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ABSTRACT

The lower northern part of Thailand contains various genetically diverse ethnic
populations. The sequences of the mitochondrial DNA hypervariable region were studied-
in three ethnic populations inhabiting Phitsanulok Province. One hundred and nine
nucleotide sequences—53, 29, and 27 from Hmongs (Hill tribe), Lao Songs, and Thai-
Siams, respectively—were collected. The haplotypes were generated from 1130
nucleotides of the entire control region. Eighty-six haplotypes were found in the three:
ethnic populations, and no shared haplotypes were found between populations. Point
heteroplasmy was noted at position 311 (C-->Y). Haplotypes with ACAC-insertion at
position 512 were observed in immigrant individuals from the Lao Song population. The
Thai-Siam population showed higher genetic diversity than the other populations. The
Hmong and Lao Song populations showed less genetic diversity than those living in their
original area. The neutrality testing suggested that the result might be influenced by
genetic drift. Five loci of Y-chromosome short tandem repeat, DYS19, DYS390,
DYS391, DYS392 and DY S393, were analyzed in 281 unrelated males inhabited in lower
northern part of Thailand. The allele frequencies were calculate by counting method. Each
loci shown high level of gene diversity except DYS391. The combination of loci
presented a total of 165 haplotypes which were 112 unique haplotypes. The haplotype
diversity of overall were 0.9928. The overall haplotypes shown the genetic mixture of
Thai population as a variety of the Southeast Asian. This result can provide the

preliminary data for study the genetic relationship of population in Southeast Asia.
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CHAPTER 1
INTRODUCTION

Statement of purpose

The regmn known as lower northern part of Thalland is the center.of Indo-.

. China reg1on because 1ts promlnent locatlon which is connectlng the northern Thailand

to the neighboring countries. There are several major and important highways passing
through the province, including one leading to Myyanmar and Laos and others from the
central part to the northern Thailand. Since the region is a frequent-travelled route by
many travelers of all ethnicities, it would influence high diversity in populations. The
Siam tribe, Lao tribe and some hill tribes such as the Hmong can be found here. Each
group still maintains their unique cultures and traditions. They had been preserved is
their genetic structure which is crucial for conducting a genetic study of a
population. On the other hand, population migration has changed the genetic structure.
The genetic structure of the populations is going to be rapidly diversifying due to the
Asian Economic Community Initiative (AEC Initiative) that bring more foreign
influx As a result, now more than ever, it is necessary to study the genetic strﬁcture of

the population in this region before too much change occurs.

In this research, the genetics structure of population in the Lower Northern
part of Thailand will be studied by two molecular markers: the mitochondrial DNA at

the D-loop control region and the Y-chromosome short tandem repeats.

The data in this research aims to support the genetic reference database of Thai
populations and there are not only the basis of population genetics in Thailand but might
be applied in ethnology, forensic science and other fields such as the study on genetics

disease and personal pharmaceutical.



Objectives of the study

1. To evaluate the genetic dlver51ty and estimate the genetic relationship
- ;;w1thm/between populations of Thai Siam, Lao Song and Hmong in lower northern part
of Thailand using. mtDNA- sequences: and Y- chromosome Short Tandem Repeat (Y-

_ STR) as molecular markers

2 To 1nvest1gate the p0881ble haplotypes of mtDNA or Y chromosome STR" ‘

polymorphlsm which are associated to ethnic populatlons

Expected output of the study

To establish the genetic database of populations in Lower Northern part of
Thailand.

Expected outcome

The database can be applied to ethnological science, forensic science, medical

‘science and others.




CHAPTER TI
LITERATURE REVIEW

Ethmcnty and populatlon in lower northem part of Thalland

- Ethnology is the branch of anthropology that characterized and compared the
differentiation and relation of people. It indicates the social properties and explains the
status of populations. In the past, the physical traits and ancestor were used to classified
human as “race” in term of human and social evolutions. It established the racism and
controversy,  However, there are many factors such as social mechanism,
communication and interpopulation marriage, resulting in the complication of human
classification. Nowadays, the anthropologist proposed to use social contexts such as
language, costume, culture and traditions to classified people into “ethnic”, which have
been more diverse. Their lifestyles had been changed rapidly according to the changing
of social, economic and culture context. The ethnic groups in Thailand were classified
into 5 language families which were Tai-Kadai, Austro-Asiatic, Sino-Tibetan, Hmong-
Mien and Austronesian. Tai-Kadali is the largest ethnic group including those who lived
in Thailand and used Thai language since Thailand was Siam, in Sukhothai era and
others whose ancestor originated in China, Laos, Vietnam or Burma (Myanmar). The
native Thai or Thai Siam, who speaks central Thai language, is the most common
group in Thailand. There are more tﬁan 20 ethnic groups identified such as Tai Yai,
" Lue, Song, Yuan, Meung (northefn Thai), Paktai (Southern Thai), Lao Lom, Lao
Ngaew, Lao Klang, Lao Wieng, etc. (Schliesinger, 2001).

The lower northern part of Thailand consists of nine proviﬂces —Tak,
Phitsanulok, Sukothai, Petchabun, Pichit, Kamphaeng Phet, Nakhon Sawan and Uthai
Thani. Phitsanulok, as a center of this region, has several highways passing through,
from Central to North plain, and connecting western to north Eastern plain. It is the
important area for economic affair. Several population migrated in to this region, since

Sukothai era resulting in high varieties of populations (Satapanawatana, Sirasunthorn,



& Suwanpratest, 2011). Culture, belief and ethnicity presented the identity of each
population. The Thai Siam who used Thai language with Ayutthaya or Sukothai dialect
‘. ~ canbe. observed in Meung dlstrlct and surroundlng area of dlStI‘lCt The Laos tribes, Lao
_Luang Prabang, Lao Vlentlane and Lao Song for examples 11v1ng in some v1llages in
| Bang Rakam and Wang Thong dlstncts H111 tnbes such as Hmong settled at Chat
T rakan and Nakhon Tha1 dlstncts Chmese and Indlan 1nhab1ted in commerc1a1 area of
Meung dlstnct Amerlcans Europeans and Vletnarnese are found in less frequency )
The ethnic populat1ons and their languages with accents in Phitsanulok province were

identified and mapped on their geographical areas, (Ngourungsi et al., 1976).

Lao Song, the Tai-Kadai speaking group, is one of minority groups living in
the area near the border of Southern China, Laos and Vietnam for more than 200 years.
They migrated to Thailand in the early Rattanakosin period (1778-1779 A.D.). The first
wave of Lao Song could be found in the central part of Thailand; Phetchaburi, Suphan
Buri and Nakhon Prathom provinces. Then they travelled upwards to lower northern

part of Thailand, Phitsanulok province (Srising, 1976).

Hmong is the most dispersed hill tribe in Southeast—Asia, from China to
Myanmar, Vietnam, Lao and Thailand. They were belonged to Miao ethnicity who
used Hmong-Mein (Miao-Yao) language family. In the 16" century, Hmong were
forced to leave their original habitat and moved to Yunan because of the Han expansion.
Moreover, they also rnoved to the northern part of Laos and Vietnam. During the Indo-
China conflict, the areas were too affected'by the war at the time, Hmong then continued
- their migration to several areas in _northern part of Thailand. Some settled down in

Phitsanulok province, around Nakhon Thai district (Schliesinger, 2000).

Genetic markers of human population study

After the finishing of the Human Genome Project, the knowledge of human
molecular genetics were applied in many areas, not only medical science or
pharmacogenomics, but social science such as ethnology and anthropology were

influenced the plenty genetic data. The genetic variation was used to study the genetic




structure of populations and several ethnic groups. The researcher can trace the
demographic or the migration of interested population by tracking the pattern of genetic

structure in each population and compare to the others_.

o Many types of genetlc markers were used to study the structure of populatlons

The autosomal markers such as the HLA typmg (Cao, et al, 2001) blood groups

- (Ward, et al 1975) and hemoglobin E dlstrlbutlon (Fucharoen etal. 2001a) were used“,. o

to study the gene frequencies in populatlons But there are some complex1ty of .
autosomal markers. The first is the recombination of inheritance. In each generation,
half of autosomal DNA of individual are shuffled from their mother and father. That
makes its difficulty for data analysis. Second, the selective effect of the chosen gene
brings more sophisticated effect of population evolution. Then, the new choices of
markers were developed. The mitochondrial DNA and Y-chromosome were chosen.
Aiming to trace the history of population and compare the genetic relationship between

populations.

The mitochondrial DNA and the Y-chromosome can be used as the lineage
markers because, both are passed from generation to generation without gene
recombination although the mutation event can occur in rare cases. Maternal lineage
can be traced with mitochondrial DNA sequence information, whereas paternal lineage
can be detected with Y-chromosome markers.  The genetic information of both
mitochondrial DNA and Y-chromosome are called as h.aplotype rather than genotype

because there is only one set of haplotype in each individual.

Mitochondrial DNA

The mitochondrial genome is a closed circle of double-stranded, antiparallel,
double-helix DNA. The complete sequence was published in 1981 by Anderson and
his colleagues. It consists of 16,569 base pairs which contains the information for
encoding 13 proteins, 22 tRNAs and 2 rRNAs (Figurel). All are responsible for
mitochondrial respiration (Asin-Cayuela & Gustafsson, 2007; Mercer et al., 2011). The
genome of mtDNA is widely studied in the medicinal field because more than 250

mutations of mtDNA were identified as important causes of diseases due to oxidative



phosphorylation defects (Tuppen, Blakely, Turnbull, & Taylor, 2010). The two strands
of mltochondrral DNA are called “H” for heavy strand-and “L” for light strand because
the H- strand contalns hlgher purines (ademne and guamne) composmon than L- strand
~as well as the purlnes are heavrer molecular we1ght than pynmldrnes The repllcatlon’ |
| process of rnltochondrra 1n1t1ated on H- strand ata spec1ﬁc origin but L- strand mltlated
| later. Itis result in the formatlon of a dlsplacement loop (D loop) (Chang & Clayton

- 1985). The mltochondnal rephcat1on occurs autonomously and is. separated from
nuclear genome (Clayton, 2000). The most sense sequence of RNA is lined on L-strand
which was defined as the main coding strand. The base composition of the L-strand
are 24.7% T, 31.2% C, 30.9% A and 13.1% G. The first complete sequence of human
mitochondria also called the Cambridge reference sequence (CRS) (Anderson et al.,
1981). However, the CRS was revised and found 11 nucleotide errors and 7 rare
nucleotide polymorphisms. The CRS was revised and newly named as revised
Cambridge reference sequence (rCRS) (Andrew, et al., 1999) Wthh was favorable

tool when compared with others.

