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Analysas of Mitochondrial DNA HV-| hypervariable segments of ancient teeth specimens from an

archeological burial slte in Pang Ma Pha, Mae Hong Son Province, Thailand
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Extraction of mtDNA from human teeth from the remains (~2000 years before the present) from the Ya Pa
Nae 2 cave in Ma Hong Song province of Thailand was performed. Amplification and sequencing of 28 out of
62 samples was successful, yielding only 182-bp fragment from position 16208-16390 of the hypervariablé
sagment-l (HV-1) of mitochondria. The sequences ware compared with those of modem northern ethnic
groups as well as sequencas from Thai Chaing Mai, and Khon Kaen. 7 sequence types were observed
among 28 teeth DNA, and two clusters were observed by phylogenstic analysis (C1, N=23 and C2, N=5).
Two phylogenetic trees were constructed to determine genetic affinity {o those of modem Thai. C1 were
founded to be closely related to Lawa and Mlabri ethnic groups and C2 to the northermn Thai (NThal). Second
tree comparing ancient Thai with Lisu, Mussur, Thai Chiang Mai, and Khon Kaan revealed that C2 were alsc
close to the two Hill tribas, whereas C1 were scattered within Chiang Mal as well as some modern Khon
Kaen. However, sequance information within this latter part of HV-| is known to have less polymorphism. [t
remains to be determined if these remains are related to other ancient remalns or other modern

subpopulations thought to be ancestors of Thali.
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Introduction

The genetic relationship between human populations of the Thai and their ancestors has not been the subject
of any study to date. Besides discovery of many promising archeologlical sites whare artifacts as well as
skelstal remains of people are found, most of the works from these areas are mainly centered on
anthropological, cultural and historical, and archeological studies only. In addition, hypeotheses of earty settling
of Thal people in Thailand at present have long been a subject of much debate among anthropologists
around the country. There are two main hypotheses regarding whare the Thai ancestors may have come
from. The ‘immigrant hypothesis” acknowledges that Thai ancestors, Tal, migrated from China, moved
southwards, conquered the native populations on the southern route to reach the Indo-China region. The
“endogencus hypothesis”, in contrast, recognizes that Thal ancestors were not Tal from China, but the

native people of the Suwannapeom, such as Lawa, Mon, and Khmer, living In scatters around the country.

With the advent of genetic and recombinant DNA technology we are now bsginning to see more research
focusing on the origin of people and refationship among modern sub-populations within a specific region.
Howsaver, a literature survey of such studies was unable to find a published, peer-reviewed study related to
genstic relationship among medern and ancient Thal population. We, thersfore, attempt to detarmine the
genetic background of the ancient Thai by extracting DNA from approximately 2000-year old human teeth
from the expedition set forth during 1998-2001 of the Pang Ma Pha highland archeology project[1] and
determine the nuciectide sequences of their mitechondrial {mt) D-loop regions. Exploration of the caves and
rock shelters in this area also reveals the anclent burial arrangement where various styles of the leg coffins
were used in funeral services. Artifacts and carbon dating of samples in various Pang Ma Pha sites were
determined and found to range from 22,190 to 2200 year before present time (ybp), indicating a wide rangs of

prehistoric fo historic inhabitation.

The main purposes of this study are to create the hypervariable-I (HV-1) sequence information from mtDNA
sequence polymorphism obtained from these ancient remains and compared with modern Thal as wall as
some of the local ethnic groups whe lives in the northern part of Thailand. The hypervariable regions of
miDNA have bean utilized to provide population diversity as well as migration patterns of ancient people by
virtue of Its abundance in the cells, and thus the remains, as opposed to chromosomal DNA. They also
represent a powarful tool to reconstruct phylogenetic trees for refated populations sinca mtONA Is passed on
to offspring only through matemnal inheritance. In addition, polymorphism of the D-loop or hypervariable region
and restriction fragment langth polymorphisms (RFLPs) of mtDNA have long been recognized and accepted

as a tool for establishing ethnicity and lineages as well as to reconstruct the genetic, geographic history, and



migratory patterns among subpopulations of paople in the past. We evaluate the nuclectide diversity among
ancient Asian from Pang Ma Pha and also examine phylogenstic relationships among these ancient Asian
and modern populations by constructing mtDNA trees to understand the genetic relationship of the people
living in this area. As question remains of whese culture of log coffins in this highland archaeology belonigs to,
the integration of such information into archaeolegical and historical studies will hapefully enable a useful link

as to who these remains were.

