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Abstract: The skeletal remains of 23 of 27 Post-Classic Aztec individuals from
Tlatelolco, Mexico, were found to contain analyzable mtDNA. These samples
were screened for the markers that define the five founding Native Ameri-
can haplogroups. This skeletal collection exhibited 65.2% haplogroup A, 13%
haplogroup B, 4.3% haplogroup C, and 17.4% haplogroup D. No indjvjdual’s
mtDNA could be assigned to haplogroup X. The haplogroup frequency:distri-
bution of this Aztec sample was compared with that of other Native American
populations from the Great Basin, the American Southwest, Mesoamerica, Cen-
tral America, South America, and the Caribbean. The haplogroup frequencies
found in the Aztecs resemble those of other present-day Central and Southern
Mexican and Central American populations, suggesting a great antiquity to
this pattern of regional continuity. The data do not support a Central Mexican
origin of Uto-Aztecan. Rather, they are consistent with those of earlier mtDNA
studies that suggested populations from Mesoamerica had little maternal influ-
ence on the genetic structure of groups residing in the American Southwest.

Human mitochondrial DNA (mtDNA) is strictly maternally inherited

(Giles et al. 1980) and is particularly useful in discerning ancestor/descendant
relationships because it does not recombine during meiosis (Merriwether et al.
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1991; Schurr et al. 1990). Rapid evolution of the mitochondrial genome (Brown
et al. 1979) allows use of this molecule in studies of populations that share recent
common ancestry, such as indigenous populations of the Americas.

Studies of mtDNA variation have shown that the mtDNA of most contempo-
rary Native Americans belongs to one of five maternal lineages, designated as
haplogroups A, B, C, D, and X (Brown et al. 1998; Forster et al. 1996; Schurr et al.
1990; Smith et al. 1999). Haplogroup A is defined by the gain of a Haelll restric-
tion enzyme site at nucleotide position (np) 663; haplogroup B by a nine-base
pair (9-bp) intergenic deletion in region V of the mtDNA genome; haplogroup C
by the Hincll site loss at np 13259 and an Alul site gain at np 13262; haplogroup
D by the Alul site loss at np 5176; and haplogroup X by Ddel site losses at np
1715 and np 10,394 and an Accl site gain at np 14465 (Brown et al. 1998; Forster
ot al. 1996; Schurr et al. 1990; Smith et al. 1999). Nucleotide positions correspond
to those found in the Cambridge Reference Sequence (Anderson et al. 1981).
Members of the same haplogroup also share polymorphisms in the control re-
gion that further define these macrolineages (Forster et al. 1996; Torroni et al.
1993). Additional variation in the control region of the molecule differentiates
specific haplotypes (unique lineages) within each haplogroup. These lineages
are somefjities tribal (Malhi et al. 2002; Torroni et al. 1993) or language-family
specific (Dérbeneva et al. 2002) and, thus, can be used to investigate fine-scale
genetic relationships.

Mitochondrial DNA has been instrumental in determining the relatedness
among and between native North American tribal groups (Bolnick and Smith
2003; Malhi 2001; Malhi et al. 2003, among many others), migrations into the
New World (Horai et al. 1993; Lorenz and Smith 1997; Malhi et al. 2002; Mer-
riwether and Ferrell 1996), and prehistory in the Americas (Malhi et al. 2002).
Lorenz and Smith (1996) showed that in North America correlation exists be-
tween haplogroup frequencies and geographic proximity and, in some cases,
language distribution. This patterning has also been revealed in the overall
structure of mtDNA diversity in North America (Malhi et al. 2002).

Advances in molecular techniques, particularly the polymerase chain reac-
tion (PCR; Saiki et al. 1988) and methods for extracting and amplifying ancient
DNA (Eshleman and Smith 2001; O'Rourke et al. 2000a; Poinar et al. 1998), have
made it possible to investigate DNA from pre-Columbian Native American re-
mains. Although clear correlation can be obscured by genetic drift, as reported
in the American Southeast (Bolnick and Smith 2003), studies of ancient DNA in
North America have demonstrated temporal continuity of regional patterning,
indicating a relatively small effect of European contact or genetic drift on the
genetic structure of populations (Carlyle et al. 2000; Gonzalez-Oliver et al. 2001;
Stone and Stoneking 1999; for an excellent review see O’Rourke et al. 2000b). In
contrast, lack of continuity through time has been interpreted as the effect of re-
cent migration and population replacement, such as the Numic spread into the
Great Basin approximately a thousand years ago (Bettinger and Baumhoff 1982;
Kaestle and Smith 2001) or as found in the northeastern United States (Schultz
et al. 2001).
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Interactions between the Populations of the
American Southwest and Mesoamerica and
the Spread of Uto-Aztecan

One area of research that can benefit from the investigation of an-
cient DNA is the investigation of human interactions between the American
Southwest and Mesoamerica. Anthropologists have long noted the complex re-
lationship between both past and present indigenous cultures of these regions
(Foster 1996; Hedrick et al. 1974) and opinions on the topic range from the sug-
gestion that pre-Columbian cultures of the Southwest were essentially isolated
from Mesoamerican influence (Cordell 1997) to hypotheses of population move-
ment from the latter to the former (Bellwood 2000; Hedrick et al. 1974; Hill 2001,
2002a; Matson 1999, 2002).

