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ORIGINAL ARTICLE

Genetic affinity and admixture of northern Thai people
along their migration route in northern Thailand:
evidence from autosomal STR loci

Wibhu Kutanan!, Jatupol Kampuansail, Vincenza Colonna?, Supaporn Nakbunlungs, Pornpilai Lertvicha?,
Mark Seielstad®, Giorgio Bertorelle? and Daoroong Kangwanpong!

The Khon Mueang (KM) are the largest group of northern Thai people. Our previous mtDNA studies have suggested an admixture
process among the KM with the earlier Mon-Khmer-speaking inhabitants of this region. In this study, we evaluate genetic
affinities and admixture among 10 KM populations in northern Thailand lying along the historical Yuan migration route, and

10 neighboring populations belonging to 7 additional ethnic groups: Lawa, Mon (Mon-Khmer-speaking groups), Shan, Yuan,
Lue, Khuen and Yong (Tai-speaking groups) by analyzing 15 hypervariable autosomal short tandem repeat loci. The KM exhibited
close relationships with neighboring populations, especially the Tai-speaking groups, reflecting an admixed origin of the KM.
Admixture proportions were observed in all KM populations, which had a higher contribution from the parental Tai than the
Mon-Khmer groups. Different admixture patterns of the KM along the migration route might indicate high heterogeneity among
the KM. These patterns were not directly associated with geographical proximity, suggesting other factors, like variation in the
timing of admixture with the existing populations may have had an important role. More genetic data from different marker
systems solely transmitted through the male or female lineages are needed to complete the description of genetic admixture

and population history of the KM.
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INTRODUCTION

Northern Thailand is in the landlocked heart of the golden peninsula
of southeast Asia, characterized river plains, separated by steep
mountainous ranges. It shares a border with Myanmar and Laos,
and lies in close proximity to southern China. This territory was
primarily inhabited by the indigenous Lawa (IW), who probably
descended from younger prehistoric peoples around the fifth century
AD.!5 Subsequently, the area became ethnically, culturally and lin-
guistically diversified through migration and settlement of the Mon
and several Tai-speaking populations. The MO (MO) were among the
oldest settlers in Thailand and established an advanced civilization in
central Thailand around the fifth century AD. During the second half
of the eighth century AD, they extended their kingdom as far as
today’s Lamphun province in northern Thailand.!

The Yuan (YU), whose origins remain mysterious, are regarded as
the first Tai-speaking population to reach Thailand. By the eight century,
they had established the first Tai kingdom, Chiang Sean, located in
present-day Chiang Rai province.? By the end of thirteenth century AD,

the Yuan migration began with the invasion of Mon-speaking lands in
Lamphun. They founded a new city at Chiang Mai and then extended
their kingdom, named Lan Na, southward to Lampang.!~ Apart from
the Mon-Khmer and the Yuan groups, residing along the historical
Yuan migratory route (Figure 1), this area was also populated by other
Tai peoples: Lue, Yong, Khuen and Shan.

The Lue (LU) kingdom named Chiang Hung was founded in
southern China around the twelfth century. At the present time, the
Lue are distributed over parts of southern China, northern Myanmar,
northern Laos and northern Thailand.>® People from two Lue villages
(LU1, LU2) in this study are thought to have migrated from different
cities in Xishuangbanna through Laos into northern Thailand about
200-300 years ago.” The Yong (YO) were residents of Yong city (Mong
Yawng) in Shan State of Myanmar, and were probably originally Lue.
They were taken captive by war, and forcibly migrated into Thailand
in 1805 AD.*” The city of the Khuen (KH), located at Keng Tung in
the Shan State of Myanmar, was built by the Yuan king in 1267 AD.*
Their migration into Thailand was part of the same set of events that

IDepartment of Biology, Faculty of Science, Chiang Mai University, Chiang Mai, Thailand; 2Dipartimento di Biologia ed Evoluzione, Universita di Ferrara, Ferrara, ltaly;
3Department of Sociology and Anthropology, Faculty of Social Sciences, Chiang Mai University, Chiang Mai, Thailand; 4Tarnpanya Co.Ltd., Chiang Mai, Thailand and ®Population
Genetics and Genetic Epidemiology, Genome Institute of Singapore, Biopolis, Singapore

Correspondence: Dr D Kangwanpong, Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mai 50202, Thailand.

