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ABSTRACT

Cham, Raglay, Coho, and Ma were native people residing in Central and Southern Vietnam.
Their lifestyle and traditional customs revealed the closeness in contact. Here, the
mitogenomes of 126 individuals of these four aforementioned groups were analyzed on a
molecular level and evaluated the maternal haplogroup architecture. A total of 445 unique
variants were screened 6807 times in this dataset, showing a mean variant count of 54.02 +
3.77 variants per person. Out of 445 unique variants, 88 were present in all individuals, and
137 were shared between at least two populations. The remaining 220 were exclusive to a
single population, in which Raglay retained the most (88 variants), and Coho had the least
(22 variants). Ma and Coho shared the highest number of unique variants: 163/445 were
identified in both. Pair-wise genetic distance was the highest between Raglay and Coho (Fs
= 0.13659) and the lowest between Ma and Coho. The maternal haplogroup profile
encompassed 30 representatives, stratified into six macro-haplogroups (B, E, F, M, N and
R). M, B, and F accounted for 94.45% of the dataset, and the most prevalent branches were
B5albl (11.11%), M24b (10.32%), and Flalal (7.94%). The similarities between
highlander populations were shown in the macrohaplogroup components, as well as regional
features, while the diversity was expressed in unique variants and specific lineages,
providing further understanding of the genetic structure of these underrepresented ethnic
groups.
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INTRODUCTION Thai-Kadai (TK), Sino-Tibetan (ST) and

Hmong-Mien (HM). Notable here is AA,
Vietnam, with a consensus size of 98.21  possessing the most diverse ethnicities (25
million (General Statistics Office, 2021), officially recognized groups) and accounting
comprises 54 ethnicities that can be stratified  for 89% of the Vietnamese population.
into five primary ethnolinguistic families:  Being the most ancient language family in
Austroasiatic (AA), Austronesian (AN),  the region, AA was distributed widely and
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blotchy, as later arrivals of non-AA speakers
overlaid it. While the populous AA groups,
such as Kinh or Muong, inhabit throughout
the country, other AA minorities, such as
Coho and Ma are more localized and occupy
only certain areas. Ma and Coho populations
in 2019 ranked 15" (0.21%) and 29"
(0.05%), respectively (General Statistic
Office, 2019). They were among the earliest
inhabitants of Central Highland, sharing the

same residential locations. These two
maintained an intimate relationship,
reflecting in many overlapping social

traditions, especially in linguistic patterns
(Tinh, 2020; Dang, 2024).

On the other hand, AN, being the main
ethnolinguistic family on the island of
Southeast Asia (ISEA), is represented by
five minorities in Vietnam: Cham, Churu,
Ede, Gia Rai, and Raglay. As the most
influential Austronesian group (ranked 17"
and 0.19% in consensus size), the Cham had
a well-documented history, indicating their
settlement in Vietnam as early as 500 BCE
(General Statistics Office, 2021; General
Statistic Office, 2019; Vickery, 2011). Their
ancestors established the Champa empire,
promoting their civilization over Central
Vietnam in both lowland and highland parts
(Vickery, 2011). As such, their heritage
could be traced throughout the region,
embedded in the folktales, customs, and
architectures of multiple AA and AN
community. To this day, the modern Cham
continues to maintain stable economic and
social alliances with local tribes. Raglay
(ranked 18™ and 0.15% in consensus size)
was mistakenly considered a sub-branch of
Cham people who migrated to higher
altitudes of land, partly owing to their
linguistic affiliation (Vuong, 2020). While
culture and language can be transmitted
horizontally between groups of people,
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genes are inherited vertically from parents to
offspring, which could result in a mismatch
between socio-cultural and genetic patterns.

So far, the academic interest has been
underlined in the genetic characteristics of
the well-documented Cham (Peng et al.,
2010). More recent studies touched on local
groups like Giarai and Ede (Macholdt et al.,
2020; Duong et al., 2018; Liu et al., 2020).
Given the broad spectrum of these minorities
has yet to be inspected, we analyzed the
mitogenomes of the Cham, Coho, Ma, and
Raglay on both the molecular scale and
maternal haplogroup components. The
insights of these four Central minorities
could elucidate any possible affinity
between their genetic profile, contributing to
the overall genetic architecture of the
Vietnamese population.

