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Mayans: a Y chromosome perspective

David Perez-Benedico'”, Joel La Salvial, Zhaoshu Zengz, Giselle A Herrera3, Ralph Garcia-Bertrand** and

Rene J Herrera*

In spite of the wealth of available cultural and archeological information as well as general interest in the Mayans, little is known
about their genetics. In this study, for the first time, we attempt to alleviate this lacuna of knowledge by comprehensively
investigating the Y chromosome composition of contemporary Mayan populations throughout their domain. To accomplish this,
five geographically targeted and ethnically distinct Mayan populations are investigated using Y-SNP and Y-STR markers.
Findings: overall, the Mayan populations as a group are highly homogeneous, basically made up of only two autochthonous
haplogroups, Qla2alal*-M3 and Qla2al*-L54. Although the Y-STR data illustrates diversity, this diversity, for the most part,

is uniformly distributed among geographically distant Mayan populations. Similar haplotypes among populations, abundance of
singletons and absence of population partitioning within networks among Mayan populations suggest recent population
expansion and substantial gene flow within the Mayan dominion, possibly due to the development of agriculture, the

establishment of interacting City—State systems and commerce.
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INTRODUCTION

Native Americans are descendant of Siberian migrants that penetrated
the American continent 40-15 thousand years ago (kya).! These
travelers are thought to have originated in the South Altaic region of
Central Asia.>? Based on the genetic data, it has been proposed that
the expansion to America took place in three main stages: (1) a trans-
Siberian dispersion of Paleolithic people from the South Altai region to
Beringia as early as 40000 years ago (ya); (2) the settlement of
Beringia and a migrational hiatus that could have lasted 15000 years
and (3) a trek from Beringia into the American continent. We do
know that humans got to Monte Verde, Chile in extreme South
America ~14500 ya’. In addition, Clovis remains belonging to Y
haplogroup Q-L54*(xM3) from western Montana indicate that gene
flow from Siberia to America happened before 12 600 ya indicating
prior divergence among Native American groups.*

Paleo-Natives reached the region known today as Mesoamerica
around 10000-16000 ya.> These original settlers were hunter-
gatherers surviving on wild animals, collecting wild plants, shellfish
and possibly fishing. Within the traditional Mayan region, a number
of settlements have been found at Los Tapiales in the Quiche Basin in
the highlands of Guatemala dating to 10 000-11 000 ya.® About 8000
ya, it is thought that these people started selecting plants that provided
for subsistence.® It is thought that these efforts eventually lead to the
in situ development of agriculture and domestication of animals. An
agrarian mode of existence combined with the domestication of
animals provided surplus food for communal consumption during
lean times and ushered a new era of centralized governance,
population growth and creativity.” Proto or Archaic Mayans are first
detected in what we know today as Petén, Central Guatemala about
4000 ya.” The region of Petén is considered the birth place of Mayan
civilization. The Ceibal, in the Pasion region of Petén, represents the
earliest known Mayan sedentary community discovered thus far,

dating back to about 3000 ya.® The Ceibal location corresponds
roughly to the collection area of our Q’eqchi population. Increasingly
complex City—States such as Nakbe appeared during the subsequent
Pre-Classic Period, also in the region of Petén.’ The City—State system
incited rivalries and warfare in the quest for control over trade routes
between the lowlands and the highlands.!® At the start of the Classic
period (around 1800 ya), the Mayan empire had become a complex
and dynamic entity, undergoing a series of population expansions and
contractions.’ The Classic Period also experienced an intensification of
trade and commerce among Mayan City—States and other civilizations
including the Aztecs.!®!! Undoubtedly, these cultural and demo-
graphic events impacted the genetic make up of Mayans throughout
their empire.

Throughout their suzerainty, individual City—States emerged and
flourished just to be dramatically abandoned centuries later while
others were established de novo nearby. Regional soil exhaustion,
ecological collapse, drought, overpopulation and/or epidemics are
frequently cited as reasons for the downfall of specific settlements and
eventually the entire Empire. The contemporary Mayans share several
cultural traits including mythology, science, art, architecture and
language, oral as well as written. This cultural homogeneity among
Mayan groups is likely the result of the extensive trade and
communication routes that permeated the Mayan territory from its
beginning. The current classification employed to discriminate among
Mayan groups is primarily based on degrees of linguistic similarities.!?

