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1 | INTRODUCTION

Abstract

Large scale human genome projects have created tremendous human genome
databases for some well-studied populations. Vietnam has about 95 million people
(the 14th largest country by population in the world) of which more than 86% are
Kinh people. To date, genetic studies for Viethamese people mostly rely on genetic
information from other populations. Building a Vietnamese human genetic variation
database is a must for properly interpreting Vietnamese genetic variants. To this end,
we sequenced 105 whole genomes and 200 whole exomes of 305 unrelated Kinh
Vietnamese (KHV) people. We also included 101 other previously published KHV
genomes to build a Vietnamese human genetic variation database of 406 KHV people.
The KHV database contains 24.81 million variants (22.47 million single nucleotide
polymorphisms (SNPs) and 2.34 million indels) of which 0.71 million variants are
novel. It includes more than 99.3% of variants with a frequency of >1% in the KHV
population. Noticeably, the KHV database revealed 107 variants reported in the
human genome mutation database as pathological mutations with a frequency above
1% in the KHV population. The KHV database (available at https://genomes.vn) would
be beneficial for genetic studies and medical applications not only for the Vietnamese

population but also for other closely related populations.

KEYWORDS
Asian human genome database, Vietnamese genetic population structure, Vietnamese human

genome database, whole genome sequencing

most common variants with minor allele frequencies of at least 1%. In

Asia, the Singaporean human genome project sequenced 100 Malay

The sequencing cost of a human genome is now around 1,000 US
Dollars leading to an era of human genomics. A number of large scale
human genome projects have been conducted to build human
genome variation databases at both global and specific population
levels. Notably, the 1,000 Human Genomes (1KG) Project sequenced
2,504 healthy people from 26 populations (2015 Genomes Project
Consortium et al., 2015). The purpose of this project was to detect

*Vinh S. Le and Kien T. Tran contributed equally to this work.

people to detect low-frequency and rare variants (Wong et al., 2013);
the Korean (KR) Personal Genomes Project sequenced 35 KR
genomes to decipher the genetic architecture of the KR population
(Zhang et al., 2014). Recently, Lan et al. (2017) sequenced the whole
genomes of 90 Han Chinese people to investigate Han Chinese
human genomes.

A human genome consists of about 4 million variants in
comparison to the human reference genome of which a considerable
number of variants are missense substitutions and predicted to be

damaging (Xue et al., 2012). Normally, variant frequency information
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from human genome databases is used to filter or prioritize
potentially deleterious variants (2015 Genomes Project Consortium
et al, 2015; Lek et al., 2016; MacArthur et al., 2014; The 2012
Genomes Project Consortium, 2012).

The 1KG project discovered in a total of 88 million variants
containing almost all common variants with a frequency of 10% in all
populations under the study (The 2012 Genomes Project Con-
sortium, 2012). However, 17% of low-frequency variants (range from
0.5-5%) were only found in a single population. In addition, a large
number of variants common in the global populations were rare in a
specific population. This was especially true for South East Asia as Lu
& Xu (2013) showed that the 1KG project did not have sufficient
coverage of the human genetic diversity in this region.

Exome Aggregation Consortium aggregated a large number of
genomes and exomes from a variety of large-scale sequencing
projects (Lek et al, 2016). Specifically, they combined 15,496
genomes and 123,136 exomes collecting from various disease-
specific and population genetic studies to form the gnomAD
database. The database plays as a powerful tool for clinical
interpretations of variants. As gnomAD used data from various
specific disease projects, it is only relevant for interpretations of
severe pediatric diseases.

