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We here present the first whole genome analysis of an anonymous Kinh Vietnamese (KHV) trio whose genomes were
deeply sequenced to 30-fold average coverage. The resulting short reads covered 99.91% of the human reference genome
(GRCh37d5). We identified 4,719,412 SNPs and 827,385 short indels that satisfied the Mendelian inheritance law.
Among them, 109,914 (2.3%) SNPs and 59,119 (7.1%) short indels were novel. We also detected 30,171 structural
variants of which 27,604 (91.5%) were large indels. There were 6,681 large indels in the range 0.1–100 kbp occurring in
the child genome that were also confirmed in either the father or mother genome. We compared these large indels against
the DGV database and found that 1,499 (22.44%) were KHV specific. De novo assembly of high-quality unmapped reads
yielded 789 contigs with the length ≥300 bp. There were 235 contigs from the child genome of which 199 (84.7%) were
significantly matched with at least one contig from the father or mother genome. Blasting these 199 contigs against other
alternative human genomes revealed 4 novel contigs. The novel variants identified from our study demonstrated the
necessity of conducting more genome-wide studies not only for Kinh but also for other ethnic groups in Vietnam.
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1.

Introduction

The advent of the next-generation sequencing technology
(NGS) has led to an era of personal genomics (Shendure
and Ji 2008; von Bubnoff 2008; 1000 Genome Project
Consortium 2010; Drmanac 2011). Today a human genome
can be sequenced within a week for a cost of around 10,000
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USD. This is an astonishing achievement in comparison with
the 3 billion USD and 15 years needed to complete the first
draft of the human genome (Lander et al. 2001; Venter et al.
2001; Consortium I.H.G.S. 2004).
A number of large-scale sequencing projects have been
conducted, such as the 1000 Genomes Project (Siva 2008;
1000 Genome Project Consortium 2012), the 750
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Netherlands genomes (Boomsma et al. 2014) or the 100
Southeast Asian Malays genomes (Wong et al. 2013).
Besides, a number of individual human genomes have been
sequenced at a high coverage level, such as the Han Chinese
genome (Wang et al. 2008), Indian genome (Hardy et al.
2008), Korean genome (Ahn et al. 2009), Japanese genome
(Fujimoto et al. 2010), Pakistani genome (Azim et al. 2013),
Turkish genome (Dogan et al. 2014) and Russian genome
(Skryabin et al. 2009).
Being the 14th largest country by population in the world,
Vietnam has about 90 million people of 54 different ethnic
groups of which more than 80% are Kinh. The 1000
Genomes Project (http://www.1000genomes.org) was extended to sequence a number of Vietnamese individual genomes at low coverage. However, such low-coverage
sequencing data generated by the 1000 Genomes Project
might be biased toward the discovery of high frequency or
common variants (Wong et al. 2013). A large number of
novel variations detected from high-coverage sequencing
efforts (Han Chinese, Japanese, Korean, Malaysian,
Pakistani, Indian and Turkish) have demonstrated the necessity to deeply sequence more individuals from diverse populations to provide a better and more complete picture of
human genome variations.
In this study, for the first time we comprehensively
analysed whole genomes of a Kinh Vietnamese (KHV) trio
(father, mother and son). The genomes were sequenced to
30-fold average coverage by the Illumina HiSeq 2000 machine. The pedigree information allowed us to verify the
detected variants using the Mendelian inheritance law. We
used standard methods, software and pipelines to analyse the
sequenced genomes. Our study revealed a large number of
KHV-specific variants including SNPs, short indels, structural variants and novel contigs. The novel variants and
contigs found here suggested that it is necessary to conduct
further genome-wide studies not only for the Kinh but also
for other ethnic groups to complete the picture of human
genome variations for Vietnam.
2.
2.1

