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Abstract

Background: Although the genetic information of STRs has been established over the entire world, the different
characteristics between populations influenced the STRs information. FBI's guideline recommended to expand
additional number of STRs loci to increase power of discrimination and exclusion. Unfortunately, the current
data of STRs in northern Thai population have not fully covered additional loci. The aim of this study is to obtain
accurate allele frequencies of STRs among northern Thai population.

Methods: The genetic profiles ofunrelated individuals were characterized by Investigator 24 plex Go kit. Allele
frequencies and forensic statistical parameters were calculated within GenoProof®3and Arlequin ver 3.5.2.2.

Results: The SE33 and THO1 loci represented largest and lowest number of different alleles, respectively. There
was no significant deviation from the Hardy-Weinberg equilibrium (HWE) after Bonferroni correction in all loci
(p=0.002). The SE33 locus showed the greatest PD and PE, whereas the TPOX represented the lowest PD and PE.
The studied population (northern Thai) appear to be most closely related to previously reported populations
containing of Chinese, Japanese, and Vietnamese based on allele frequency.

Conclusion: Our results recommended that current autosomal STRs data extended the application of STRs typing
in parentage analyses and human identification among the localized population in northern region of Thailand
due to highly informative polymorphic data.
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Introduction strand.! This region shows the high mutation rates,

Short tandem repeats (STRs), also known  S° it contributes to frequent mutation and great

as microsatellites, is a unique region on DNA  polymorphism more than other regions in DNA.2
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Due to high variable polymorphism and small DNA
fragmentin STRsregion, STRs typing has been applied
to provide useful information for human identity
testingincluding DNA data basing, forensic casework,
missing persons/mass disaster victim identification,
and parentage testing.? In 1997, the Federal Bureau
of Investigation (FBI) announced the selection of 13
loci on STR regions containing of CSF1PO, D351358,
D5S818, D7S820, D8S1179, D13S317, D16S539,
D18S51, D21S11, FGA, THO1, TPOX, and VWA.
The latest recommendations regarding the NIST
highlighted the need for increased number of STR
loci. Therefore, STR typing were extended to seven
new additional loci containing D151656, D25441,
D251338, D1051248, D125391, D195433, and D2251045
in order to decrease the number of adventitious
matches, increase international compatibility, and
the power of discrimination for criminal and missing

person cases.*

Thailand is geographically located on mainland
Southeast Asia. The regions of Thailand can be
divided into four main regions including north,
northeast, center, and southaccording to topography
5Because of the difference in environment and
geographical features, Thai population is diverse in
ethnicity, race, and languages including the genetic
divergence. Moreover, the people in each region
of Thailand tend to have specific characteristics
and appearancesbecause of different demography,
histories, and genetic structures among major Thai
populations.®” Therefore, it was probable that this
phenomenon was probable to influence the variation
in genetic pattern of autosomal STRincluding the
allele frequencies of STRs in individual population.
It is important to understand the genetic structure
in individual population for providing the database
and scientifically reliable results for forensic genetic
purposes.

The database of allele frequencies worldwide
has been provided by many research studies. They
demonstrated that the allele frequency pattern was
different between populations, which some alleles
were predominate or absent in each populations.®
Currently available official allele frequencies for
northern Thai populationwere latest published in
2006 with three STR lociobtained from only 203
unrelated northern Thai.” There was also an official
report in 2006 regarding 15 STR lociobtained from
only 210 unrelated Thai individuals.!” Nevertheless,
the current data of autosomal STR in northern

Thai population have not fully covered the seven
new additional autosomal STR according to the
recommendation of FBI CODIS Core Loci Working
Group’s progress. Therefore, the goal of this study
isto obtain more accurate allele frequencies of 21
autosomal STRs loci among localized people who
lived in northern Thailandin order toincrease the
amount of genetic data available and update the
specific northern Thai frequency databases for all
autosomal STR loci.

