
ORIGINAL ARTICLE

Complete mitogenome analysis of indigenous
populations in Mexico: its relevance for the origin
of Mesoamericans

Fuzuki Mizuno1, Jun Gojobori2, Li Wang3, Keisuke Onishi1, Saburo Sugiyama4, Julio Granados5,
Celta Gomez-Trejo6, Vı́ctor Acuña-Alonzo6 and Shintaroh Ueda1

Mesoamerica has an important role in the expansion of Paleoamericans as the route to South America. In this study, we

determined complete mitogenome sequences of 113 unrelated individuals from two indigenous populations of Mesoamerica,

Mazahua and Zapotec. All newly sequenced mitogenomes could be classified into haplogroups A2, B2, C1 and D1, but one

sequence in Mazahua was D4h3a, a subclade of haplogroup D4. This haplogroup has been mostly found in South America

along the Pacific coast. Haplogroup X2a was not found in either population. Genetic similarity obtained using phylogenetic tree

construction and principal component analysis showed that these two populations are distantly related to each other. Actually,

the Mazahua and the Zapotec shared no sequences (haplotypes) in common, while each also showed a number of unique

subclades. Surprisingly, Zapotec formed a cluster with indigenous populations living in an area from central Mesoamerica to

Central America. By contrast, the Mazahua formed a group with indigenous populations living in external areas, including

southwestern North America and South America. This intriguing genetic relationship suggests the presence of two paleo-

Mesoamerican groups, invoking a scenario in which one group had expanded into South America and the other resided in

Mesoamerica.
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INTRODUCTION

Mesoamerica, first defined by Kirchhoff,1 is an area with wide
linguistic and cultural variations, extending from central Mexico to
Guatemala, Belize, El Salvador, and parts of Honduras, Nicaragua,
and Costa Rica. It is popularly in agreement held that the ancestors of
the present-day indigenous people of America entered the New World
across the Bering Strait from Asia as founders. Although many studies
have reported on the genetic structures of the indigenous American
populations, genetic relationships among indigenous populations
after dispersal into America remain unclear. Mitochondrial DNA
(mtDNA) of the indigenous American people has been traced back to
four major haplogroups and a fifth minor haplogroup. These
haplogroups were initially named A, B, C, D and X2–5 that are now
termed as A2, B2, C1, D1 and X2a.4,6 Complete mitochondrial
genome (mitogenome) sequences have been published for indigenous
American people,7–11 allowing the identification of other different
subhaplogroups as ancestral founding lineages.12–16 At least fifteen
haplogroups have been recognized as maternal-founding lineages of

the indigenous American populations.17 Fine analyses at the level of
entire mitogenomes, namely, analyses based on a greatly refined
mtDNA phylogenetic tree, allow more comprehensive evaluation of
the migration and timing of post-last glacial events.12,17–21

Previous studies of human mitogenome sequences have generally
been carried out in a similar manner. mtDNAs are first screened for
variants to define haplogroups, using either a limited number of
samples from each haplogroup or many samples from a particular
haplogroup of interest are selected, and then complete mitogenome
sequencing is carried out for these selected samples. However,
limitations of this approach, especially problems in demographic
inferences about populations, such as population size changes,
population divergence times and migration/admixture events, have
been pointed out.22–25 Thus, to examine the peopling of Mesoamerica
and to facilitate the reconstruction of ancient dispersal of indigenous
people through Mesoamerica from North to South America, we
showed here complete mitogenome sequences at the highest level of
molecular resolution for two indigenous Mesoamerican populations,
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Mazahua and Zapotec. To our knowledge, these are the first
population-based data composed of complete mitogenome
sequences for indigenous people in America, including Mesoamerica.

MATERIALS AND METHODS

DNA samples
DNAs were extracted from saliva or blood of unrelated adults. A total of 113

individuals were examined from two indigenous populations in Mexico: 25

Mazahua and 88 Zapotec. All the examined indigenous individuals and their

ancestors (two generations) had been born in the same community and spoke

their own native language. All the individuals were informed about the

objectives of research and signed institutional review board-mandated consent

forms. Approval for the present study was provided by National Institute of

Anthropology and History, Mexico and the Ethics Committee, The University

of Tokyo, Graduate School of Science.

Nucleotide sequence determination of entire mitogenome
We amplified the entire mitogenome as four fragments (each about 4 kb long)

and determined their complete mtDNA sequences by PCR direct sequencing.