Albeit the many cultural communalities among Mayan groups, little
is known about the genetic diversity of distinct Mayan populations.
Specifically, minimal information exists on the genetic constitution of
Mayan populations and their relationships to non-Mayan Mesoamer-
ican groups. What little is known suffers from limited scope and
population coverage within the Mayan territory as well as fragmentary
data encompassing few and different marker systems making direct
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comparisons difficult. In the present study, we comprehensibly assess,
for the first time, the paternal genetic profiles of a number of key
populations representing the main geographical regions of the tradi-
tional Mayan domain. For this purpose, we ascertained the diversity of
STR and SNP markers on the Y chromosome and phylogeneticaly
compare it in the context of geographically targeted populations from
the literature.

MATERIALS AND METHODS

Collection of samples and DNA isolation

Buccal swabs were collected with informed consent from 351 unrelated Mayan
males residing in five ethnical distinct regions within the Mayan dominion in
Mesoamerica. These traditional Mayan ethnic groups include Qeqchi
(n=132), Itza (n=80), Yucatan (n=73), Cakchikel (n=45) and Quiche
(n=21). Genealogical information for each donor was collected for at least two
generations in order to access the regional ancestry of the individuals and

confirm lack of familial ties among donors. The DNA was isolated as previously
described.!?

Published data

A total of 19 ethnographically targeted reference populations were procured
from the literature for phylogenetic comparison. A list of populations analyzed
in this study, abbreviations, sample number, geographical regions and
references are provided in Supplementary Table 1. A map representing the
traditional Mayan realm with the populations genotyped in this study is
provided in Figure 1. The locations of the reference populations are illustrated

Figure 1 Location and haplogroup distribution of the five Mayan populations genotyped. The full colour version of this figure is available at European Journal

of Human Genetics online.
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in Supplementary Figure 1. The 19 reference populations were genotyped for
Y-STR or binary Y-SNP markers in common with the Mayan populations
genotyped in this study.

Y-SNP haplogroups

Bi-allelic markers from the non-recombining region of the human Y-chromo-
some (NRY) were assessed in hierarchical order using the standard methods
including PCR-RFLP,!* allele-specific PCR,'> the YAP polymorphic Alu
insertion (PAI)'® and direct sequencing!’ to assign individuals to their
respective Y-haplogroups. Assignment of Y-SNP haplogroups and nomencla-
ture of the markers was according to the Y Chromosome Consortium'® and
subsequent revisions.!*2!

Y-STR genotyping

Individuals were genotyped at 17 Y-STR loci (DYS19, DYS385a/b, DYS389 I/1I,
DYS390, DYS391, DYS392, DYS393, DYS437, DYS438, DYS439, DYS448,
DYS456, DYS458, DYS635 and Y-GATA H4) in a multiplex reaction using the
AmpFISTR Identifiler kit (Applied Biosystems, Foster City, CA, USA) according
to the manufacturer’s specifications.’??

Accession numbers

The genotypes of individuals of the five Mayan populations reported for the first
time in this publication have been successfully submitted and are now included
in the YHRD database (https://yhrd.org) under the following accession numbers:
Qeéqchi YA004139; Itza; YA004140; Yucatan YA004141; Cakchikel YA004142 and
Quiche YA004143. All the Y-specific haplotypes reported in this article have been
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described and appear in the YHRD database (https://yhrd.org). Details on the
haplotypes assigned are found in https://yhrd.org.

Statistical and phylogenetic analyses

The STR allelic frequencies for the Mayan populations genotyped in this study
were computed using the GENEPOP v3.4 program.>? A number of parameters
of population genetics interest including number of haplotypes (NH), unique
haplotypes (UH), fraction of unique haplotypes (FUH), discrimination capacity
(DC), average gene diversity over loci (GD) and haplotype-level gene diversity
(HD) were calculated using Arlequin v.3.5.24 Arlequin v.3.5 4 was employed to
compute haplotype-level gene diversity and average gene diversity over loci at
the 17 loci level.

An analysis of molecular variance (AMOVA) was performed utilizing Y-STR
allelic frequencies. The Arlequin v.3.5 software?* was employed in this analysis
with the different populations partitioned geographically into six groups
(Alaskan Eskimos, Altaians, Mayans, Mesoamericans (other than Mayans),
North Americans and South Americans).