Conlrol region
or "d-loop

128 rRNA By gé} Cylochrome b

NADH
Dehydrogenase

188 1RNA subunits

Sk e 2 tANA-encoding genes
NADH gl 13 protain-ancoding ragions
Dehydrogenase i g o

subunits

NADH
Dehydrogenase
subunits

) Y Cytochrome Oxidase
K3 subunits

ATTd
ATP Synthase
subunits

Cytochroma Oxidase
subunits

Figure 1 Human mitochondrial genome, a 16,569-bp (base pair) circle of double-
stranded DNA containing 37 genes, 2 ribosomal RNAs, 22 transfer
RNAs and 13 polypeptides (Ganfyd, 2010)
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Mitochondrial DNA properties

MtDNA has some important features such as high polymorphism, maternal

~ inheritance and high copy number which were attractive to many fields of studies.

First, the mitochondrial: DNA had higher. mutation rate than the autosomal

DNA, espéc_:ially‘.in the D-loop control region which was approximately 1,100 base

* pairs ini size and dividéd into three distinct hypervariable regions (HVR) called HVR-

1, HVR-2 and HVR-3 (Figure 2). HVR-1 was composed of 342 base pairs which was
located on base 16,024 to 16,365, while HVR-2 was composed of 268 base pairs which
was located on base 73 to 340 and HVR-3 was composed of 136 base pairs which was
located on base 438 to 574. HVR-1 and HVR-2 consisted of many mutation hot spot
positions (Parsons, Muniec, & Sullivan, 1997). The most polymorphic characters
found in both HVR-I and HVR-II were single nucleotide polymorphisms (SNPs),
although some position were length polymorphism such as poly-c at position 16184 to
16193 and position 303 to 309 (Meyer, Weiss, & von Haeseler, 1999).

Control Region ~1,100 bp

16024 16365 0 3 340 438 5N

HVR1 HVR Il HVRHI .~

mtDNA Genome

16,569 bp

Figure 2 Position of human mtDNA control region



The mutation rate (n) of mitochondrial genome was approximately 1.70 x 108
substitutions per site per year (Ferris, et al. 1981) whlle mutatlon rate of whole genome
was between 1.6-3 4 x lO $ per site per generatlon approxrmately, assummg the .
- generatlon tlme of 25 years (N achman & Crowell, 2000) Hrgh mutation rate. brlngs to
hlgh polymorphrsm this leads to both HVR-1 and HVR-2 were the useful marker for_
' evolutlon and forensrc 501ence studles However the polymorphlc character of HVR- .

K con31sts of both SNPS and length vanatlon which were dlnucleotrde repeats. “There
were very few studies which targeted to HVR-3. The diversity of mtDNA were
characterized due to pattern of SNP or polymorphism occurred in each position. Set of

nucleotide polymorphisms was called haplotype (Figure 3).

a. SNPs SNP1 SNP2 SNP3
DNA1 . ACTAAGC....GGTCCT....CTAAATG
DNAZ2 ACTAAGC. ...GGACCT....CTAAATG
DNA3 ACTGAGC. ...GGTCCT....CTARATG
DNA4 ACTGAGC. ...GGACCT. .. .CTATATG

b. Haplotype

Haplotypel ‘ ACTAAGC. ...GGTCCT....CTAAATG
Haplotype2 ... ... P2l . X SN .
Haplotype3 o R i N ) S N IR

Haplotyped Flo:G. 5% gnlp.® P\ Y T...

Figure 3 Pattern of single nucleotide polymorphisms (SNPs) and haplotype

The high polymorphic property of mtDNA brought to high genetic diversity (‘n)_
of D-loop which was approximately 1.1-1.8 x 10, but the total mitochondrial genome
(excluded the D;loop) was approximately 2.3-4.6 x 103 (Table 1). The = values
reported in table 1 were belonged to entire sequence, D-loop and rest (ali except the D-
loop), which reported in groups of Africans and non-Africans. It showed higher genetic
diversity in Africans than others (Ingman, et al., 2000).




Table 1 Summary of statistical parameter for the mtDNA. Length, aligned
sequence 1ength excluding gaps; n, number of sequences; S, number of
segregatmg sites; MPSD mean pa1rw1se sequence dlfference andn genetlc

" ‘dlvers1ty (Ingman etal., 2000)

Data set ' Length - n 8 MPSD  n

Towl  Allman 1655 55 @7 60 37x107
| © NomAfsicans 16555 32 358 385 23x10°

* Africans © 16,556 20 367 767 46x%10°

D-loop All'human 1,118 53 141 17.2 1.5 x 102
Non-Africans 1,118 32 103 12.8 1.1x 1072

Africans 1,121 21 77 19.7 1.8x 1072

Rest All human 15,435 53 516 439 2.8x 103

’ Non-Africans 15,437 32 255 25.7 1.7x 103
Africans 15,448 21 290 57.0 3.7x103

The second, the rﬁatemal inheritance property was used for person identification
in maternal lineage in forensic science. Theoretically, mtDNA inherited without gene
segregation and recombination (Giles, Blanc, Cann, & Wallace, 1980) which resulted
in constantly sharing their mother’s mtDNA haplotypes of the offsprings (Cortellini,
Verzeletti, Cerri, Cisana, & De Ferrari, 2015). Though the paternal mitochondria could
penetrate into gocytes, they were eliminated by the lysosomes in oocyte cytoplasm
(Sato & Sato, 2013). The remaining paternal mtDNA transmission was very rare, but it

could occur (Schwartz & Vissing, 2002).

The last advantage of mitochondrial DNA was its high copy number in a single
cell, 100 to 1,800 copies approximately (Bogenhagen and Clayton, 1974). When there
was high copy number of mtDNA‘, there was more chance to successfully amplify
mitochondrial DNA in case of old or damaged samples. However, mitochondria copy
number varied from cell types, mostly found in cardiac muscles and liver (Malka,

Lombes, & Rojo, 2006).

Another property of mtDNA is independent replication. The DNA replication
of mitochondria is independent of nuclear genome. The properties which high mutation

rate and high copy number resulting the mix type of mtDNA called heteroplasmy.
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In some case, the mixture of mitochondria, heteroplasmy, can be found in cells or tissue.
The degree of heteroplasmy was related to the mitochondrial disease such as the Leber’s
‘Heredltary Optlc Neurophathy (LHON) (Holt Mlller & Hardlng, 1989), Alzhelmer
‘ dlsease (AD) and Parklnson dlsease (PD) (Shoffner et al 1993) and also agmg

| (Lmnane Ozawa Marzuk1 & Tanaka 1989) However heteroplasmy transmlssmn is |
also 1mportant tools in forensw sc1ences like nuclear genome The case of Tsar Nlcolas )
II'is the classic example on heteroplasmy whlch transmltted in maternal hnages (G111 et

al., 1994, Ivanov et al., 1996).

Human mtDNA applications

~ In molecular genealogy, the accumulation of nucleotide mutations since the
time of the most recent common ancestor (MRCA) has to be analyzed to reconstruct
the tree of human genetic relationship. In order to locate the mutation sites, the position
must be compared with reference. The rCRS (Andrew et al., 1'9‘99):is‘ the favorable
reference sequence. The oﬁginal sample of rCRS, the HELA cells, belonged to the
European person but many studies of the human genealogy suggested _tlrat the human
origin was African. The Copernican, an ancient Homo sapiens, mitochondrial DNA
was suggested to use as reference sequence and called the Reccnstructed Sapiens
Reference Sequence (RSRS) (Behar, et al., 2012). Nevertheless, RSRS is still not
favorable reference in forensic science and population study due to plenty of analyzed

sequence which already compared with rCRS.

Now the data of mitochondrial DNA are available online in many database
such as NCBI (http://www.ncbi.nlm.nih.gov), MITOMAP (http://www.mitomap.org/
'bin/view.pl/MITOMAP/Web‘Home), EMPOP (http://empop.org/), mtDB (http://www.
mtdb.igp.uu.se/) and mitosearch (http://www.mitosearch.org/). Many of them are

included the varieties of phylogenetic analysis tools.
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Y-chromosome polymorphisms

The human Y-chromosome is the second smallest human chromosome with
length of approxrmately 60 mllhon nucleotldes The, t1ps of the Y- chromosome Whlch,
are called the pseudoautosomal reglons recombme wrth the1r s1ster X- chromosome‘_
homologous regions. The remamder of the Y chromosome (approx1mately 95%) is .‘
B known as the non-recomblnmg portlon of the Y chromosome or NRY The NRY,

remams the same from father to son unless a mutatlon occurs

Y-chromosome DNA testing is important for a number of different
applications of human genetics including forensic evidence examination, paternity
testing, historical investigations, studying human migration patterns throughout history,
and genealogical research. The value of the Y-chromosome in forensic DNA testing is
that it is found only in males. Since a vast majority of crimes where DNA evidence is
helpful, particularly sexual assault, involve males as the perpetrators, DNA tests are

designed to only examine the male portion and it can be valuable.

The Y-chromosome has become a popular tool for tracing historical human
migration patterns through male lineages. Anthropological, historical, and genealogical
questions can be answered through Y-chromosome results. Random mutations are the

only mechanisms for variation over time between paternally related males.

