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ABSTRACT

The Khmer was recognized as the
local inhabitant in the Northeast of Thailand.
Khmer language was classified to Mon-Khmer
sub-family, which is linguistically similar to

languages of other local Mon-Khmer speaking



Woma yaylaen uazanie

groups in Thailand, e.g., Lawa, Palaung,
Khamu and H'’tin. Hitherto, genetic structure of
the Khmer in Northeastern Thailand has not
been reported yet. Thus, this study analyses
mtDNA-HVR-I variation of the Khmer from
Surin province in order to determine genetic
diversity and genetic structure of the Khmer.
Moreover, genetic affinity between the Khmer
and other 31 compared populations (14 Mon-
Khmer speaking populations and 17 Tai-Kadai
speaking populations) was investigated. The
results showed that haplotype diversity (0.9444
+ 0.0278) and nucleotide diversity (0.0127 +
0.0068) of the Khmer were high. Genetic
distance result indicated that the Khmer are
most closely related to the H’tin, subgroup
Pray, from Nan Province. MDS result revealed
genetic differentiation among the Mon-Khmer
speaking populations as well as between the
Mon-Khmer speaking populations and the Tai-
Kadai speaking populations. AMOVA and NJ
tree analyses exhibited the influence of
language to genetic structure of the Mon-Khmer
speaking population, suggesting their shared

common ancestors.

adan : e e S we Wleowsis, 717
w3, 10TETIMINUINTIN
Keywords: mitochondrial DNA variation, the

Khmer, genetic structure

UNH
A & a A
@]LG%LQVLEJIYW]a%L(ﬂiULﬂuLﬂia\‘iﬁﬂJ'}U
o da . Y
‘Y]']GW%EﬂiiﬂJ wuﬂummﬂizqﬂm‘lﬂmwumu

w“'uqmam‘ﬂs:mnul,azﬁﬁﬁﬂmmmﬂi‘

Thai J. Genet. 2013, 6(1) : 40-48 41

MsAnvIANURBLYIVaIAE e N InaaueTY
ludszinalnogiulng wzdrdaagluniinm
A ' o a A A A
Aatnie waluaiaaziuaaniioInitesed
AWARINNANIVDIUTTTINTFILTUN Y DAL
= L™ A &
PIWMIAN BN NIV aIAL AW Ty In
a A L oA
ABWLATLNGY 4 UszanTvintu fe a”’lm P17
uu Ineveuunu uazlnalasns (Fucharoen et
al, 2001; Lertrit et al, 2008) NGNTIAWUEN
mﬁ'ﬂag}lumﬂmi’uaamﬁmmﬁaﬂaqu‘"uﬁ
dyezum 20 nsj:u wiguiu 2 najuué’nmunwm
Wa fa naudszrInINwan s Indudasany-
L2497 (Mon-Khmer language subfamily) uae
ngudszmnsfinemsngudasln-nizla (Tai-
Kadai language subfamily) Taisusiungusu
NEUUINNATEUATIAULAULAIH HaufiTIveD
1188 wazdszmnIinanmin-nazlangudu
azanswlondroanasiugiu aufatagdudslad
BN NEULYTVIA AU luInaouasy
YBITIIVYT PUAUNAIAATIUDaNLE LI AT
o & Ao &< AR Ao ¢ A =
At UIUITLATIRIITTanUszasd (Nafnwn
aunnulsvasatantalulnaaniasalu
UTeINITINVNT ﬁmﬁ'uayﬂuﬁ'mi’@q%un’? LN
siegwtayadiduelulnasuasoludszns
AAAZIHAINLALINTD LazAN¥lATIFIIINII
w”ugﬂiiw LRTAMNFNANUTNIILTOREITZAING
UIemNIVRITIIVNT LLa:ﬂi:mniSuﬁmé‘ﬂag

Tudsznelng

aunIntuazisng

naNA8819
fotherwuslunsansaisit 9n

TNUaHU d1uaan s1lnagsvs ai“mi’@q’%um’ 18

AIFNAN BTN 13U N7 wazUIzI@T16

w“'mfmaamam%’a mﬂifuﬁuﬁuﬁaashuﬁamha

wANIINIEFIAITINT (LINT1) NlFIA N



42 Thai J. Genet. 2013, 6(1) : 40-48

wisuss a1y 20-60 1 wazliidunnadnasiu
ag9tas 2 fa‘éu FIWIU 36 AW (TN 16 Al
uazrdly 20 Aw) Imomﬁﬁ'ﬁmﬁmumsagﬁ'ﬁ
NAUNIINNMIITETIINNTITuluny sl