Vietnam has about 95 million people (the 14th largest country by
population in the world) of which more than 86% are Kinh people.
We started the first Vietnamese human genome project with a Kinh
Vietnamese (KHV) trio and discovered a considerable number of
novel variants (Hai et al, 2015). Phase 3 of the 1KG project
sequenced 99 unrelated KHV people in Ho Chi Minh City, Vietnam at
the low coverage level. In this study, we additionally sequenced
genomes and exomes of 305 unrelated KHV people in Hanoi,
Vietnam, then combined the new data with previously published KHV
genomes to create a Vietnamese human genome database. We also
analyzed genetic population structures of KHV and other Asian
populations to elucidate their genetic relationships. The results
provided useful information to utilize the KHV database for genetic
studies of KHV and other closely related populations in Asia.

2 | MATERIAL AND METHODS
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Material
Sample collection

For whole genome sequencing (WGS), we recruited 105 unrelated
people with self-declaration as healthy and Kinh ethnic for at least
three generations at Vinmec International Hospital in Hanoi,
Vietnam. Approximately 2ml of peripheral blood from each
individual was collected in an anticoagulation tube containing EDTA
and stored at -80°C.

For whole exome sequencing (WES), we obtained peripheral
blood of 200 healthy parents whose children participated as cases in
our autism spectrum disorder study. These parents were self-

reported as KHV people.
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2.1.2 | Whole genome and exome sequencing

For WGS, the genomic DNA was physically fragmented to expected size
of 350 bps by Covaris ME2 (Covaris). The WGS library was prepared by
using a TruSeq DNA PCR-Free Library Preps Kit (lllumina), and its
concentrations were quantified by using a KAPA Universal Library
Quantification Kit (Kapa Biosystems). For WES, the library was prepared
by using a Nextera Rapid Capture Kit (lllumina), and its concentrations
were quantified by a Qubit double stranded DNA (dsDNA) Broad Range
Assay Kit (Invitrogen). The sizes of WGS and WES libraries were
measured by using Lab chip 3K Hisense Kits (Perkin Elmer).

The libraries were loaded on a patterned flow cell and
subsequently clustered on a cBot system (lllumina). Paired-end
sequencings were conducted on HiSeq 4000 machine (lllumina) with
an inserted size of 350 bps. As a result, we obtained paired-end short
reads of 150 bps from WGS and 75 bps from WES.

22 |
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Methods
Variant calling and validation

The pair-ended short reads from our newly sequenced genomes and
exomes were cleaned and subsequently mapped to the National
Center for Biotechnology Information (NCBI) reference genome
build 38 (GRCh38) using Burrows-Wheeler aligner (Li & Durbin,
2009) to create alignments. The quality of short reads was measured
using the FastQC program (Andrews, 2010). In this study, we focused
on determining single nucleotide polymorphisms (SNPs) and short
indels. To do that, we followed the best practice guidelines of GATK
and Platypus programs to call variants. Variants with a quality Phred-
score less than 30 were filtered out from further analyses. All
variants from our newly sequenced genomes and exomes have been
deposited into the dbSNP database.

Sanger sequencing was used to validate the results from WGS at
selected positions. To this end, we performed Sanger sequencing at
64 variant sites in two genomes. Technically, primers were designed
by using Primer3plus software (http://www.bioinformatics.nl). PCR
reactions were performed with GoTag DNA Polymerase (Promega,
WI). Sanger sequencing was performed by using BigDye Terminator
v3.1 cycle sequencing kit (Thermo Fisher Scientific, MA) on an ABI
3500 Dx Genetic Analyzer (Thermo Fisher Scientific).

2.2.2 | Building KHV database

First, we integrated our 105 newly sequenced KHV genomes with
101 previously published KHV genomes (2015 Genomes Project
Consortium et al., 2015; Hai et al, 2015) to create a database of
206 KHV genomes, called KHV-G database. We used our 200 newly
sequenced exomes to measure the variant detection power of the
KHV-G database at the exome regions. Technically, the power to
detect variants with a frequency of x% is estimated by the ratio of p
to g where g is the number of variants in the 200 exomes with the
frequency of x% and p is the number of these variants that are
present in the KHV-G database.
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Finally, we combined all KHV genomes and exomes to build a
comprehensive Vietnamese genetic variation database, namely the
KHYV database. We used the SnpEff program to annotate and predict
genetic effects of variants on genes and proteins (Cingolani et al.,
2012). We developed scripts to analyze variant frequencies in the
KHV and other global databases.