Some of the cultural similarities between the two regions include the in-
troduction of Mesoamerican-style ball courts, pottery, artwork, and personal
adornments to the Hohokam culture area (Cordell 1997; Haury 1974; Hedrick
et al. 1974; Kelley 1995). The Anasazi cultural area also adopted Mesoamerican
architectural styles, copper bells, macaws, and textile techniques (Haury 1974;
Turner and Turner 1999). The connections were evidently bidirectional, because
turquoise mined in the Southwest appears in Mesoamerica (Coe 1994). Further-
more, aspects of Anasazi and other Pueblo ritual, such as common deities, may
have a Mesoamerican origin (Beals 1974; Parsons 1974; Turner and Turner 1999).

While the aforementioned cultural ties are intriguing, the most notable con-
nection between the two regions is the domestication and subsequent northward
spread of maize agriculture from Central Mexico (Smith 1994, 1995). Based on recent
radiocarbon dates of early cultigens, the northward spread of maize occurred more
rapidly than previously thought (Fritz 1994), suggesting that maize agriculture was
spread via a human migration (Matson 1999) rather than via cultural diffusion.

Uto-Aztecan is one of the world’s major language families, and populations
that speak Uto-Aztecan languages are found in a broken chain’from southern
Idaho to Panama (Miller 1983). Most Uto-Aztecan scholars agree that the lan-
guage family originated somewhere in the Southwest (Northern Origin Model),
based on the center-of-gravity principle (Dyen 1956; Miller 1984) and biogeo-
graphical reconstruction of Proto-Uto-Aztecan (PUA) words (Fowler 1983). In
contrast to the above view, Hill’s (2001, 2002b) reconstruction of PUA vocabu-
lary and structure places the origin of the language family in Central Mexico
(Southern Origin Model). Hill (2001) and Bellwood (1997, 2000) hypothesize that
PUA spread northward around 4500 to 3500 B.P. as a consequence of population
expansion resulting from agricultural innovations. Because Uto-Aztecan is the
only language family found in both regions, it has been proposed that members
of this language family brought maize agriculture to the Southwest (Bellwood
2000; Hill 2001, 2002a; Matson 2002).

While the number of cultural and linguistic connections mentioned above
might suggest that biological relationships between the two regions ensued as
well, genetic evidence has thus far provided only equivocal support. Previous
mtDNA studies of contemporary Uto-Aztecan speakers do not support the South-
ern Origin Model (Malhi et al. 2003; Smith et al. 2000). Smith and associates (2000)
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showed that the frequencies of mtDNA haplogroups greatly differ among Uto-
Aztecan speakers from Central Mexico (Nahua speakers from Cuetzalan), the
Southwest (Akimel O’odham), and the Great Basin (Northern Paiute). Most popu-
Jations in the Southwest exhibit high frequencies of haplogroup B and very little,
if any, haplogroup A. Great Basin populations exhibit relatively high frequencies
of haplogroup D (Kaestle and Smith 2001), which is rare in both the Southwest
and Mesoamerica. Lastly, high frequencies of haplogroup A predominate in Me-
soamerica (Malhi et al. 2003; Smith et al. 2000). An exception to this pattern is
found among Athapaskan groups residing in the Southwest, who are character-
ized by high frequencies of haplogroup A. However, the Athapaskans are recent
migrants to the Southwest from the north (Basso 1983) and carry a unique derived
form of haplogroup A that is not closely related to the Mesoamerican haplogroup
A (Malhi et al. 2003). Overall, this suggests minimal, if any, maternal genetic influ-
ence of southern Uto-Aztecan speakers on the gene pool of the Southwest.

Malhi and colleagues (2003) confirmed the lack of continuity in haplogroup
frequencies across the two regions after increasing the sample sizes of the popula-
tions studied by Smith and colleagues (2000) and by investigating another group
fromfié Southwest closely related to the Akimel O’odham, the Tohono O’odham.
This, was an important addition as the Tohono O’odham represent a tribe less
likely than the Akimel O’odham to have been influenced by extratribal admix-
ture (Bfown et al. 1958), which can obscure the ancestral haplogroup frequency
distribution. Malhi and colleagues (2003) also analyzed sequences from the first
hypervariable segment of the control region of the mtDNA, demonstrating that
nonbasal haplotypes are not shared between the two regions (Malhi et al. 2003).