Results
Data analysis

The raw reads were first cleaned by removing the adapter
reads, the low-quality reads and the reads with more than
10% of unknown bases. We obtained 578 million (562
million and 493 million) clean paired-end reads of 100 base
pair length from the son genome (father genome and mother
genome, respectively). Most of the short reads have a high
base quality, i.e. ~98% with Phred-score ≥ 20 (supplementary figure 1). Over 99.9% of the short reads were mapped to
the NCBI reference genome build 37 (GRCh37d5) with a
high mapping quality (~94% with Phred-score ≥ 20). We
J. Biosci. 40(1), March 2015

found that 99.91% of the reference genome (excluding
undetermined nucleotides Ns) was covered by at least
one read from these genomes. The average coverage of
the mapped reads was about 30-fold and uniform across
all chromosomes (see supplementary figure 2 for more
details). The insert size distributions of paired-end short
reads from the child, father and mother genomes are
shown in supplementary figure 3. The means (standard
deviations) of the insert size distributions in the child,
father and mother genomes are 471 (19), 484 (18) and
471 (23), respectively. They are compatible with the
expected insert size (500 bps) of the paired-end libraries
prepared for deep whole-genome sequencing of the
KHV trio.
2.2

SNPs analysis

We identified 4,823,475 single nucleotide polymorphism
(SNPs) in KHV trio genomes, of which 3,667,344
(3,689,555 and 3,677,721) SNPs are in the child genome
(father genome and mother genome, respectively). Over 2.3
millions SNPs are shared among three genomes (figure 1).
The Ti/Tv ratios are 2.063, 2.064 and 2.063 in the child,
father and mother genomes, respectively. The number of
detected SNPs in each genome is comparable to those reported in other individual genome-wide studies such as
3,132,608 SNPs in the first Japanese individual genome
(Fujimoto et al. 2010) and 3,439,107 SNPs in the first
Korean genome (Ahn et al. 2009). Of the KHV SNPs,
4,728,141 (98.02%) were eligible for Mendelian validation
(see Materials and methods section). We found that
4,719,412 (99.82%) SNPs fulfill the Mendelian law while
8,729 (0.18%) SNPs violated the law. This hints that the
false positive rate of SNP calls is approximately 0.18%.
These Mendelian-compatible SNPs are used for downstream
analyses. Table 1 shows the genotype distribution of
Mendelian-compatible and Mendelian-violated SNPs.
Functional region annotation revealed that there were
1,112,189 (23.6%) SNPs in introns, 789 (0.02%) SNPs in
5′-UTRs, 4,481 (0.09%) SNPs in 3′-UTRs and 29,647 SNPs
in coding regions (22,209, 22,405 and 22,246 in the father,
mother and child genomes, respectively). These numbers are
similar to those reported by the 1000 Genomes Project.
Among 29,647 SNPs in the coding regions, 15,039 SNPs
are synonymous and the remaining 14,608 SNPs are nonsynonymous (see figure 2 for further details). SNPeff classified 19,878 SNPs in the KHV trio as functional SNPs (i.e.
non-synonymous, 5′-UTR, 3′-UTR SNPs), of which 14,980,
14,956 and 14,924 are in the father, mother and child genomes, respectively (see figure 2 for further details). The
number of functional SNPs in each KHV individuals is
compatible with those reported in a large-scale exome study
(Tennessen et al. 2012).
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Figure 1. SNP distribution in child, father and mother genomes.

We compared Mendelian-compatible SNPs with the
dbSNP (Build 138; Sherry et al. 2001) and the 1000
Genomes Project database (2012 release). Note that variant
calls of Vietnamese individuals in the 1000 Genomes Project
have not been available in this release. There are 109,914
(2.3%) novel or KHV-specific SNPs, i.e. those that were not
present in either dbSNP or the 1000 Genomes Project database. These SNPs were categorized into 5′-UTR (25 SNPs),
3′-UTR (112 SNPs), introns (25,749 SNPs) and coding
regions (273 synonymous substitutions and 535 non-

synonymous substitutions) (see figure 3 for further details).
Further analysis for these novel SNPs might reveal specific
characteristics of the Kinh trio.