2.2.3 | Population analysis

Although KHV is one of the largest ethnic groups in Asia, the genomic
relationships between KHV and other Asian populations have not
been comprehensively investigated. In this study, we analyzed
genomic relationships between the KHV population in Hanoi, Vietnam
and nine other Asian populations. We also included African (YRI) and
European (CEU) populations as outgroups into the study. Specifically,
we created an SNP data set of 719 individuals from 12 populations
including 94 KHV samples whose depth coverages were at least 10x.
The SNP data of KHV people were extracted from their sequenced
genomes. The SNP data of other populations were obtained from the
HUGO Pan-Asian SNP data set (Abdulla et al,, 2009). The data set
contained 46,473 autosomal SNPs that appeared in both KHV
genomes and the HUGO Pan-Asian SNP data set. We also created a
sub-dataset of 4,253 SNPs with minimum interval distance of 500 kb
to avoid a high linkage disequilibrium between SNPs.

We conducted several genomic analyses to study the population
structures. First, we used the EIGENSOFT program (Patterson, Price,
& Reich, 2006) to perform principal component analysis (PCA) based
on the sub-dataset of 4,253 SNPs to examine the distribution of
individuals and populations. Second, we used the TreeMix program
(Pickrell & Pritchard, 2012) to reconstruct evolutionary relationships
among the populations. The TreeMix finds the maximum likelihood
tree T of all populations based on allele frequencies of all 46,473
autosomal SNPs. The block jackknife procedure was applied to assess
the confidence of branches in T (Reich, Thangaraj, Patterson, Price, &
Singh, 2009). Technically, all SNPs were divided into continuous
blocks, each containing 400 SNPs. For each replicate, we deleted one
block and searched the maximum likelihood tree for remaining
blocks. The trees constructed from replicates were summarized to
assign support values for branches in T. In addition, we used the
neighbor-joining method (Nei, 1987) to reconstruct a distanced-
based tree using the Fst distances between populations.

Finally, we evaluated the ancestries of the populations. To do
that, we used the Bayesian clustering algorithm fastSTRUCTURE
(Raj, Stephens, & Pritchard, 2014) with the sub-dataset of 4,253
SNPs to estimate ancestries of all populations. The ancestries of each
individual came from K different ancestral populations. We con-
ducted fastSTRUCTURE with different K values to select the best K
value. The ancestries of individuals were summarized to determine
the ancestries of each population. We also performed F3 statistic
tests (Patterson et al., 2012) to examine gene flows between KHV
and other populations using the AdmixTools (Patterson et al., 2012).
The F3 (X; B, C) test detects if there was gene flow from two donate

populations B and C to the admixture population X. Technically, a

significant negative F3 (X; B, C) value, that is z score <-2.58, indicates
significant gene flow from B and C to X.

3 | RESULTS AND DISCUSSION

3.1 | Variant calling and validation

We obtained 105 whole genomes sequenced at an average depth of
about 17x (from 8x to 36x) and 200 whole exomes sequenced at an
average depth of 82x (from 52x to 146x). Almost all short reads have
high quality (see Figure S1), that is more than 96.9% of short reads
from genomes and 99.7% of exomes have quality Phred-score of at
least 20. The high-quality data are sufficient for variant calling.

The GATK and Platypus programs resulted in millions of variants
from 105 whole genomes and 200 whole exomes. The results
included some discordance, that is some variants called by one caller
but not the other. In this study, we considered a variant as reliable
for further analyses if it was called by both GATK and Platypus
programs. The filter strategy helped reduce false positive variants in
our database.