We now show here for the first time of the successfui extraction and amplification of mtDNA from ancilant
remains in Thailand, Extraction and ampiification of 52 teeth samples, most of which are from molar 2 or 3,
results in 28 amplifiable DNA within part of the HV-l of the mtDNA.

Materials and Methods

Samples

Teeth specimens from human remains come from the exploratory expedition site in Ya Pa Nae 2 cave In
Pang Ma Pha district of Mae Hong Son during 1998-2001. This site has been dated to the period of late
Holocene (~2200 ybp). For modern mtDNA sequences, Lawa, Mlabr (Tong Lueng), and northern Thal
sequences are provided by Asscc. Prof. Dacrung Kangwanpong from the Department of Biology, Faculty of
Science, Chiang Mai University. Lisu and Mussur, Thai Chiang Mal and Khon Kaen mtDNA sequences were

retrisved from a literature search[2].

Extraction and purification of ancient DNA from old teeth specimens

A modified protocol using a combination of conventional proteinase K digestion followed by incubation with
chaotropic agent, guanidinium iscthiccyanate (GUSCN), according to Boom et al[3].was used for DNA
extraction. Briefly, the surface of teeth specimens was decontaminated by scouring with a sterile, disposable
lancet followed by dusting the sufface with a hand-drill until clean. Samples were then rinsed thoroughly with
sterile water. Subsequently, the samples were soaked in 10% sodium hypochlotite for 20-30 min., rinsed, and
then submerge in 30% H,0, for 20-30 min. After cleaning, air dry, and exposed to UV light for 20 min, teeth
samples weres pulverized by crushing in a sterile, autoclavable, tailor-made mortar and pestie. A portion of
clean, pulverized testh powder in a sealed microcentrifuge tuba was immersed in liquid nitrogen and quickly
thawed for at Isast three times. 0.5 mL of proteinase K digestion buffer (10 mM Tris-HCI, 2 mM EDTA, 10
mg/mL DTT, 0.5 mg/mL proteinase K, 0.1% SDS) was then added to the powdar, and overnight incubation
was performed at 56°C with gentle shaking. The next moming the sample was centrifuged at 3000 g and the
supernatant was saved, purified by phenol/chloroform extraction followed by ethanol precipitation. The cell
pellet was later incubated with 0.5 mL of lysis buffer containing 10 ml of 0.1 M Tris HCI pH 6.4, 12 g of
guanidinium thiccyanate, 2.2 mi of 0.02 M EDTA and 0.5 ml of Triton X-100 at 65°C with gentle agitation for
48 hours. After spinning and collection of the supernatant, incubate the pellet with 0.5 mlL of extraction buffer

(2.5 M potassium phosphate pH 6.4) at B85 C for another 15-30 minutes. Combine all supernates and add 40



UL of 100% wiv silicon dioxide solution, incubate with gentie mixing In the dark for 16 minutes. Wash silica

pellet twice with 70% EtOH and once with acetone. Air-dry the pellet and elute DNA twice using 60°C TE.

mtDNA PCR amplification and sequencing of ancient DNA

Parts of the hypervariable region 1, i.e., 5' upstream of MT1, MT1 and MT4 according to Qota et al(4) weara
ampiified in three overlapping fragments, subcloned into a TA vector system (Promega) and individually
sequancad for at least three clones to confirm the nucleotide sequences (Fig. 1). The condition for PCR was
95°C 1 min., 56°C 1 min., and 72°C 1 min. for 35 cycles with hot start. However, second round PCR were
necessary in order to see a distinct band. Both DNA extract from protainase K digestion and GUSCN/SIO,
extract of the same sample were usad in PCR reactions. Often, successful amplification was only from
GUSCN/SIO, extract. MT4 forward primer for the first PCR was CC3; F16180 [8' CCC CAT GCT TAC AAG
CAA G 3], and reverse primer was GC4; R16422 [6° ATT GAT TTC ACG GAG GAT G 3'] (numbering is as in
Cambridge Reference Sequenca (CRS)). Primers pair for second, nested forward PCR primer was CGC3, and
reverse primer was CC2; R16410 [5§' GAG GAT GGT GGT CAA GGG AC 3. MT1 and 5° upstream sequence
fragment was amplified into 2 small fragments. Primer pairs for the first PCR were CC1: F15871 [5' TTA ACT
CCA CCA TTA GCA CC 3] and CC8: R16258 [5' TGG CTT TGG AGT TGC A 3'] and the primer pairs for the
second PCR were: CC1 with CC7; R16126 [5' ACA ATA TTC ATG GTG G 3’ and CC5; F18085 [5' CGT
ACA TTA CTG CCA G 3" with CC8. Sequencing reactions were performed using a kit (Bid Dye) for

automated seguencer.