In other biological studies, both support for and evidence against close genetic
relations between Southwestern and Mesoamerican populations are found. Inan
early study of blood-group phenotypes in the Southwest and Mexico, Brown and
associates (1958) suggested that Uto-Aztecan speakers of Northern Mexico and
the United States are not genetically similar to the linguistically distinct groups
of Central and Southern Mexico, who would presumably be related to the early
Uto-Aztecan speakers responsible for the northward migration proposed by Hill
(2001). Using a much larger number of protein-coding loci, Spuhler (1979) report-
ed the same conclusion. However, Niswander and colleagues (1970) indicated
that the blood-group frequencies of the Nahua, Akimel O’odham, and Tohono
O’odham were similar, suggesting that these groups might be closely related to
one another. The contradicting results provided by these studies might reflect
sampling error by one or more of the studies, lack of rigorous statistical analyses,
natural selection acting on the studied traits, or a combination of issues.

Turner (1993) analyzed 16 dental traits and suggested that no genetic link
exists between Mexico and pre-Classic Hohokam, the presumed ancestors of
Uto-Aztecans of the Southwest (Hale and Harris 1979). Contrary to this, an-
other dental study that measured 29 traits clearly linked pre-Classic Ciudad
Hohokam to Mexican populations (Turner 1987, 1993). Turner (1993) favors the
latter results because more traits were used but admits that further investigation
on Hohokam dentition is needed.

Investigation of rare albumin variants by Smith and associates (2000) showed
that Albumin Mexico (AL*Mexico) is found among members of all the major
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geographic branches of Uto-Aztecan, of groups speaking Yuman languages in
the Southwest, and of every major language family in Mexico. Smith and associ-
ates (2000) proposed that AL*Mexico originated in Mexico prior to 3000 B.P. and
spread northward into the Southwest along the Tepiman corridor. ‘

Some of the above-cited studies suggest a nuclear DNA connection exists
between Mexico and the Southwest and are in opposition to the mtDNA data.
Overall, the genetic studies suggest that if Uto-Aztecan has a southern origin
(Hill 2001), migrants who brought the language to the Southwest contributed
only nuclear genes and little or no mtDNA. If such a population movement did
occur, it must have consisted predominately of males (Malhi et al. 2003). Malhi
and colleagues (2003) and Smith and colleagues (2000) have argued that other
migrations in the Americas, such as the Athapaskan migration to the Southwest,
were predominately of males. Another possibility could be that no migration
took place, and the language family and agriculture were spread northward
by cultural diffusion perhaps through the influence of merchants or explorers
(sensu Anthony 1990; sensu Beaton 1991).

The Aztecs: A Brief Overview

Following the collapse of the Toltec Empire (A.D. 900-1170), the popu-
lation occupying the capital city of Tula dispersed, providing the opportunity for
outside immigrants to occupy Central Mexico (Townsend 1992). One such group
of outsiders was the Mexica, who would one day help to reestablish order by
forming the Aztec Empire. Aztec history, as revealed in codices recorded by the
Spanish, attests to a humble origin of the people in a land to the north called Atz-
lén. It is unknown whether this is a true reflection of their history or a fictionalized
account, for the Toltecs also claimed an origin to the north. The Aztec legend might
in fact be an adoption of the Toltec story, as the Aztecs greatly respected their pre-
decessors, copying them stylistically and architecturally (Townsend 1992).

En route to their eventual homeland, the Mexica took refuge at Tizaapan
near Culhuacan, a town formed by Toltec refugees from Tula. There the Mexica
intermarried with the Culhua and joined them in war against the neighboring
Xochimilco. The Mexica's boasts of military prowess led the Culhua nobles, who
still viewed the Mexica as barbarians, to question their presence in the region.
Eventually, the sacrificial killing of the daughter of a Culhua lord by the Mexica
led to their forceful expulsion from Culhuacan (Townsend 1992). The Mexica
fled to one of the uninhabited islands in Lake Texcoco, on which they founded
Tenochtitlan in either A.D. 1325 or 1345 (Townsend 1992) and Tlatelolco in A.D.
1337 or perhaps a few years earlier (Matos Moctezuma 1989). This marked the
birthplace of the Aztec Empire.

Less than two hundred years later, the Aztec Empire collapsed at the hands
of Spanish invaders led by Cortés. The population size of Tenochtitlan and Tla-
telolco combined at European contact in 1519 was approximately 250,000 (Gib-
son 1964; Townsend 1992) but by 1560 had declined to one-fifth its former size
(Gibson 1964). The Spanish instituted a program of congregacién to control and
organize the remaining indigenous populations and the newly conquered land.
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This program involved the resettlement of indigenous peoples, sometime result-
ing in the reorganization of separate, previously unrelated tribes into new com-
munities (Gibson 1964).