While, the mitochondrial polymorphisms are the nucleotide substitution, the
polymorphisms on Y-chromosor_ne are the repeated sequence or short tandem repeats
(Y-STR) (Figure 4). The Y-STRs are distributed along the chromosomes. Otherwise,
they are some nucleotide substitution sites on Y-chromosomes. Since Y-STRs change
more rapidly (mutation rate approximately 1 in 10%) compared to Y-SNPs (mutation
rate approximately 1 in 10%), Y-STR results exhibit more variability and thus have
greater use in forensic applications. Typically, Y-STRS are described as defining
haplotypes while Y-SNPs define haplogroups. Y-SNPs can be useful in DNA ancestry
studies.
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SNP STR
Manl ATCAG...CGCG/GTA/GTA/GTGACTACGT . 2 repeats
Man2 = ATGAG...CGCG/GTA/GTA/GTA/GTGACTACGT ~ = © = . 3 Yepeats

‘Man3  ATGAG:..CGCG/GTA/GTA/GTA/GTA/GIA/GTAGTGACTACGT 5 repeats -

Figure 4 Sihg’le nucleotide p"olym"ol.'phisms' éhd.shdrt tandem repeats

Although more than 400 Y-STR loci have been mapped along the human Y-
chromosome, only a small set of core loci is routinely analyzed. In 1997, the European
forensic community settled on é core set of Y-STR markers or “minimal haplotype”
that include DY S19, DYS389V/11, DYS390, DYS391, DYS392, DYS393 and DYS385
a/b (Figure 5). Most Y-chromosome data to date has been generated with these loci.
In 2003, the U.S. Scientific Working Group on DNA analysis Methods (SWGDAM)
recommended a core set of Y-STRs that includes the nine markers in the minimal
haplotype plus DY S438 and DYS439 (Willuweit and Roewer, 2007). These loci are
available in commercial Y-STR kits. Although new markers will be added to databases
as their value is demonstrated and they become part of commercially available kits,
these 11 established markers are likely to continue to be important in future Y-STR
research. The characteﬁstics of commonly used Y-chromosome STR loci show in table

2.
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DYS458 DYS460 DYS469a
DYS463 DY$449 DYS464b DYS464c
DYS465 : DYS464d

DYS447  Dys452

DYS385a D,YS385§”‘ ‘

¢
‘.

q

helarochromalin
Pacudnautosomal
region

Peeudoardosomal
rogion

Figure 5 Relative position of Y-STR (Butler & Reeder, 2014)

Y-STR haplotype databases

A number of online Y-STR databases exist (Table 3). The forensic databases ‘
contain collections of anonymous individuals and can be used to estimate the frequency
of specified Y-STR haplotypes. The genetic genealogy databases, such as Ysearch and
Ybase, contain Y-STR haplotype information gathered by genetic genealogy
companies with different sets of loci frbm males trying to make genealogical
connections. Thus, the haplotypes in these genealogy databases are associated with

specific individuals and family names.

The largest and most widely used fofensic and general population genetics Y-

STR database, known as the Y-STR Haplotype Reference Database (YHRD) contains
results from more than 65,000 samples representing greater than 500 different groups
of sample submissions from various populations around the world. Several genetic
genealogy Y-STR haplotype database are also available online. These databases are
typically not only used for Y-STR forensic haplotype frequency estimates, but could be

| helpful in trying to associate a family surname with a particular haplotype if this
information was desired in an investigation. These genetic genealogy database contain
information from the minimal haplotype loci, a subset of the minimal haplotype loci,

or additional Y-STR, and therefore it can always be searched across all loci of interest.
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Table 2 Characteristics of commonly used Y-chromosome STR loci (Butler, 2009,

p.370)

STR marker Position MB) "Repe‘at'-M‘dt\if ‘ 'Allelzé 'Réngé 'Mufétidn raté T
“Dvsa03 319 AGAT '8-17: | 008%
’DYiS456.' S a4 AGAT ;13."1-8 072%
Dysiss 7.93 GAAA 14-20 1.1%

DYS19 10.13 TAGA 10-19 0.24%

DYS391 12.61 TCTA 6-14 0.29%

DYS635 12.89 TSTA 17-27 0.42%

DYS437 12.98 TATR 13-17 0.15%

DYS439 13.03 AGAT 8-15 0.54%

DYS389 VI 13.12 TCTR 9-17/24-34 0.19%/0.30%

DYS438 13.38 TTTTC 6-14 0.05%

DYS390 15.78 TCTR 17-28 0.24%

GATA-H4 17.25 TAGA 813 0.25%

DYS385 a/b 19.26 GAAA 7-28 0.22%

DYS392 21.04 TAT 6-20 0.06%

DYS448 22.78 AGAGAT 17-24 0.18%

For applicable data, a large among of data have to collect from each separated

population. For example, in Koreans (Park, et al., 2005), Singaporev (Yong, Lee and
Yap, 2006), Japanese (Hashiyada, et al., 2008), Chinese Han (Hu, 2006) and
Bangladeshi (Alam, et al., 2010); Unfortunately, in 879 population data of YHDR

database, it is only one Thai population with 757 samples collected from central part

Thailand (Siriboonpiputtana, et al., 2010).
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. Table 3 Summary of available online Y-STR databases

Database Number of samples (population Web site
- groups) . _ ’ v '

Y-STR Haplotyps Reforence 65,165 (517 groups) © http//www.YHRD org
* ~Database (YHRD) B : B

-US Y-STR Database (US Y- 13,906 (5 groups) , ~hitp://www.usystrdatabase.org
~ STR). e DR
" Ysearch | 65,869 (generélogisté) http://Www.ysearch.org

Ybase | 13,830 (genealogists) http://www.ybase.org

Sorenson Molecular >30,000 (genealogists) http://www.smgf.org

Genealogy Foundation

(SMGF)

Interpretation of Y-STR results

Since the Y-chromosome is passed from father to son with unchanged, the
observation of match with Y-STR does not carry some power of discrimination as an
autosomal STR. The lack of recombination betWeen Y-chromosome markers means
that allele of each Y-STR locus have to be combine into a haplotype for searching
available databases as well as estimating the rarity of a particular ha‘p]otype.“ The
statistical data of Y-STR are derived from population data and done. by counting
method, where the number of haplotype in the database is used. The size of the database
used for the counting method makes a difference when trying to estimate the rarity of
Y-STR profile.” The larger number of unrelated individuals in the database, the better

the statistics will be for a frequency estimation.

Statistical test

To estimate the genetic diversity of population, several statistical value were
used to test. The data of mitochondrial DNA can be analyze under the form of
haplotype and Y-STR can be analyze under the form of haplogroup. The genetic

structure can be estimate both within and between populations.
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Within population, the parameter measurement are below:
1. Number of polymorphic sites
| Thélﬁuﬁibér'ofnsable loci show more than one allele per locus.
2.:Mean nﬁmber of fpai;'w"sis.e di":ffer(e;,ncebs;_(;cf) |

" Mean number of dlfferences between all pairs Of haplotypes in the sample will

kK k
n
T, 2 P

i1 f

be determined Itis glven by

where dj is an estimate of the number of mutations having occurred since the
divergence of haplotypes i and j, k is the number of haplotypes, is the frequency of
haplotype I, and 7 is the sample size. The total variance (over the stochastic and the
sampling pfocess), assuming no recombination between sites and selective neutrality,
~ is obtained as

3n(n+ L) + 2(n? +n + 3)#2

V) = 11(n2 — 7n + 6)

(Tajima, 1993)

3. Estimation of genetic distances between DNA sequences

Definitions
L: Number of loci
Gamma correction : This correction is proposed when the mutation rates

cannot be assumed as uniform for all sites. It seems to be the case of the
control region of human mtDNA. In such a case, a Gamma distribution
of mutation rates is often assumed. The shape of this distribution (the
unevenness of the mutation rates) is mainly controlled by a parameter a,
which is the inverse of the coefficient of variation of the mutation rate.
The smaller the a coefficient , the more uneven the mutation rates. A
uniform mutation rate corresponds to the case where a is equal to

infinity.
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ng: Number of observed substitutions between two DNA sequences

ns ; Number of observed transitions between two DNA sequences

ny: Number of observed transversions between two DNA sequences

o G+C fét'i(‘),fcomput.éd”on all the DNA Sequéhbés ‘of a glven 'samfﬁé B

- 3.1 Pairwise difference ¢
Outputs the number ofloci-.‘fdi' which two haplotypes are different .~
e dil‘z‘ﬁ'c; M R
v(d)= dL - d)/L
3.2 Percentage difference

Outputs the percentage of loci for which two haplotypes are different
d= ny/L
v(d)= da-d)/L
4. Estimation of distances between Y-STR haplotypes

4.1 No. of different alleles

The simply count the number of different alleles between two haplotypes.

L
axy = Z 6xy(i)
i-1

Where 8., (i) is the Kronecker function, equal to 1 if the alleles of the i-th locus are

identical for both haplotypes, and equal to 0 otherwise. When estimating genetic
structure indices, this choice amounts at estimating weighted Fsr statistics over all loci.

4.2 Sum of squared size difference

Counts the sum of the squared number of repeat difference between two haplotypes.

L
dxy = Z(axi - ayi)2
i-1 :
Where ay; is the number of repeats of the microsatellite for the i-th locus.

When estimating genetic structure indices, this choice amounts at estimating an analog
of Slatkin's Rsr (1995).
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5. Neutrality tests
5.1 Tajima's test of _selective neutralit_&

Tajima’s (1989a) test is based on the infinite-site model without recombination,.
~ appropriate for short ‘DNA sequences or RFLP haplotypes: It compares two-estimators
of the mutatlon parameter theta (8= 2Mu, w1th M=2N in diploid populations or M—'N
in hap101d populatlons of effective size N) The test statlstlc D is then defined as

én B gs
/Var(@7I - 85)

where 8, = 7t and B, = §/ Y (—) and S is the number of segregating sites in the

D =

sample. The limits of conﬁdence intervals around D may be found in Table 2 of

Tajima's paper for different safnple sizes.

The significance of the D statistic is tested by generatmg random samples
under the hypothesis of selective neutrality and population equlhbrlum The P value of
the D statistic is then obtained as the proportion of random FS statistics.less or equal to
the observation. We also provide a parametric approximation of the P-value assuming
a beta-distribution limited by minimum and maximum possible D values. Note that
significant D values can be due to factors other than selective effects, like population

expansion; bottleneck, or heterogeneity of mutation rates.

5.2 Fu’s FS test of selective neutrality

Like Tajima’s test, Fu’s test (Fu, 1997) is based on the infinite-site model
without recombination, and thus appropriate for short DNA sequences or RFLP
haplotypes. The principle of the test is very similar to that of Chakraborty described
above. Here, the evaluate the probability of observing a random neutral sample with a
number of alleles similar or smaller than the observed value given the observed number
of pairwise differences, taken as an estimator of 6. In more details, Fu first calls this

probability S’ = Pr(K = kps } 8 = 8, and defines the Fs statistic as the logit of
!