E-mail: scidkngw@chiangmai.ac.th

Received 9 June 2010; revised 12 September 2010; accepted 22 September 2010; published online 25 November 2010


http://dx.doi.org/10.1038/jhg.2010.135
mailto:scidkngw@chiangmai.ac.th
http://www.nature.com/jhg

Mae(Hong Son

Lamphun

Land over 600 m

S

Figure 1 Geographical distribution of studied populations. See the meaning
of population abbreviations in Table 1. The migration route of Khon Mueang
is represented by dash arrow.

displaced the Yong. The Lue, Yong and Khuen’s colloquialisms, script
and their spoken dialects are similar to each other.” The Shan (SH) or
Tai Yai, which means great Tai, predominantly reside in the Shan State
of Myanmar that bears their name. After their many migrations into
northern Thailand, beginning around 1400 AD, the Shan today reside
in the mountainous areas of Mae Hong Son province. With each
successive generation, some of these people retained their original
ethnicity, while those who assimilated became the present-day Khon
Mueang (KM).?

Among the people living in present day northern Thailand, the
Khon Mueang, speaking a Tai-Kadai language' comprise the majority.
‘Khon Mueang’ is the local name commonly applied by the people of
northern Thailand to themselves,2= but this word now applies mostly
to a social and political category rather than a distinct population, and
it is not the ethnic name of any specific group. Nevertheless, the biological
ancestry of the Khon Mueang has been variously proposed to originate
from local Mon-Khmer-speaking peoples; the Lawa and Mon, assimilated
by the Tai rulers; or via direct descent from the Tai-speaking groups
who had migrated from southern China.»!%!1 OQur previous analysis of
mtDNA variation in the Khon Mueang and other Tai-speaking groups
supported this latter hypothesis: that the Khon Mueang ancestors
originated from Tai-speaking groups in south and southeast China,
with subsequent admixture with Mon-Khmer populations.”

Admixture, the genetic consequence of mixing between genetically
differentiated populations, resulting from geographical, ecological or
cultural separation, is common in human evolution. Pioneering
research on genetic admixture of human populations was mainly
been applied to African-Americans,'> 1> Latin-Americans,'® Eur-
opeans”‘18 and East Asians,!®?! but has been limited in Southeast
Asia.

Geography had an important role in the location of Tai settlements.
River plains, surrounded by mountain peaks, were chosen because of
their high agricultural productivity. Three geographically separated
basins; the Chiang Rai Basin in the Kok River valley, the Chiang Mai-
Lamphun Basin in the Ping River valley and the Lampang Basin in the
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Wang River valley, were the most suitable areas, along their migration
route from Chiang Rai to Lampang province (Figure 1).*

Microsatellites, also known as short tandem repeats (STRs) have been
broadly used for inferring human population history?>23 and relation-
ships among continental populations?* as well as between geographically
contiguous populations.?>=?’ In this research work, autosomal STR
variation analysis of 10 present-day Khon Mueang villages from the
areas of Yuan settlement, as well as 10 other populations, who had an
important role in northern Thai history (and, hence, could potentially
be parental populations of the Khon Mueang) were performed, to
investigate the population affinity of the studied populations and to
explore the level of admixture in the Khon Mueang.