The Present Study

The current study tests for temporal continuity in Central Mexico by
examining the genetic variation found in a pre-contact Aztec skeletal population
from Tlatelolco. An investigation of ancient DNA from these southern Uto-Az-
tecan speakers addresses the question of whether mtDNA haplogroup frequen-
cies exhibited by extant indigenous populations of Central Mexico reflect the
pre-Columbian gene pool. It is possible that the paucity of detectable mater-
nal connections between Uto-Aztecan speakers in the American Southwest and
Central Mexico might be a result of genetic drift caused by population decline
following European contact or the formation of congregaciénes. Similar reason-
ing has been used to explain mtDNA patterns found in the southeastern United
States (Bolnick and Smith 2003). However, temporal stability of haplogroup fre-
quencies has been demonstrated in the Southwest for the past 1,500 years (Car-
lyleet al. 2000; Parr et al. 1996) and for at least 1,000 years in the Yucatan (Gonza-
lez-Oliver et al. 2001) and is in accordance with the general trend found in North
America (O'Rourke et al. 2000b). The present study also aims to characterize the
relationship between the Aztecs and other Native American groups from North,
Central, and South America (Table 3-1) and to further investigate the Southern
Origin Model of Uto-Aztecan (Hill 2001).

Population Studied

The human remains analyzed for this study were excavated under
the direction of Eduardo Matos Moctezuma in 1965 and 1966 from the ceremo-
nial center of the Aztec island city-state of Tlatelolco, located in Lake Texcoco.
The individuals chosen for the sample population are believed to be rank-and-
file Aztecs, as we avoided sampling extraordinary burials or sacrificial victims.
The sample population is from the Post-Classic period (defined as the tenth to
sixteenth centuries A.D. in Mesoamerica), but it must postdate A.D. 1325 (or A.D.
1345), the initial founding of the island city of Tenochtitlan-Tlatelolco (Townsend
1992). Portions of these remains, which are housed in the Instituto Nacional de
Antropologfa e Historia, Mexico City, were sent to the University of California,
Davis for DNA analysis.

Ancient DNA Extraction and PCR Amplification

: DNA was extracted from the remains of 27 individuals, represented
by 23 ribs and 4 vertebrae, using methods specifically designed for ancient ma-
terials. At least two DNA extractions were performed on each individual. The
first and second extractions from an individual took place at different times, no
less than one month apart. An individual was assigned to a specific haplogroup
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only when at least two extractions yielded the same results. For each extrac-
tion, approximately 0.5-2.0 g of bone was removed from each sample and sub-
merged for 10-15 minutes in 2% sodium hypochlorite (Clorox bleach diluted 1:2
with ddH,0) to rid the bone surface of modern contaminating DNA (Kemp and
Smith 2003). The bleach was then poured off, and the bone was submerged for
1-2 minutes in DNA-free ddH,0 (Gibco). After discarding the water, the bone
was repeatedly rinsed with water to remove any remaining bleach.

The bones were transferred to 15 ml conical tubes and demineralized by
adding a sufficient amount of 0.5 M EDTA (1-4 ml) to submerge the bones, and
the tubes were then gently rocked for at least 48 hours at room temperature.
Following demineralization, 3 mg of proteinase K (Gibco BRL) and 500 pl of 0.1
M of N-phenacylthiazolium bromide (PTB) were added to each tube. PTB has
been shown to greatly decrease PCR inhibition caused by the presence of Mail-
lard products, which can be abundant in ancient samples (Poinar et al. 1998).
Samples were then incubated at 65°C for 8-14 hours to allow for maximum di-
gestion of proteins in the bone.

DNA was extracted from the digested samples by a three-step phenol-chlo-
roform method consisting of two extractions using an equal volume of phenol:
chloroform (1:1) added to the EDTA and one extraction adding an equal vol-
ume of ghioroform:isoamyl alcohol (24:1). DNA was precipitated by adding two
volumes of cold absolute ethanol and one-half volume of cold 5 M ammonium
acetate, then storing the solution at ~20°C for 8-10 hours. The tubes were then
centrifuged to pellet the DNA, the liquid was discarded, and the pellet washed
1-4 times with 80% ethanol, each time pelleting the DNA and discarding the
liquid. The pellet was then dried at room temperature for 24 hours. To further
remove coextracted PCR inhibitors (Kemp and Smith 2003), the pelleted DNA
was resuspended in 300 pl ddH,O and silica extracted using the Wizard DNA
purification kit (Promega), following the manufacturer’s instructions (except
that the DNA was finally eluted with 100 pl ddH 0).

PCR amplification reactions contained 3-5 pi DNA template, 4 pl 200 pM
dNTPs, 2.5 ul 10X PCR buffer, 1.3 pl bovine serum albumin, 0.75 pul MgCl,, 0.3
ul of each primer (50 pM), 1.5 units of Platinum Taq (Invitrogen), and dcfH2
to adjust the reaction to a total volume of 25 ul. Coordinates for primers used,
numbered according to the Cambridge Reference Sequence (Anderson et al.
1981), are as follows: for haplogroup A, 591-611 and 765-743 (Stone and Stonek-
ing 1993); for haplogroup B, 8195-8215 and 8316-8297 (Wrischnik et al. 1987);
for haplogroup C, 13237-13256 and 13310-13290 (Handt et al. 1996); and for
haplogroup D, 5099-5120 (Parr et al. 1996) and 5211-5190 (Handt et al. 1996).
The samples were not tested for markers characterizing haplogroup X because
all successfully extracted samples exhibited diagnostic markers defining them
as belonging to haplogroups A, B, C, or D. No compound haplogroups involv-
ing haplogroup X have been reported and members of the haplogroup have not
been reported in populations of Mexico, Central America, or South America.
PCR conditions were as follows: 94°C for 5 minutes and 40 cycles of 30-second
holds at 94°C, 55°C, and 72°C, followed by a final 3-minute extension period at
74°C. Approximately 5-7 pl of amplicon was electrophoresed on 6% polyacryl-
amide gels and visualized with ethidium bromide to either confirm the success-
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ful amplification of mtDNA for later restriction analysis or to score the presence
or absence of the 9-bp deletion (defining haplogroup B in most cases, except as
described in the results section below). Restriction enzyme digestion of 7-10 pl
of each amplicon was performed using 8 units of each respective enzyme (Haelll
for haplogroup A and Alul for both haplogroups C and D). These products were
electrophoresed and visualized as described above.