Y-STR haplotype data for 15 populations from the Mayan domain (QEQ,
1TZ, YUC, CAK, QUI, KIC, MAM and QEC), South America (AYM and
QUE), North America (ATH), Alaskan Eskimos (INU and YUP) and Eastern
Siberia (MON and KHA) was utilized to calculate pair-wise genetic distances
(Rst values) and corresponding p-values. The Rst values were calculated based
on 15 Y-STR loci as peviously described >> and p-values were adjusted with
the Bonferroni corrections (0.05/120 =4.167 x 10~%). Samples carrying micro-
variants were excluded from the Rst calculations.
subsequently employed in the construction of a multidimensional scaling
(MDS) plot as previously published.! The lack of haplotype data for some of
the reference populations previously published prevented calculation of Rst
values and MDS analysis for the entire set of 19 populations.

The Rst values were

Evolutionary?® and genealogical?’ mutation rates were employed to generate
time estimates based on individuals within the Q-M242, Qla2alal*-M3,
Qla2al*-L54 and Qla2alalb-M194 haplogroups. These calculations were
performed using the previously described method.?” Y-STR variances were
estimated utilizing the Vp function previously described.! Due to the limitations
of Y-STR markers for assessing age and variances, the dates provided in this
study should only be used for comparisons of relative ages among the Mayan
populations. The Qla2alal*-M3 and Qla2al*-L54 Media Joining networks
were generated as previously described.!

All phylogenetic analyses were executed utilizing 15 Y-STR loci (DYS19,
DYS3891, DYS389I1, DYS390, DYS391, DYS392, DYS393, DYS437, DYS438,
DYS439, DYS448, DYS456, DYS458, DYS635 and GATA H4) in common
among the collections listed in Supplementary Table 1. DYS385 was excluded
from the AMOVA, Rst, network, time estimates and haplotype diversity
calculations because it is not possible to discriminate between DYS385a and
DYS385b with the genotypic method employed. In addition, the size of the
DYS3891 allele was subtracted from the DYS389II for all analyses.

RESULTS

Y-SNP distributions

The phylogenetic relationship of the Y-SNP mutations and the
haplogroups they define are provided in Figure 2. The vast majority
of all the Mayan populace from the different regions belonged to
haplogroup Q-M242 (Qeqchi=94%, Cakchikel=91%, Quiche=
95%, Yucatan=78% and Itza=57%). Overall, all five Mayan
populations exhibit very limited haplogroup diversity compared, for
example, to Eurasian and African populations. Qla2alal*-M3 is the
predominant haplogroup (51-86%) throughout the region (Figure 1).
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Figure 2 Haplotype and distribution among the Mayan populations.
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Second in abundance is haplogroup Qla2al*-L54. Itza (26%) and
Yucatan (10%) possess a substantial proportion of the Eurasian
R1bla2-M269 haplogroup introduced during and subsequent to the
European colonization of the two regions. Itza is also the population
with greater haplogroup diversity. The SNP for the Qla2alalb-M194
mutation was detected only in Yucatan at a rate of 6% (n=4). Other
than Qla2alal*-M3, Qla2al*-L54 and Qla2alalb-M194, the other
haplogroups detected in the five Mayan populations can be attributed
to post-Colombian migrations from Europe (eg, R1b1b2-M269 and
G-M201), Asia (C3b-P39) or Africa (D/E-YAP"). Although C3b-P39 is
only found in North America and is associated with Na-Dené
speakers, it is possible that the four C3b-P39 individuals detected in
Qeqchi (1) and Itza (3) are autochthonous Native Americans.
Alternatively, these four C3b-P39 samples may represent Chinese
contemporary migrants ubiquitous in different parts of America.

Y-STR allele frequencies

The allelic frequencies for the 17 Y-STR loci genotyped in the five
Mayan populations of Q’eqchi, Itza, Yucatan, Cakchikel and Quiche
are provided in Supplementary Tables 2a—e, respectively. The geno-
types of each individual of the five Mayan populations are provided in
Supplementary Table 3. Supplementary Table 4 illustrates a number of
parameters of population genetics importance (NH, UH, FUH, DC,
GD and HD). A total of 96 allelic variants were detected in Q’eqchi, 89
in Itza, 85 in Yucatan, 75 in Cakchikel and 64 in Quiche. Of all five
Mayan populations genotyped in this study, Q’eqchi exhibits the
highest values for number of haplotypes, unique haplotypes and gene
diversity followed by Itza, Yucatan, Cakchikel and Quiche, in that
order (Supplementary Table 4).