URINNRLVBULAY (SRFLATINNT HE552167)

msaauluazasftawia lalnaawiasaus
LItk HVR-1
ﬁn@‘ﬁaahaLﬁ'aqiwaLLﬁuﬁiﬁuwaﬁ'@ﬁLé‘u
LE]@T’JEJ“IZ@‘IE’]U’] Gentra Puregene Buccal Cell kit
(Qiagen, Germany) WiwlSanmdiawe lulnaan
\38US1ank D-loop danUffTongnlowadiuaiss
lasldelwsiued LLmt-A:  15704-CATAGCCA
ATCACTTTATTG-15723 ez LHmt-E: 430-CTG
TTAAAAGTGCATACCGCC-410 (Schurr et al.,
1999) mnifum’maauwamﬁmmmiﬁﬂﬂﬁﬁ%m
anlgwadiwaisa Mmuinafinaznlisaadidning
IWS3w
HVR-1 fiuSsn Macrogen Uszinainnald lag
g Insinad Seqlmt-A:  15897-GTATAAACT
AATACACCAGTCTTGT-15921 18z SeqHmt-E:
100-CAGCGTCTCGCAATGCTATCGCGTG-76

SINANRAN L MRS ULLE UL h

(Kampuansai et al., 2007)

a & v
MINATIEVTONA
° o o A o &
PHAVIRNAULU RN LaN a8 forward
e reverse mLﬁ']@jﬂ”u@TwIﬂime SeqScape
CA)

IMNBWILATIERRA LA UINT AN WL TV D

v.2.7 (Applied Biosystem, Foster City,

\W& (polymorphic site) lasiAgunAU&AULUE

81989  (Revised Cambridge Reference
Sequence) (Andrew et al., 1999) fmalusunsy
DnaSP v.5 (Librado and Rozas, 2009) 6%k
ANNRAINAAHVRILT LW avl,mj (haplotype

diversity, h) kaLAMNRANRABVRIRIAALE ING

Ao yylan uazam

(nucleotide doldsunsy

ARLEQUIN v.3.5 (Excoffier and Lischer, 2010)

diversity, )

U a & a
samamjagamamavlﬂmammwaoﬂszmm
A ¥ 1A A A a ' v X
N lUSuuiey Sanednoanuuinawning
FAUINNIRNA 31 dsza1ns Usznavaas
ﬂizﬁWﬂsﬁw“@nwwwuamLmus F1UIU 14
Uszziny uazdszrinsfinanisin-nzlae
% 17 U310 (Table 1) @MWITHIZYEH
maw”ugﬂﬁmmdwﬂi:mm (pairwise
Fy)

Wvui;ﬂii&lﬁ’s e Analysis of Molecular Variance

difference, wazdaeAlaseainenig
(AMOVA) (Excoffier et al., 1992) daaldsunsa
ARLEQUIN v.3.5 ﬁ’]itilzﬁ’]\‘m’]\‘lwbuQﬂ‘i‘nm’]
aiaduunundl 2D multidimensional - scaling
(2D-MDS)  ¢1alusunsy STATISTICA  v.10
(Statsoft Ltd.) LLa:LLNuQﬁ@TuVl&TLmu neighbor
joining (NJ) olusunsy MEGA 5.0 (Tamura et
al.,, 2007)

HANIINAADILATIITAL
MNMIANEAIIAUILFEALB W b InAan
1@38 U1 HVR-I @1nuen) 561 ALUR (AW
7 16001 19 16561) L3z mNITN VN1 $147%
36 au wunalwalndfdsiuisvwue 24 uuy 9
LAAIINEILRUINT A 1WA WLU VOIS 40
Fund (Figure 1) AIANNRANRABVBILTING
In1l wazarunanwarefinalalne infu
0.9444 + 0.0278 W&z 0.0127 + 0.0068 ATN&1AU
dﬂﬂg\iaadﬁmgaaglwﬁwLﬁmﬁuﬂi:mmﬁw‘]@
mammg-vumﬂajwél'uﬁmyﬁiwmumﬁawﬁhf:
(Kutanan et al., 2011a)
lunsdSoufisuanuaunusszning
Uszong azlddiauiuaaduta lulnaauiase
VS HVR-1 LWeg 336 QLUR (@‘hLmﬂaﬁ 16024

