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Microsatellite DYS385 Polymorphism among the Tai and Mon-Khmer Speaking

Populations of Northern Thailand
(Polimorfisme Mikrosatelit DYS385 antara Populasi Penutur Tai dan Mon-Khmer di Utara Thailand)

JATUPOL KAMPUANSAT* & SIRIWADEE CHOMDEJ

ABSTRACT

Microsatellite DYS385 is a highly polymorphic marker in the Y chromosome. It has been used for investigating population
genetic structure and personal identification in various ethnic groups of the world. This research aimed to analyze the
microsatellite DYS385 polymorphism among 9 Tai and 11 Mon-Khmer speaking populations of northern Thailand. Fifty-
six different haplotypes were found in 453 samples from 20 populations. Haplotype diversities and discrimination powers
of populations belonging to the Tai linguistic family was higher than those of the Mon-Khmer group. Genetic affinities
based on DYS385 variation do not conform to linguistic classification but a fraction of genetic divergence patterns can
be explained by geographic distances.
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ABSTRAK

Mikrosatelit DYS385 adalah petanda polimorfik tertinggi dalam kromosom Y. la telah digunakan bagi mengkaji struktur
genetik dan pengenalan peribadi dalam pelbagai kumpulan etnik di dunia. Kajian ini bertujuan untuk menganalisis
polimorfisme mikrosatelit DYS385 antara populasi penutur 9 Tai dan 11 Mon-Khmer di Utara Thailand. Lima puluh-enam
Jjenis haplo berbeza ditemui dalam 453 sampel daripada 20 populasi. Kepelbagaian jenis haplo dan kuasa diskriminasi
populasi tergolong dalam keluarga linguistik Tai adalah lebih tinggi berbanding kumpulan Mon-Khmer. Afinisi genetik
berdasarkan variasi DYS385 tidak mematuhi klasifikasi linguistik tetapi sebahagian kecil daripada pola perbezaan genetik

dapat dijelaskan oleh jarak geografi.

Kata kunci: DYs385; Genetik polimorfisme; mikrosatelit; Mon-Khmer; Tai

INTRODUCTION

Microsatellites are highly polymorphic genetic markers
that can be used to identify individuals or populations.
The Y-chromosomal microsatellites are frequently used to
indicate male lineages, since they are paternal inheritance
and largely escape from meiotic recombination. The human
Y chromosome provides a unique haplotype system,
the combinations of allelic states of markers along the
chromosome transmitted from generation to generation.
The entire Y chromosome preserves a record of male
history and uniparentally inherits to their lineages (Jobling
& Tyler-Smith 2003).

Y-chromosomal microsatellite DYS385 has a specific
characteristic as a duplicated locus that provides two
DNA fragments when amplified with a pair of specific
primers in the polymerase chain reaction (PCR). This
characteristic allows DYS385 to carry a high diversity
compared with other microsatellite loci. The widely-
accepted Y-STR haplotype reference database (YHRD)
(Willuweit & Roewer 2007) suggests DYS385 as one of
the eight Y-chromosomal minimal haplotypes (Y-minHt),
including: DYS19, DYS3891, DYS389II, DYS390, DYS391,
DYS392,DYS393 and DYS385ab (Kayser et al. 1997; Pascali

et al. 1999). The Y-minHt set plays an important role in
studying relationship among persons and populations.
Although there were previous reports on the diversity of
some microsatellites in the Y-minHt set among populations
in northern Thailand (Besaggio et al. 2007; Kangwanpong
et al. 2004), the DYS385 polymorphism had not been
examined.

This research aimed to study the microsatellite DYS385
diversity in the Tai group of the Tai-Kadai linguistic family
and the Mon-Khmer group of the Austro-Asiatic linguistic
family (Lewis et al. 2009). These two linguistic groups
constitute the majority populations of northern Thailand.
According to archaeological and historical evidences,
the Mon-Khmer speaking people are descendants of
endogenous ethnic groups who have occupied northern
Thailand since the prehistoric period. The decline of the
Mon-Khmer civilization occurred in the thirteenth century
when the Tai speaking group migrated from southern
China. The Tai conquered native populations on their
southern migration route and founded the self-ruling
prosperous Lanna kingdom in the region which is now the
northern part of Thailand. During the Tai immigration era,
the Mon-Khmer people were fragmented and fled to rural
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mountain ranges (Schliesinger 2000). The ethnic groups
of northern Thailand subsequently became culturally and
linguistically diversified through these Mon-Khmer and
Tai ethnic histories.

MATERIALS AND METHODS

STUDIED POPULATIONS

The study sample consisted of 453 male volunteers from 20
different ethnic populations, 9 Tai speaking and 11 Mon-
Khmer speaking in northern Thailand (Table 1 and Figure

1). The inclusion criteria for the cases were unrelated
healthy males, aged 20 to 60. White blood cell solutions
of each individual were obtained with informed consent
from previous studies (Kampuansai et al. 2012, 2007).
All individuals were interviewed concerning linguistic,
migration history and cultural aspects.

