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ABSTRACT

The displacement-loop (D-loop) region is the 1122 bp sequence of the mitochondrial DNA
(mtDNA) that plays an important role in mtDNA replication and transcription. This region is also
a hotspot for mutations, making it a good candidate for genetic diversity studies, especially when
combined with other unique characteristics of the mitochondria. The Kinh, which accounts for
approximately 90% of the Vietnamese population, has been extensively used as a representative
of the Vietnamese population. In this study, we sampled and sequenced the mtDNA of 31 Kinh
individuals from Central Vietham and 33 Kinh individuals from Southern Vietnam. In
combination with 50 Northern Kinh mtDNA sequences from a previous study, the present study
analyzed the diversity of the Kinh across Vietnam through the D-loop region. After aligning to
the reference mtDNA sequence RSRS (Reconstructed Sapiens Reference Sequence), 134 unique
variants were found in the D-loop region, including 34 variants found in all three populations, 25
variants found in two populations, and 75 variants unique to one Kinh population. Haplogroup
calling using Haplogrep3 identified 60 haplogroups, with 23 out of 60 being absent in the
Northern Kinh population. Interestingly, despite the genetic diversity of the Kinh, four
haplogroups were found in all three populations (Flala, Fla2, B5a, M7blal+(16192T)). The
pairwise genetic distance analysis showed that the Northern Kinh is distinguishable from the
Central Kinh while the other pairing experienced the opposite trend. By sampling the Kinh group
in three different regions, our results provided the basis for further genetic diversity analysis of
the Kinh across Vietnam.
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INTRODUCTION

Mitochondrial DNA (mtDNA) is a small
circular DNA located within the mitochondria.
It encodes for 37 genes, including two rRNA-
encoding genes, 22 tRNA-encoding genes, and
13 genes encoding proteins of electron
transport chain complexes (Anderson et al.,
1981). With its characteristics such as high
mutation rate (Brown et al., 1979), exclusive
maternal inheritance (Hutchison et al., 1974),
high copy number (Michaels et al., 1982), and
the absence of recombination (Hagstrém et al.,
2014; Merriwether et al., 1991), mtDNA has
been used for human population studies
(Pakendorf & Stoneking, 2005). In the 16,569
bases long circular DNA, the displacement-
loop (D-loop) region, spanning from position
16024 to position 576, is the non-coding region
of the mtDNA and plays an important role in
mtDNA  replication and  transcription
(Taanman, 1999). This region is also the
hotspot for mutations, making it a good
candidate for disease studies (Chen et al., 2023;
Saha et al., 2021) as well as genetic diversity
studies (Torroni et al., 1993; Pischedda et al.,
2017; Duong et al., 2020; Watson et al., 1997;
Irwin et al., 2008; Derenko et al., 2007).

Among the 54 ethnic groups in Vietnam,
the  indigenous  Kinh  accounts  for
approximately 90% of the population and
speaks the official language of Vietnam (the
2019 Vietnam Population & Housing Census,
accessed May 2024, https://www.gso.gov.vn).
Therefore, Kinh ethnic group has been
included in quite a few maternal molecular
anthropology research using Vietnamese
samples (Pischedda et al., 2017; Duong et al.,
2020, 2018; Irwin et al., 2008; Abdulla et al.,
2009; Macholdt et al., 2020; Li et al., 2007;
Auton et al., 2015; Branddo et al., 2016; Ngoc
et al., 2018). In previous studies, the Kinh was
used mostly as a reference point for the
Vietnamese people, and it was usually a piece
of a bigger puzzle. To the authors’ best
knowledge, only one study has covered the
diversity of the Kinh across Vietnam despite
their ubiquitous presence (Pischedda et al.,
2017). Therefore, in the present study, we
sampled and sequenced the mtDNA of 31 Kinh
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individuals from Central Vietnam and 33 Kinh
individuals from Southern Vietnam. The D-
loop region of the study participants was then
analyzed with the Northern Kinh from a
previous study (Duong et al., 2018).