Contamination Control

Because of the highly degraded nature of ancient DNA (Lindahl
1993; Paabo et al. 1988), ancient samples are prone to contamination by mod-
ern DNA, and, therefore, special precautions were taken when working with
the Aztec samples (according to the recommendations in Kelman and Kelman
1999). All skeletal remains and DNA extracts were prepared and stored in a
positively pressured room separated from the lab in which PCR reactions took
place. Access to the ancient pre-PCR lab was limited to researchers working
on ancient DNA. Additionally, the first hypervariable segment of the mtDNA
control region of all researchers has been sequenced (and none of them belong
to haplogroups A, B, C, D, or X), allowing quick identification of modern con-
tamination generated by laboratory personnel. Ancient DNA researchers were
required to wear lab coats and disposable gloves, booties, and hairnets to help
ensure a sterile environment.

All extraction procedures were performed using equipment and reagents
dedicated to the ancient DNA lab. Pipetters and lab benches are routinely wiped
down with 2% sodium hypochlorite. Sterile, disposable labware was used when
possible and filtered, aerosol-resistant pipette tips were always used. Mock ex-
tractions and mock amplifications (in which no sample and no DNA template
are added, respectively) were performed alongside every extraction anid ampli-
fication, and these negative controls were electrophoresed alongside amplicons
being analyzed. This allowed for the detection of the presence of contamination
generated during any of the numerous steps outlined above.

Statistical Analysis

The haplogroup frequencies of the Aztecs were compared with those
of other Native American groups (Table 3-1) using Fisher’s exact test of homo-
geneity (Weir 1996), bootstrapping each comparison with 1,000 resampled itera-
tions of the original data using the Genepop software package (Raymond and
Rousset 2000). Haplogroups other than A, B, C, D, or X, reported in the litera-
ture, were not included in this analysis, as they most likely represent non-Na-
tive American admixture discovered in contemporary populations (Smith et al.
1999) or contamination detected in ancient samples.

A neighbor-joining tree with random input order was constructed in the
program NEIGHBOR and visualized with DRAWTREE of the PHYLIP 3.6a2
software package (Felsenstein 1993). The GENDIST program was used to calcu-
late genetic distances between all pairs of populations (Table 3-1) based on the
chord distance measurement of Cavalli-Sforza and Edwards (1967). Malhi and
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colleagues (2003) demonstrated that Yuman populations are statistically undif-
ferentiated from each other and, therefore, in order to decrease the number of
populations used in this analysis, all the Yuman-speaking groups (see Table 3-1)
were grouped together as “Yuman.” The Copén Maya could notbe grouped with
the Maya from Xcarét because of the extreme difference in haplogroup frequen-
cies between the two populations and were excluded from the analysis because
of small sample size (n = 9). The difference between the two Maya populations
may be due to inadequate sampling in the Copan Maya (Merriwether et al. 1997),
population substructure among the pre-Columbian Maya (Gonzalez-Oliver et al.
2001), or a combination of these two reasons (Gonzalez-Oliver et al. 2001).

A principal coordinates analysis was performed using the same populations
as employed for constructing the neighbor-joining tree. The coordinates were
calculated in GENESTAT for Windows, using genetic similarity between popu-
lations (l—FST), calculated from Fgp values determined in Arlequin version 2.000
software (Schneider et al. 2000).

Results

_. Of the 27 skeletal remains, 23 yielded analyzable mtDNA. The fre-
quencies of haplogroups A, B, C, and D in this Aztec population were 65.2%,
13%,4.3%, and 17.4%, respectively (Table 3-1). Of the four individuals for whom
samples failed to yield analyzable DNA, three probably contain preserved
mtDNA. That is, they revealed Native American haplogroups in one of the mul-
tiple extractions. However, because amplification results from one extraction
could not be confirmed in a second independent extraction, they were excluded
from the results. The fourth individual for whom results are not reported yield-
ed no analyzable mtDNA, probably because of the overwhelming presence of
PCR inhibitors coextracted with the sample, despite the measures taken to avoid
such inhibition. The overall success rate is high compared with that in other
studies of ancient mtDNA, probably due in part to the relatively young age of
the samples and the favorable conditions for DNA preservation (Burger et al.
1999) to which the skeletal samples had been subjected.