The primers used are described in Supplementary Tables S1 and S2. PCR

amplification was carried out in a 50-ml reaction mixture containing 1mM

Mg2þ , 200mM each dNTP, 0.26mM each primer and 1.25 units of PrimeSTAR

GXL DNA polymerase (TAKARA). The conditions for the first-round PCR

were as follows: an initial denaturation step for 1min at 98 1C, followed by

30 cycles of denaturation for 10 s at 98 1C, annealing for 15 s at 60 1C and

extension for 5min at 68 1C, with a final extension for 10min at 68 1C. The

conditions for the second-round PCR were as follows: an initial denaturation

step for 1min at 98 1C, followed by 30 cycles of denaturation for 10 s at 98 1C,

annealing for 15 s at 63 1C and extension for 5min at 68 1C, with a final

extension for 5min at 68 1C. The amplified fragments were analyzed by

electrophoresis on a 1% agarose gel and visualized by staining with ethidium

bromide. PCR products were purified using a High Pure PCR Purification Kit

(Roche, Basel, Schweiz). For sequencing, we referred to the primers used by

Kivisild et al.9 for coding regions, while we additionally used other primers for

control regions, as shown in Supplementary Table S2. Sequencing reactions

were carried out with BigDye Terminator v3.1 (Applied Biosystems, Carlsbad,

CA, USA). After excess dye terminators were removed by ethanol precipitation,

DNAwas dried and re-suspended in formamide. The dissolved DNAwas heated

for 2min at 95 1C for denaturation, then immediately cooled on ice. Sequences

were analyzed using a 3100 Genetic Analyzer capillary sequencer (Applied

Biosystems) under the default settings. For singletons, we repeated PCR

amplification and direct sequencing, and confirmed their nucleotide variants.

Phylogenetic and statistical analyses
Each mitogenome sequence was assigned to haplogroup, and its specific

haplotype was defined based on mutations observed in both the control and

coding regions. Because of hypervariability, C homopolymeric tract poly-

morphisms in regions 303–315 and 522–523 and variation at 16 519 were

disregarded for tree reconstruction. C homopolymeric tract polymorphism in

region 16 180–16 193 was also disregarded except for variation at 16 189 that

was one of the defining mutations of haplogroup B. The haplogroup

nomenclature is based on Phylotree Build 15 (http://www.phylotree.org/).26

In order to compare haplotype variation within each haplogroup belonging

to indigenous American ancestry, we used published indigenous American

haplogroups (A, B, C and D) for analysis.11–13,17 We investigated the genetic

relationships of Mazahua and Zapotec with other indigenous populations in

Mesoamerica and its neighboring areas using mtDNA haplogroup frequency.

There have been many studies of mtDNA variation in indigenous populations

of Mexico and Central America, but we excluded populations that contain

European and African maternal origin, such as haplogroups H and L, and

populations of which data contain only control region sequences. We further

selected only populations with sample size of X25 individuals. We also added

five indigenous populations from Colombia, located at the Northern end of

South America. As a result, 26 indigenous populations consisting of 1265

individuals were used for phylogenetic analysis (Table 1 and Figure 1).

Table 1 Haplogroup frequencies of 26 indigenous populations in Mesoamerica and its surrounding areas