Nucleotide diversity, sequence and phylogenstic analysis

Two set of comparisons were made to construct phylogenetic trees of the HV-| sequences. First set of
analysis was done by comparing modern DNA sequences of interest groups Kindly provided by Dr. Daorung.
Among these subpopulations were the 19 Miabrl (Tong Leong) from Nan province, 18 Lawa from Ma Hong
Son province, and 139 northem Thai. Pairwise difference distance method was performad and phylogenstic
tree was constructed by Neighbor-joining analysis{5]. Second comparison of mtDNA sequences was
performed in a total of 126 MtDNA sequences inciuding 2 hill tribes (21 Mussur and 25 Lisu), 30 Thai Chiang
Mal, and 50 Thai Khon Kaen[2]. Phylogenstic network of mtDNA analyses were constructed by means of
parsimony using PAUP 4.0 program. We also calculate nuclectide diversity of the ancient mtDNA sequence

using DNASP program.
Results

Amplification, sequencing, and polymorphism of ancienf mtONA

After second PCR amplification 28 from the total of 52 teeth samples gave a specific band encompassing a
223 (16190 to 16410) bp of MT4 of the hypervariable region |. In order to avoid ambiguity frequently
encountered from direct PCR sequencing the PCR fragments were then sub-cloned into a TA vector and

selected for sequencing. A minimum number of three clones was used to verify the concordance of the



sequences. Further amplification to obtain 5’ upstream sequence in MT1 region of all samples was also
attempted. Howsvar, at the time of this report we were able to extend the nucleotide sequence for only some

of the specimens (Fig. 3).

The nucleotide sequences show that the nuclectides are of human origin when compared to standard human
mtDNA reference sequance (CRS)[B]. Since the §' upstream sequence and MT1 has not besn determined in
all samples. We then evaluate the polymorphisms using the data only from nucleotide 16208 to 16390. There
are at least 7 haplotypes of sequences with at Ieast 13 polymorphic sites in the region determined (Fig. 3). If
all the upstream seguences are considered, there are at least 24 polymorphic sites. Group 1 is observed the
most frequent (18 samples) whereas 4 other sequence types (2, 3, 4, and 5) only have one member each.

Group 6 and 7 are observed in 3 samples each,

The fargest group 1 is characterized by T/C transition at position 16224 and 16304, and C/T transition at
position 18242. Group 2 is characterized by several (5) C/T transitions at position 16223, 16261, 16264,
16321, 16327, and one T/C transition at 16257. Group 3 Is characterized by C/T transition at 16223, C/A
transversion at position 162386, and T/C transition at position 16362. Group 4 is characterized by a C/A
transversion at position 16266, Group 5 is characterized by C/T transition at position 16256, and T/C
transition at position 16304. Group 6 is charactsrized by a C/T transition at position 16223, and a T/C
transition at position 16297, The last group Is characterized by having only a T/C transition at position 16304

only.

Nucleotide diversity, sequence and phylogenatic analysis

In order to determine the nucleotide diversity of the sequences the DNASP pregram (s used in analysis of
nucleotide 16209-16390 of all 28 positive samples. The average number of differences is 2.431 and ths within
population nuclectide diversity, Pi, is 0.01336 (Fig. 4) Figure 5 shows the phylogenstic tree for the 28 ancient
mtDNA, 182 bp of HV-] sequences using Neighbor-Joining (NJ)Y UPGMA method version 3.6a2.1 by program
Bioedit version 7.0.4.1 available through the intermet (URL: http://www.mbio.ncsu.edu/BioEdit/bioedit.html).
This NJ tree reveals that the 26 mtDNA lineages could be classified into 2 clusters (C1 and C2). C1 clade

share the T/C polymorphism at nuclectide position 16304 from group 1 (N=18), 4 {N=1), 5 (N=1), and group 7
(N=3}. The C2 clade members consist of 5 individuals from group 2 {N=1), 3 (N=1), and group 6 (N=3), in
which they all share the C/T transition at position 16223. The high number of halplotypes from 28 individuals
is noted as compared to 4 haplotypes from 18 Lawa and only 1 type from 19 Mlabr! individuals, whereas the
northern Thal mtDNA sequenceé from 139 individuals reveal 50 haplotypes (Fig. 6).