MATERIALS AND METHODS

Samples

Blood samples were collected from 943 unrelated healthy individuals (436 from
Khon Mueang and 507 from neighboring populations), with informed consent,
after interviewing them about their linguistic, village and personal history. Ten
Khon Mueang (KM) populations reside along the Yuan migratory route in three
different basins. KM1 reside in the Chiang Rai Basin, whereas KM2-KM6 and
KMS8 are in the Chiang Mai-Lamphun Basin, except KM7, who reside in the Mae
Cham Basin of Chiang Mai (which is not on the Yuan migration route). KM9 and
KM10 settled in the Lampang Basin (Figure 1). Based on historical sources, 10
neighboring populations, belonging to 7 ethnic groups, were also sampled: the
Lawa (LW1, IW2), Mon (MO), Shan (SH), Yuan (YU1, YU2), Khuen (KH),
Lue (LU1, LU2) and Yong (YO), who have had historical contact with the KM.
DNA samples of the YU, KH, LU and YO from the previous study7 were also
included in this study. General information about the studied populations is
listed in Table 1.

DNA isolation and STR typing

Genomic DNA was extracted, using a standard inorganic salting-out method.?®
Multiplex PCR amplification was performed, using a commercial AmpFISTR
Identifiler kit (Applied Biosystem, Foster City, CA, USA), including primers for
15 autosomal STR loci: D8S1179, D21S11, D7S820, CSF1PO, D3S1358, THOI,
D13S317, D16S539, vWA, TPOX, D18S51, D5S818, FGA, D19S433 and
D2S1338, by reducing the total reaction volume to 5ul. Amplicons were
separated by multicapillary electrophoresis in an ABI 3100 genetic analyzer
(Applied Biosystem). Results were then analyzed by GeneMapper software v.3.7
(Applied Biosystem).

Statistical analyses

STR allele frequencies, Hardy—Weinberg P-values, observed and expected
heterozygosity (Hp and Hp, respectively), total allele and gene diversity indices
were calculated with ARLEQUIN 3.1.2° The observed heterozygosity, averaged
within the populations, was tested for heterogeneity with the Kruskal-Wallis
test,®® using the commercially available STATISTICA 7.0 software package
(StatSoft, Padova, Italy). The relative amount of gene flow into each population
was calculated according to the model of Harpending and Ward (1982),3! which
uses the theoretic regression of population heterozygosity and distance to the
centroid. As these markers are widely used for forensic study, several para-
meters of forensic and population genetic importance including power of
discrimination, matching probability, polymorphic information content, power
of exclusion and typical paternity index were obtained with the Excel Power-
Stats spread sheet (www.promega.com/geneticidtools/powerstats).

To clarify population affinity, pair-wise genetic distances based on allele
frequency variance (Fy), were computed by ARLEQUIN 3.1. The distance
matrix was then plotted in two dimensions, by means of multidimensional
scaling (MDS), using the STATISTICA 7.0 software.

The correlation among genetic and geographical distances was assessed by
the Mantel test®> employing ARLEQUIN 3.1. Geographical distances between
the approximate locations of each population were computed as great-circle
distances calculated from their latitudinal and longitudinal coordinates.

One of the most important factors in admixture analysis is the level of
divergence between the parental populations,® thus, both distance-based and
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Table 1 General information of the studied populations