The results of the Fisher’s exact test are not shown. Of the groups investi-
gated in this study (Table 3-1), the Aztecs are statistically indistinguishable at a
0.05 level of probability from the Guatuso, Huetar, and Teribe (Chibcha-speak-
ing peoples), the contemporary Maya from the Yucatan, the ancient Maya from
Xcarét, and the Mixtec (Otomanguean speakers); however, Aztecs are statisti-
cally different from the Nahua-speaking population from Cuetzalan.

The neighbor-joining tree (Figure 3-1), shows three geographically defined
clusters: the American Southwest, Central Mexico/Central America, and South
America/Caribbean. The Aztec sample lies within the Central Mexico /Central
America cluster.

“Fifty-seven percent of the variation in the principal coordinates analysis (Figure
3-2) is accounted for by the first coordinate (X-axis) and 20.4% is explained by the
second coordinate (Y-axis). The first coordinate clearly separates the groups from
the American Southwest (found on the lower left) from those of Central Mexico
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Figure 3-1. Neighbor-joining tree constructed with chord genetic distances.
Cont = Contemporary; Cue = Cuetzalan Nahua; Guay = Guaymi; Xcar =
Xcarét.

and Central America (found on the lower right). The second coordinate separates
the South American and Caribbean (found on top) populations from the others.
A unique finding in this initial assessment of mtDNA variation of the Aztecs
is the presence of three haplogroup A individuals who also possess the 9-bp
intergenic deletion. The 9-bp deletion normally defines haplogroup B in Native
Americans, but these data confirm the independent occurrence of the deletion
within haplogroup A (first reported in Schurr et al. 1990). These findings are
not unprecedented, as the 9-bp deletion has arisen numerous times around the
world, including in Africa (Soodyall et al. 1996) and India (Watkins et al. 1999). A
triplication of the 9-bp sequence has also been reported (Merriwether et al. 1995),
further indicating that this region is highly subject to mutation. We confirmed
that two of these three Aztec individuals are indeed members of haplogroup A,
and not members of haplogroup B, by sequencing nucleotides 16250-16385 of
the first hypervariable region of the control region. Both individuals revealed
the characteristic haplogroup A mutations: 16290 (T), 16319 (A), and 16362 (C)
relative to the mtDNA Cambridge Reference Sequence (Anderson et al. 1981).
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Figure 3-2. Principal coordinates analysis. Cont = Contemporary; Xcar =
Xcarét.

Relationship of Aztecs to Other Native Americans

The Aztecs exhibit frequencies of 65.2% and 13% for haplogroups A
and B, respectively, which is similar to the overall pattern found in Mexico and
Central America of high frequencies of haplogroup A and lower frequencies of
haplogroup B (Table 3-1). Itis particularly interesting that, as in the Southwest,
the haplogroup patterning cuts across both linguistic and geographic boundar-
ies exhibiting a strong pattern of regional continuity. Speakers of Mayan, Mixe-
Zoquean, Otomanguean, and Uto-Aztecan in Mexico, as well as Chibchan and
Chocé speakers in Central America, all resemble one another genetically. That
this pattern of regional continuity also exhibits temporal continuity is demon-
strated by the Aztecs and ancient Maya from Xcarét (Gonzalez-Oliver etal. 2001).
Because the pattern of haplogroup frequencies crosses geographic, linguistic,
and temporal boundaries, it likely reflects a very ancient pattern. This pattern
of haplogroup frequencies is quite different from those found in the Great Ba-
sin, the Southwest, South America, and the Caribbean. High frequencies of hap-
logroup B and low frequencies or the absence of haplogroup A characterize the
Southwest and Great Basin. Populations of South America and the Caribbean
exhibit high frequencies of haplogroups C and D. Both the neighbor-joining
tree (Figure 3-1) and the principal coordinates analysis (Figure 3-2) illustrate
these haplogroup patterns. Using only the Yanomama and an ancient Tainos
population to represent populations from South America and the Caribbean, re-
spectively, is somewhat misleading because the former population underrepre-
sents the structure in the distribution of mtDNA haplogroups in South America
(Rodriguez-Delfin et al. 2000) and, unlike findings in the-latter population, a
significant amount of haplogroup A has been reported in admixed populations
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from Puerto Rico (Martinez-Cruzado et al. 2001). The clustering of these two
populations is consistent with the hypothesis that the Caribbean was populated
from South America (Lalueza-Fox et al. 2001), but it cannot rule out the possibil-
ity of some Caribbean founders originating in Mesoamerica (Martinez-Cruzado
et al. 2001).