ANALYSIS OF MICROSATELLITE DYS385 POLYMORPHISM

Total genomic DNA was extracted from white blood cell
samples according to a standard inorganic salting out
protocol (Seielstad et al. 1999). The quality of the DNA

TABLE 1. General information of the studied populations

Ethnicity Language Location (village/sub-district, district, province) Number of samples
Khuen Tai Ban Mae, San Pa Tong, Chiang Mai 29
Yuan 1 Tai Mae Feak Mai, San Sai, Chiang Mai 20
Yuan 2 Tai Ban Pao, Mae Taeng, Chiang Mai 25
Yuan 3 Tai Sri Tia, Ban Hong, Lamphun 26
Lue 1 Tai Si La Laeng, Pua, Nan 25
Lue 2 Tai Nong Bua, Tha Wang Pa, Nan 21
Lue 3 Tai Koh Chang, Mae Sai, Chiang Rai 26
Lue 4 Tai Luang Nua, Doi Sa Ket, Chiang Mai 23
Yong Tai Ma Kok, Pa Sang, Lamphun 31
Blang 1 Mon-Khmer Pa Yang, Mae Sai, Chiang Rai 18
Blang 2 Mon-Khmer Lua Pattana, Mae Jan, Chiang Rai 22
Khamu Mon-Khmer Huay Sa Teng, Chiang Klang, Nan 20
Lawa 1 Mon-Khmer Dong, Mae La Noi, Mae Hong Son 25
Lawa 2 Mon-Khmer Pa Pae, Mae Sa Riang, Mae Hong Son 18
Lawa 3 Mon-Khmer Pa Bong, Boe Klua Tai, Nan 21
Lawa 4 Mon-Khmer Boe Luang, Hod, Chiang Mai 25
Mon Mon-Khmer Ban Ruan, Pa Sang, Lamphun 15
Paluang Mon-Khmer Noe Lae, Fang, Chiang Mai 22
Htin 1 Mon-Khmer Ta Luang, Pua, Nan 21
Htin 2 Mon-Khmer Huay Kaew, Chiang Klang, Nan 20
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FIGURE 1. Geographic distribution of samples; filled circles:

Tai linguistic group, blank squares: Mon-Khmer linguistic group



was examined using spectrophotometry. Microsatellite
DYS385 fragments were amplified by PCR as previously
described (Bhoopat et al. 2003). The size of PCR fragments
was examined by 12% polyacrylamide gel electrophoresis
(PAGE) compared with the DYS385 allelic ladder (Personal
contact with Prof. Tanin Bhoopat, Department of Forensic
Medicine, Faculty of Medicine, Chiang Mai University).
For the samples containing homozygous genotype, the PCR
products were directly sequenced at Macrogen Co. Ltd.,
South Korea, to confirm the accuracy in investigating the
number of DYS385 tandem repeats.

DATA ANALYSIS

Types and number of observed DYS385 haplotypes
found in each population were counted. Discrimination
power (D)) of each population was calculated by the
equation D= 1- 3p? (where p is the frequency of each
haplotype). Analysis of molecular variance (AMOVA) was
conducted and linearization R (Slatkin 1995) distances
was examined using the Arlequin 3.5 package (Excoffier
& Lischer 2010). The matrix of genetic distance was
then employed to draw a multidimensional scaling (MDS)
plot using the STATISTICA 7.0 software package (StatSoft
Inc.) to depict the genetic relationships. Groups of
populations that are maximally differentiated from each
other based on linearization R distances were defined
by the SAMOVA 2.0 program (Dupanloup et al. 2002). To
test the hypothesis of a correlation between genetics and
geographic locations (latitudes and longitudes), matrices
of genetic and geographic distances were compared by
means of the Mantel permutation test as implement in the
Arlequin 3.5 package.
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RESULTS

MICROSATELLITE DYS385 POLYMORPHISM

An example of microsatellite DYS385 PCR fragments
determined by polyacrylamine gel electrophoresis and
silver staining is shown in Figure 2. The size of each
fragment is reported in number of repeats.

From 453 Tai and Mon-Khmer samples, 56 haplotypes
were found. The highest haplotype diversity was found
in Luel (0.9700+0.0179) and the lowest was in Lawa3
(0.5571+ 0.0922) (Figure 3). Discrimination power was
high (more than 0.8) for most of the populations in this
study, except Blang1, Khamu, Lawa2, Lawa3 and Lawa4
(Figure 4). These exceptions were Mon-Khmer speaking

LuU2-1 Lu2-2 LU3-1 =

DYS386 allelic ladde

FIGURE 2. Example of microsatellite DYS385 fragments
examined by PAGE Lane 1-3, 5-6: PCR result of each sample
Lane 4: DYS385 allelic ladder
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FIGURE 3. Microsatellite DYS385 haplotype diversity in Tai speaking (black)
and Mon-Khmer speaking (white) populations
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FIGURE 4. Discrimination power of microsatellite DYS385 in Tai speaking (black)
and Mon-Khmer speaking (white) populations

populations and their low discrimination power indicated
that people in these populations likely shared DYS385
haplotypes with other individuals. When the populations
were grouped according to their linguistic families,
significant difference for the discrimination power of
Tai and Mon-Khmer speaking groups was observed
(p=0.007292).