2.3

SNPs shared between KHV trio genomes
and other populations

We compared SNPs in the KHV trio with SNPs in other
populations. To this end, we downloaded all SNPs in 1,092

Table 1. Mendelian analysis of KHV trio-variants

Father

Mother
HOM ref

HET ref

HOM mut

HOM ref

HET ref

HOM mut

HOM ref

HET ref

HOM mut

HOM ref

0%

40.91%

0.03%

0.09%

22.23%

8.27%

0%

0.01%

0.02%

HET ref

42.08%

16.91%

0.01%

22.91%

18.78%

9.38%

0.02%

11.84%

13.17%

HOM mut

0.04%

0.02%

0%

8.83%

9.51%

0.01%

0.02%

13.02%

61.90%

Child: HOM ref

Child: HET ref

Child: HOM mut

‘HOM ref’ means homozygotes where both alleles are identical to the reference; ‘HOM mut’ means homozygotes where both alleles differ
from the reference; ‘HET ref means heterozygotes where only one allele is identical to the reference. The cells in gray indicate the
Mendelian-compatible SNPs.
J. Biosci. 40(1), March 2015
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Figure 2. Functional regions of all Mendelian-supported SNPs in the KHV trio across chromosomes.

Figure 3. Functional regions of KHV-specific (novel) SNPs in the KHV trio across chromosomes.
J. Biosci. 40(1), March 2015
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human genomes from the 1000 Genomes Project database
(the variants of Vietnamese individuals in the 1000 Genomes
Project have not been released). From this, we extracted four
population-specific SNP subsets corresponding to the
Chinese (2,346,268), Japanese (1,128,438), African
(3,206,983) and European (9,057,610) populations, respectively. A specific subset of a population contains SNPs that
are unique to that population, i.e. not present in other populations. We compared KHV SNPs with these specific subsets
and found that 1% of the Chinese subset (0.15% of the
Japanese subset, 0.02% of the European subset, and 0.02%
of the African subset) shared similarities with 4,719,412
detected KHV SNPs.
2.4

Short indel calling

We identified 974,100 short indels (length ≤ 100bp) in the
KHV trio genomes consisting of 465,609 insertions and
508,491 deletions. There are 774,499 indels (375,561 insertions and 398,938 deletions) in the child genome; 763,403
(371,308 insertions and 392,095 deletions) in the father
genome and 767,361 (372,316 insertions and 395,045 deletions) in the mother genome (supplementary figure 4). These
numbers are similar with those reported in recent individual
human genome-wide studies (Dogan et al. 2014; Shigemizu
et al. 2013). Among detected short indels, 834,623 (85.68%)
are eligible for Mendelian validation (see Materials and
methods section). We found that only 7,238 (0.87%) short
indels violate the Mendelian law. The remaining 99.13% of
Mendelian-compatible short indels were then used for further analyses. Over 90% of short indels have the length from
1 to 9 bp (figure 4).
Functional region annotation of short indels indicated that
there are 203,212 (24.5%) in introns, 4,637 (0.6%) in coding
regions, 90 (0.01%) in 5′-UTRs and 927 (0.1%) in 3′-UTRs.
Figure 5 and supplementary figure 5 show the functional
effect distribution for short indels across chromosomes. We
compared the Mendelian-compatible indels with the 1000
Genomes Project database and found that 59,119 (7.15%)
indels are novel or KHV specific.
2.5