Tribe n A B C D Others References

Cora 72 0.306 0.514 0.139 0.042 0.000 Kemp et al.42

Huichol 62 0.306 0.532 0.161 0.000 0.000 Kemp et al.42

Mazahua 25 0.160 0.520 0.080 0.240 0.000 Present study

Mixe 52 0.308 0.288 0.288 0.115 0.000 Kemp et al.42

Mixtec 67 0.672 0.209 0.075 0.045 0.000 Kemp et al.42

Nahua Atocpan 59 0.475 0.356 0.119 0.051 0.000 Peñaloza-Espinosa et al.44

Nahua Chilacachapa 41 0.463 0.341 0.073 0.122 0.000 Peñaloza-Espinosa et al.44

Nahua Ixhuatlancillo 47 0.553 0.277 0.000 0.170 0.000 Peñaloza-Espinosa et al.44

Nahua Necoxtla 37 0.514 0.405 0.081 0.000 0.000 Peñaloza-Espinosa et al.44

Nahua Xochimilco 43 0.721 0.186 0.093 0.000 0.000 Peñaloza-Espinosa et al.44

Nahua Zitlala 46 0.652 0.304 0.022 0.022 0.000 Peñaloza-Espinosa et al.44

Otomi 35 0.600 0.200 0.114 0.086 0.000 Peñaloza-Espinosa et al.44

Purepecha 37 0.568 0.216 0.162 0.054 0.000 Peñaloza-Espinosa et al.44

Tzeltal 35 0.600 0.143 0.143 0.114 0.000 Peñaloza-Espinosa et al.44

Zapotec 88 0.670 0.182 0.114 0.034 0.000 Present study

Pima 30 0.067 0.500 0.433 0.000 0.000 Torroni et al.54

Tarahumara 73 0.342 0.288 0.315 0.055 0.000 Kemp et al.42

Embera 44 0.227 0.523 0.250 0.000 0.000 Kolman and Bermingham39

Kuna 63 0.714 0.286 0.000 0.000 0.000 Batista et al.55

Ngobe 46 0.674 0.326 0.000 0.000 0.000 Kolman et al.56

Wounan 31 0.290 0.194 0.484 0.032 0.000 Kolman and Bermingham39

Ingano 43 0.116 0.465 0.419 0.000 0.000 Torres et al.57

Piapoco 39 0.179 0.026 0.744 0.051 0.000 Torres et al.57

Ticuna 74 0.149 0.230 0.378 0.243 0.000 Torres et al.57

Wayuu 40 0.250 0.350 0.400 0.000 0.000 Torres et al.57

Zenu 36 0.222 0.417 0.306 0.056 0.000 Torres et al.57
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We constructed neighbor-joining (NJ) tree using FST distances estimated

from mtDNA haplogroup frequencies, using Arlequin.27 We obtained a

scattergram of the principal component analysis (PCA). Construction of NJ

phylogenetic tree and PCA scattergram were carried out using MEGA428 and R

Ver 2.11.1,29 respectively. We also constructed NJ tree based on population

pairwise FST distances of entire control region sequences (nucleotides from nps

16024 to 576 of the revised Cambridge Reference Sequence, rCRS30). Sequence

data are available from the following indigenous populations in Mesoamerica

and its surrounding areas: Huichol, Maya, Mayo, Nahua, Otomis, Pima and

Tepehua, besides Mazahua and Zapotec (Supplementary Figure S1).

RESULTS

Complete mitogenome sequences belonging to haplogroups A, B,
C and D
It is shown that more than 70% of haplogroup polymorphic diversity
is located outside the control region, namely in the coding region.31

Control region sequence data alone cannot provide sufficient evidence
for founder status owing to a number of highly mutable sites.32 It has
also been pointed out that founder analysis should use not just coding
region sequences but complete mitogenome sequences.6 Sequence
analysis using not only coding regions but also control regions of
mitogenome makes it possible to do precise definitions as indigenous
American-specific haplogroups. Namely, haplogroups A2j1, A2r, B2b,
B2c, B2c1, B2c1a, C1b, C1b1, C1b9, C1b9a, C1c1 and C1c1b have
been dissected into branches and sub-branches, most of which were
distinguished by singletons.
Using the complete mitogenome sequences, all the Mazahua and

Zapotec sequences were classified into the four major indigenous
American haplogroups, A2, B2, C1 and D1, with the exception of one
individual (Table 1). The variation of all mitogenome sequences is
displayed in the phylogeny of each haplogroup (Figure 2). Sixty-three
individuals belonged to haplogroup A2, among whom 45 different
haplotypes were identified. Subhaplogroups A2d, A2g, A2p, A2v, A2j,
A2m and A2r were found in Zapotec, while subhaplogroup A2o was
found in Mazahua. The Mazahua and the Zapotec shared haplogroup