We obtained 10.06 million reliable variants (9.38 million SNPs
and 0.68 million indels) from the new genomes and exomes.
Examining the appearance of these variants in the 1KG project,
gnomAD, and dbSNP databases revealed that 0.71 million variants
were novel biallelic variants (0.66 million SNPs and 0.05 million
indels). The variants were classified into seven categories corre-
sponding to seven regions in the genome: coding region (CDS), 5'-
untranslated region (UTR), 3'-UTR, intron, upstream, downstream,
and intergenic (see Table 1). A majority number (~75%) of variants
appeared in the intron and intergenic regions. Notably, there were
about 0.28 million (~2.7%) variants occurring in the CDS, 5’-UTR, and
3’-UTR regions of which more than 24 thousands of variants were
novel. The considerable number of novel variants, including those in
the coding and regulatory regions of genes, confirms the necessity of
conducting additional genomic studies for Asian populations.

We validated the results from WGS by Sanger sequencing at 64
variant sites in two genomes, that were VIN343 with low coverage
(8x) and VINO57 with medium coverage (15x). All the results

obtained from WGS and Sanger sequencing were matched except at

TABLE 1 Gene-based annotations of variants from newly
sequenced genomes and exomes

#Variants #Novel biallelic variants
Regions (million) (million)
CDs 0.139 0.013
5-UTR 0.028 0.002
3-UTR 0.114 0.009
Intron 3.789 0.272
Upstream 1.233 0.088
Downstream 0.924 0.064
Intergenic 3.834 0.265

Abbreviation: UTR, untranslated region.
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one position in VINO57. The variant at that position in VINO57 was
detected by Sanger sequencing, but not called by WGS because of a
low coverage at the position (i.e., none of 10 short reads sequenced
at the position in VINO57 supported the variant). The overall
validation rate of the WGS results by Sanger sequencing was about
99.2%.

3.2 | KHV database

The KHV database was built from 206 genomes and 200 exomes
of 406 unrelated KHV people (i.e., including variants in our newly
sequenced samples and/or previously published in KHV-related
genome studies). It contains 24.81 million variants (22.47 million
SNPs and 2.34 million indels) with a wide range of allele
frequencies (see Figure S2). Specifically, the KHV database
consists of 10.97 million (44%) variants with alternative
allele frequency <1% and 13.84 million (56%) variants with
alternative allele frequency >1%. As variants with frequency >1%
are typically considered noncausing disease variants, the variant
frequency information could be used to evaluate pathological
effects of variants in medical studies.

We compared the allele frequencies in the KHV and global
populations. The allele frequencies in the global populations were
obtained from the 1KG database. The KHV database contained 0.44
and 1.24 million variants that were rare in the global populations
with frequencies < 0.1% and < 0.5%, respectively, but common in the
KHV population (frequency >1%). We also discovered 1.5 and
0.06 million variants that were common in the global populations
with frequencies >1% and >5% respectively, but were rare in the
KHV population (frequency <1%).

The discrepancy in variant frequencies between the KHV and
global populations implies that the global databases do not
sufficiently cover the human genetic diversity in Vietnam. The
results confirm the need for regional efforts to develop more
comprehensive human genomic databases for Asian, especially
Southeast Asian, populations.

We applied the KHV database to examine the frequency of
pathological mutations in the KHV population. Pathological and likely
pathological mutations were obtained from the human genome
mutation database, called HGMD (Stenson et al., 2014). Most of the
pathological and likely pathological mutations are rare in the KHV
population. However, there are 107 pathological mutations (see
Table 2) and 450 likely pathological mutations with frequency >1% in
the KHV population. Noticeably, 87 out of the 107 pathological
mutations have a frequency smaller than 1% in the 1KG database.