MATERIALS AND METHODS
Subject and ethnic approval

Peripheral blood was obtained from 126
Vietnamese males belonging to two AN-
speaking groups, Raglay (n = 37) and Cham
(n = 17) and two AA-speaking groups, the
Coho (n = 46) and Ma (n = 26), between the
period of December 30", 2019 and
November 30", 2022. Sampling locations
were based in Lam Dong (Ma and Coho),
Khanh Hoa (Raglay) and Binh Phuoc
(Cham). Written informed consents were
acquired from all blood donors. All
participants were unrelated and self-
identified as having at least three generations
of the same ethnicity. This study received
ethical approval from the Institutional
Review Board of the Institute of Genome
Research, Vietnam Academy of Science and
Technology (No: 9-2019/NCHG-HDDD).
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mtDNA sequencing

Genomic DNA was extracted using the
GeneJET Whole Blood Genomic DNA
Purification Mini  Kit  (ThermoFisher
Scientific, USA). Construction of genomic
libraries and capture enrichment for mtDNA
were performed as described previously
(Maricic et al., 2010). Paired-end sequences
of 150 bp length were generated using
genomic libraries on the Illumina platform,
and the reads underwent quality control and
were processed as described previously
(Arias et al., 2018). An in-house alignment
program was applied to align reads to the
Reconstructed Sapiens Reference Sequence
(RSRS) (Behar et al., 2012), followed by
multiple sequence alignments done by
MAFFT v7.490 (Katoh and Standley, 2013).
The complete mitogenome sequences were
available in GenBank (Thao et al., 2024).

Genetic analyses

Unique variants in each individual were
identified via HaploGrep2 (Weissensteiner
et al., 2016). Variant assessments were
performed via an in-house algorithm. Whole
mtDNA (1-16569 bp) was divided into two
regions: the D-loop (1-576; 16024-16569)
and the coding region (577-16023).
Embedded in the D-loop are three HVS
regions: -1 (16024-16383), -1l (57-372), and
-111 (438-574).

HaploGrep2 identified the maternal
haplogroup here with PhyloTree mtDNA
tree Build 17 (Van Oven and Kayser, 2009).
Except for haplogroup classification,
subsequent analyses excluded positions with
missing nucleotides (Ns) and the following
sites: poly-C stretch of hypervariable
segment 2 (HVS-II; nucleotide positions
(np) 303-317); CA-repeat (np 514-523); C-
stretch 1 (np 568-573), 12S rRNA (np 956-

965), historical site (np 3107), C-stretch 2
(np 5895-5899), 9 bp deletion/insertion (np
8272-8289), and poly-C stretch of
hypervariable segment 1 (HVS-I; np 16180-
16195). The correspondence analysis (CA)
was computed based on haplogroup
frequencies in R via libraries “vegan v2.6-4”
(Oksanen et al., 2012) and “ca v0.71.1”
(Nenadic and Greenacre, 2007). The
pairwise genetic distance (®st distances)
value, generated Dby arranging the
populations in pairs, was performed by
Arlequin version 3.5.2.2 (Excoffier and
Lischer, 2010) and visualized on a heat plot
via the R package “ggplot2 3.5.1” (Wickham,
2016).

RESULTS
Nucleotide variant distribution

Whole mitogenomes of 126 samples
accounted for 445 unique variants,
appearing 6807 times in this dataset. Out of
445 variants, 75.51% were screened in the
coding region and the remaining were in the
D-loop. Further investigation into the sub-
structures of the D-loop showed that HVS-I,
-11, and -111 had 70, 26, and 8 unique variants,
respectively. In the coding region, there
were 336 variants, of which 204 are
synonymous, 83 are non-synonymous, and
49 are located in the tRNA coding genes.