Linguistic affiliation

Location Geographic coordination

Populations Code Sample size Family Subfamily District, province Latitude (°N) Longitude (°E)
Khon Mueangl KM1 51 Tai-Kadai Tai Mueang, Chaing Rai 19° 58’ 99° b1’
Khon Mueang2 KM2 42 Tai-Kadai Tai Mae Rim, Chiang Mai 19° 00’ 98° 47’
Khon Mueang3 KM3 36 Tai-Kadai Tai Mae Tang, Chiang Mai 19° 09 98° b5’
Khon Mueang4 KM4 50 Tai-Kadai Tai San Sai, Chiang Mai 19° 02 98° 58’
Khon Mueangb KM5 43 Tai-Kadai Tai San Kam Pang, Chiang Mai 18° 44’ 99° 06’
Khon Mueangb KM6 46 Tai-Kadai Tai San Pa Tong, Chiang Mai 18° 37’ 98 °53’
Khon Mueang7 KM7 47 Tai-Kadai Tai Mae Cham, Chiang Mai 18° 29 98° 21’
Khon Mueang8 KM8 45 Tai-Kadai Tai Ban Hong, Lamphun 18° 18 98° 94/
Khon Mueang9 KM9 46 Tai-Kadai Tai Koh Ka, Lampang 18° 16’ 99° 23’
Khon MueanglO KM10 30 Tai-Kadai Tai Hang Chat, Lampang 18° 0% 99° 23’
Mon MO 36 Austro-Asiatic Mon-Khmer Pa Sang, Lamphun 18° 31" 98° b3’
Lawal LW1 47 Austro-Asiatic Mon-Khmer Mae La Noi, Mae Hong Son 18° 23 97° 56’
Lawa2 LW2 50 Austro-Asiatic Mon-Khmer Hod, Chiang Mai 18° 08 98° 20’
Shan SH 44 Tai-Kadai Tai Pang Ma Pa, Mae Hong Son 19° 37’ 98 ° 14
Luel LUl 51 Tai-Kadai Tai Pua, Nan 19° 09 100° 567
Lue2 LU2 41 Tai-Kadai Tai Tha Wang Pha, Nan 19° 0% 100° 47’
Khuen KH 48 Tai-Kadai Tai Mae Wang and San Pa Tong, Chiang Mai 18° 38’ 98° 51’
Yuanl YUl 87 Tai-Kadai Tai Mae Taeng and SanSai, Chiang Mai 19° 00’ 98° 59’
Yuan2 YU2 48 Tai-Kadai Tai Ban Hong, Lamphun 18° 24’ 98° 4%
Yong YO 55 Tai-Kadai Tai Pa Sang, Lamphun 18° 24’ 98° b6’

model-based approaches were employed to investigate genetic differentiation
among the potential parental populations. Pair-wise genetic distances based
on allele frequency variances (Fy) were computed using ARLEQUIN 3.1.
Significance levels for these values were adjusted by sequential Bonferroni
correction.® Population structure was also investigated by means of the
Bayesian clustering method implemented in STRUCTURE 2.3%-% under
assumptions of admixture, correlated allele frequencies and either with or
without (LOCPRIOR model?”) assistance of sampling location as prior
information. When the LOCPRIOR model was used, the value of the parameter
r was also reported. An r value lower than 1, indicates that sampling location in
the model is effective.?” For each number of clusters (K) from 1 to 10, five runs
were performed, using an MCMC chain burn-in length of 100000 iterations
followed by 1000 000 iterations. Chain convergence was assessed by comparing
results from five different chains. For each K, the posterior probability of
clustering was estimated from the average logarithmic probability of data across
runs. Finally, second order rate of change of logarithmic probability data
between subsequent K values was estimated according to Evanno et al, 20058 to
identify the optimal number of clusters in the data. Outputs from STRUC-
TURE were graphically modified by DISTRUCT.?

Using results obtained from distance-based and model-based clustering
method, significantly differentiated populations were chosen to represent
source populations in the admixture calculation. ADMIX 2.0%° was used to
evaluate the estimator of admixture coefficient (my) based on average coales-
cence times between pairs of genes sampled within and between populations.®?
This method can use either the molecular distance between alleles or assume
that all alleles are equally divergent. By using allele frequencies, the estimated
coefficients are less affected by the stochasticity of the mutation process and the
short time-scale of human admixture process is influenced by genetic drift
rather than accumulated mutation.!®*! Therefore, in this study, no divergence
of alleles and no mutation model were used to estimate the genetic contribu-
tion of parental populations to the KM

RESULTS

Genetic diversity

Although a detailed analysis of allele frequencies was not the objective
of this study, some interesting points were observed (Table 2). The
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Table 2 Genetic diversities of 15 short tandem repeats for the
20 studied populations