A2t, but their sub-branches were different from each other.
Twenty-nine individuals belonged to haplogroup B2, among whom
22 different haplotypes were identified. About one-third of indivi-
duals belong to known B2 subhaplogroups, B2b, B2c1 and B2g1.
Although six Mazahua and three Zapotec individuals belong to
subclade of B2 classified by variations/transitions at np 16 278, most
of the B2 subhaplogroups in our samples were so far undefined. Eight
Zapotec individuals belong to subhaplogroup B2b, which is defined
by variations/transitions at nt 6755. One individual each from
Mazahua and Zapotec belongs to the B2c1 subhaplogroup, and the
Mazahua was further classified into B2c1a. We found that one
Mazahua individual was classified into subclade B2g1, which is
defined by variation at nps 114, 3766, 6164, 1002 and 16298. As
for seven sequences of 12 individuals with haplogroup C, all the
sequences were classified into C1 and furthermore into one of its
subhaplogroups C1b and C1c. These two subhaplogroups are known
to be widely distributed among indigenous people from North to
South America.12 The Mazahua and the Zapotec shared the C1b
subhaplogroup, but their subclades within C1b were different from
each other. Mazahua individuals were found in a subclade C1b9a with
variations at nps 6297 and 8047, whereas Zapotec individuals were
classified into subhaplogroup C1b1 defined by variation at np 11147.
Among four Zapotec individuals classified into subhaplogroup C1c,
three individuals belong to subhaplogroup C1c1b, which is defined by
np 215 and 5773. As for eight sequences of nine individuals with
haplogroup D, all of them were classified into D1, except for one
sequence of a single individual. The one exception belonged to
D4h3a. Four Mazahua sequences were classified into subhaplogroup
D1c that shared additional variation at nps 8674 and 15805.

Haplogroup D4h3a in American people
Interestingly, one sequence from Mazahua was classified into D4h3a.
D4h3a and D1 have a common ancestor, haplogroup D4. Phyloge-
netic tree of 44 complete mitochondrial genome haplotypes belonging
to haplogroup D4h3a among Americans was shown in Figure 3.

Figure 1 Geographical locations of the 26 indigenous American populations used for the present study. Dots: Mesoamerican populations, Open squares:

southwestern North American populations, Shaded triangles: Central American populations and Shaded rhombuses: South American populations. The

classification is based on the geographical locations of their present-day residences. According to Torroni et al.,54 the Pima are descendants of the

Hohokam who migrated north from northwestern Mexico around 300 B.C., although they are now living in southwestern Arizona.
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Two sequences that could be allocated to D4h3 have been found in
Tarahumara and Nahua Ixhualtlancillo, indigenous people in
Mexico,33 and one D4h3a individual was also found in Mestizo of

Ecuadol,34 but their haplogroups were characterized as D4h3 or
D4h3a by only control region sequences. Therefore, we could not
compare our D4h3a with these sequences in detail. D4h3a3a is
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Figure 2 Phylogenetic tree of complete mitogenome sequences belonging to four major indigenous Americans haplogroup A, B, C and D among of the

Mazahua and Zapotec. Ellipse of gray shows haplogroup or sub-haplogroup name. Black and white circle represents Mazahua and Zapotec, respectively.

Alphabet and number inside are sample names. The nucleotide substitutions are listed relative to the revised Cambridge reference sequence, rCRS.30 The

suffixes (d) and (A, G, C and T add) indicate deletions or insersions, respectively. The prefix ‘@’ indicates back mutation. C homopolymeric tract

polymorphisms in regions 303–315 and 522–523 and variation at 16519 were disregarded for tree reconstruction. C homopolymeric tract polymorphism in
region 16180–16 193 was also disregarded except for variation at 16189 that is one of the defining mutations of haplogroup B. We followed van Oven’s

mtDNA tree Build 15.26
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defined by a mutation at np 533 that is shared between California and
Mexican populations.21 Our D4h3a (M) was not identical to any
subclade of D4h3a so far reported.11,12,14,21,35 D4h3a found along the
Pacific coast of the continent supports the Pacific coastal migration
scenario previously proposed.16,21 As a first population-based study of

complete mitogenome of indigenous Americans, we found an absence
of shared sequences between Mazahua and Zapotec, showing a
number of subclades unique to each indigenous population.
This likely reflects that no or extremely low genetic exchange has
occurred between Mazahua and Zapotec.

Figure 3 Phylogenetic tree of haplogroup D4h3a among Americans. The suffixes (d) and (A, G, C and T add) indicate deletions or insersions, respectively.