MDS and Rst values

Rst  pair-wise  comparisons before Bonferroni corrections
(Supplementary Table 5) indicate non significant genetic differences
between QEQ-QUI, YUC-CAK, YUC-QUI and CAK-QUI. Subse-
quent to Bonferroni adjustments, QEQ-CAK and ITZ-QUI became
non significantly different as well. The CAK-QUI comparison exhibits
the lowest Rst genetic distance of any pair-wise combination.
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Figure 3 MDS plot based pm Y-STR data. The full colour version of this
figure is available at European Journal of Human Genetics online.
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Allelic Y-STR frequencies from three Mayan populations procured
from the literature were also employed to generate Rst distances
(Supplementary Table 5) and a MDS plot (Figure 3). These
phylogenetic analyses allowed comparison between our set of five
Mayan populations and Mayan groups from other locations within the
Mayan territory. Prior to Bonferroni corrections, pair-wise Rst
distance comparisons among all eight Mayan populations indicate
insignificant genetic differences between QUI-KIC, CAK-KIC,
CAK-MAM, QEQ-QEC, QEC-YUC, CAK-QEC and QUI-QEC.
After Bonferroni adjustments, QEQ-KIC, YUC-KIC, QEQ-MAM,
ITZ-MAM YUC-MAM, QUI-MAN and QUE-ITZ became non
significantly different. Overall, comparison of the Y-STR data illus-
trates strong similarities among the eight Mayan populations. The
MDS plot illustrates a tight cluster of Mayan populations with Itza and
Mam segregating at the periphery of the conglomerate. Corresponding
populations belonging to the same linguistic groups (QEQ-QEC and
KIC-QUI) partition in close proximity.

Pairwise Rst distances between Mayan and non-Mayan populations
indicate that prior to Bonferroni adjustments all pair-wise comparisons
generate statistically significant differences. Subsequent to Bonferroni
correction, 10 pair-wise Rst distance comparisons involving YUP (4),
INU (3) or QUE (3) in combination with Mayan populations became
non significantly different (Supplementary Table 5).

The MDS plot presents the Central Mongolian (KHA) and the
Inupiat Eskimo population from Alaska (INU) as outliers (Figure 3).
The Athabascan (Nadene) population from Alaska (ATH) segregates
close to the Mayan cluster in the upper right quadrant. The additional
populations from South America (AYM and QUE), Alaskan Eskimo
(YUP) and Inner Mongolia (MON) plot independently at a distance
from the Mayan conglomerate.

Networks and TMRCA estimates

Network analyses were performed based on individuals under
haplogroups Qla2alal*-M3 (Figure 4) and Qla2al*-L54 (Figure 5).
These two haplogroups represent the two most abundant lineages in
the Mayan populations genotyped. Considering only autochthonous
haplogroups, Qla2alal*-M3 and Qla2al*-L54 (combined) are fixed
in four Mayan populations. Only Yucatan exhibits a third low
frequency Native American haplotype, Qla2alalb-M194 (6%).
Within the Qla2alal*-M3 network, other than the clustering of some
Q’eqchi individuals at the extreme end of some branches and the
presence of nodes from Itza at the center of the projection, no
partitioning of populations is observed. For the most part, the
individuals from the five Mayan populations within this haplogroup
are distributed randomly throughout the network. The vast majority
of the haplotypes are singletons. A number of exceptions are the
multi-individuals nodes of Itza individuals located near the extra-
polated center of the non star-like network and a number differ-
entiated haplotypes made up of Q’eqchis. Only one node exhibiting
inter-population haplotype sharing is seen in the Qla2alal*-M3
network. It is noteworthy that the persons from Q’eqchi Petén
predominantly occupy peripheral positions in the network stemming
from nodes belonging to Itza individuals.

Evolutionary?® and genealogical”’ TMRCA estimates were com-
puted. The oldest dates for the M242 mutation that defines hap-
logroup Q are 31.8+3.7 ky (evolutionary) and 12.3+14 ky
(genealogical) in Q’eqchi and the youngest are 26.4 +3.9 ky (evolu-
tionary) and 10.2+1.5 ky (genealogical) in Itza. The TMRCA
estimates for all Qla2alal*-M3 lineages range from 31.7+3.6 to
21.8+4.1 ky and from 12.3+14 to 84+1.6 ky, respectively,
depending on the Mayan population in question (Supplementary

1355

European Journal of Human Genetics



Mayan Y chromosome
D Perez-Benedico et al

1356

Population
] QEQCHI °
| A o
[ YUCATAN

Il CAKCHIKEL o

[ QUICHE °

Figure 4 Network for haplogroup Q-M3. The full colour version of this figure is available at European Journal of Human Genetics online.
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Figure 5 Network for haplogroup Q-L54. The full colour version of this figure
is available at European Journal of Human Genetics online.