To Infer phylogenstic relationships among the 7 ancient Thai groups and other modern populations, using
pairwise difference distance method we constructed a Neighbor-jcining {NJ) tres for these 4 populations
(Figure 7). Interestingly, analysis of the tree also indicates that the 7 haplotypss for anclent Thai appears to
fall inte 2 main clusters, C1 and C2. The C1 clade are found in 23 of ancient DNA (group 1, 4, 5, 7), Mlabri,

Lawa and 36% of northern Thal whereas C2 clade are clustered among the remaining {64%) northemn Thal



and 5 ancient Thal (group 2, 3, 6). The shared site of ali 4 haplotypas from Lawa and group 1, 5, and 7 is
T/C transition at position 16304, whereas the shared polymorphic site between group 4 (T528 in fig. 7) is C/A
transversion at position 16266. The observation of ancient Thai sequences in C1 suggesis close genstic
affinities between ancient Thai and Mlabri and Lawa whose inhabition are balieved to be originated Iin the
northern Thalland with dominant use of Austro-Asiatic language. Interestingly, in C2 clade sequences in the

analytical area from group 6 are exactly the same as Nthai8 haplotype.

In order to determine genstic refationships among other modern Thai in different part of the country a second
set of phylogenstic tree was constructed by PAUP program. In this analysls a total of 126 individuals
including 2 hill tribes (21 Mussur and 25 Lisu)[2], 30 Thai Chiang Mai, and 50 Thai Khon Kaen (altogether
100 haplotypes} as well as 28 samples from ancient teeth were included Into the construction of an NJ tree.
As shown in figure 8 and figure 9 {unrooted fres} the genetic differences based on these 182 bp mtDNA
suggest that the ancient sequences show two clusters with the exception, however, of group 3 {T24} which,
interestingly, shows affinity to both Lisu and Mussur ethnicity classified as cluster C8 in Fuchareon et al[2].
Within the C2 cluster (group 2, 3, 6) in this study sequences from group 6 (T180, 173, 138) are also in close
affinity to 2 Chiang Mai haplotypes as well as some other Khon Kaen DNA. Nonetheless, sample in group 2
(T3} is unigquely close to 2 Lisu individuals in C4 cluster of Fuchareon et al[2). Of note the tree also shows
that C2 cluster in this study is highly linked to the Chiang Mai subpopulation, whereas C1 Is more scattered
among both Chlang Mai and Khon Kaen subpoputations.

Conclusion

This study demonstrates for the first time the successful extraction and amplification of ancient DNA from
human skeletal remains in Thailand. In this initial report we extract DNA from tasth samples from remains
within a cave in a highland archeology site which is demonstrated fo be at least as old as 2206 ybp. We use
nuclectide sequences of MT1 and MT4 as the longest sequence possible to construct the phylogenetic tree to
examine genstic relationships with modern Thai subpopulations and some ethnic groups within the northern
Thailand, Woe first ask whether the anclent Thai would have a genetic affinity to some of the ethnic groups
inhabiting the northern Thailand. However, when Lawa and Mlabri are compared the tres shows two clusters
of mtDNA with the first cluster being mors closely related to Lawa and Miabri than the other. These 2000 year
cld sequences in the other analysis also form two clusters with two selected northern hill tribes, and some

with the a specific group of Khon Kaen.

Thers are diverse theories with respect to the legends of how Thai ancestors might have coms from. These
include: immigrant theory i} Central China centered in Sichuan province and along the Yanxi River gradually
migrated southwards and finally into the Indo-China region, ii) the arrival of Tai from Altai mountain areas to
the Sichuan provinece, i) Tal has long inhabited very wide geographic distribution in the southeast and south

of China, north of Indo-China as well as part of the northermn India, and the endogenous hypotheses iv) Thais