The prefix ‘@’ indicates back mutation. C homopolymeric tract polymorphisms in regions 303–315 and 522–523 and variation at 16 519 were disregarded

for tree reconstruction. C homopolymeric tract polymorphism in region 16 180–16193 was also disregarded except for variation at 16 189. M: Mazahua,

Squares: North Americans, Circles: Central Americans, Rhombuses: South Americans. Mazahua D4h3a was not identical to any D4h3a so far

reported.11,12,14,21,35
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Relationships of Mazahua and Zapotec with other indigenous
American populations
Next, we investigated the genetic relationships of Mazahua and
Zapotec with other indigenous populations in Mesoamerica and its
neighboring areas using mtDNA haplogroup frequency. Twenty-six
indigenous populations consisting of 1265 individuals were used for
analysis (Table 1 and Figure 1). Using mtDNA haplogroup frequen-
cies, we obtained a NJ tree and a PCA scattergram. In the NJ tree, we
found a large cluster including most of the indigenous Mesoamerican
and Central American populations (Figure 4). The overall configura-
tion of the 26 populations of the PCA scattergram was consistent with
that of the NJ tree. Two-dimensional PCA scattergram explains
74.55% of the variation, with the first (X-axis) and the second
coordinates (Y-axis) accounting for 45.37% and 29.18%, respectively
(Figure 5). The cluster obtained is principally composed of
populations that are located within a particular geographical area,
namely, from central Mesoamerica to Central America, and we here
named this cluster the Centro-Mesoamerican cluster. The out-of-
Centro-Mesoamerican cluster populations, that is, Mazahua, Cora,
Huichol, Embera and Wounan, appear to also form a cluster
together with Pima and Tarahumara living in the northwestern
external area of Mesoamerica (in other words, Southwestern North
America) and Zenu, Ingano, Ticuna, Wayuu and Piapoco living
in South America; we here tentatively name this cluster the
Pan-American cluster.

DISCUSSION

Both the NJ tree and PCA scattergram show a large cluster including
most of the indigenous Mesoamerican and Central American

populations (Centro-Mesoamerican cluster). The exceptions are the
Mazahua, Cora, Huichol and Mixe of Mesoamerica, and the
Embera and Wounan of Central America. According to Kirchhoff,1

Mesoamerica is defined as neither a geographic region nor a socio-
political unit, but rather, it is an area occupied by populations that
share cultural characteristics. It is also considered that the northern
limit overlapped with the southern frontier of southwestern North
America at its peak.36,37 The present-day Cora and Huichol
geographically reside in Mesoamerica, but their attribution remains
controversial. Suárez37 linguistically classified them into the
Mesoamerican group, whereas Beals38 ethnologically classified them
into the southwestern North American group. Kolman and
Bermingham39 mentioned in their original article that Embera and
Wounan individuals examined that there are not admixture with
other indigenous or non-indigenous polulations, and many of them
are born in Colombia, reflecting the recent migration into Central
America from South America.
It is now widely considered that (1) the Paleoamericans from Asia

retreated into refuge areas during the Last Glacial Maximum,
(2) recomposed their population genetic structure by genetic drift
and gene flow from other newly arrived people, and (3) expanded into
North America.12,40,41 This resulted in the presence of certain mtDNA
haplogroups. For example, haplogroup X2a shows a distribution
restricted to northern and southwestern North America, whereas
haplogroup D4h3a is detected at very low frequencies in indigenous
populations from both North and South America, but is observed at
locally high frequencies in restricted populations along the Pacific
coast and on the western side of the Andes.21 On the basis of the
locally restricted distribution of these rare haplogroups, the presence

Figure 4 NJ tree of 26 indigenous populations. Designation is the same as that in Figure 1.
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of two paths of migration from Beringia to North America is
indicated. One is a path through the ice-free corridor between the
Laurentide and Cordilleran ice sheets, and the other is a path along
the Pacific coast. The overlapping sequence divergences among these
two haplogroups also suggest almost concomitant spread into North
America.21 Recently, from the distribution patterns of subhaplogroups
D1g and D1j, it has been proposed that the Pacific coast was the
major entry and diffusion route for the early paleo-indigenous South
Americans.16 In this study, we found one sequence of D4h3a from
Mazahua. D4h3a is reported in Tarahumara belonging to the
Pan-American cluster, and is also found in indigenous populations
belonging to the Centro-Mesoamerican cluster.21,33 The fifth
haplogroup X2a was not found, supporting previous observations
that haplogroup X is present at a low frequency in North American
indigenous people and absent in other American indigenous
poplulations.21,42,43 Haplogroup X, identified by np 1719 (loss of
DdeI site at np 1715) but not control region sequence, was reported at
frequencies of 20.0 and 1.9% for the indigenous polulations of the
Huichol and Tarahumara, respectively,44 both of which belong to the
Pan-American cluster. The variant at np 1719 has also been observed
in other haplogroups besides haplogroup X. Recently, the same
authors have shown contradictory results, namely, the absence of
haplogroup X in both populations, by using np 14 470 (gain of AccI
site at np 14465).42 Accepting that, the latest results reflect the true
haplogroup frequencies, haplogroup X is present neither in
populations belonging to the Centro-Mesoamerican cluster nor
those belonging to the Pan-American cluster in Mexico, Central
and South America.21,42,43 Therefore, both the Pan-American and the
Centro-Mesoamerican clusters can be considered to be descendants of
the people who had spread into America along the Pacific coast, but
not through the ice-free corridor. Indigenous people in Southwestern
North America, Pima and Tarahumara, bear greater genetic