MATERIALS AND METHODS

Study subjects

Peripheral blood was collected from Kinh
individuals, including 31 Central Kinh
samples and 33 Southern Kinh samples.
Central Kinh and Southern Kinh individuals
were recruited in Gialai province and Ho Chi
Minh city, respectively. The recruited
individuals were unrelated to each other, and
their three-generation families must belong to
the same ethnic group. All study participants
have signed an informed consent document
for blood collection. This study has required
approval from the Institutional Review Board
of the Institute of Genome Research, Vietham
Academy of Science and Technology (No: 9-
2019/NCHG-HDbbDD).

mtDNA sequencing

Genomic DNA was extracted from whole
blood using GeneJET Whole Blood Genomic
DNA Purification Mini Kit (ThermoFisher
Scientific, USA). mtDNA libraries and their
enrichment were described elsewhere (Maricic
et al, 2010; Meyer & Kircher, 2010). The
mtDNA libraries were sequenced on the
lllumina platform (USA) using 150 bp paired-
end reads. Then, the reads underwent quality
control using FastQC and aligned to mtDNA
reference sequence RSRS (Reconstructed
Sapiens Reference Sequence) (Behar et al.,
2012) with  Burrows-Wheeler  Alignment
(BWA) (Li, 2013). After that, D-loop sequences
were extracted and aligned with each other by
MAFFT (Katoh & Standley, 2013).

Data analysis

A total of 114 D-loop sequences,
including 64 Kinh individuals from our study,
and 50 Kinh individuals from a previous study
(Duong et al., 2018) were used for haplogroup
calling using Haplogrep3 (Schonherr et al.,
2023) and PhyloTree mtDNA Build 17.1 (van
Oven & Kayser, 2009). Sequences used in
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subsequent analyses were excluded missing
nucleotides and the following regions: poly-C
stretch of hypervariable segment 2 (HVS-II:
nucleotide position (np) 303-317); CA-repeat
(np 514-523); C-stretch 1 (np 568-573); 12S
rRNA (np 956-965); historical site (np 3,107);
C-stretch 2 (np 5,895-5,899); 9 base-pair (bp)
deletion-insertion (np 8,272-8,289); and poly-
C stretch of hypervariable segment | (HVS-I;
np 16,180-16,195). Fisher’s exact test was
used to test for significant differences in
variant frequencies in the D-loop region of the
Kinh individuals from different sampling
locations. Pairwise genetic distance between
two populations was calculated based on ®sr
distances generated with ARLEQUIN 3.5.2.2
(Excoffier & Lischer, 2010). All p-values
smaller than 0.05 were considered significant.

RESULTS

Genomic variants in the D-loop region

For the 64 newly sequenced Kinh
samples, a total of 94 unique variants were

identified, in which 61 and 68 of these unique
variants were present in Central Kinh and
Southern Kinh, respectively. When combining
our dataset with 50 Northern Kinh samples,
134 unique single nucleotide polymorphisms
(SNPs) were discovered in the D-loop region
(Fig. 1). There were 34 variants appearing in
all three Kinh populations, 25 variants that
were found in 2 out of 3 Kinh populations,
and 75 variants that were only found in one
Kinh population (singletons). Out of the
above singletons, only four variants are
frequent (A16129G, T310C, A16183C,
C16189T), and those variants were only found
in Northern Kinh samples. Northern Kinh has
the highest mean variant count (15.06 + 0.32),
with the number of variants ranging from 20
to 12 in each individual. On the other hand,
Central and Southern Kinh have similar stats
for mean variant per individual (11.87 £ 0.31
and 12.33 + 0.26), maximum (both are at 16),
and minimum number of variants per sample
(9 and 8, respectively).
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Figure 1. Genomic variants frequency of each Kinh population
Out of 134 unigque variants, only 2/50 Northern Kinh individuals (Fig. 1).

G16230A was found in all 114 samples,
seconded by T16278C, which was absent in

Fisher’s exact test demonstrated a significant
difference in the variant count among the
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three Kinh populations for seven variants
(C16189T, A16183C, T310C, A16129G,
T16304C, A16182C, T16172C) in which 4 of
them  (C16189T, A16183C, T310C,
A16129G) have p-value smaller than 0.0001.