Table 6). Again Q’eqchi possesses the oldest time estimates while Itza
the youngest. The highest variance estimates for haplogroup
Qla2alal*-M3 is found in Qeqchi (Vp=0.7098) and the lowest in
Itza (Vp=0.4280) (Supplementary Table 6).

The QIla2al*-L54 network exhibits a random, non star-like
distribution of samples from the five Mayan populations. The

European Journal of Human Genetics

haplotypes from the five different populations are widely dispersed
throughout the network. Immediate connections among nodes often
involve individuals from different populations. Most of the nodes are
singletons and only one instance of inter-population haplotype sharing
is observed. The evolutionary?® and genealogical’’ TMRCA estimates
for all Qla2al*-L54 lineages range from 41.7+11.5 ky (Itza) to
21.0+4.5 ky (Quiche) and 16.1+4.5 ky (Itza) to 8.1+1.8 ky
(Quiche), respectively, depending on the Mayan population
in question (Supplementary Table 6). The highest mean variance
estimates for haplogroup Qla2al*-L54 is observed in Itza (Vp=
0.7781) and the lowest in Quiche (Vp=0.5200) (Supplementary
Table 6). The time estimates for the Qla2alalb-M194 mutation found
only in the population of Yucatan is 8.2+ 2.1 ky (evolutionary) and
3.2+ 0.8 ky (genealogical).

AMOVA

AMOVA demonstrates statistically significant correlation between
genetic diversity and geographical partitioning (Supplementary
Table 7). The greatest amount of diversity (75.8%) is found within
populations, followed by variation among groups of populations
(18.2%), and among populations within groups (6%).

DISCUSSION

The five populations genotyped in this study were selected because
they represent the main regions within the traditional territory of
the Mayan Empire. These populations also constitute the diverse
ecological habitats and geological spectrum within the Mayan realm.
In addition, they also exemplify regions that flourished at different
time periods during Mayan history (ie, ancient, pre-classical, classical
and post-classical periods). From north to south, we sampled the
population of Yucatan, in southeast Mexico, a lime stone, flat land



home to City-States that date back from the classic period to the late
post-classic, Itza in the rainforest of northern Guatemala with enclaves
spanning the classic and post-classic, Q’eqchi in hilly central Guate-
mala with communities going back to the ancient and early pre-classic
to the classic epochs, and the Cakchikel and Quiche in the highland
forests of southwestern Guatemala with settlements encompassing the
pre-classic to the classic.

Limited information exists on the genetic homogeneity, or the lack
of it, within the traditional Mayan realm. Some genetic homogeneity is
expected since both anthropological and linguistic evidence suggest
that Mayans have a common ancestry. The notion that Mayans and
Native Americans, in general, are of common Asian extraction is
supported by the limited number of genetic markers that they exhibit
and share. For example, the Y-SNP profiles indicate that individuals of
the five Mayan populations genotyped in this study overwhelming
belong to only two Q haplogroup lineages, Qla2alal*-M3 and
Qla2al*-L54. Within haplogroup Q, Qla2al*-L54 predominates in
populations from the South Altaic (100%) and the Tuva Republic
(95.8%) while Qla2alal*-M3 prevails in Northeastern Siberia
(77.9%).! Thus, based on Y-SNP data, the five regionally distinct
Mayan populations reported in this study are closely related exhibiting
limited heterogeneity.