The unexpected difference between the haplogroup frequencies exhibited by
the Aztecs and the modern Cuetzalan population likely stems from the pres-
ence of haplogroup D (17.4%) in the Aztecs and its corresponding absence in
the Cuetzalan Nahua. This lack of continuity may be attributable to a variety of
factors. First, sample sizes for both populations are reasonably small (Aztecs,
n = 23; Cuetzalan, n = 31), so sampling may be responsible. Second, it is pos-
sible that Nahua-speaking populations exhibit some geographic substructure of
which our samples are not representative. Third, influences of Spanish contact
might also have altered the haplogroup frequencies of modern Nahua speakers,
either through population decline or the establishment of the congregacidnes, or
both, followed by genetic drift and admixture, respectively. Fourth, it is possible
that the Cuetzalan population is not entirely comprised of Nahua speakers, as
the blood samples were collected randomly from this city and may also include
Totonac speakers (Ruben Lisker, personal communication 2002). Last, because
Nahuatl was used as the lingua franca in Central Mexico at the time of European
contact, genetically unrelated people might have adopted the language. Further
investigation of specific haplotypes may dlarify the issue.

Empire Distribution of Haplogroup A

with the 9-bp Deletion

Itis of particular interest that both the Aztecs and the Cuetzalan'pop-
ulation share the derived form of haplogroup A linked with the 9-bp deletion
(discussed above). Three of the 15 Aztecs who are members of haplogroup A
and two of 19 haplogroup A individuals from Cuetzalan exhibited this derived
form of haplogroup A (Malhi et al. 2003). This could be argued to indicate a clos-
er relationship between the Aztecs and Cuetzalan Nahua than predicted solely
by haplogroup frequencies, as has been shown by Bolnick and Smith (2003) in
groups from the southeastern United States whose matrilocal populations de-
clined drastically as a result of early European contact, which was followed by a
strong influence of genetic drift on tribal haplogroup frequency distributions.

Haplogroup A linked with the 9-bp deletion has also been reported in one

Boruca individual (Torroni et al. 1993), one Maya individual (Schurr et al. 1990),
three Baja Mixtec (Torroni et al., mtDNA and Y-Chromosome Polymorphisms,
1994), and 10 individuals from the Northern Mexican cities of Judrez and Ojina-
ga (Green et al. 2000). The only report of this type outside of Mexico or Central
America is in one individual from Puerto Rico (Martinez-Cruzado et al. 2001).
Slave trade between the Caribbean and the Yucatan Peninsula may have brought
the haplogroup A/9-bp deletion to Puerto Rico (Martinez-Cruzado et al. 2001).
The Maya had strong seafaring traditions that brought them to the Caribbean
(Peck 1998) and gene flow between the two areas might have occurred.

T T T

AT




w - e o~

_— = =

Ancient Aztec mtDNA from Tlatelolco | 37

The distribution of this highly derived haplogroup A lineage crosses linguis-
tic boundaries, occurring in Uto-Aztecan, Otomanguean, Mayan, and Chibchan
speakers, which suggests that it is a very old haplotype; however, this interpre-
tation is inconsistent with the low diversity found within the control region se-
quences of these haplotypes (Green et al. 2000; Malhi et al. 2003). The expansion
of one or more of the series of empires of Central Mexico, involving the Toltecs,
Aztecs, or both, might be responsible for distributing this haplotype to its pres-
ent-day locations. Since the Aztecs intermarried with remnant Toltec popula-
tions before settling at Tenochtitlan, it will be difficult to assign this responsibil-
ity to one or the other empire. The Toltecs and Aztecs had known connections
with at least some of the groups containing this haplotype. To begin with, there
is evidence that cultural connections were made between the Toltecs and the
Maya (Townsend 1992), which might have led to admixture as well. The Aztecs
conquered the Mixtecs and persisted in extracting tribute from them (Townsend
1992). It is of interest that the lowland (Baja) Mixtec population contains the
haplogroup A/9-bp deletion, while this haplotype has not been reported in the
highland (Alta) Mixtec (Torroni et al., mtDNA and Y-Chromosome Polymor-
phisms, 1994). If the Aztecs introduced this haplotype into the Mixtec popula-
tion it would most likely have been to the lowland population (Baja), not the

opulations residing in the highlands, as they would have been more difficult to
contact. However, this picture may be obscured by small sample sizes represent-
ing the Alta and Baja Mixtec (n = 15 and n = 14, respectively). The one Boruca
individual (Torroni et al. 1993) with this type is more difficult to explain because
the Boruca, who reside in Costa Rica (Barrantes et al. 1990), are not known to
us to have come into direct contact with either the Toltecs or the Aztecs. How-
ever, Nahua speakers are found in Costa Rica, having relocated there after the
collapse of the Toltec Empire when tribes spread south and east from Mexico
(Lothrop 1926). In addition, Aztec trading and raiding parties followed routes
through Costa Rica, traveling as far south as Panama (Lothrop 1926). Therefore,
introduction of this haplotype into the Boruca would not necessarily involve
long-distance gene flow. It is also difficult to explain the presence of this hap-
lotype in the Northern Mexican populations from Judrez and Ojinaga because
their ethnic affiliation was not reported (Green et al. 2000). The study of Green
and associates (2000) that reported the presence of this haplotype assessed the
degree of European and African admixture in two cosmopolitan Mexican cities
and did not focus on population prehistory. Although some of the samples from
Ojinaga came from the indigenous peoples of the area, it is not known whether
these particular individuals carried the derived form of haplogroup A (Lance
Green, personal communication 2002).