Material and Methods
Ethics approval and consent to participate:

Written informed consent was obtained from
all subjects in this study. This study was carried out
in accordance with the Code of Ethics of the World
Medical Association (Declaration of Helsinki) and
approved by the Ethics Committee of the Faculty of
Medicine, Chiang Mai University, Thailand (Study
code: No.012/2019).

Sample collection

Biological buccal swab samples were collected
from 280 unrelated individuals (126 male and
154 female) living in the provinces of northern region
of Thailandand have been declared ethnicity as Thai.
The informed consent forms were signed by all
participants.

STR typing

The genomic DNA was extracted from buccal
swab usingChelex 100 method.!! Genotype at 21
autosomal STRs loci (CSF1PO, D1S1656, D25441,
D2S1338, D3S1358, D5S818, D75820, D8S1179,
D10S1248, D12S391, D135317, D16S539, D18S51,
D19s433, D21S11, D2251045, FGA, SE33, THO1,
TPOX, and vWA) and amelogenin were obtained
using Investigator 24plex Go kit (QIAGEN,
Germany) according to the manufacturer
instructions. The DNA amplification was conducted
on 9600 Thermal Cyclers (Applied Biosystems, CA,
USA). The amplification products were separated
on the ABI Prism 3130 Genetic Analyzer (Applied
Biosystems,CA, USA). GeneMapper™ ID-X
Software v1.6 (Thermo Fisher Scientific, MS, USA)
was used for raw data analysis. The positive and
negative control DNA included in the kit was also
analyzed. The quality control was performed for
day-to-day quality control, laboratory internal
controls, kit controls, and genotypes for overlapping
loci between kits. Moreover, the quality control for
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STR typing was regularly annual participated in
proficiency testing program provided by Forensic
DNA Network of Thailand organization.

Statistical analysis

For all autosomal 21STRs loci  of
Investigator 24plex Go kit, the allele frequencies,
polymorphic information content (PIC), power
of discrimination (PD), power of exclusion (PE),
paternity index (PI), observed heterozygosity
(Ho), expected heterozygosity (He), and Hardy-
Weinberg equilibrium (HWE)were calculated
withinGenoProof®3 (Qualitype GmbH, Germany)
and Arlequin ver 3.5.2.2.12 The neighbor-joining
dendrogram was constructed based on D,genetic
distance results using POPTREE software.'® The tree
was constructed with allele frequency data based
on pairwise D,distance of 15 STR loci (CSF1PO,
D2S1338, D3S1358, D5S818, D75820, D8S1179,
D13S317, D16S539, D18551, D195433, D21S11,
FGA, THO1, TPOX, and vWA) for all populations
which were previously reportedincluding northeast
Thail4, central Thail* southern Thai'* Laotian®®,
Vietnamese'®, Malaysian!’/, Han Chinese '8, Yunnan
Zhuang Chinese!”, Yunnan Dai Chinese!, Yunnan
Hani Chinese!’, Japanese?® and Hongkong Chinese?!

Results

The largest number of different alleles was
found on locus SE33, followed by FGA and D21511,
whereas the lowest number of different alleles was
also observed onlocus THO1.The most frequent allele
among all allelic variantswas the allele 8 at TPOX
with allele frequency 0.5661.There weredistinct
microvariant alleles found in eight loci of 21 STRs
markers, with one being located at THO1, three at
D25441 and D75820, four at D151656, six at D195433,
seven at D21S11, seven at FGA, and nineteen at SE33.

The forensic statistical parameters for
allautosomal STRs loci are provided in Table 1.The
Horanged between 0.6179 (TPOX) and 0.9500 (SE33),
theHe ranged from 0.5945 (TPOX) to 0.9431 (SE33). All
autosomal STRs markers were classified as a highly
information with PIC value more than 0.6 except
for locus TPOX. The potential power of a genetic
marker to differentiate between any two people
chosen at random was expressed as PD. The high
discriminating power can be used to discriminate
between members of the population. The PD ranged
from 0.5613 (TPOX) to 0.9929 (SE33) with the value

of 1 for the combined PD. The PE was investigated to
evaluate the loci or system efficiency for exclusion of a
non-related individual in paternity testing. The SE33
locus showed the greatest PE in studied population,
whereas TPOX showed the lowest PE value.Our
study revealed that there was no significant deviation
from HWE for autosomal STR loci (p-value greater
than 0.05) except locus D135317, D165539, D18S51,
and D195433. However, no significant deviation
from HWE was found after Bonferroni correction
(p=0.002). As a result, it was established that the 21
autosomal STRs loci were in equilibrium.