Structural variant calling

All mapped reads with quality greater than or equal to 20
were used to identify large structural variants (length ≥100
bp). We identified 10,611 structural variants SVs in the child
genome, 9,055 SVs in the father genome, and 10,505 SVs in
the mother genome (table 2). Almost all of the SVs (>90%)
are large indels (supplementary figure 6). A large indel was
considered as a ‘Mendelian-supported’ indel if it occured in
the child genome and in either the father or the mother
genome. In this study, we focused on analysing Mendelian-
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supported large indels. There were 6,681 Mendeliansupported large indels in the range of 0.1–100 kbp consisting
of 2,855 insertions and 3,826 deletions. Most of these large
indels have length ranging between 100 to 500 bp and there
are no insertions longer than 500 bp (figure 6).
Functional region annotation of Mendelian-supported indels
using the refGene database (http://www.ncbi.nlm.nih.gov/
refseq/) indicated that 990 (14.8%) large indels overlap at least
1% with 1004 genes; and 227 (3.4%) large indels overlap at
least 1% with 306 coding exons of 219 genes.
We compared the 6,681 Mendelian-supported indels with
the curated structural variation DGV database version 201307-23 (http://projects.tcag.ca/variation/) and found that 5,182
are present in the DGV database. Thus, the 1,499 remaining
Mendelian-supported large indels (1387 insertions and 112
deletions) are considered as KHV large novel indels.
2.6

De novo assembly of unmapped reads

Unmapped high-quality reads (Phred-score read quality ≥20)
were used for de novo assembly of contigs using Velvet de
novo assembler tool (version 1.2.10; Zerbino and Birney
2008). We obtained 235, 279, 275 contigs with the length
≥300 bp from the child, father and mother genome, respectively (table 3 and supplementary figure 7). We used the
Blast program to align the contigs from the child genome
against those from the mother and father genomes. A contig
from the child genome was considered as a ‘Mendeliansupported’ contig if it could be aligned with at least one
contig from either the mother or the father genome with
significance. In this study, we focused on analysing these
Mendelian-supported contigs.
There were 199 Mendelian-supported contigs with the
average length of 583 bp. Most contigs had length from
300 bp to 500 bp (figure 7). We conducted Blast searches
of these contigs against alternative human genome assemblies (HuRef, YH, WGSA, GRCh37) and the chimpanzee
genome. A large number of those 199 contigs are aligned
with significance with these examined genomes, e.g. 140
contigs were aligned with the HuRef genome (see table 4
for further details). Four out of 199 Mendelian-supported
contigs did not yield significant alignment with any examined alternative human genomes or the chimpanzee genome.
Their lengths are 322, 405, 488 and 1161 bp. As these 4
contigs were assembled from high-quality reads and supported by the Mendelian inheritance law, they are therefore
considered as KHV novel contigs.
2.7

Functional analysis of SNPs

We conducted functional analysis of 14,608 nonsynonymous KHV SNPs. The SIFT program (Kumar et al.
J. Biosci. 40(1), March 2015
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Figure 4. The length (the number of nucleotides) distribution of Medenlian-supported indels in the KHV trio.

2009) predicted that 2,943 (20.15%) SNPs are potentially
damaging missense on 2,131 genes. Of these genes, 1,955 are
associated with GO terms. The Gorilla tool (Eden et al. 2009)
identified 20 enriched GO terms with the corrected P-value in
range of 10e−4 to 10e−5 (figure 8) of which ‘transcription,
DNA-templated’, ‘RNA metabolic process’, ‘RNA biosynthetic
process’ and ‘cellular nitrogen compound biosynthetic process’
were the strongest enrichments. There are 12 genes (ZNF19,
ZNF708, ZNF705G, ZNF224, ZNF93, ZNF780A, ZNF28,
ZNF124, ZNF530, ZNF443, ZKSCAN4 and XRN1) involved
with all these 20 enriched GO terms. The first 11 genes are zinc
finger protein family and involved in 12 out of all 20 enriched
terms. The last gene XRN1 involved the other 8 remaining
terms. These genes together with related non-synonymous
SNPs in the KHV trio are listed in supplementary table 1.