Total alleles Average heterozygosity Gene diversity

KM1 122 0.7360 0.7827 £0.3957
KM2 115 0.7476 0.7709+0.3910
KM3 110 0.7482 0.7575+0.3853
KM4 126 0.8173 0.7878+0.3982
KM5 120 0.7504 0.7775+0.3940
KM6 120 0.7812 0.7816+0.3956
KM7 110 0.7645 0.7607 £0.3856
KM8 117 0.8030 0.7810+£0.3955
KM9 115 0.7884 0.7851+0.3973
KM10 107 0.7689 0.7733+0.3940
MO 113 0.7704 0.7900+0.4009
LW1 103 0.7630 0.7510+0.3809
Lw2 114 0.7800 0.7669+0.3883
SH 117 0.7485 0.7834 +£0.3967
LUl 112 0.7817 0.7652+0.3874
Lu2 104 0.7756 0.7619+0.3868
KH 114 0.7417 0.7589+0.3846
YUl 126 0.7663 0.7807 £0.3931
Yu2 119 0.7708 0.7825+0.3959
YO 125 0.7685 0.7758+0.3922

Abbreviations: GD, Gene diversity; KH, Khuen; KM, Khon Mueang; LU, Lue; LW, Lawa; MO,
Mon; SH, Shan, YO, Yong; YU, Yuan.

average observed heterozygosity (H,) range (0.7360 (KM1)-0.8173
(KM4)) was similar to that previously reported for many Thai
populations.> This range was not statistically different among all
the populations (£*=12.5206; P=0.8622; Kruskal-Wallis test). The
highest average heterozygosity of KM4 may have been shaped by the
gene flow process, while the minimum average heterozygosity, found
in KM1, might be the result of genetic drift. To confirm the relative



effect of gene flow and genetic drift, a regression plot between average
heterozygosity and distance from the centroid based on the model of
Harpending and Ward (1982) reveals that the KM4 are the most
displaced from the theoretical linear regression line, suggesting they
have experienced the greatest amount of gene flow. KM1 were plotted
lowest below from the line reflecting genetic drift, hence, less hetero-
zygosity*> (Supplementary Figure 1). Three loci; D18S51 in
KM1, D16S539 in LUI and THO1 in SH; deviated from Hardy-
Weinberg equilibrium, after applying Bonferroni correction. Allele
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Figure 2 Multidimensional scaling plot of studied populations based on Fg

(filled circles: Tai-speaking populations, blank circles: Mon-Khmer-speaking
populations).
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frequency distributions, including several parameters such as power of
discrimination, matching probability, polymorphic information con-
tent, power of exclusion and typical paternity index, are provided in
supplementary materials (Supplementary Table 1-20).

Genetic affinity and genetic structure

To visualize the relationships among the populations, the MDS plot,
derived from a distance matrix of Fg, is shown in Figure 2. The KM
populations, except for KM7, are clustered together in the center of the
MDS, with most of the Tai-speaking populations, indicating a close
genetic relationship among Tai-speaking populations. The most likely
explanation for the KM (except KM7) being located intermediately
among the Tai-speaking populations is that the KM are admixed
populations. For the outlier populations, LU2 and KM7 are the only
2, which separately plotted, from the 17 Tai populations, while the 3
Mon-Khmer populations (MO, IW1 and IW2) are segregated away
from the center cluster as well as from each other, indicating high
genetic differentiation. As found in the model-based clustering result,
presented later in the text, the IW1, IW2 and LU2 initially emerge
when the lower values of K are considered, confirming the great extent
of genetic differentiation from any other populations (Figure 3).

The model of isolation by distance predicts an increase in genetic
differentiation with geographical distance, thus, correlation between
genetic and geographical distances is expected.** A Mantel test
reveals an absence of correlation between genetic and geographical
distances (r=0.2727, P=0.077), suggesting that factors in addition to
geography describe the major trends of genetic variations among our
populations.

a K=2,r=0.3997

Cc K=4,r=0.1967

d K=5,r=0.1874

mm' m‘"lliwl\lfw ||I’||I i

MO Lw2 KH LU1

e K =6, r=0.2311

LU2

YO SH

YU1 YUu2

Figure 3 Bar plot estimation figures of 10 putative parental populations, with sequential K from 2 to 7 (a—f) and their r values, inferred from the
STRUCTURE 2.3 analyses. These plots were produced by the average of five replications, using DISTRUCT.
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Genetic differentiation of the parental populations

The 10 neighboring populations, which belonged to 7 ethnic groups,
were considered as parental populations in admixture analysis, that is,
indigenous Lawa (LW1 and LW2), the Mon (MO) and Tai-speaking
populations (YU1, YU2, LU1, LU2, KH, YO and SH) which are ethni-
cally, culturally and linguistically diversified through their historical
migration and settlement. As the level of divergence between the parental
populations is a crucial factor in admixture analysis,>* therefore, the
clustering analysis was performed to choose the highly diverged popula-
tions among these 10 populations.