The influence of empire building on the distribution of this haplotype re-
quires further testing. Generating sequence data for all individuals carrying
the haplotype would aid in locating its possible origin, and estimating the true
amount of diversity found within this highly derived sub-clade of haplogroup
A would provide a measure of its relative antiquity. If it proves to be old, a dis-
semination of the haplotype by an empire need not be invoked. Ancient DNA
studies of the preceding empires (e.g., Toltec and Teotihuacan) might also reveal
whether its origin is local or, alternatively, located outside of Central Mexico.
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It is also possible that the true distribution of the haplogroup A/9-bp deletion
has been obscured if other studies of mtDNA from Mexico and Central America
have overlooked this unique genetic marker, either disregarding the result as
contamination or categorizing it as haplogroup "other.”

The Southern Origin of Uto-Aztecan

Hill (2001) attributed the northward spread of Uto-Aztecan to a pop-
ulation expansion of early agriculturalists from Mesoamerica around 4500-3500
B.P. The Southern Origin Model for Uto-Aztecan (Hill 2001)is not supported by the
Aztec mtDNA evidence. Our data confirm the results of previous studies (Malhi
et al. 2003; Smith et al. 2000), suggesting that Mesoamerican populations had little
or no maternal influence on the mtDNA gene pool of the American Southwest.
High frequencies of haplogroup A and low frequencies of haplogroup B charac-
terize all groups in Mesoamerica, while most groups in the Southwest (except
Athapaskans) are characterized by high frequencies of haplogroup B and low
frequencies or the absence of haplogroup A. This genetic differentiation is clearly
illustrated by the neighbor-joining tree (Figure 3-1) and the principal coordinates
analysis (Figure 3-2), in which the Uto-Aztecan speakers from Mesoamerica (Az-
tecs and Cuetzalan Nahua) are well separated from Uto-Aztecan speakers to the
north (Northern Paiute, Akimel O’odham, and Tohono O’odham).

It is possible, however, that Uto-Aztecan originated in the south and was
brought to the Southwest by a migration made up primarily of men (Malhi et
al. 2003; Smith et al. 2000). Evidence for this comes from the detection of the
rare albumin variant AL*Mexico in populations of both regions (Smith et al.
2000), some similarities in dental morphology (Turner 1987, 1993), frequencies
of blood-group phenotypes (Niswander et al. 1970), and genetic evidence that
other migrations in North America were male dominated (Malhi et al.-2003;
Smith et al. 2000). .

Hill’s (2001) model also suggests that the founders of the Aztec Empire did
not originate far to the north but rather migrated to the Central Valley of Mexico
from the northwest quadrant of Central Mexico. The mtDNA haplogroup fre-
quencies exhibited by the Aztecs support this notion, as they resemble those
of other groups from Central Mexico. Thus, the Aztec haplogroup frequencies
reported here might be a valid representation of a much older mtDNA pattern
characteristic of the whole of Mesoamerica. If, alternatively, the Aztec legend
of a northern origin of their people is correct and they migrated into Central
Mexico relatively recently (within the past eight hundred years) before estab-
lishing themselves in the Valley of Mexico (Townsend 1992), how did they come
to genetically resemble their linguistically unrelated neighboring groups (i.e.,
Otomanguean, Mayan, and Mixe-Zoquean speakers)? Intermarriage with the
Toltecs and later interactions with surrounding groups (Lothrop 1926; Townsend
1992) might have caused the loss of an Aztec mtDNA signature (if one ever ex-
isted). Generating control region sequence data for the Aztecs might aid in re-
solving this issue.
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Conclusions

The mtDNA haplogroups of 23 of 27 Aztec samples demonstrate
their similarity to other Central Mexican and Central American populations and
dissimilarity with other populations including Uto-Aztecan speakers from the
U.S. Southwest. Failure of the Aztec haplogroup frequency distribution to statis-
tically resemble that of the Cuetzalan Nahua might result from sampling error,
population decline, or unknown demographic or genetic events, such as popula-
tion substructure or admixture. The presence of the rare haplogroup A/9-bp de-
letion haplotype has been discovered in both the Aztecs and Cuetzalan Nahua,
suggesting closer genetic ties than demonstrated solely in haplogroup compari-
son. We hypothesize that one of the many Central Mexican empires, possible
the Toltecs or the Aztecs, or both, spread this genetic marker to the peripheral
groups in which it is found today. Our data do not fully support the Southern
Origin Model of Uto-Aztecan (Hill 2001) but rather support previous studies
that indicate Mesoamerican populations had little maternal genetic influence on
populations of the Southwest (Malhi et al. 2003; Smith et al. 2000). Future studies
of control region sequence variation and Y-chromosome variation of the Aztecs
and other Mesoamerican populations will greatly aid in understanding the rela-
tienship between the Aztecs and their neighbors and help elucidate the history
of the Aztec Empire.
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