Fs = In(7—)
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Fu (1997) has noticed that the FS statistic was very sensitive to population
demographic expansion, which generally lead to large negative FS values.

The significance of the FS statistic 1s tested by generatlng random samples under the

~ hypothesis of selective neutrahty and populatlon equlhbnum usmg a ‘coalescent
 ‘simulation -algorithm- adapted from Hudson (1990;:cited by Excoffier, Laval and
- .Schneider, 2005). The P-value of the FS sfatlstlc is then’ obtamed as the proportlon of -

'random ES S'[a'[IStICS less or equal to the observatlon Usmg 31mulatlons Fu noticed that

the 2% percentlle of the distribution corresponded to the 5% cutoff value (i.e. the
critical value of the test at the 5% significance level). We indeed confirmed this
behavior by our own simulations. Even though this property is not fully understood, it
means that a F'S statistic should be considered as significant at the 5% level, if its P-

value is below 0.02, and not below 0.05.
6. The population pairwise genetic distance

The pairwise Fsr can be used as short-term  genetic distances between
populations, with the application of a slight transformation to linearize the distance with
population divergence time. The pairwise Fsr values are given in the form of a matrix.
The null distribution of pairwise Fsy values under the hypothesis of no difference
between the populations is obtained by permuting haplotypes between populations. The
P-value of the test is the proportion of permutations leading to a Fsr value larger or

equal to the observed one. The P-values are also given in matrix form.

Population genetic study in global scale

The phylogenetic or the evolutionary relationships of human populations can
be established when a large number of population data are examined. By using
autosomal polymorphic loci, the major clade of human population separates African
from non-African. After that the North Eurasian supercluster (Caucasians, Northeast
Asians, and Amerindians) it split from the Southeast Asian supercluster (Southeast
Asians, Australians, Papua New Guineans, and Pacific Islanders) (Cavalli-Sforeza, et
al., 1988). However, two phylogenetic study methods, UPGMA and NJ , presented two
different figure of genetic relationship between populations (figure 6 and 7) (Nei and
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Roychoudhury, 1993). The UPGMA tree, the second split occurs between the
Northeurasian supercluster and the Southeast Asian supercluster, whereas in this tree it
| occurs between Cauca51ans and non- Caucas1ans The th1rd level of sphttlng is.between
the Caucas1an cluster and the remalnder whereas the fourth level is between the_'
‘Amerlcan cluster (Amerlndlans and Esklmos) and the cluster of Asrans and Oceanlans
' The sphttlng pattern of the former tree was poorly supported by bootstrap tests (arrows
_in figure 6). Moreover in the human hlstory, the genetlc drift in mode of founder effect
gives a dramatic change in population size and genetic diversity between populations
then the assumption of constant rate of evolution in UPGMA method does not hold for
human populations. The NJ method which allow vary of evolutionary rate among
different population is well supported the phylogenetic of human populations. NJ has
almost completely replaced UPGMA in the current literature.
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Figure 6 UPGMA tree for 26 representation human populations. Data calculated
from genetic distance (Da) of 29 autosomal polymorphic loci. The scale
of branch is in units of Da/2. The bootstrap probability are shown on

interior brunch.(Nei & Roychoudhury, 1993)
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| e |
0.01

Figure 7 NJ tree for 26 representation human populations. Data calculated from
genétic distance (Da) of 29 autosomal polymorphic loci. The scale of
branch is in units of Da/2. The bootstrap probability are shown on
interior brunch. Major groﬁps of human populations are Africans (A),
Caucasians (B), Graster Asians (C), Amerindians (D) and

Australopapuans (E). (Nei & Roychoudhury, 1993)

In present day, a large among of mitochondrial DNA haplotypes and Y-STR
haplogroups data are multiply in global scale. Numerous population were reported and
the bioinformatics software, both on-line and stand-alone, were used to data analyses.
They were all shown not only the genetic relationship between populations but the
populations in each continent sharing some genetic characters. The data were

simplified by McDonald (2005) (figure 8-11).
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Figure 8 Y-haplogroups of the world (McDonald, 2005).
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Figure 9 The simplified tree of Y-haplogroups (McDonald, 2005).
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Figure 10 The mitochondrial haplogroups of the world (McDonald, 2005)
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Figure 11 The simplified tree of mitochondrial haplogroups (McDonald, 2005).
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Population genetics studies in Thailand

Phylogenetic studied in Thailand began by using the autosomal marker such as

BE- globm gene (Fucharoen et al 2001a) Ten mlnonty groups 1n the Northeastern part.‘-

of Tha11and were examined. The haplotype of BE-globm show the closely relatlonshlp

between Sou1 -Thai Khmer and between So Thai Esan and Phuthal present in separated |
. clusters Thls report was clarlﬁed the orlgm of hemoglobm E hypothe81s In addltlon "
the NJ tree of this report show the separated cluster between Thai- Chlnese populations

and Tai-kadia populations which are Thai Dam, Thai Loei and Thai Puan (figure 12).

i, Thpkxﬁrr“i,orf

—Soui

0o

Figure 12 NJ tree for ten population’s groups studies by BE-globin haplotype

analysis base on da (Fucharoen, et al., 2001a),

At the same time, the HVR-I of mitochondrial DNA was studied in some native
Thai. The phylogenetic study show the closely relationship between Thai, Phuthai and
the hill tribes which inhabit in Chiang Mai. It supported the hypothesis which Thai
population migrated from the Southern China. However, Thai Khonkaen was grouped
with Lao Song and Chong for NJ tree though this clade was support poorly (Figure 13).
Again, the NJ tree and UPGMA tree draw a different relationship pattern. According

to these results, the Sakai was characterize as basal lineage (Fucharoen, et al., 2001b).
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Figure 13 The relationship of population based on da in eight Thai populations.
(a) Geographic distribution of eight Thai populations. (b) NJ tree and
(c). UPGMA tree show the relationship of population based on da
(Fucharoen, G. et al., 2001b) |

Several studies shown the relationship between populations in Southeast Asian.
In 2002, the HVR-I of mitochondrial DN A was studied in 13 Chinese population and 1
Northern Thai population. The unrooted NJ tree showed the close affinity between
Thai, Dai and Zhuang. They were separated from other Chinese populations (Figure

14) (Yao et al., 2002). This result support the hypothesis that Northern Thai poi)ulation
migrated from Southern part of China.
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Figure 14 Unrooted NJ tree of the 14 populations based on the net genetic
distances (da)(Yao et al., 2002).

In 2009, the mitochondrial DNA haplotypes from Northem part (Chiang Mai)
were characterized and published in EMPOP database. The composition and genetic
structure  were  significantly  different ~ from  other Southeast Asian
populations(Zimmermann et al., 2009). At first, his data was aimed to use in forensic
science applications, after that these“data were chosen to compare with 16 East Asian
groups by the linguistic respect: Tai-Kadai, the Austro-Asiatic (including the Mon
Khmer), the Sino-Tibetan (including Tibeto-Bﬁrmans and Han), the Hmong-Mien
(Miao-Yao), the Austronesian and the Altaic (Boodner, et al., 2011). This is the first
report which revealed the grate mitochondrial variety of population around Thailand.
The relationship among neighboring countries of Thailand was influenced on trading
and war. This was consequence of migration all over the long times. The small
populace can be observed in whole country. The ethnicity was characterized‘by the

linguistic data.
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On the other hand, the DNA data together with the linguistic and culture was
widely used for the genetlc structure study in Southeast Asia; However, the literature

N of Thai populatlons are 11m1t in only some. areas For mstance ten populatlons of Khon-

Mueang in the Northern part of Thalland were studled to compare with the ethnic .

- groups namely Lawa Mon (Mon Khmer—speaklng groups) Shan Yuan, Lue Khuen

'and Yong (Tal speaklng groups) The Khon Meung showed the mlxture of genetxc_
structure in the closely geographlc ethnic groups (Kutanan et al. ,2011a). Different from
the study in Mon-Khmer speaking populations compare to Tai-Kadai speaking, they
showed the divergence of genetic relationship among them (Figure 15) (Kutanan, et al.,
2011b). Meanwhile the populations in Southeast Asian, especially in Thailand, has a
great variety of genetic structure but they frequently show the influence of linguistics
which affect to population isolation, especially in Mon-Khmer speaking (Xu et al., 2010;
Kampuansai et al., 2012). Moreover, the genetic data can be proved the ethnicity of
population. For example, there are Lau living in Nan province which their ethnlc history
are unclear. The mitochondrial DNA, showed the different. genetic structure between
the Lua from Nan province and other areas whereas the genetic of them was similar to

H’tin who migrated from Laos (Kutanan & Kangwanpong, 2010)
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Figure 15 The genetic relationship among Mon-Khmer speaking and Tai-Kadai

speaking a. Geographic distribution of population samples. b.

Multidimention scatter plot based on Slatkin’s linearization Rst matrix

applies to Y-chromosome. (Filled circle: Tai linguistic subfamily, Empty

symbols: Mon-Khmer subfamily with different shape indication cluster
membership(Kutanan et al., 2011b).



CHAPTER III
RESEARCH METHODOLOGY

This chapter pi'esents the ‘methodology of this research including materials,

apparatus and methods. The detail of each topic is described below.

Hypothesis

This study aimed to determine the genetics structure of populations and their

genetic relationship, the hypothesis were set for this study as follow;

Null hypothesis: the genetic structure between individual within population were

not difference (Ho: Al = A2)

Alternative hypothesis: the genetic structure between individual within

population were difference (Ha: A1 # A2)

Null hypothesis: the genetic structure between population were not difference
(Hom): An=Bn)

Alternative hypothesis: the genetic structure between population were difference

(Hawm): An # Bn)

Ethical consideration

The thesis proposal was proposed and approved by the Human Ethic
Committee of Naresuan University (COA No. 211/2015). The volunteer will be inform
the objectives and benefits of study and effects to them before sign the consent form.
Names and personal information will transform to codes and data analyzes by groups to

ensure blinding the individual information.
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Populations and sampling

The prehmmary questlonnalres were sent to 85 sub-districts in 7 provmces of

Ngourungsr and colleages 1976; Burusphat 2000 Jlrananthanaporn and colleages

2008. The target populatlons were selected under the criteria Wthh were: |

1. The resxdentlal habitat of populations’ Were small rural Vlllage -and separated

from others.
2. The ethnicity of populations were identified due to langauges and cultures.