Based on pair-wise Fj;, after adjusting the significance level accord-
ing to the sequential Bonferroni method (Supplementary Table 21),
KH-LUI, YU1-LU1, YU1-YO, YU1-SH and YO-SH were not signifi-
cantly different. As STRUCTURE was unable to correctly identify the
number of subpopulations at low levels of population differentiation
(Fy <0.02),% this limitation could be partially overcome by using the
sampling location parameter of STRUCTURE.? Because of the low
level of genetic divergence (F ranges from 0.0028 to 0.0285) among
our putative parental populations, the cluster analysis with the
assistance of sampling information, which is more informative than
those without (rp;4x=0.39 in Figure 3), was chosen, and hence, only
results from this model for K=1-7 are shown in Figure 3. By utilizing
the ad hoc statistic AK, based on the rate of change in the log
probability of data between successive K values,?® a strong modal
peak at K=6 was found (data not show). Both populations with
multiple sources of ancestry as well as populations with ancestry
predominantly derived from one of the inferred components, are
presented. In each K, individuals from the same population with
similar ancestry showed high within-population genetic homogeneity.

At K=6, three distinct clusters of the Mon-Khmer-speaking groups
were observed, although the MO cluster was not clearly delineated.
The green and blue components in Figure 3 belonged to the highly
diverged IW1 and LW2, respectively, while the orange component
separated the MO from other populations. However, the MO cluster
appears equally mixed by the yellow and red components from the Tai.
Among the Tai-speaking populations, three main components, the
yellow, purple and red, prevailed (Figure 3). The yellow component
was commonly observed in KH and LU2, whereas purple character-
ized the LU1 population although LU1 was equally mixed with yellow.
Finally, the red component distinguished the YU1, YO and SH from
other populations. The YU2 seems to be more admixed with various
Mon-Khmer and Tai components.

Admixture estimation
Based on genetic distance and STRUCTURE results, six highly
differentiated populations were selected and divided into two linguis-
tic groups; the Mon-Khmer (LW1, IW2 and MO) and the Tai (LU1,
LU2 and YO), to represent variation present in parental populations.
The admixture proportions in different KM populations (Table 3)
revealed that, when examining the genetic contribution from two
parental populations, the Mon-Khmer contributed a lower proportion
to almost all KM than did the Tai (Table 3 and Figure 4). Among the
Mon-Khmer groups, the MO and LW2 contributed more genes to
most of the KM than the IW1, which agrees with other historical
evidence.? Focusing on the contribution of the parental Tai, the YO
arise as the major genetic contributor to most of the KM except KM3,
KMS5 and KM7, which have been more influenced by the LU. Variation
in the KM genetic admixture patterns was observed. The study of
admixture patterns suggested that gene flow from Tai-speaking
populations to the KM was influenced more by the mass migration
around 1800 AD, than by the migration in 1300 AD.

Journal of Human Genetics

DISCUSSION

This study aimed to analyze the population affinity among the
present-day KM and their neighboring populations, and the genetic
admixture of KM along the historical Yuan migration route by using a
battery of 15 highly informative bi-parental STR loci. We hypothesize
that the admixed origin of the KM was from the neighboring Mon-
Khmer and Tai populations. In general, the admixed populations
show genetic characteristics that are intermediate between the parental
populations, although some admixed populations did not show this
characteristic because of the genetic drift, as it was observed in
previous reports.’>4® The genetic diversity of all KM (Table 2) were
within the same range as those of the neighboring populations, except
for the average heterozygosity values of KM4 and KM1 which can be
explained by the effect of gene flow and genetic drift, respectively. The
MDS plot derived from allele frequency variance revealed that the KM
populations, except for KM7, were located intermediately among the
Tai-speaking populations (Figure 2), supporting their admixed origin.