resemblance to those in South America than to those in
Mesoamerica and Central America, despite their geographical
location. These findings indicate that the single-migration scenario
cannot fully explain the current status of mtDNA haplogroup
distribution in Mesoamerica, and also shows that only the Pan-
American but not the Centro-Mesoamerican cluster populations
succeeded in expanding into South America.
According to 364 470 SNPs data from 52 indigenous American

populations, indigenous Americans descend from at least three
streams of gene flow and effective population sizes in Mesoamerica
have been relatively large since settlement of the region.45 Their report
also shows that the initial peopling followed a southward expansion
was facilitated along the coast, in agreement with the Pacific coastal
migration scenario by mtDNA haplogroup D4h3a. According to
Y-chromosome diversity, Sandoval et al.46 showed that Pima and
Tarahumara indicated a clear differentation with other indigenous
Mesoamerican populations such as Mixtec, Otomi, Nahuas and
Purepecha.46 These paternal pattern is consistent with our present
result.
Besides haplogroup frequencies, we also carried out pairwise

analysis using nucleotide sequences of control region.47 We
constructed NJ tree based on pairwise FST distances of mtDNA
control region (Supplementary Figure S2). Mazahua, Mayo and Pima
were distinguished from a cluster including Zapotec, Maya, Tepehua,
Nahua, Huichol, Otomis in Mesoamerica. It is consistent with the
result obtained by using haplogroup frequencies that Mesoamerican
populations are diverse.
The dual structure of indigenous Mesoamerican populations

suggests two areas of paleo-indigenous people into Mesoamerica
from North America. At present, the Centro-Mesoamerican people
are dominant in Mexico, but the Pan-American people are supposed
to have been dominant in the past. Unfortunately, it is not feasible to

Figure 5 PCA scattergram of 26 indigenous populations. The two-dimensional scattergram explains 74.55% of the variation, with the first (X-axis) and the

second coordinates (Y-axis) accounting for 45.37% and 29.18%, respectively. Designation is the same as that in Figure 1.
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deduce which of the Centro-Mesoamerican or Pan-American people
are early immigrants from the data currently available. In either case,
the Centro-Mesoamerican people should have experienced population
expansion later, and maize domestication is likely to be a key factor
behind this. The origin and timing of maize domestication continues
to be debated, but recent archeological and genetic studies show that
maize was domesticated in southwestern Mexico, an area of residence
of the Centro-Mesoamerican people, during the early Holocene
period and that maize cultivation was spread widely in Mesoamerica,
probably in combination with the spread of humans.48–52

mtDNA remains the most widely studied and the best described
locus in population genetics, despite its interpretation is limited to the
maternal genetic history.53 However, there have been no population
data of complete mitogenome sequences either for Mesoamerica or
for America. Here, we have applied complete mitogenome sequencing
to two indigenous populations in Mesoamerica, Mazahua and
Zapotec, and obtained the result that the indigenous people of
Mesoamerica are divided into two clusters. The availability of
population-based complete mitogenome sequences from other
indigenous people should greatly refine the evolutionary scenario
concerning the population history of Mesoamerica hypothesized here.
In addition, population-based phylogeographic study will provide
new insights into demographic inferences in addition to providing
deep knowledge on the age of haplogroups and their geographic
distribution at the subclade level. Furthermore, population-based
ancient genome information enables us to reveal the details of the
dual structure of Mesoamerican populations, including whether the
Centro-Mesoamerican or the Pan-American people were the early
immigrants into Mesoamerica.
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Peñaloza-Espinosa, R. et al. Y-chromosome diversity in Native Mexicans reveals
continental transition of genetic structure in the Americas. Am. J. Phys. Anthropol.
148, 395–405 (2012).

47 Gorostiza, A., Acunha-Alonzo, V., Regalado-Liu, L., Tirado, S., Granados, J.,
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