3. There were commulinity leaders and midical specilist who coperated the

sample collection process.
Three populations were selected which were:

1. Thai Siam who hved in Phrom Phiram dlstnct Phitsanulok province.
(Lat.17.1669996, Long. 100. 0945124) '

2. Lao Song who lived in Bang Rakam district, Phitsanulok province
(Lat.16.6367235, Long.100.1505811)

3. Hmong who lived in Nakhon Thai district, Phitsanulok province (Lat.
16.8124112, Long. 100.9695965) (Figure 16).

The volunteers were explained about the details of research and voluntaries
signed the consent form at the collection sites. The data of ethnicity and migratidn

history of each individual were record.
The inclusion criteria were as follow:
1. The individuals had their ethnicity history at least 3 generations.

2. The volunteers were 20 years old or more, healthy, good verbal

communication and willing to participate in this study.

3. There were unrelated individuals.
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Sample size
The required sample size in this study based on the numbers of ethnic groups.
The volunteers were employed by the consecutive number of sample size per each group

within ene visit or at least 30 individuals per population...~

Figure 16 Geographic distribution of three ethnic populations; Thai Siam (A) from
Phrom Phifam District, Lao Song (B) from Bang Rakam District and
Hmomg (C) from Nakhon Thai district in Phitsanulok provinée
Thailand.

Blood collection

Blood samples were draw from vain by nurse or licenses medication official.

Three to five ml. of blood will be stored in EDTA vacutainer tubes.
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DNA extraction

The genomic DNA were extracted using the PureLink™ Genomic. DNA Kits

(Invitro geq_) and‘_quant_iiﬁcd byll% agarose gel el'_ectropho,r’es’is‘. Th_ey .w‘er,e‘sto_red at 8°C.

" DNA analysis
The DNA samples. were used to amplify the D‘-ioop control region of mtDNA
and Y-STR.

1. The mitochondrial DNA study

Genomic DNA was extracted using PureLink™ Genomic DNA Kits
(Invitrogen, USA). The entire sequences of D-loop hypervariable region of fntDNA
were amplified using primers F15878 and R649 (Brandstitter et al., 2004). The PCR
mixture consisting of 2 pl DNA template, 1X OnePCR™ (GeneDvirex) and 200 uM each
primers were carried out in 50 pl. The PCR were performed by 95°C for 10 minutes and
then 36 cycles of 94°C for 1 minute, 56°C for 1 minute, and 72°C for 2 minutes and
followed by 72°C for 5 minutes. The PCR product were purified by PureLink® PCR
Purification Kit (Invitrogen) and sequencing by BigDye® Terminator v3.1 cycle
sequencing kit (1% BASE, Singaporé). Series of 8 overlapping PCR-amp.liﬁ.ed primers
set-I; F15878, R649, F16190, R16175, F16450, R484, R285 and F314, were used for
the D-loop hypervariable sequences determination (Figure 17, Table 4). In case of
mutation or polymorphisms at the primers binding site or incomplete sequence, The
PCR of primer F15971 and R599 were used instead. The PCR mixture consistivng'of 2
ul DNA template, 1X OnePCR™ (GeneDirex) and 200 pM each primers were carried
out in 50 ul. The PCR was performed by 95°C for 10 minutes and then 36 cycles of
94°C for 30 seconds, 56°C for 30 seconds, and 72°C for 1 minute and followed by 72°C
for 5 minutes. The overlapping primers set-II; F15971, R599, R16410, F34, R599 and
F361 were used (Irwin et al., 2007). The generated sequences of each sample were
assembled using the MEGA7 software (Kumar et al., 2016). To ensure the quality of
sequences, the consensus sequences were generated twice and both of consensus

sequences were compared to generate the final sequences. The nucleotide positions of
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the mtDNA control region were numbered according to the revised Cambridge

" Reference Sequence (rCRS) (Andrew et al., 1999).

116024 - 16365 0 73~ - 340 438 574
o HVR-1 — HVR2 [ HVR:3 |—
T Fl6190 R285  Rdsd
R16175 F16450 F314
Set Il F15971 R599
— e
R16410 F34 F361
Arr— — —

Figure 17 Position of primers which were used to amplify the entire control region

of mtDNA. (modified from Brandstitter et al., 2004)
Statistical analysis

The mtDNA control region sequences from position 16024 to 16569 and 1 to
576 were analyzed. MEGA7 (Tamura et al., 2013) was used to identify for DNA

variation as follow:

Variable sites (v) or polymorphic sites are nucleotide positions which contains 2

or more nucleotides. Some variable sites can be singleton or parsimony-informative.
- Singleton (s) is a variable site which only one occurrence.

Parsimony-informative sites (pi) is a variable site which at least 2 of them occur

with a minimum frequency of two.

The percentage of v, pi and s were calculated by number of sites divided by

range of nucleotide in each regions.




35

Base substitution were determine. The percentage of mutations; transitions (ts),
transversions (tv), insertions-deletions (in/del) were calculated by number of mutations

divided by number of variable sites in each regions.

- DnaSP ver.510.1 software (Librado and Rozas, 2009) was used to calculated the
numbers of haplotype, héplotype diversity. (Hq) and. it_s.variance (Nei 1987, equations

- 8.4 and 8:12 “_but;‘re.'placving 2n by n), nucleotide diVéréity (m) (Nei 1987, equations 10.6) ~ -

and its variance (Nei 1987, equation 10.7). Two neutrality estimators, Fu’s Fs (Fu, 1997)
and Tajima’s D (Tajima, 1989) were also calculated by DnaSP.

NJ-tree was reconstructed by MEGA7. The evolutionary distances were

computed using the number of differences method (Nei, 2000).

Table 4 Sequences of primers used for amplification the entire sequence of D-loop

hypervariable region of mtDNA

Primer names Sequence 5’ to 3’

F15878 AAA TGG GCC TGT CCT TGT AG
R649 TTT GTT TAT GGG GTG ATG TGA

F15971 TTA ACT CCA CCA TTA GCA CC
R599 TTG AGG AGG TAA GCT ACATA

F16190 CCC CAT GCT TAC AAG CAAGT

F16715 - TGG ATT GGG TTT TTA TGT A

| 1F16450 GCT CCG GGC CCATAA CACTTG

R484 TGA GAT TAG TAG TAT GGG AG
R285 GTT ATG ATG TCT GTG TGG AA
F314 CCGCTTCTGGCCACAGCACT

R16410 GAG GAT GGT GGT CAA GGG A

F34 GGG AGC TCT CCA TGC ATT TGG TA

R921 ACT TGG GTT AAT CGT GTG ACC

F361 ACA AAG AAC CCT AAC ACC AGC
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2. The Y-STR study
Sample collection

281 Blood samples were collected from blood donor volunteers at The Fort |

'Somdet Phranaresuan Maharat Hospltal The blood’ collection process and personal

| mformauon of volunteers were preserved followed by the Standard Operatlon Protocol_"m

of the Human Ethlc Cornm1ttee of Naresuan Umversny
DNA extraction

Genomic DNA was extracted using MasterPure™ DNA Purification Kit
(Epicentre) and quantified with Qubit® dsDNA HS Assay Kit (Invitrogen) using Qubit

Fluorometer.
Y-STR amplification

Five loci of Y-STR were amplified by PCR (Table 6). The condition for PCR
reaction are 0.2 pg DNA, 1x PCR buffer, 2.2 mM MgClz; 2mM dNTP, 0.3 mM primer
(each) and 0.13 Unit/pl Tag polymerase (Invitrogen®, USA). The thermal conditions
for each pair of primers are 94°C for 5 minutes and then 38 cycles of 94°C for 1 minute,
57°C for 1 minute, and 72°C for 1 minute and followed by 72°C for 5 minutes. The
genotype of each loci were determine by 8.5% acrylamide gel and followed by silver

staining for detection. Characteristics of Y-STR loci were determined (Table 6) (Butler,
2005).

The allelic ladders were constructed by combining all observed allele in each
loci. PCR product of each loci were purified using HiYield™ Gel/PCR DNA Fragment
Extraction Kit (RBC Bioscience) and sequenced using BigDye® Terminator v3.1 cycle
sequencing kit (1% Base, BASE Life Sciences Holdings, Singapore).

. The allele frequencies and gene diversity were calculated as follow:

no.of alleles
total alleles

n(l-Yx?%)
(n-1)

allele frquency =

gene diversity =
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Where n = sample size, x = gene frequencies in population

~ Table 5 Sequence of ‘Y-STR pr.ili'lers (Thomas, Bradman, & Flinn, 1999)

Loci _> }Pri}me‘r Sevqu‘én‘cés‘(IS’-foS") -
T DYSIOL CTA TG AGT TIC TGT TAT AGT

DYS19-R ATG GCA TGT AGT GAG GAC A

2 DYS390-L __TAT ATTTTA CAC ATT TTT GGG CC
DYS390R  TGA CAG TAA AAT GAA CAC ATT GC

3 DYS3OI-L  CTATTC ATT CAA TCA TAC ACC CAT AT
DYS391-R  ACATAG CCA AAT ATC TCC TGG G

4 DYS392-L  AAA AGC CAA GAA GGA AAA CAA A
DYS392R  CAGTCA AAG TGG AAA GTA GTIC TGG

5 DYS393L  GIG GIC TTC TAC TTG TGT CAA TAC
DYS393-R

AAC TCA AGT CCA AAA AATGAGG

Table 6 Characteristics of 5 Y-STR loci

Loci Repeat motif Allele Range
1 DYS19 TAGA 10-19
2 DYS390 TCTR 17-28
3 DYS391 TCTA 6-14
4 DYS392 TAT 6-20
5 DYS393 AGAT 8-17




CHAPTER IV
| ,,,RESULTS AND DISCUSSION

- Samples coHecti_on :

The preliminary questionnaires were sent to 85 sub-districts in 23 districts, 7
provinces. Forty were returned. There were 25 sub-districts which information of
ethnic populations were available. Twenty sub-districts are located in Phitsanulok
province. Three locations —Phrom Phiram, Bang Rakam and Nakhon Thai— were
‘selected because they are small rural villages and community histories which can
present fheir ethnicity are available. Total 167 samples from unrelated individuals were
c_ollecte'd (Table 7). Age of individuals ranges from 17 to 90 years. Sex ratio was

approximately 1.6 (F :M) in all populations. =

Data from 75 families” data and blood specimens were collected from Phrom
Phiram district. The dominant ethnicity is Thai (88%). Fifty-three families of Thai were
in lower northern part of Thailand (Phitsanulok, Phichit, and Uttaradit for at least three
generations, while eight families (12.12%) moved from other region of Thailand. There
were also Lao, Thai-Laos, and Thai-Chinese families inhabited in this location. Some :
families moved from other region of Thailand such as, Chaiyaphum, Khon Kaen,
Lopburi and Ratchaburi. There were three (4.55%) matrilocal and two (3.03%)
patrilocal families. This population is Thai or so called Thai-Siam who spoke central-
Thai dialect, according to linguistic characterization (Ngourungsi et al., 1976). The

specimens which were identified as Lao or others were not used for DNA analysis.