The MDS plot also showed that the KM are more closely related to
the neighboring Tai than the Mon-Khmer. The clustering as shown in
the center of the plot between KM and their neighboring Tai indicated
the linguistic population grouping in the Tai, but not in the Mon-
Khmer-speaking groups. No clear geographical population grouping
in the studied populations, and the absence of a correlation between
genetics and geography was also observed. This implies that geogra-
phical factors have had less influence in shaping genetic variation in
these populations.

The model-based clustering method, implemented in STRUC-
TURE, has been recognized as a powerful tool in characterizing
population differentiation.*> We applied it here to estimate the extent
of genetic differentiation among the parental populations. Generally
speaking, samples from the Mon-Khmer groups (MO, LW1 and LW2),
were remarkably genetically differentiated from each other as well as
from the Tai-speaking populations. A possible explanation relies on
their history and geographical location. The MO are more admixed
than the LW, as shown by the presence of the Tai components (yellow
and red in Figure 3). The MO geographical location, which was closer
to the Tai than the LW might be served as a reason why the MO gene
pool was highly admixed (Figure 1). The western Highland IW (IW1)
have been living in thickly forested mountains in Mae Hong Son
province and are characterized by limited mobility and the strong
preservation of their IW identity.*” Hence, inbreeding might have
occurred, as shown by their low genetic variation, reflected by total
allele and diversity indices values (Table 2). The eastern Lowland LW
(LW2) seem to have had some contacts with the YU, as shown by the
presence of some components (yellow and red in Figure 3) typical to
the YU, as they used to live in the city of Chiang Mai before they
migrated to the Bo Luang plateau in Hod, Chiang Mai province.
Because of linguistic and geographical barriers, this might possibly
lead to restricted genetic exchange among both of the LW groups.

Among the seven Tai-speaking populations, there were three
primary clusters identified by STRUCTURE. Surprisingly, despite
the geographical proximity of the LUl and LU2, they appear to
form two weakly differentiated clusters. Both LU populations also
have shared genetic components (yellow in Figure 3), but LU2 seems
to have maintained a degree of genetic identity by social isolation,
which can be seen from their location in the MDS plot and is mirrored
in the low number of total alleles and a low diversity indices value
(Table 2 and Figure 2), whereas LU1 might have mixed with other Tai
during their migration through Laos.”

The study of admixture patterns may reflect our understanding of
historical and anthropological aspects of demographic migrations.?’
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Table 3 Weighted average across loci and s.d. of the estimated contributions of parental populations to the 10 studied Khon Mueang

populations

Khon Mueang populations

Parental populations KM1 KMm2 KM3 KM4 KM5 KM6 KM7 KM8 KM9 KM10
Two groups
Mon-Khmer
Average 36.59 28.67 18.94 40.14 34.02 59.60 47.50 45.11 56.54 46.39
s.d. 23.75 17.93 23.29 28.89 17.07 20.71 19.37 22.40 25.42 22.79
Tai
Average 63.41 71.33 81.06 59.86 65.98 40.40 52.50 54.89 43.46 53.62
s.d. 23.75 17.93 23.29 28.89 17.07 20.71 19.37 22.40 25.42 22.79
Six groups
MO
Average 27.38 4.09 -4.77 33.15 20.44 32.05 26.54 25.06 33.71 15.4
s.d. 17.69 15.19 17.6 21.9 14.8 16.45 15.28 17.42 18.34 18.17
LW1
Average -3.12 13.17 21.74 3.53 -1.01 0.3 14.47 9.28 1.53 -2.91
s.d. 11.51 9.68 11.91 15.03 9.57 10.65 11.12 11.5 12.01 11.67
Lwz
Average 9.84 10.09 6.12 3.34 18.16 27.58 9.8 6.29 19.97 36.89
s.d. 16.6 12.88 16.12 22.47 12.76 13.39 14.21 16.08 16.67 16.47
LUI
Average 2.45 19.43 46.34 9.16 28.54 1.35 22.29 8.61 4.9 15.83
s.d. 28.68 21.94 28.54 42.06 20.66 23.58 24.32 28.19 29.88 28.52
LU2
Average 12.2 11.75 12.67 0.21 2.24 —7.54 3.36 3.12 -7.84 -7.19
s.d. 20.38 15.98 21.93 27.75 14.94 16.61 17.27 20.57 21.56 20.37
YO
Average 51.25 41.46 17.9 50.6 31.63 46.25 23.55 47.65 47.73 41.98
s.d. 28.02 20.89 26.49 39.67 19.18 21.26 22.01 26.57 27.37 25.01