19 16383) 1Ha3LATNTHHATY HEWINIINBENTIN



kiabal qtgia@n ILasAb Thai J. Genet. 2013, 6(1) : 40-48 43
Table 1 General information of the studied Khmer population and compared populations.
Populations Linguistic sub- Location Sample size References F*
family (Province, Thailand)
Khmer1 Mon-Khmer Surin 36 Present study -
Chong Mon-Khmer Chantaburi 25 Fucharoen et al., 2001 0.2219
Laosong Tai-Kadai Supanburi 25 Fucharoen et al., 2001 0.1936
Phutai Tai-Kadai Mukdahan 25 Fucharoen et al., 2001 0.0859
Thai1 Tai-Kadai Chiang Mai 30 Fucharoen et al., 2001 0.1008
Thai2 Tai-Kadai Khon Kaen 44 Fucharoen et al., 2001 0.1281
Khuen Tai-Kadai Chiang Mai 60 Kampuansai et al., 2007 0.1702
Lue1 Tai-Kadai Nan 51 Kampuansai et al., 2007 0.1806
Lue2 Tai-Kadai Nan 44 Kampuansai et al., 2007 0.1966
Lue3 Tai-Kadai Chiang Rai 50 Kampuansai et al., 2007 0.1567
Lue4 Tai-Kadai Chiang Mai 46 Kampuansai et al., 2007 0.1975
Yuan1 Tai-Kadai Chiang Mai 39 Kampuansai et al., 2007 0.155
Yuan2 Tai-Kadai Chiang Mai 50 Kampuansai et al., 2007 0.1515
Yuan3 Tai-Kadai Lamphun, 50 Kampuansai et al., 2007 0.1834
Yuan4 Tai-Kadai Saraburi 44 Kampuansai et al., 2007 0.2142
Yong Tai-Kadai Lamphun 62 Kampuansai et al., 2007 0.1147
Khmer2 Mon-Khmer Chantaburi (Thailand- 22 Lertrit et al., 2008
Cambodia border ) 0.0953
Chaobon Mon-Khmer Nakhorn-Ratchasima 20 Lertrit et al., 2008 0.2138
Thai3 Tai-Kadai Nakhorn-Ratchasima 32 Lertrit et al., 2008 0.1129
Laos Tai-Kadai Laos 213 Bodner et al., 2011 0.114
Lawa1 Mon-Khmer Mae Hong Son 46 Kutanan et al., 2011a 0.1606
Lawa2 Mon-Khmer Chiang Mai 50 Kutanan et al., 2011a 0.1513
Mon Mon-Khmer Lamphun 41 Kutanan et al., 2011a 0.1536
Paluang Mon-Khmer Chiang Mai 51 Kutanan et al., 2011a 0.2041
Blang1 Mon-Khmer Chiang Rai 38 Kutanan et al., 2011a 0.1431
Blang2 Mon-Khmer Chiang Rai 45 Kutanan et al., 2011a 0.0815
H’tin1 (Mal) Mon-Khmer Nan 37 Kutanan et al., 2011a 0.2524
H'tin2 (Pray) Mon-Khmer Nan 25 Kutanan et al., 2011a 0.0531
H'tin3 (Pray) Mon-Khmer Nan 38 Kutanan et al., 2011a 0.0394
Shan Tai-Kadai Mae Hong Son 43 Kutanan et al., 2011b 0.0939
Khamu Mon-Khmer Nan 39 Kampuansai et al., 2012 0.1225
Lawa3 Mon-Khmer Mae Hong Son 41 Kampuansai et al., 2013 0.1848

* genetic distance value (F_) between the Khmer1 and each population

Bold numbers indicate statistical significance at P < 0.01
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Figure 1 Nucleotide differences in the 24 distinct haplotypes of mtDNA HVR-I. Presented are

nucleotides at 40 polymorphic sites based on a comparison of 561-bp in the Revised Cambridge

Reference Sequence, illustrated below the order for polymorphic sites. For other 24 haplotypes,

only differences from the Revised Cambridge Reference Sequence are shown. The number of

individuals which are found in each haplotype is presented in Arabic numerals on the right.
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Figure 2 Multidimensional scaling scatter plot (MDS) based on F, distance of the studied Khmer

population (A) and 31 compared populations (® Mon-Khmer speaking populations and O Tai-

Kadai speaking populations)
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Table 2 Results of Analysis of Molecular Variance (AMOVA)

Groups Variance (%) P, @ @,
No. of No. of Within Among Among
groups  populations  population populations  groups
within group
All samples 1 32 92.75 7.25 0.0725
Tai-Kadai 1 17 96.20 3.80 0.0379
Mon-Khmer 1 15 87.66 12.34 0.1233
Tai-Kadai / 2 32 92.35 6.80 0.85 0.0765 0.0686 0.0085

Mon-Khmer

Bold numbers indicate statistical significance at P < 0.0001
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