2.8

Novel allelic genes in the KHV trio

We followed the workflow described in the Cortex paper
(Iqbal et al. 2012) to find novel allelic genes in the KHV trio.
We assembled all three (trio) genomes independently using
the Cortex de novo assembler. Cortex reported 45,186
(43,921 and 44,503) novel contigs (i.e. contigs with the
length ≥100 bp and <90% homology to the reference
J. Biosci. 40(1), March 2015

genome GRCh37d5) in the child genome (mother and father,
respectively) among which 37,070 (82%) contigs were supported by the Mendelian inheritance law. To find novel
allelic genes, these Mendelian-supported contigs were blasted against the RefSeq gene database, and alternative human
genome assemblies (HuRef, YH, WGSA). We found 9
contigs that were aligned to 19 RefSeq genes but did not
match (≥90% homology) to any alternative human assemblies (supplementary table 2). These 9 contigs are considered
as novel allelic genes in the KHV trio. Note that these 9
contigs do not overlap with any novel contigs assembled
from unmapped reads.
3.

Materials and methods

We used standard and high-quality methods and software/
pipelines that had been used in the 1000 Genomes Project
and other human genome projects to analyse our KHV trio
genomic data.
3.1

Data production

The genomic DNA used in this study was from an anonymous Kinh Vietnamese (KHV) trio (father, mother and son)
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119

Figure 5. Functional regions of Mendelian-supported short indels in the KHV trio across chromosomes.

without any obviously known genetic disorders. The parents
come from Kinh Vietnamese ethnicity for at least five generations (self-reported). The donors gave written consent for
public release of the genomic data for the use in scientific
researches.This study was approved by the Committee on
Ethics in Research on Humans of School of Medicine and
Pharmacy, Vietnam National University, Hanoi. The DNA
quality, in terms of concentration determination and sample
integrity, was tested using Qubit Fluorometer and Agarose
GelElectrophoresis. Two paired-end libraries with the insert
size of 500 bp were prepared for deep whole-genome sequencing of KHV trio using Illumina HiSeq 2000 machine
(Illumina Inc., San Diego, USA) at BGI-Hongkong. The
paired-end reads of 100 bp length resulted in about 30-fold
average coverage for each genome.

3.2

Short read mapping

We used BWA software (Li and Durbin 2009) to map short
reads into the reference genome (GRCh37). The BWA software generated SAM files that were consequently converted
to BAM files for further analyses. The quality and other
statistics of short read mapping were reported using the
Samtool (Li et al. 2009).
3.3

SNPs and indel calling

To identify SNPs and short indels, we used GATK toolkit from
the Boad Institute (McKenna et al. 2010; DePristo et al. 2011),
following the best practice workflow: Duplicate mark by Picard,

Table 2. Structural variants detected in the KHV trio genomes

Child
Father
Mother

Indels

CTX

INV

ITX

9617 (90.6%)
8216 (90.7%)
9771 (93.01%)

331 (3.1%)
209 (2.3%)
168 (1.6%)

357 (3.4%)
320 (3.5%)
295 (2.8%)

306 (2.9%)
310 (3.4%)
271 (2.6%)

CTX is the inter-chromosomal translocation; INV is the inversion; ITX is the intra-chromosomal translocation.
J. Biosci. 40(1), March 2015
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Table 3. Statistics of assembled contigs (length ≥ 300 bp) in the
KHV trio genomes

The number of contigs
Max length (bp)
Mean length
Total bases
N50
The number of contigs
in N50
The number of contigs > 1000 bp

Child

Father

Mother

235
1710
556.7
131366
601
75

279
2072
566.1
158516
613
87

275
1611
486.5
134274
486
96

18

21

10

local indel realignment, base quality score recalibration, raw
variants (SNPs/short indels) calling, Fisher Exact Test to detect
strand bias, and variants recalibration. The HaplotypecCaller
(Unified Genotyper) was used to call variants on the autosomes
(sex chromosomes). We denoted trio-variant being the variant
on the KHV trio. We also denoted a child-variant, father-variant
and mother-variant being a variant on the child genome, father
genome and mother genome, respectively. A trio-variant was
considered a ‘good’ variant and kept for further analyses if it had
a quality score (QUAL) ≥ 30, a depth coverage (DP) ≥ 8, and
passed the quality filter from GATK.