We examined the clinical significance of the 107 pathological
mutations with Clinvar database (Landrum et al., 2018). Clinvar
annotates only seven of them as pathogenic/likely pathogenic
mutations related to thrombosis, steroid 5-alpha-reductase defi-
ciency, retinitis pigmentosa, haemochromatosis, microcephaly global
developmental delay, oligodontia, and glucose-6-phosphate dehydro-
genase deficiency. Among the seven mutations, six have a frequency

below 1% in the 1KG database, and only one related to the

WiILEY-L ¢

haemochromatosis disorder has a frequency of 7.3% in the 1KG
database. The mutation is a nonsynonymous single nucleotide variant
(NM_000410.3:c.187C>G) in gene HFE. We used SIFT (Ng &
Henikoff, 2006) and Polyphen-2 (Adzhubei et al., 2010) programs
to predict its effects on protein functions and obtained contradict
results (i.e., SIFT predicted it as a damaging mutation, but Polyphen-2
predicted it as a benign mutation).

Clinvar annotates the clinical significance of the remaining
mutations as benign/likely benign, conflicting interpretations of
pathogenicity, uncertain significance, or not provided. More studies
must be performed to evaluate the clinical significance of the 107
pathological mutations for general populations and/or for KHV
population in particular. The KHV database will be beneficial for the
studies.

Finally, we measured the power to detect variants of KHV-G
database containing 206 KHV genomes (see Figure 1). The overall
power to detect variants with frequency >1% was 99.3% (99.4% for
SNPs and 98% for indels). The detection power increased to 99.9%
when detecting variants with frequency >5% (99.9% for SNPs and
99.8% for indels). The variant detection power of the KHV-G
database was measured for the exome regions. As variants occur
less frequently in the exome regions than other regions of the
genome, due to protein functional constraints, the overall variant
detection power of the KHV-G database for the whole genome is
expected to be higher than that for the exome regions. Note that the
KHV database contains the KHV-G database, therefore, it has a
greater detection power than the KHV-G database, particularly at
the exome regions. The high variant detection power makes the KHV
database a powerful tool to assess the functional effects of variants
in medical studies.

33 |
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Population analysis
Population relationship analysis

We performed PCA and phylogenetic tree reconstruction to assess
the genomic relationships among populations. The KHV and 11 other
populations were classified into four main groups: (a) YRI; (b) CEU; (c)
South East Asian (SEA) including Malay Malaysia (MY), Filipino
Philippine (Pl), Javanese Indonesia (ID-JV), Tai Thailand (TAIl), Kinh
Vietnamese (KHV); and (d) East Asian (EA) consisting of Southern
Han Chinese (CHS), Northern Han Chinese (CHB), Korean (KR),
Japanese (JPT), Ryukyuan Japanese (JP-RK). Figure 2 shows the
geographical locations of the 12 populations.

The PCA result displays relationships among individuals of KHV
and other Asian populations in Figure 3. The plot of the first two
principal components shows that individuals from the same popula-
tion were clustered into one group. The KHV and TAI populations are
considerably overlapped and separated from other populations. We
also observe an overlap between Southern and CHB populations. The
Han Chinese populations play as a bridge between SEA and EA
populations. The CHS population is close to the SEA populations
while the CHB population is close to the EA populations. The

positions of populations along the first principal component are in
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FIGURE 1 The power to detect variants of the KHV-G database.

The detection function f (x) represents the fraction of variants detected
by the KHV-G database if they have a nonreference allele frequency

greater than x% in the KHV population. The KHV-G database has an
overall detection power >99.3% for variants with a frequency >1% in
the KHV population. Abbreviation: KHV, Kinh Vietnamese

concordance with the South-to-North geographical locations of these
populations.