Regarding genetic relatedness, our informative
study was compared with previous data. The
Neighbor-joining tree based on D, distance
represented four close cluster including northeast Thai
and Laotian, Han Chinese and Japan, Yunnan Zhuang
Chinese and Yunnan Hani Chinese, southern Thai and
Malaysian. The D, distance of the studied population
showed that the studied population (northern Thai)
and other populations consisting of Chinese, Japanese,
and Vietnamese had the genetic relatedness.

Discussion

The discovery of genetic profiles in specific
population is expected to expand in a future since
the globalization affected the increase of population
number and rapid migration between countries.® To
increase the power of discrimination for criminal and
missing person cases as well as decrease the number
of adventitious matches, the FBI launched the seven
additional coreloci.* The allele frequency of our studied
population in northern region of Thailand was slightly
different from otherreported population in Thailand.
A possible reason was that Thailand has a diversity of
ethnicity, culture, and linguistics due to the migration
and settlement of different ancestor populations. The
northern Thai population was recently originated from
the Khon Mueang population speaking a Tai-Kadai
language which had migrated from the population
in southern China, however Mon group who drifted
from Myanmar was a major group of Central Thai.?>
Moreover, the other reason to influence the variation
in autosomal STR is to mutation process especially
strand-slippage replication.?®

According to seven additional analyzed STR loci
here, we observed microvariant alleles in D151656,
D2S441, and D195433 loci. A microvariant was
occurred during one of the repeat units contains only
one, two or three bases of the repeat motif.?® The
microvariants in D151656 was found to be 15.3, 16.3,
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National Institute of Standards and Technology

(NIST), U.S. department of Commerce.

17.3, and 18.3 as well as D25441 locus with 11.3 which
were not observed and reported in STR database of
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The forensic statistical parameters showed that all
autosomal STRs markers were classified as a highly
information except for locus TPOX. Consistently with
previous report, TPOX loci was also reported to have a
lower PIC in Thai population.!?Iraqi Kurds population
in Kurdistan Region-Iraq %/, Chinese Han population?®,
and population from Kingdom of Bahrain®’. Moreover,
we found that the greatest and lowest of PE were
observed in locus SE33 and TPOX, respectively which
was consistent with previous report in population of
Thailiving in southern border provinces of Thailand
(Pattani, Yala, Narathiwat provinces).** Obtained
result is according to the previously observed from
other publication in in Ecuadorian and Bahraini
population. It recommended that SE33 was the best
STRs loci for human identification with the highest
value of PIC, PD, and PE. 23!

TheD , distanceshowed thatthestudied population
(northern Thai) and other populations consisting of
Chinese, Japanese, and Vietnamese had the genetic
relatedness. Our study clearly showed that the large
genetic distance of northern Thai and southern Thai
population, possible due to the difference in culture,
linguist, and religion since the major population
in southern Thai is Thai-Malay Muslims (MUS)
which was descended from population in India
and distributed over Malay Peninsula according to
historical evidence.*? This assumption was confirmed
by the finding of close genetic relationship between
southern Thai and Malaysian population in our study.
Moreover, the southern Thai people showed the close
genetic structure with Indian population since the
migration of the Austroasiatic linguistic population
into Southeast Asian region.> However, some studies
found the close relationship between Chinese and
northern Thai because the gene flow from southern
China to the northern Thai people over the past one
thousand years.!833

Conclusion

Our result recommended that 21 autosomal STRs
loci were suitable for paternity testing and human
identification among the localized population in
northern region of Thailand due to high genetic
polymorphism and information.
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