originally stay in the Kingdom of Siam long ago, and v)suggestion that Thai were native, indigenous in the
northeast of Thailand, later migrated to the west of Indo-China as well as south China [ref}. It has also been
shown that native northeast Thai are clossly related to the Hill tribes and Phuthaif2]. In our study we also
found that ancient Thai mtDNAs show close genetic relationship with Lisu and Mussur while some, however,
are also scattered through Khon Kaen popuiation {C1). This may reflect the fact that the 3' seguences of Hv-
| are less hypsrvariable than the &' sequences in which we have yet to continue to retrieve. It has bean
speculated that Mlabri and Lawa whom spoken ianguages are related to Austro-Asiatic language are in the
sama group of Mon-Khmer which inhabit the northern Thai since prehistoric time. It would be of interest to
compare the longer HV-I sequences as well as HV-1l with those of modern and ancient selected Chinese

groups that are thought to be the ancestor Thal to further evaluate the origin of Thai.
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APPENDIX
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Figure. 1 Schematic dlagram of the mtDNA D-loop region contalning the hypervariable region-f (HV-1)

amplified in mtDNA testing. First and second PCR are indicated. Horizontal arrows indicale forward and reverse

primers, Numbers next to the primers ara CC primer numbers.

M 1 2 3 4 5§ 6 7 8 9 10 11 12 13 14 15

Figure 2 Some of the positive PCR ampiification from second PCR reaction using primer CC3/CC2 (lane3 to

15). M: 100 base pair ladder, lane 1: blank control, fane 2: negative controf
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Flgure 3 Nucleotide sequence differences in the D-loop region of mtDNA for 28 ancient teeth. A total of at least
24 polymorphic sites are found In comparison with the D-loop regfon of mtDNA in the reference sequence of
Anderson ef al. (1981), Only the differences from the reference sequence are shown. T stands for each single
clone of the plasmid DNA represent that sample number on the right. Dots(.} represent the sames nucleotide as
in reference sequence whereas ~ indicates unfinished sequence. Seven clusters of polymorphisms are shown

on the right.



OUTPUT from DNASP program

Input Data File: D:\..\ALIGN16209-16380 no anderson.fas

Number of sequences: 28  Number of sequences used: 28
Selected region: 1-182 Number of sitas: 182

Total number of sites (excluding sites with gaps / missing data). 182

Pairwise Deletion option:

Sites with alignment gaps or missing data were considered

Analysis in Pairwise Comparisons

Gaps/missing information were excluded ONLY in palrwise comparisons
Number of pairwise comparisons: 378
Average number of sites analyzed: 182.00
Average number of differences: 2.431

Nucieotide diversity, Pi: 0.01336

Analysis at Individuat Sites
Number of sites analyzed: 182.00
Number of polymorphic sites, S: 13
Average number of differences: 2.431
Nugcleotide diversity, Pi: 0.01336
Theta-W, per sequence: 3.34065
Theta-W, per site: 0.01836

Flgure 4 Nucieotide diversity output of the 28 mtDNA seguence from ancient feeth from DNASP program.



38
173
a0
T24

TEB
1113
4

T90

44
T66
SAM 161

SANDERSON.TXT
6ol

Figure § Phylogenetic tree for the 28 mtDNA sequences using Neighbor-Joining/tUPGMA method version
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Figure 6 Nucleotida sequence
difference in D-loop region for 28 ancient
teath mtDNA sequences, 4 typss of
Lawa, 1 Mlabri, and 50 other northem
Thai (NThai) based on 182-bp fragment.
The positions of 55 polymorphic sites
observed are numbsred according fo the
published reference sequence for
human mtDNA
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Figure 7 Phylogenetic trea showing 28
ancient mDNA lineages from Pang Ma Pha
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phylogenetic tree was constructed, based on
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neighbor-foining method. The two clusters
are Indicated by brackets (C1, C2). The
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Figure 8 Phylogenetic tree of the 28 anclent DNA comparing with 4 other subpopultations, Lisu (HiL), Mussur (HIM],

Thal Chiang Mal (CM) and normal Khon Kaen {number) based on parsimony analysis by the neighbor-joining mathod.

Two main clusters of 2000 year old DNA are observed (C1, C2) diverged at the circle point with the exception of T24

which branches first as shown in the roofed tres.
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Figure 9 Unroofed phylogenetic tree of the 28 ancient DNA comparing with 4 other subpopulations, Lisu (HIL), Mussur

(HIM), Thal Chiang Mal (CM) and normal Khon Kaen (number) based on parsimony analysis by the neighbor-joining

method.
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