Family history and blood specimen from 80 individuals were collected from
Bang Rakam district. Almost of their individuals were Lao Song (75%). Twenty-nine
individuals from Lao Song (48.3%) lived in Phitsanulok and Phichit at least last 3
generations, while 17 family (28.33%) moved from central part of Thailand —Nakhon
Pathom, Ratchaburi, Phetchaburi, Samut Sakhon, and Supanburi. Nine patrilocal (15%)

and five matrilocal (8.33%) families were observed. Other ethnics found in this location
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—Thai, Lao Wiang, Lao Puan, Chinese, and others were excluded for DNA analysis. In
this population, Lao Song still keep their heritages such as language and weaving. Lao
Song have their own language used within families or relatives but also used central-
" Thai language in normal situations. The basis traditions of Lao Song were believed in
* nature and spirit. . “Thaen” ~the nature and ancestors spirit—were paying homage in
' every household even the soclety and living style Were changed (Pitiphat & Phunsuwan
- 1997) ‘The Weddmg tradltlon —Kin Dong Was carried hlerarchy and relatlonshlp w1th1n”
populations. These factor were strong tradltlon Wthh keep the identity of Lao Song in
lower northern part of Thailand (Srising, 1976). The same as Lao Song who lived in
others region of Thailand such as Phetchaburi (Wadkeaw, 1978) and Supanburi
(Khiawkham, 2003).

Seventy individuals were interviewed and blood specimen were collected from
Nakhon Thai district. All of them are Hmong, Sixty families (85.71%) are living in
Nakhon Thai district and surrounding area —Chart Trakarn, Khao Kho, Lumkao, and
Dan Sai districts, while 9 families (12.86) migrated from others regibn —Nan, Chiang
Rai and Yunan. Only one Hmong-Thai specimen was observed and excluded for DNA
analysis. This data indicated that Hmong migrated along with their whole families,
neither patrilocal nor matrilocal society. In present day, the developfnent of economics,
social, government policies and medias were the factor which changed the life styles of
Hmong (Sanyakul, 2004). They communicated and traded with Thai people. Younger
person used Thai language. However, the wedding tradition of Hmong were still closed

in their own ethnic (Mongkokthawat, 2005).

Table 7 Characteristic of three ethnic populations in Phitsanulok province

Locati No. Avg. Age Dominant Inhabitant Immigrant  Matrilocal Patrilocal
ocations
(F:M) (SD) ethnicity (n, %) (%) (%) family (%) family (%)
Phrom Phiram 75 55.5 Thai
L 8(12.12) 3(4.55) 2 (3.07)
district (35:40) (12.5) (66, 88) (80.30)
Bang Rakam 80 60 Lao Song
o 17 (28.33) 5(8.33) 9(15)
district (53:27) (11.9) (60, 75) (48)
Nakhon Thai 70 42.6 Hmong

60 (85.71 12.86 1(1.4
district (4129)  (174) (70, 100) (85.71)  9(12.86) (1.43)
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DNA analysis
MtDNA ;c‘(bmtrol regions -imalysis B

The -DNA of 66 Thai, 60 Lao- Song; and 70 Hmong were extracted and
: ‘quan’uﬁed D-loop. control reglon from position 15878 to 649 were amplified and
| jsequmced by set of 8-13" “primers. * MEGA7 software was used to génerate consensus

sequences from multlple primer sequences

One hundred and nine sequences from unrelated individuals were aligned and
compared with rCRS reference sequence. The D-loop control region from position
16,024-16,569 and from 1-576 (1130 nucleotides) was analyzed. One hundred and
sixty-one segregate_d sites (14.25%) were found (Table 8). Ninety-six parsimony-
informative sites (8.5%) and 61 singletons (5.40%) were noted. The HVR-1 contained
the highest number of variable and parsimony-informative sites. One hundred and sixty-
two mutational sites were ceunted, consisting of 137 transitions and 26 transversions.
The combination of transitions and transversions were found at 7 sites. This result
indicated that transitions were common in the entire control region, but transversions
were more frequent in HVR-3 than in other regions. The‘ratio of the transitions to
transversions was approximately 5:1. However, the ratio of the transitions to-

.transversions in HVR-1 was 9:1, which was lower than that repbrted in a previous report
on Thai population (12:1) (Sangthong et al., 2015). This ratio revealed the mutation that

is accumulated in isolated popnlati'ons.

A total of 1227 mutations were observed in this analysis, which contained 1,108
nucleotide substitutions, of which most were transitions (Table 9). The T—C mutation
was the most frequent transition (36.01%) and A—G was the second frquencies. Only
10.65% transversions were observed, and most of them were A—C (6.77%) and C—>A
(2.08%), respectively. Foﬁr insertion/deletion (in/del) mutations were found at position
249 (A-deletion) (10.38%), 512 (ACAC-insertion) (0.36%), and 524-525 (CC-deletion)
(0.36%).
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Table 8 Distribution of segregating sites and mutations in HVR of mtDNA control

regions in the three ethnic populations in Phitsanulok Province (N = 109)

coUt o "HVR-DY T HVR-20 HVR-3  betweenHVR - Total

e e o oees
L S 341437
o Range(bp) 34'52" L 268 137 U3y 3ol

' Seg. sites (%) 76(2222) © 42(15.67) 22 (16.06) 21(563)  161(14.25)
Par-Info. (%) 59(17.25) 20 (1.46) 10 (7.30) 7(1.88) 96 (8.50)
Singletons (%) 18 (5.26) 18 (6.72) 11(8.03) 14 (3.75) 61 (5.40)
Transitions (%) 72 (94.74)  35(83.33) 10 (45.45) 19(90.48) 137 (85.09)
Transversions (%) 8 (10.53) 6 (14.29) 10 (45.45) 2(9.52) 26 (16.15)

in/del (%) 0 1(2.38) 3 (13.64) 0 4(2.48)

The poly-C (or C-stretch) was found around positions 16,184—16,193 and 303—
309. However, they were reported as common length heteroplasmy sites in several
populations (Brandstitter et al., 2004; Ramos et al.,, 2013). The length variation
heteroplasmy interrupted the signal of chromatogram sequences (Bendall & Sykes,
1995) results an incomplete sequencing. In this repoﬁ, several sequences were exclude |
because of poly-C at position 16181 to 16198. In the other hand, sequences which
contained T16189 interruption in poly-C fragment resulted in exactly numbers of C-
stretch (Figure 18).
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Table 9 Observed mutations in 1,130 nucleotides of mtDNA control region in

studied populations (n=109)

%

Type of hﬁu{tatidnsl B
© Base substitutions 1,108
. Trnsions - . 0900 8935
O AsG 275 2482
G—A 9é 8.84
T—>C 399  36.01
CoT 218 19.68
Transversions 118 10.65
A—C 75 6.77
A>T 1 0.09
G—-C 2 0.18
G-T 0 0.00 .
T—A 1 0.09
T-G 0 0.00
C—oA 23 2.08
C—>G 16 1.44
Deletions 115 10.38
Insertions 4 0.36
Total 1,227 |

In this report, the poly-C positions were then excluded during haplotyping and

statistical analysis. Point heteroplasmy was found in only one sequence at position

31(C—Y) in the Lao Song population. However, 2 individuals in Thai-Siam

population were characterized with position 311 heteroplasmy, but they were not

included in this result because of low quality of DNA sequences due to length

heteroplasmy at position 309. There were the heteroplasmy hotspots, mostly in HVR-1

(Irwin et al., 2009), but not at position 309. The ACAC-insertion at position 512 was
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also reported as length heteroplasmy (Ramos et al., 2013). In this study, there were 4

individuals with ACAC-insertion, but no heteroplasmy was noted.

Fiss7s. . o Fisszs o
8 270 [ : 280 i 2936 . . 300 . 216 . N {BO, . ‘292 . ‘300 2
TCCACAT CARA A TCGCTTACAAGCAAGT ACAGH JAATCCARTCATCAACC GG TTAAAAAAAAGGAAAG
A

wJWW\/\Nwa\/v\/\/vavwv\N\NWAAmN\x\AA{/L WAWWW, Lasns
¢) d)
R2ss e— c— R285

320 330 340 350 i 320 330 340 350
TCCACATCAAAA = TGOTTACAAGCAAGTACAGC Aokgnc,a;ﬂ‘;,ugiacc o = TBCTTACAAGCAAGTAC

oo i cnmstestts

Figure 18 Chromatograms of mtDNA control region from 2 sequences (a and c)
and (b and d) amplified by primers F15878 and R285. Boxes covered the
nucleotide position 16181 to 16189. The arrow indicated nucleotide
position 16189. |

The trequency distribution of mutation at each variation site showed a similar
pattern in all populations (Figure 19). Some positions, particularly HVR-1, showed
higher frequency of mutation (>0.100) in all the three ethnic populations
(Supplementary Table S1). The positions at which mutational frequency was over 0.3
were 16,223; 489; 523; 524; and 525. The latter four positions were in HVR-3. The
distinctively high mutational frequency positions were 73 (A—G) and 263 (A—G) with
frequency 1.00 and 0.991, respectively. A previous study reported that position 263A of
rCRS was a rare polymorphism (Andrew et al., 1999), but the data for position 73 is still
lacking.
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Figure 19 Frequency distribution of mutation at variation sites in mtDNA control
regions in (A) Hmong, (B) Lao Song, (C) Thai-Siam, and (D) overall
populations. The Y-axis represented mutation frequencies, while the X-

axis represented the nucleotide position as compared to rCRS.
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Haplotype analysis

Wlthln 3 ethnic populations, 86 haplotypes were found, composed of 73 ‘unique

. haplotypes (Table 10, Figure 20).: Thai-Siam showed the highest percentage of unique

haplotype (85. 19%) No shared haplotype was found between populatlons It might

.1ndlcate that each populanons were dlfferent in maternal genetlc structure. In Hmong _

i popula’uon 9 shared haplotypes were found w1th hlgh frequen01es (Table 11). The * -

obviously high- frequency haplotypes in Hmong is Haplotyel? (0.094) and 34 (0.075).
This result indicated the close relationship of maternal lineage in Hmong population.
There were 2 shared haplotypes found in Lao Song and Thai-Siam. The highest
frequency haplotype in overall populations was Haplotype 37, found in Lao Song
population. This haplotype contained ACAC-insertion at position 512in HVR-3. All 4
individuals who had haplotype 37 had maternal migration history from Nakhon Prathom
province, the central part of Thailand. This insertion was reported as heteroplasmy, as
we mentioned before, there were several reports suggested that the number of
heteroplasmy might be eliminated from populations by genetic drift. However, this
result suggested that the ACAC-insertion might be unique pattern found in Lao Song
population and might be capable to identify Lao Song population.