3.4

Mendelian validation

We used the Mendelian inheritance law for assessing the
quality of the detected variants (SNPs/short indels). A variant in a genome was called a ‘good’ variant if it had an
associated genotype quality (GQ) ≥ 30 and the depth coverage (DP) ≥ 4. A trio-variant was considered ‘eligible for
Mendelian validation’ if the child-variant was good, and
either the father-variant or the mother-variant was good.
All good and ‘eligible for Mendelian validation’ triovariants were verified with the Mendenlian law and consequently classified into either Mendelian-compatible or
Mendelian-violated variants. Only Mendelian-compatible
trio-variants were kept for downstream analyses.
3.5

Functional region annotation and analysis

Functional effects of Mendelian-compatible variants
(SNPs and indels) were annotated with the SNPeff tool
(version 3.5; Cingolani et al. 2012). Since SNPeff might
return different effects for each variant, the strongest effect
measured by the variantAnnotator (version 2.8.2, GATK
toolkit) was assigned and considered as the effect of each
variant.

Figure 6. The length (the number of nucleotides) distribution of Mendelian-supported structural variants in the KHV trio.
J. Biosci. 40(1), March 2015
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Figure 7. The length (the number of nucleotides) distribution for Mendelian-supported contigs in the KHV trio

The SIFT program (latest update on 04 February 2014;
Kumar et al. 2009) was used to detect the damaging effects
of missense mutations from non-synonymous SNPs. Genes
annotated with damaging effects by SIFT were ranked according to the damaging score and then taken as input to the
Gorilla program (latest update on 15 February 2014; Eden
et al. 2009) for functional GO enrichment analysis.

variants from high quality (Phred-score mapping quality
≥20) mapped paired-end reads. The DGV database of human
genomic structural variants (version released on 23 July
2013 for the reference human genome GRCh37;
MacDonald et al. 2014) was used to assess the novelty of
predicted structural variants.
3.7

3.6

Contig assembly from unmapped reads

Structural variation calling

The Breakdancer program (version 1.4.4, Chen et al. 2009)
was used with default parameters for calling structural
Table 4. Blast searches of Mendelian-supported contigs against
alternative human genomes and the chimpanzee genome
Alternative genome

The number of
aligned contigs

The number
of hits

HuRef (Craig Venter)
YH (Han Chinese)
WGSA (Celera)
GRCh37
Chimpanzee genome

140 (70.3%)
175 (87.9%)
139 (69.8%)
61 (30.7%)
179 (89.9%)

297
336
283
239
351

We used the Velvet de novo assembler tool (version 1.2.10;
Zerbino and Birney 2008) to assemble the unmapped reads
into contigs. The Blast program (Altschul et al. 1997) was used
with default settings (expectation value = 10) to compare the
assembled contigs against alternative human genomes (Venter,
YH, WGSA, GRCh37) and the chimpanzee genome (release
2.1.4). A contig was considered as a KHV novel contig if it
was not aligned with any examined genomes.
4.

Discussion

The short reads had high quality and covered almost all
(~99.91%) positions of the human reference genome. A
large number of variants (SNPs, short indels, structural
J. Biosci. 40(1), March 2015
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Figure 8. GO graph of significantly enriched GO terms (highlighted) with the corrected P-value < 0.001 for missense SNPs in the KHV
trio genomes. The corrected P-value was calculated by the Gorilla program for multiple testing using the Benjamini and Hochberg method.