Analysis of Molecular Variance (AMOVA) of
microsatellite DYS385 revealed a larger difference in
the genetic variance among the Mon-Khmer speaking
populations (51.58%) than the Tai speaking populations
(10.42%). However, the difference between the Tai and
Mon-Khmer linguistic groups was small, with no statistical
significance (Table 2).

POPULATION RELATIONSHIP

The microsatellite DYS385 data was used to calculate
the linearization R, genetic distance, together with
their significant difference at p<0.05, for each pair of
populations. One hundred and forty one of 190 population
pairs were genetically different. The genetic differences
between populations were less in Tai than in the Mon-
Khmer groups (Table 3). Based on linearization R

genetic distance, the SAMOVA 2.0 program arranged
studied populations into two groups. The first group
included seven Mon-Khmer speaking populations:
Blang2, Khamu, Lawal,Lawa2,Lawa3,Htinl and Htin2.
The second group consisted of eight Tai speaking and
three Mon-Khmer speaking populations: Khuen, Yuanl,
Yuan2,Luel, Lue2, Lue3, Lue4, Yong, Paluang, Mon and
Blangl. The remaining populations, Yuan3 and Lawa4,
were obviously different from the others (Figure 5). The
correlation between genetic and geographic distances
was significant using 1000 permutations of the Mantel
test (correlation coefficient, r=0.17328 and p=0.019).

DISCUSSION

The haplotype diversity and the discrimination power
of microsatellite DYS385 showed that the Tai speaking
populations had higher genetic diversity than most of the
Mon-Khmer speaking populations (Figures 3 and 4). The
higher diversity among the Tai may result from the genetic
admixture process, since intermarriage in Tai ethnic groups
is common, in order to create beneficial socioeconomic
relationships. This intermarriage increased the possibility

TABLE 2. Genetic variance of the Tai and Mon-Khmer speaking populations
by Analysis of Molecular Variance (AMOVA)

Linguistic group* Within populations

Among populations Among groups

Within groups
Variance (%) Fst Variance (%) Fsc Variance Fet
(%)
Tai 89.58 0.10427%% 10.42
Mon-Khmer 48.42 0.5158%* 51.58
Tai/Mon-Khmer 63.12 0.3688** 3041 0.3251%* 647 0.0647

**Statistical significance at p<0.01
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FIGURE 5. 2D multidimensional scaling shows genetic relationships among the studied populations. Filled circles:
Tai linguistic group, blank squares: Mon-Khmer linguistic group. Groups of close affinity populations
defined by SAMOVA 2.0 program are shown in dashed-line circles

of incorporating other haplotypes into the Tai speaking
population which then subsequently higher their genetic
diversity and closer genetic affinity (Figure 5).

It is interesting to note that the discrimination power
of the DYS385 single locus is sufficient to differentiate
the Tai and Mon-Khmer speaking groups. Although
linguistics is not the direct discrimination factor
for genetic divergence, our result suggests different
common ancestors who carried DYS385 variants for the
populations in the respective language families. However,
no significant difference in the genetic variance of these
two language groups was found in AMOVA analysis.
This may be due to the high genetic divergence within
the Mon-Khmer ethnic group (51.58%) (Table 2) and
the fact that some populations of this group: notably
Paluang, Blangl and Mon, are more proximate with the
Tai (Figure 5). As most of the Mon-Khmer populations
practice isolated ways of life, the identical microsatellite
DYS385 variants observed among Paluang, Blang1, Mon
and the Tai populations might occur by chance, not by
the admixture process.

A fraction of genetic divergence between pairs
of populations can be explained by their geographic
distances, though it is not strongly supported by the
Mantel test (0.01<p<0.05). In other words, genetic
similarity appeared to be higher when geographically
closer populations were compared. This observation
indicates some degree of assimilation or admixture for
different ethnic people living nearby. It reflects the fact

that, at present, different culture or language is not a
barrier for communication and intermarriage among
ethnic populations of northern Thailand. Consequently
population sub-structure is shaped by recent gene flow
in each geographic region.

Although this study demonstrated microsatellite
DYS385 polymorphism among most of the Tai and Mon-
Khmer populations living in northern Thailand, the
DYS385 data alone could not separate some populations
from others, especially the Tai speaking populations
in which similar genetic structures were found (Table
3). Therefore, in order to increase the discrimination
power of Y microsatellites for forensic purposes, it is
necessary to combine data from other Y-chromosomal
loci and it would be beneficial to consider other genetic
markers, such as maternal inherited mitochondrial DNA
and autosomal microsatellites.

CONCLUSION

This study of microsatellite DYS385 diversity in 9 Tai-
speaking and 11 Mon-Khmer speaking populations in
northern Thailand showed 56 different haplotypes. The
Tai speaking populations had higher haplotype diversity
and discrimination power than the Mon-Khmer speakers.
Genetic affinities based on DYS385 variations do not
conformed to linguistic classification but a fraction of
genetic divergence patterns can be explained by geographic
distances.
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