Table 10 Numbers of haplotypes, as well as unique and shared haplotypes,

observed in the three ethnic populations

Haplotypeé: Unique haplofypes (%) Shared haplotypes (%) n

Hmong 36 27 (50.94) 9 (16.98) 53
Lao Song 25 23 (79.31) 2 (6.90) 29
Thai-Siam 25 23 (85.19) 2 (7.41) 27

Total 86 73 (66.97) 13 (11.93) 109
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Table 11 Frequencies of haplotypes of mtDNA control region in the three ethnic
populations. Number of samples of Hmong, Lao Song, and Thai-Siam
populatlons were 53, 29, and 27, respectlvely

M Shared haplotypes S Ethn101ty - Numberé o Frequenciéé -
Haplotype T " Hmong - 2 T 0.038
© ‘Haplotype 14 L iHmong o ’V 3 ' 0057
 Haploypel7 Hmong 5 0.094
”Haplotype 18 .ﬁmong 3 | 0;057
Haplotype 28 Hmong 2 0.038
Haplotype 31 Hmong 3 0.057
Haplotype 33 Hmong 2 0.038
Haplotype 34 Hmong 4 0.075
Haplotype 36 | Hmong 2 0.038
Haplotype 3TN Lao Song 4 0.138
Haplotype 60 Lao Song 2 0.069
Héplotype 62 Thai-Siam 2 0.074
Haplotype 79 Thai-Siam 2 0.074

The diversity parameters of mtDNA control region haplotype in the three ethnic
populatlons are presented in Table 12. The 1nsert10n and deletion sites were ignored
(Tlllmar et al,, 2010; Jankova-Ajanovska et al., 2014). There were 1119 positions in the
final dataset The average number of nucleotide differences (k) was approximately 13.
The Thai-Siam population showed the highest haplotype diversity (Ha). The nucleotide
diversity (7) varied from 0.01130 to 0.01174.

Several lines of evidence indicated decrease in genetic diversity in migrated
populations. A previous report on the Hmong population in China, the original habitat
of Hmong, revealed that the Hy varied from 0.937 to 1.000, which was consistent with
the Hmong population Hy observed in this study. Meanwhile, 7 of Hmong population
in this report was relatively low when compared to that in a similar report, which varied

from 0.00174 to 0.00218 (Wen et al., 2005). Lao Song population in this study revealed
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lower percentage of unique haplotype as compared to that in Suphan Buri (92.0%, N =
25), where their first wave colonized (Fucharoen et al., 2001). The evidence of migration
of these 2 populations resulted in a decrease in genetic diversity by founder effect.
’ Addiﬁbnally, there were higher values of genetic diversity in the Thai-Siam population

who had no history of migration.

The Tajima’s D 'and-:F:u" st ‘wete .es"t:im‘a;in_thed to pfbvg the null hypothesis' of
neuvtralityvof genetic effect. The negative values of both parameters in ali populations
suggested that they were evolved without selective effect and growth in constant
population size. The evolution of population was influenced by the founder effect of

population expansion.

Table 12 Diversity and neutrality testing parameters of mtDNA control region

haplotypes in the three ethnic populations

Hmong Lao Song Thai-Siam
No. of sequences 53 29 27 .
Number of segregated sites 87 78 93
Ave. no. of nucleotide differences, & 13.137 12.714 12.669
No. of haplotypes 36 25 25
No. of unique haplotypes (% individuals) 27 (50.94) 23 (79.31) 23 (85.19) '
No. of share haplotypes 9 2 2
Haplotype diversity, Ay 0.979 0.983 0.994
Variance of H, 0.00008 0.00029 0.00014 -
Standard deviation of H, ' 0.009 0.017 0.012
Nucleotide diversity; 7 ' 0.01174 0.01130 0.01132
Variance of 7 0.0000001 0.0000007 0.0000006
Standard deviation of 7 0.00035 0.00082 0.00079
Tajima’s D (p<0.05) -1.16069 -1.40425 -1.86488

Fu’s Fs -11.092 -9.431 -11.729
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Table 13 The genetic differentiations by nucleotide diversity of mtDNA control

region between groups of 3 ethnic populations

— ’H'r'nor.lbg" — Lé;) S'Sng B " Thai Siam

: Hmohgff' T — T : e
.- Lao Song L 0.040_72 : S :~l T L _
“Thai Siam: 003564 e 002312 4 -

HVR-1 analysis

Most of the previous reports revealed only HVR-1 data because of the forensic
tradition of mtDNA control region Study.- The HVR-1 Hy and 7 of the three ethnic
populations were calculated by the sequences from position 16,024-16,365. The HVR-

-,1 Hg in Hmong, Lao Song, and Thai-Siam populations was 0.957, 0.975, and 0.989, |
- respectively. The HVR-1 7 in Hmong, Lao Song, and Thai-Siam populations was
0.02365, 0.02112, and 0.02110, respectively. Several studies on several populations in
Thailand reported the range of the HVR-1 H,, which varied from 0.931 to 1.000, and
that of 7 varied from 0.0169 to 0.0235 (Fucharoen ét al., 2001; Lertrit et al., 2008;
Bodner et al., 2011; Boonsoda et al., 2013; Kutanan et al., 201 4). These values indicated
that the genetic diversity of the three ethnic populations in this study were relatively
high. Moreover, the genetic distance, referred to as the differentiation of genetic
structure between populations, between the three populéﬁons (Table 13) was relatively
high as compared to that revealed in previous reports (Fucharoen et al., 2001 ; Kutanan
et al., 2014). The previous study on Tai—Kadéi populations—Yuan, Leu, and Yong in
the northern part of Thailand—reported that the range of percentage of unique
haplotypes was 26.3-67.7 and H, range was 0.878-0.992 (N = 39-62). The negative
value of Fs also suggested the demographic expansion of populations (Kampuansai et
al., 2007).

The NJ-tree of HVR-1 mtDNA showed the heterogeneity among 3 ethnic
populations (Figure 21). Radial topology indicated the closed pattern of pairwise

nucleotide different between populations. All 3 populations could not be separated from
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each other in NJ-tree, it may cause by the immigration history. Both Lao Song and
Hmong migrated from near geographical area, the south of China. Their genetic
diversities were closely related. Meanwhile, there were admixture of population in
“Thailand due to multiple wars in Southeast Asia which brings to irznrrﬁgrafi‘(')x'is'.‘ When
- the age of population is close, NJ-tree-0f HVR-1 could not be used for clusteritig of
- population. We assumed that all 3 populations might share the common anéestqrs.,-Thé :
network dﬁalyéié 1sthe uséful “'met»hod"‘.toﬁs"mdy' demographlc ofpopulatlon ‘We
| suggested to use network analysis to cdmpare the relatioriship of population under the 2
assumptions. The first, their common ancestors might not be in present population and

another one is that the genetic diversity might be the result of genetic drift.
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Figure 21 NJ tree of HVR-1 in 3 ethnic populations
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Y-STR analysis

Allele frequenmes of 5 Y STR loci‘in 281 Y-chromosome of the lower northern
' paﬂ of Thalland populatlons were surnmarlzed in Table 14 The gene dlver31ty of all -

“loci were high'(>0.5) except DYS391. The ‘most common alleles in each 1001 show

similar - trend ‘as reported in Southeast Asian populatlons such as 1n Central Tha1 S

Ipopulatlon (Smboonplputtana et al 2010), South China (Hou et al 2001), Korean
(Park et al., 2005) and Smgapore (Yong, Lee, & Yap, 2006) except in Japan which the
highest frequencies was allele 11 of DYS392. The range of allele distribution in each
loci are smaller than global report (de Knijff et al., 1997). The haplotype analysis found
165 haplotypes (58.71%) with 112 unique haplotypes (39.86%). The frequencies of
highest common haplotype show in Table 15. The haplotype diversity in this population
was 0.9928 which was high informative. However, this results are only' a preliminary
data. More loci have to be observed for steady statistic. At least 9 common loci have
to be considered (Lessi'gv et al.,'2003). The assessment of Y-STR haplotype need alarge
number of haplotypes in.ap‘oropriate populations. The haplotype ..data of the Lower

Northern part of Thailand are continuously examine.
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Table 14 Allele frequencies and gene diversity (k) of 5 Y-STR loci

-~ allele DYS19 DYS390 DYS391 DYS392 DYS393

ST . | - 0.0071

9 - 0.0463

10 ._ S om6 0.0071 U 0.0036
11 o 01530 - 0.1388 0
12 0.0249 0 0.3416
13 0 0.5018 0.4733
14 0.2135 0.2527 0.1103
15 0.4270 0.0819 0.0605
16 0.2242 0.0178 0.0107
17 0.1103

18

19

20 0.0356

21 0.0249

22 0.1281

23 0.1851

24 03701

25 0.2562

n. 281 281 281 281 281

h 0.7146 0.7507 0.3473 0.6632 0.6484
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Table 15 Frequencies of 5 loci Y-STR haplotypes

o < — o~ [a4]
", . Haplotype = wa.’ o W 92 2 No frequencies
' > D > > >
A a a fa) a N
L1424 100 1313 12 0042705
3 16 24 10 13 12 8 002847
4 16 25 10 13 13 6 0.021352
5 15 23 10 13 12 5 0.017794
6 15 23 10 14 13 5 0.017794
7 15 25 10 14 12 5 0.017794

Present study show some polymorphism or haplotype are associated with
several disease (Smart, Bolnick, & Tutton, 2017). For e){amﬁles, in Asian populations,
mutation at position 16189 (T->C) and several haplogroups were associated with an
increasing risk of type 2 diabetes (Kwak & Park, 2016). In Thailand population, the
haplogroup B5al was associated with the Leber hereditéry optic neuropathy (LHON) ,
significantly, and may increase risk of visual loss. While, the haplogroup F was trended

to positive protection from the disease (Kaewsutthi et al., 2011).