variants and assembled contigs) were identified. These findings were similar to those reported in other previous genomewide studies for individuals from different populations.
We kept all KHV trio-variants that followed the Mendelian
inheritance law for further downstream analyses, i.e. 4,719,412
(99.82%) SNPs and 827,385 (99.13%) short indels. This strategy
guaranteed the high quality of called variants. The chromosome
Y in the father genome was almost identical to that in the son
genome. The results demonstrated the paternity and maternity
among three KHV individuals in this study.
We compared the variants in the KHV trio with the
recently released 1000 genomes genotype calls (2014 release) and found that 73,845 SNPs and 47,070 short indels
detected in the KHV trio are novel. Note that 524,165 out of
827,385 Mendelian-supported indels in the KHV trio are in
repeat regions. These indels might be the result of mapping
artefact and would deserve additional analyses in the future.
Our results revealed that there is an appreciably large
number of novel variants including SNPs, short indels and
large structural variants. A small number of novel SNPs are
J. Biosci. 40(1), March 2015

non-synonymous substitutions associated with some
enriched GO terms.
The comparison between KHV SNPs with those in other
populations confirmed a closer relationship between the KHV
trio and the Asian populations (including Chinese and
Japanese) than the African and European peoples. Within
Asian people, the KHV trio showed more genetic variants in
common with Chinese people than with Japanese people.
Interestingly, we found that the KHV trio were equidistant to
African and European peoples.
A number of whole genome studies on trios have been
conducted to utilize the pedigree information in genomic trio
data. The first group of such studies on trios focus on targeted
sequencing of trios associated with specific genetic diseases/
risks (Roach et al. 2010; He et al. 2014). These studies made use
of the pedigree information to filter out variants that are inconsistent with the Mendel’s laws of inheritance. Roach et al.
(2010) have shown that the pedigree information helped them
to identify a smaller number of potential causal genes associated
with autosomal recessive Miller syndrome. Interestingly, Roach
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and colleagues incorporated inheritance patterns with the transmission disequilibrium test (TDT) framework (Spielman et al.
1993) to identify new and rare autism gene candidates (He et al.
2014).
The second group of studies on trios is typically conducted in
the pilot phase of large-scale projects where researchers focus on
general whole genome analyses, such as variant calling and
annotating, novel variants identification, etc. (the 1000
Genomes project; Boomsma et al. 2014). These studies utilized
the pedigree information to assess the quality of detected variants
using the Mendelian inheritance law. For example, DePristo and
Mark used the Unified Genotyper in the GATK toolkit to call
variants from CEU and YRI trios; then evaluated the quality of
called variants using the Mendelian inheritance law (DePristo
and Mark 2010). Our study on the KHV trio falls into the second
group where general analyses were conducted by recent standard
toolkits (e.g. HaplotypeCaller, an improvement of the Unified
Genotyper). We used the Mendelian inheritance law not only to
evaluate the quality of called variants but also to filter violated
variants out of downstream analyses. The number of SNPs and
the Mendelian violations in the KHV trio are similar to those in
the CEU and YRI trios reported by DePristo and Daly. The
Mendelian violation rates in CEU trio and YRI trio are slightly
lower than the mutation rate in the KHV trio. This is likely
because the depth coverage of CEU and YRI trios (i.e. ≥100x)
are much higher than that of the KHV trio (i.e. 30x). The
knowledge gained from studies on trios will help us to design
large-scale projects with more samples to study the Vietnamese
population and diseases.
To the best of our knowledge, this is the first Vietnamese
whole genome-wide study at a high coverage level. We
believe that this study will be an important reference for
further genomic studies of Vietnamese and Southeast Asian
populations. Finally, the novel variants identified from the
KHV trio genomes demonstrated the necessity of conducting
more genome-wide studies for Vietnamese and other populations to complete the picture of human genome variations.
All raw sequence data are available at the Sequence
Read Archive (RSA) database of NCBI (http://
www.ncbi.nlm.nih.gov/bioproject/259581). Other data are
available upon request to the corresponding authors.
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