Each point represents the frequency of the
corresponding variant. To avoid cluttering the
figure with variants’ names, we only showed
the names of variants with a frequency higher
than 25% in at least one population. Each
point is color-coded based on the appropriate
variant’s frequency and distribution, with a
variant appearing in all three populations as
red, a variant only found in one population
and has a frequency higher or equal to 25% as
green, and a variant with a frequency less than
25% (> 0%) in all three populations as grey.
For the p-value, the “*” symbol indicates that
the p-value is greater than 0.0001 but smaller
than 0.05, while the “~” symbol shows that
the p-value is smaller than 0.0001.

Haplogroup distribution

A total of 39 haplogroups were found in
64 Kinh individuals from Central and
Southern Vietnam, among which five lineages
were detected in both populations, 15 were in
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the Central, and 19 were in the Southern Kinh.
When combining with the data of Northern
Kinh, we identified 60 haplogroups, of which
23 were not present in the Northern group,
four (Flala, Fla2, B5a, M7blal+(16192T))
were shared among three populations, 13
haplogroups that were found in two
populations, and 43 haplogroups found in
only one population (Fig. 2). The highest
haplogroup frequency was only 13%, as the
majority of haplogroups were at less than 4%.
In addition, most of their haplogroups are not
shared, with only 9 out of 60 haplogroups
being found in both Northern Kinh and
Central Kinh, 11 out of 60 between Northern
Kinh and Southern Kinh, and 1 out of 60
between Central Kinh and Southern Kinh.

Each point represents the frequency of the
corresponding haplogroup. Each point is color-
coded based on haplogroup distribution, with
haplogroups being found in all three
populations as red, haplogroups being found in
two populations as yellow, and haplogroups
being found in only one population as green.
Three Kinh populations are distinguished by
shape, with Southern Kinh as a circle, Northern
Kinh as a triangle, and Central Kinh as a cross.
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Figure 2. Haplogroup distribution in three Kinh populations
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Pairwise genetic distance among the three
Kinh populations

To evaluate the genetic relationship
among the three Kinh, ARLEQUIN was used
to calculate the matrices of pairwise ®sr
distances based on the D-loop sequences
(Table 1). The pairwise genetic distances are

relatively small with only one significant
pairing spotted between Northern and Central
Kinh. The distance between Northern Kinh
and Central Kinh is rather similar to the
corresponding distances between Northern
Kinh and Vietnamese populations in the
Central Highlands (Giarai & Ede) (Macholdt
et al., 2020).

Table 1. Matrices of pairwise ®sy distances of the three Kinh populations

Northern Kinh Central Kinh Southern Kinh
Northern Kinh 0.00000
Central Kinh 0.01769 (0.03920 + 0.0019) 0.00000
Southern Kinh | 0.01219 (0.08296 + 0.0029) | 0.00000 (0.90694 + 0.0027) 0.00000

Note: the value inside the parentheses is the p-value with a standard deviation.

DISCUSSION

Although the Kinh ethnic group has been
studied extensively (Duong et al., 2020, 2018;
Irwin et al., 2008; Abdulla et al., 2009;
Macholdt et al., 2020; Li et al., 2007; Auton et
al., 2015), our study is the first study to
analyze the genetic diversity of Kinh group in
which the participants were stratified based on
sampling locations. Upon evaluating the
variants in the D-loop region of 114 samples,
36 unique variants were not present in the
Northern Kinh, 1/36 was shared between
Central Kinh and Southern Kinh (G16319A),
14 variants unique to Central Kinh, and 21
variants were only found in Southern Kinh.
The results showed that the differences in
variant frequencies among the three Kinh
mostly came from singletons, which result in
the highest level of diversity. Second, Fisher’s
exact test for pairwise Kinh populations
revealed that all of the significant values came
from Northern Kinh pairings (data not shown)
in accordance with pairwise ®sr distances
(Table 1). When comparing to the MITOMAP
database of 81,124 mtDNA control region
sequences (Lott et al., 2013), these new
variants are also present at low frequencx with
the highest count at 7080 (rank 25") for
G16319A that was found in one Central Kinh
individual and two Southern Kinh individuals.

