inca Empire and
Spanish contact) had a substantial effect on the popula-
tion composition of this region.

In coastal southern Peru, Fehren-Schmitz et al.
(2010) tested hypotheses of genetic continuity by ana-
lyzing DNA of 217 individuals from the Paracas (2,800-
2,200 YBP) and Nasca cultures (2,200-1,400 YBP) of
the Palpa region and several sites from the surrounding
area (Peninsula, Highlands, Ancash, Arequipa, San
Martin, Tayacaja). The authors combined direct
sequencing of a 388bp region of HVS I (N = 104) with
detection of coding region SNPs (N = 130) diagnostic
for four American haplogroups (A-D). The Paracas pop-
ulations from the Palpa and Peninsula regions were not
statistically different in haplogroup composition from
each other, having high frequencies (70-79%) of hap-
logroup D, moderate frequencies of haplogroup C (14—
30%), and no haplogroup A or B. Among the rural and
urban Nasca populations (both from the Palpa region),
haplogroups A and B appear at low frequencies, D is
decreased, and C is correspondingly increased. These
haplogroup frequency changes, however, are not sub-
stantial enough to make the Nasca significantly differ-
ent from the Paracas populations, or even the subse-
quent Middle Horizon population, which the authors
interpret as evidence for genetic continuity between the
successive cultures (although cautioning that sample
sizes are too small to draw any final conclusions). These
interpretations are borne out by genetic distance calcu-
lations, which are quite low between all of the Paracas
period and Nasca period populations. However, the an-
cient coastal populations they characterized differed sig-
nificantly in haplogroup composition from the ancient
Andean highland populations, suggesting some degree
of isolation (although the authors argue against genetic
drift on the grounds that both populations were
relatively large). Intriguingly, although significantly
different in haplogroup frequency composition from
modern Peruvian populations, the ancient Palpa popula-
tions are genetically similar to modern middle and
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southern Chilean populations; a pattern which the
authors suggest may date from the earliest peopling of
the South American continent.

DISCUSSION

Although genetic drift, population movements (migra-
tion), and other demographic processes have altered the
genetic composition of some geographic regions of the
Americas over the last few thousand years, the overall
geographic structure and diversity patterns that so
prominently characterize mtDNA variation in modern
Native American populations appear to have been estab-
lished at least several thousand years ago (O’Rourke et
al., 2000b; this study). The time required to establish
such continent wide geographic structure has yet to be
established under the diverse demographic histories that
have been proposed for early American colonizing popu-
lations. Effective demographic modeling based on a com-
bination of modern and aDNA results can restrict plausi-
ble demographic models that warrant further, detailed
examination (e.g., Marchani et al., 2007).

For example, many genetic studies are consistent with
the inference that the initial colonization of the Ameri-
cas was characterized by a dramatic bottleneck resulting
in a small number of founders. If this bottleneck
occurred before migration and dispersal into the Ameri-
can continents, then the founding haplotypes present in
modern populations should be essentially the same as
those in the founding populations and in any aDNA sam-
ples. However, if the bottleneck occurred as populations
were beginning their dispersal throughout the continent,
and/or if small population sizes persisted (e.g., serial
founder effects, Wang et al., 2007), then the effects of
drift over time in uniparentally inherited genomes like
mitochondria should have reduced genetic variation (i.e.,
number of mtDNA lineages) post-colonization. The rate
of such a reduction in lineage diversity would depend on
population size, gene flow rates between colonizing
demes, population growth rates, and the starting fre-
quency of individual haplotypes. Nevertheless, under
such a demographic scenario we would expect that a
number of lineages present at founding would be lost in
subsequent generations because of drift in small, dis-
persing groups. The aDNA data reviewed here provide
no unequivocal evidence for the existence of founding
haplotypes that no longer occur in the Americas, though
as noted earlier the majority of aDNA data is recent
(<6,000 YBP). Among the early aDNA samples studied
that predate 8,000 YBP, it is noteworthy that five found-
ing haplotypes (or “haplogroups" in older studies that
typed only a limited set of markers) of the 15 currently
recognized have been observed, and many others are
present in samples dated only slightly later.

The joint analysis of aDNA data and other types of bi-
ological variation are also proving illustrative in clarify-
ing evolutionary trends. For example, Perez et al. (2009)
used craniometric and ancient DNA data (Lalueza et al.,
1997; Garcia-Bour et al., 2004; Figueiro et al., 2007)
from central Argentina to investigate the “two compo-
nents hypothesis" for the peopling of the Americas. This
hypothesis posits that modern morphometric variation in
native populations is best explained by two successive
migrations into the Americas. Perez et al. (2009) deter-
mined that while craniofacial metrics resulted in two
morphometric clusters, genetically they all shared the
same mtDNA haplotypes. This lack of concordance
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between the morphological discontinuity and genetic
continuity in the data was also observed in samples from
Tierra del Fuego (Perez et al., 2009). Several explana-
tions for these observations are possible: drift, selection,
developmental plasticity, and the uncoupling of shared
morphological traits from shared ancestry as a result of
environmental lability of morphological traits (Perez et
al. 2009).

We caution, however, that reliance on lineage fre-
quency estimates from aDNA studies is fraught with dif-
ficulty. Independent of the issues of authenticity that
always accompany aDNA analyses, concerns with
adequate sample sizes are also of considerable import
(Smith et al., 2009). It is clear that our confidence in
population history inferences from ancient DNA data
require larger sample sizes per archaeological site or the
analysis of many more loci than has typically been the
case in past studies. In addition, aDNA contributions to
our understanding of demographic history will require
enhanced geographic as well as temporal sampling. This
includes the need to directly date all aDNA samples
studied to guard against biased temporal sample selec-
tion (Smith et al., 2009), as well as efforts to assure
more effective links between genetic results and the
archaeological and paleoecological contexts from whence
ancient samples come.

As data acquisition strategies improve, we can more
effectively exploit the greater resolution of ancient popu-
lation structure afforded by newer genomic methods
(e.g., whole mtDNA or nuclear genome sequencing,
large-scale SNP screens, etc.). As the newer genomic
methods become more routinely available, and as indi-
vidual samples, especially very early samples, are more
precisely dated, the promise of using aDNA as calibra-
tion points for coalescent estimates of lineages identified
from modern population studies will be possible (Kemp
et al., 2007; Endicott and Ho, 2008; Henn et al., 2008;
Ho and Endicott, 2008).
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