The phylogenetic tree represents the evolutionary relationships
among populations. Figure 4 represents the constructed phylogenetic
trees of KHV and other populations where YRI is considered as the
outgroup. The tree topologies constructed by TreeMix and neighbor
joining methods are identical. All branches of the TreeMix tree have

bootstrap support values of 100 indicating that the tree structure is

HB
Co KR

chs JP:RK
KHV

PI
T:.AI *

MY

ID-JV

TAI e MY v CHS » JPT < JP-RK

FIGURE 3 Principal component analysis of KHV and other Asian
populations. CHB, Northern Han Chinese; CHS, Southern Han
Chinese; ID-JV, Javanese Indonesia; JP-RK, Ryukyuan Japanese; JPT,
Japanese; KHV, Kinh Vietnamese; KR, Korean; MY, Malay Malaysia;
PI, Filipino Philippine; TAI, Tai Thailand

highly reliable. The tree structures show that SEA populations are
closer to the YRI and CEU than EA populations. The positions of
Asian populations in the tree agree with the South-to-North ordering
of their geographical locations. The results from both phylogenetic
tree reconstruction and PCA support the hypothesis that a
population migration from Africa entered Asia along a South-to-
North route (Abdulla et al., 2009; Chu et al., 1998).

JF:T

CEU

YRI

FIGURE 2 The geographical locations
of 12 populations under the study: African
(YRI), European (CEU), Malay Malaysia
(MY), Filipino Philippine (Pl), Javanese
Indonesia (ID-JV), Tai Thailand (TAIl), Kinh
Vietnamese (KHV), Southern Han Chinese
(CHS), Northern Han Chinese (CHB),
Korean (KR), Japanese (JPT), and
Ryukyuan Japanese (JP-RK)
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(a)

YRI

0.2

YRI

CEU

100

0.0060

FIGURE 4 The phylogenetic trees of 12 populations where YRI is considered as the outgroup. (a) The neighbor-joining tree based on Fst
distances between populations. (b) The TreeMix tree where numbers on branches are bootstrap support values indicating the reliability of

clades. The scale bar reflects the amount of genetic drift between populations. CHB, Northern Han Chinese; CHS, Southern Han Chinese; ID-JV,
Javanese Indonesia; JP-RK, Ryukyuan Japanese; JPT, Japanese; KHV, Kinh Vietnamese; KR, Korean; MY, Malay Malaysia; PI, Filipino Philippine;

TAI, Tai Thailand; YRI, African

We compared phylogenetic trees in the study with two neighbor-
joining trees reported by Simons Genome Diversity Project (Mallick
et al, 2016). Generally, our trees are concordant with the two
neighbor-joining trees. Note that the two neighbor-joining trees are
not identical. Particularly, KHV and TAI populations are adjacent in
the tree based on Fst distances, but not adjacent in the tree based on
the pairwise divergence per nucleotide distances. Our trees support
the adjacent of KHV and TAl populations.

3.3.2 | Ancestral population analysis

We analyzed the contribution of ancestral populations to the current
populations. To this end, we executed fastSTRUCTURE with different K
values from 2 to 10 and determined that K=4 was the best choice to
explain the ancestries of all populations under the study. Figure 5 shows
the contribution of ancestral populations to the current populations
with K values from 2 to 6 (fastSTRUCTURE did not result in any

additional meaningful cluster for K>6). For K=4, four ancestral

populations are YRI, CEU, SEA, and EA. The KHV and all other SEA
populations originated mainly from the SEA ancestry, and partly from the
EA and CEU ancestries (the MY population had more CEU ancestral
origin than other SEA populations). We found that the KHV and TAl
populations had similar ancestral population structures. The KR and JPT
populations mainly derived from the EA ancestry while CHB and CHS
populations were mixed from both SEA and EA ancestries. For K =5, the
JP-RK ancestry was separated from the EA ancestry to form one cluster,
and the JP population was mixed from both EA and JP-RK ancestries. The
results are generally compatible with that from the 1KG project (2015
Genomes Project Consortium et al., 2015) and the HUGO Pan-Asian SNP
Consortium (Abdulla et al., 2009). We realized that the HUGO Pan-Asian
SNP Consortium introduced one additional ancestry for ID-JV and MY
populations and reported more contribution of the JP-RK ancestry to the
KR and CHB populations.