The diversity of D-loop variants in turn
leads to the diversity of the haplogroups

identified (Fig. 2). The 23 haplogroups that
were not present in Northern Kinh samples fall
into the B (B4clb2a, B5ald, B4c2, B4ale), M*
(M20, M5, M33c, M12alb, M76a, M74a), D
(D4b2a2a, D4j3, Db5a2al, D4+195T!), R9
(Flal, R9bla, R9blb), A (A15), N9 (N9a), M7
(M7c2a, M7blalb), M9 (M9alalc), and M8
(M8a2’3) lineages though only A and M9
lineages were not found in Northern Kinh
individuals. The aforementioned lineages
distributed differently across Asia, namely
haplogroup A and haplogroup B, can mostly be
found in northern and eastern Asia (Derenko et
al., 2007), haplogroup D is widespread in
Northeast Asia and Central Asia (Pimenoff et
al.,, 2008; Comas et al., 2004), macro-
haplogroup M (including M*, M7, M8, M9) is
frequent across all Asia (Kutanan et al., 2017;
Rajkumar et al., 2005), haplogroup N9a can be
found in Central Asia, East Asia, and Southeast
Asia (Derenko et al., 2007; Tanaka et al., 2004;
Wen et al.,, 2005) with peak frequency in
Malaysia (Duong et al., 2018). Haplogroup R9
is predominant in Southeast/East Asia and less
common in South Asia (Woravatin et al., 2023;
Jaisamut et al., 2023). Other haplogroups found
in Northern Kinh, such as R*, N9, and C, were
missing in the Central Kinh, while only
haplogroup C was not found in the Southern
Kinh. After filtering with the published
haplogroup database of the Kinh ethnic group
retrieved from multiple studies (Pischedda et
al.,, 2017; Li et al., 2007; Auton et al., 2015;
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Brandao et al., 2016; Peng et al., 2011, 2010),
there are six haplogroups (D4b2a2a, M33c,
D4j3, D5a2al, D4+195T, and M8a2’3) that are
novel for the Kinh, in which haplogroup
D5a2al is found in Vietnamese Ha Nhi group
(Duong et al., 2018) and other several Asia
countries such as Thailand (Kutanan et al.,
2017), China (Auton et al., 2015), India
(Chandrasekar et al., 2009), and Taiwan (Ko et
al., 2014) while haplogroup M33c is only
found in Laos (Kutanan et al., 2017) and China
(Auton et al., 2015).

Differences in genomic variant frequencies,
haplogroup composition, and significance of
genetic distance suggest that the Northern Kinh
is distinguishable from the Central Kinh while
it is only marginally diverged from the
Southern Kinh. With the gradual migration of
the lowland Kinh to the Central Highlands in
the 20" century (Tam & Linh, 2022), the gene
pool of the Central Kinh could be the result of
the founder effect where they admixed with the
locals, especially when the migration was done
in waves. Furthermore, the fact that Central
Kinh was similar to Southern Kinh might
indicate that they both admixed with similar
minority groups and/or the gene pool of the
Central Highlands people was brought to
southern  plains when new economic
opportunities arrived after the unity of Vietnam
in 1975. The previous suggestion was based on
the geographical closeness between the Central
Highlands and the southern plains. However,
due to the size of the Kinh population, further
analysis covering a bigger population
proportion should be carried out before any
concrete conclusion is made.

CONCLUSION

In this study, we sequenced the mtDNA of
64 Kinh individuals from Central and
Southern Vietnam and analyzed the D-loop
region of those sequences in combination with
50 published Northern Kinh mtDNA
sequences. This is the first research to study
genetic variation within the Kinh ethnic group
using sampling location as a variable.
Although the three studied populations came
from the same ethnic group, their haplogroup
makeup and  D-loop  variants  are
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distinguishable from novel haplogroups and
variants spotted in the newly sequenced
samples. These results provided the basis for
further genetic diversity analysis of the Kinh
across Vietnam.
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