For the most part, our Y-STR results corroborate the Y-SNP
findings. The observed Y-STR diversity is homogeneously distributed
among the five Mayan populations genotyped in this study. The
calculated Rst distances demonstrate that prior to the Bonferroni
adjustments only six (six of 25) pair-wise comparisons involving the
five Mayan populations exhibit significant genetic differences. Five of
the six significantly different comparisons involve the populations
from Itza and Yucatan, the two groups most impacted by recent gene
flow from Europe, Africa and Asia. It is likely that these comparisons
generating significant differences stem from the heterogeneity intro-
duced by recent non-autochthonous gene flow events. Three of the six
significantly different comparisons became non significant subsequent
to Bonferroni corrections. These close genetic affinities among all
Mayan populations are also reflected in the MDS results. The
positioning of some South American and North American reference
populations near the compact Mayan cluster suggests phylogenetic
relationships among these Native American groups and Mayans likely
due to sharing an Asian common ancestry. The Mongolian (MON and
KHA) and Alaskan Eskimo groups (INU and YUP), geographically the
most distant from Mesoamerica, segregate the furthest from the
Mayan conglomerate in the MDS plot. This hierarchy in genetic
distances as a function of geographical span is corroborated by the
AMOVA results, which exhibits a statistical correlation between
genetic diversity and geography.

Overall, the networks based on haplogroups Qla2alal*-M3 and
Qla2al*-L54 indicate lack of sub-structure and population-specific
partitioning in the of Y-STR diversity distribution within the Mayan
territory. The abundance of related haplotypes, predominance
of singletons as well as the ubiquitous and random distribution of
individuals belonging to different Mayan populations suggest lack of
regional barriers within the Mayan Empire, likely the result of recent,
extensive movement of people, possibly involved in commerce and
trade. The recent time estimates for these two haplogroups and the
small number of mutations between nodes point to a rapid population
growth not long ago, possibly subsequent to the birth of the Mayan
culture and the development of agriculture. It is notable that the
genealogical time estimates for Qla2alal*-M3 (12.3-8.4 ky) and
Qla2al*-L54 (16.1-8.1 ky) are close to each other and coincide with
the proposed time period for the colonization of America by Paleo-
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Natives from Asia. This temporal proximity suggests a rapid dispersal
from North Central Asia and Beringia to the Mayan region. It is
possible that the Qla2alal*-M3 mutation occurred soon after the
genesis of Qla2al*-L54 during the trek from North Central Asia to
Beringia. In fact, it has been previously advanced that Qla2alal-M3
originated during a hiatus (of up to 15000 years in duration) in
Beringia and back migration transported the mutation to Asia.!
On the other hand, haplogroup Qla2alalb-M194 exhibits more
recent origins, about 3.2 kya, possibly after the establishment of the
Mayan Empire. The restriction of this mutation to Yucatan, Mexico
suggests that it took place there.

The abundance of haplogroup Qla2alal*-M3 in Q’eqchi Petén
(86%) is considerably higher than in any other Mayan group and the
frequency of European, African and Asian non-indigenous hap-
logroups is only the second lowest (6%) to Quiche (5%). In the
Qla2alal*-M3 network, this Q’eqchi group is vastly represented by
extreme nodes at the end of branches, all over the projection. These
Q’eqchi end haplogroups connect directly to ancestral nodes that
belong to the other four Mayan populations but especially to
individuals from Itza. Conversely, the Itza individuals occupy central,
less differentiated positions within the projection. This type of
distribution scheme is compatible with some of the Y-STR diversity
deriving from specific sources within the Mayan domain. In other
words, it is possible that individuals from genetically unique Mayan
regions migrated into Petén promoting genetic diversity. This con-
tention is supported by the mean variance (Vp) and time estimates
values based on the Qla2alal*-M3 Q’eqchi individuals, the highest
among the five Mayan populations. This scenario is also congruent
with the intense commerce-driven and ceremonial travel practiced by
Mayan City—States. And specifically, considering the pivotal role that
the region of Petén played at the initial stages of the Mayan
civilization, it is possible that people from different parts of the
Empire journeyed to Petén for pilgrimage or trade.

CONCLUSION

In general, our results on the genetic diversity of contemporary Mayans
illustrate a group of populations that in spite of the diverse habitats that
they occupy, they exhibit considerable genetic homogeneity in the form
of two predominant autochthonous Asian haplogroups that they share
as well as limited and uniform Y-STR diversity. The degree of recent
gene flow from European, African and Asian admixture varies with the
specific Mayan population in question, but reflect historical accounts of
colonial and post-colonial contacts. The Y-STR profiles point to similar
haplotypes, abundance of singletons, limited population partitioning
within networks and the lack of haplotype sharing among Mayan
populations. These characteristics suggest recent population expansion
and substantial gene flow within the Mayan domain possibly coinciding
with the developing of agriculture and the establishment of the City—
State system and commerce.
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