The human population history of SEA has been long debated
(Abdulla et al., 2009; Lipson et al., 2018; McColl et al., 2018; and

A &
) ~ N 2 R A L
§F o & & & & ¢ ¢

=2

FIGURE 5 The contribution of =3
ancestral populations to the current

populations with K values from 2 to 6. The
fastSTRUCTURE did not result in any K=
additional meaningful cluster for K > 6.

CEU, European; CHB, Northern Han
Chinese; CHS, Southern Han Chinese; ID- K=5
JV, Javanese Indonesia; JP-RK, Ryukyuan

Japanese; JPT, Japanese; KHV, Kinh
Vietnamese; KR, Korean; MY, Malay
Malaysia; PI, Filipino Philippine; TAI, Tai
Thailand; YRI, African
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references therein). One hypothesis posits a single migration which
entered Asia along the southern, coastal route. Another hypothesis
suggests additional later southward expansion of EA populations.
Current studies of SEA ancient human genomes indicated that both
Hoabinhian hunter-gatherers first recognized about 44 ka years ago
and southward expansion of EA farmers about 4,000 years ago
influenced the diversity of present-day SEA populations (Lipson et al.,
2018; McColl et al.,, 2018). The findings agree with our ancestral
population analyses that the present-day SEA populations were
mainly derived from the SEA ancestries and partly from the EA
ancestries.

Finally, we examined the gene flows from other Asian populations
to the KHV population using the F3 statistic test. A significant
negative F3 (KHV; B, C) value indicates the existence of significant
gene flows from populations B and C to KHV. The F3 statistic tests
did not reveal any significant gene flow from Asian populations to the
KHV population. The findings explain to some extent the difference

between allele frequencies of KHV and other populations.

4 | CONCLUSIONS

The human genetic variation databases are typically used as a
reliable tool to examine or prioritize potentially deleterious variants
in genetic studies. The global databases such as the 1KG database do
not sufficiently cover human genetic diversity in Asia, especially in
Southeast Asia. As variant frequencies vary considerably among
populations, building population genetic variation databases is
needed to precisely evaluate the effects of variants in different
populations.

KHV is the main ethnic group in Vietnam and one of the largest
ethnic groups in Asia. Our project sequenced whole genomes and
exomes of 305 unrelated KHV people and discovered 0.71 million
novel variants. We combined the data with other previously
published KHV genomes to create the most compressive KHV
genetic variation database of 406 unrelated KHV people. The KHV
database consists of nearly 25 millions of variants and can detect
more than 99% of variants with frequency >1%. Thus, it could be a
powerful tool to classify the effects of variants in medical studies.

Our study revealed that a considerable number of variants
annotated as pathological mutations in the HGMD database had a
frequency above 1% in the KHV population. Most of the mutations
have discordant annotations in the Clinvar database, i.e., begin/likely
benign, conflicting interpretations of pathogenicity, or uncertain
significance. The findings highly suggest that the clinical significance
of a variant for a specific population should be comprehensively
evaluated based on annotations from different databases, functional
predictions from several computational methods, and its frequency in
the population under the study. The KHV database will play an
important role in clinical studies for both KHV and closely related
populations.

In this study, we did not determine structural variants in the KHV

population. Although structural variants play an essential role in

genomic studies, current computational methods to detect structural
variants from genome sequencing data suffer a considerable false
positive rate. Thus, called structural variants from genome sequen-
cing data might not be reliable. We are working on other genomic
approaches such as microarray-based comparative genomic hybridi-
zation to build a structural variant database for KHV and Southeast
Asian populations.

Vietnam has a complex history of thousands of years. Our fine-
scale genomic analyses of KHV together with other Asian popula-
tions elucidated that KHV and other SEA populations mainly derived
from the same SEA ancestry. The results from different genomic
analyses are generally consistent and support the hypothesis of
population migration from Africa to Asia following the South-to-
North route. Interestingly, we discovered that KHV and TAI
populations had similar genomic structures and close evolutionary
relationships. The findings suggest the usefulness of KHV database

for Vietnamese as well as other closely related populations in Asia.
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