As already mentioned, there are three main geographical regions along
the YU migratory route. The Chiang Rai basin was inhabited by the
native LW and it was later occupied by the YU.* Although the MO
have never been reported as having lived in this area, the KM in
Chiang Rai (KM1) seem to show a detectable genetic contribution
from the MO. The recent backward migration of KM1 from Chiang
Mai to Chiang Rai might explain this phenomenon.

The demographic scenario in the Chiang Mai-Lamphun basin is
more complex. Before the YU movement, the upper and lower parts
of this basin were previously dominated by the LW and MO respec-
tively, in different periods.* Thus, the admixture results were in
agreement with ethno-historical sources. The KM, residing in the
upper and lower parts of the Chiang Mai-Lamphun basin, had rather
high admixture proportions from the LW and MO, respectively. In the
plain of the Mae Cham basin, where the KM (KM?7) migrated from
Chiang Mai 200 years ago, the KM7 displayed a contribution from all
parental groups similar to other KM samples. However, as shown in
the MDS plot (Figure 2), KM7 has greater genetic divergence relative
to other KM samples. The distinct gene pool of the Mae Cham
population might be explained by admixture between them and other

surrounding populations. As there are many populations, particularly
the hill-tribes, living in the Mae Cham basin, admixture estimation
may not be reliable. The hill-tribes might be parental sources for KM7,
which would make them highly differentiated, but unfortunately there
is no such genetic data set available to analyze.

Different admixture patterns were observed in two KM villages
from Lampang. KM9 inevitably shows the highest fraction of MO
admixture, who ruled the region between 750 and 1300 AD,>
whereas the KM10 show the highest contribution from the native
LW. The KM10, who migrated from the city of Chiang Saen, settled in
the present Chiang Rai province, within the last 200 years.*® They
could have mixed with the IW in Chiang Rai before their migration
and then later mixed with the MO in Lampang.

The admixture observations in this study are largely consistent with
historical records from northern Thailand. The variability in the KM
genetic admixture patterns even among villages located in the same
geographical region indicates a high heterogeneity among KM popu-
lations (Figure 5). This might reflect variation in the timing of village
formation, and the parental populations of the region, when admix-
ture started, had a greater influence on shaping the current gene pool
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Figure 4 Pie diagrams showing the distribution of Mon-Khmer-speaking
population (black) and Tai-speaking population (white) contributing to the
Khon Mueang samples.

-

Figure 5 Pie diagrams showing the distribution of MO (black), LW1
(checkered), LW2 (white), LU1 (vertical stripe), LU2 (horizontal stripe) and
YO (dot) contributing to the Khon Mueang samples.

of the KM, than geographical factors. An earlier genetic study
suggested that the KM migrated from southern or south-eastern
China.” Several populations lived in proximity in an area of southern
China, leading to extensive genetic exchange among them,!9-21:49-31
Although we were unable to look for admixture and affinities with the
modern descendants of the KM ancestral populations from outside
Thailand, this study did reveal genetic admixture among the KM in
northern Thailand. Moreover, the present results from our admixture
analysis are consistent with the suggestion from previous studies by
the same group,” using a battery of 15 highly informative bi-parental
STR loci. Further study using genetic markers with different modes of
inheritance are needed to gain a deeper understanding of genetic
admixture and the population history of the KM.
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