Hmong is an example of culturally diversé popﬁlation not only in Southeast-
Asian countries but they also lived in United States, France, Australia and othefs.
Genetic studies in Hmong population will connected to genetic in medicine and health
care management. For example, the DNA polymorphism .analysis in carcinogen-
metabolosm, single-carbon metabolism and DNA repair in Hmong population who lived
in Minnesota, USA showed the higher risk of nasopharyngeal cancer, gastric cancer,
hepatic cancer and cervical cancer than white population (Kniffmeyer et al., 2004; Ross,

Xie, Kiffmeyer, Bushhouse, & Robison, 2003).




CHAPTER V

'CONCLUSION

The present study demonstrated the genetlc structure and dlver81ty of Thai- Slam |
Hmong, ‘and- Lao Song populatlons hvmg 1n Phltsanulok Provmce Thalland The
: haplotype study of mtDNA control reglon revealed no admlxture between populatlons i
| ‘The unique patterns of mutation in mtDNA control region were found at position 73
(A—G) and 512 (ACAC-insertion), which can be used as population markers. Thai-
Siam population represented the highest diversity in all the three populations, while the
genetic diversities of Hmong and Lao Song populations, who had migration history,
decreased as compared to their original populations. These results confirmed the history
of long-term isolation of Hrhong and Lao Song populations. The Y-STR diversity of
lower northern part population‘ overall also indicated the genetic mixture of Thai
population as a Variety of the Southeast Asian. These results can provide the preliminary

data for study the genetic relationship of population in Southeast Asia.
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For researcher

Questionnaire

Phylogenetic Relationship Analysis of Mitochondrial DNA and Y-chromosome
Cin L‘ow'er Nottheth_’ar:t of ‘Thailand Populations R
Please give the information for these questions -+ .-

Part 1 General informaﬁon

1.Sex  DOmale - Ofemale =

2.Age years

3. Ethnicity

4. Resident place DISTet n AN, Province
5. Birth place Distriet Province

Part 2 Family background
1. Do you kﬁow-ybur family history? (N Yes O | No
2. Mother’s family background

2.1 Ethnicity

2.2 Birth place  District Province
2.3 How many generation of your mother’s family do you know?

generations

2.4 Family background (migration, briefly)

3. Father’s family background
3.1 Ethnicity

2.2 Birth place  District Province

2.3 How many generation of your mother’s family do you know?

generations

3.4 Family background (migration, briefly)
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Table A1l Basis data of Thai Siam from Phrom Phiram district, Phitsanulok

province
No.-.. .twd -~ ang: HemR - :ﬁtﬁm —— _‘ml?mg e um , B —
SRy \Tomh &M CEY AT - g
“PLPR-O1T F 66 s womfsw e wodRnwu fungdan 0 e Wi Anylan
PLPR-02.. F' 49 e wondsw e unansz Runglan 1”?. - uNNTEN Awolan
CUPLPROS CFC 57 g Cwewew v weasiw Reoden e wewdien fofen
PLPR-O4 F 52 Ty wavnfisi Tny uanssvi Runglan e uqdniiﬁu ﬁﬁnﬂah
PLPR-O5 M 62 &1@dm  wWinfisw  am@dm  wimeRnn Awnglan andee  wiunisw wunylan
PLPR-06 F 62 e oA v wivnisw Awnglan e wevnfiswm Awnglan
PLPR-O7 F 44 e wiuniRew na BEHE Ine: 2EH87
PLPR-08 F 60 e waunRsw e WIUNRTN Roylan g waunfisw fwnglan
PLPR-0O9 M 46 e womdrw v wiindsw Awnglan e waveisw Auvnylan
PLPR-10 . F 28 e wiwuiAsw na WIUNARIN Woylan Ine wiundsu Rwnylan
PLPR11 F 52 e wiwnfsw e wovniin fuoflan - e yavRI Aunylan
PLPR12 F 54 e wofiow ne :muuﬁmu Avnglan g waveiewm Awogdan
PLPR-13 F 56 e womitw e anji g anyt
PLPR-14 F 53 e womRswm lna Taneq fnglan ny UNHAUA RAnT
PLPR-15 F 61 Wy owowwfiew e wowfisw fwngdan e waundis Aunglan
PLPR-16 F 59 g womfiTw e wofiow fsngdan e weunfizw Aunglan
PLPR-17 F 60 ny WIMNATIY It WINAIN Rnylan e wivnina e Runylan
PLPR-18 F 57 e wounisw Tng WIMUATIN Anylan e wonnfisw Asnglan
PLPR-19 F 22 na viuAde e viunfa Aans ny viundia RAns
PLPR20 F 54 e womidew e oo fsoglan e weus@sw Rsnglan
PLPR21 F 59 e wiuniRsw ny WInuRs N Runylen e wivuAsw fwoglan
PLPR22 F 55 e wiunRsw e wavfisw Awaylan e Wi Rwnylan
PLPR-23 F 63 e wowdisw e wowidiow Asoglan e wsunfsw Awnylan
PLPR24 M 56 e wivnRsw ny tandnlse amfd e wawnRsw Awoglan
PLPR-26 F 59 a1 WIMNATIN qu TBUNAY f1TNIU anLj3
GI)
PLPR-26 F 57 e wounisw na WiuNAT N Rnylan e wiunisw Runglan
PLPR27 F 60 e wowniRtw 'lne wounfsw fnglan g wouninw Runylan
PLPR28 F 28 e woumdsw e NNAWMIT Tne HNAWNT
PLPR-29 M 29 e wimsw ne WINAT N Rnylan e wivwfisw Rwoglan
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=
VLT

No. WA ag Aot fifin m oo
‘ : i b iy o1 nig N
JV-PLP'R‘~3O, SF a0 et waiiRe e - Ade qusdnd Ing Wit gnsAnd
_F_’LER‘—SJ‘ F 45 e e e RICRY IV e v
PLPR-32 CF 86 e wwﬁﬁﬂu e wounfisw funglan o WA ﬁun{l‘an. :
: PLPR33 F.. ._‘46, v wmuﬁﬂu o wmu.ﬁmn Runglan-- - vig - wavadaon fungdan
PLPR~34 F 6‘O> e WfMNWA_T’{N e WS fwodan g wiunisw ‘ﬁmaﬂan |
PLPR-36 M 54 e womeisw ney wIuNATY fiwnylan v WIuNT N Asnylan
PLPR-36 F 42 o wnfisw g wawndisw Awoylan Au (WasRunglan
PLPR-37 M 47 e wowdsw e wownfisw fwogden tne anifp
PLPR-38 F 37 g wowidiow e owewfiew fenden e wanufisw Aunlan
PLPR-39 F 37 e Wi ng WiuNRs N fivnglan ne wiunisn Asnglan
PLPR-40 F 48 e wousw g wivniow isnglan e wowwisw Rwoylan
PLPR-41 F 52 e weounisw Tnts WIUNAT N Aoylan e wivnisw Awnglan
PLPR-42 M 67 e wownis na RIAmi a1 Tunil
PLPR-43 M 68 e womRsw v WavNRT fiwolan  lny AAsHnd
PLPR-44 M 49 e wiwRsw i grIAng ny [ATAne
PLPR-45 M 75 e woidsw lne Wivuiisan fwoylan g wivuisw fsnglan
PLPR-46 M 68 e v e WIvuisw Awoylan e wiuniem Runylan
PLPR47 M 54 e woanisw i WA Asndan e weusRew Rwnglan
PLPR48 M 56 e woiATw e Wl Asnan e wewnRen Awoglan
PLPR-49 M 53 e wowfirn e wusalau egsen ny duni
PLPR-50 M 64 80 wRsw A unslny foglan a1 Uau
PLPR-51 M 46 e vowdsowm e woudew Aeglan - lne tiumdl amf
PLPR-52 M 50 e wwdow e Wlssivig Mans e ndiesiuding fags
PLPR53 M 68 e wowdsew e wivuiinm Rsoglan e wewwisw Rsnylan
PLPR-54 M 53 e wowiis g wiuuisw Awylan g wawuRew Awoglan
PLPR-55 M 64 v ﬂm‘j? Tny Atuns glavie Tn Atuns qlavy
gliin
PLPR-56 M 76 e woidsw e WiV Rwnylan e waunfsw Awnglan
ez - .
PLPR-57 M 51 Tna ne Iwdssm ne Wwisrwm 1
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No. WA ey ot fifim o mml ————— oo ——
- . AW R AN
PLPR-58 M 24 ° ma - wowRirwi e Mamr e wiwnfisw Runglan
PLPREO M 68 FET I W womifam Aunylan Ty ‘qﬁiﬁrﬁcvf N
PLPR—6O »l M 67l wmuﬁﬂn ”lvm R qi}:ﬁ‘ﬁliilﬁ. a1 A "pg_ﬁ "
PLPR-6T M 80 e - wewdew  ng wwuﬁmu ﬁﬁnﬁan'- e el fiwoglan
PLPR-62 M 52 e womdsw lnm WIS ﬁunﬁan e wovfisn Runylan
PLPR-63 M 54 e wowsw e womdRew Asnden e wenufisw funylan
PLPR-64 M 58 o wounisw pidean ULV agsen e wivis Rwnglan
PLPR-65 M 68 e woufew e owowiRow Rengden e weundfisw fsnglan
PLPR-66 M 53 e womfisw e owomdew fsnglan e wisiew fnglan
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