The mean variant count per person in the
dataset is 54.02 + 3.77 variants, with the
highest in the Cham (54.76 + 3.61 variants),
and the lowest in the Raglay (53.08 + 4.41
variants). The Ma and Coho each had 54.35
+ 3.44 and 54.33 + 3.40 variants/person,
respectively. A violin plot illustrating the
distribution of variants (Figure 1) showed
that the whole mtDNA density curves of Ma
and Cham were quite similar, with more
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variants concentrated above the median
value. While both Raglay and Coho’s
density curves had more variants below the
median, the former had a more stretching
range of variants. In the coding region, the
Raglay curve was the most skewed: 75.68%
of variants were located above the median.

Huong Thao Dinh et al.

On the other hand, Coho was more skewed
toward the lower portion. Ma and Cham
were more evenly spread. The variant range
in the D-loop section of Cham, Coho, and
Ma was compacted, while that of Raglay
was more extended.
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Figure 1. Variant distribution of different mtDNA regions among four populations. The language family

is color-labeled: red-AN and purple-AA.
Genetic distances

To further assess how the nucleotide variants
contributed to the genetic difference among
populations, pairwise @st Vvalues were
demonstrated on the heat plot (Figure 2).
Raglay and Coho maintained the most
genetic difference (0.13659), while Coho
and Ma had the least (0.01613). Other
considerable values belonged to Cham-
Raglay (0.13361) and Ma-Raglay (0.10318).

Haplogroup profile

The maternal haplogroups of this dataset
comprised 30 unique lineages, of which 14
appeared in 1 population, 12 were shared
between 2 populations, three were shared
among three populations, and only Flalal
was present in all four populations (Table 1).
The Ma retained the most unique lineages
(16), while the Cham had the least (10). The
most common are B5albl (11.11%), M24b
(10.32%), Flalal (7.94%) and M12b2a
(7.94%). Other frequently distributed
haplogroups included M68ala, M12alb,
M12b2a, M51a, M24b, M21b and M7cla.
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Figure 2. Genetic distance among populations based on pairwise values. The language family is
color-labeled: Red-AN, Purple-AA. The cross symbol (X) denotes distance that is not significant (p >

0.05).

Out of 6 macro-haplogroups (B, E, F, M, N,
R) detected in this dataset, M was the most
predominant, taking account for 58.73%
with 17 daughter clades. M lineages were
dominant in Coho (58.70%) and Ma
(57.69%) and reached the highest in Raglay
(75.68%). Surprisingly, it was less
significant in Cham (23.53%). Being
descendants of macro haplogroup N, B

(18.25%) and F (17.46%) were the second
and third most common macro-haplogroups.
B lineages were frequent among all
populations except for Raglay, in which
there was only 1 B5ala sample (2.70%). F
lineages were dominant in Cham (41.18%),
especially with the two Flala and Flalal
(17.65% in each).

Table 1. Haplogroup frequencies of 126 individuals in Cham, Ma, Coho, and Raglay.

Haplogroup(s) Ch_am Co_ho Ma Ra_glay Ov_erall
(n=17) (n=46) (n=26) (n=37) (n=126)
B 23.53% 28.26% 19.23% 2.70% 18.25%
B4c2 5.88% 2.17% - - 1.59%
B5ala 5.88% 2.17% - 2.70% 2.38%
B5albl 11.76% 21.74% 7.69% - 11.11%
B5ald - 2.17% 11.54% - 3.17%
E2a* 5.88% - - - 0.79%
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F 41.18% 10.87% 7.69% 21.62% 17.46%
Flal - - - 5.41% 1.59%
Flala 17.65% 4.35% - 8.11% 6.35%
Flalal 17.65% 4.35% 7.69% 8.11% 7.94%
F1if - 2.17% - - 0.79%
F2a 5.88% - - - 0.79%
M 23.53% 58.70% 57.69% 75.68% 58.73%
M12alb - - 11.54% 2.70% 3.17%
M12bla2 5.88% - 3.85% - 1.59%
M12b2a - 19.57% 3.85% - 7.94%
M17a - - - 2.70% 0.79%
M19 - - 3.85% - 0.79%
M21b - - 7.69% 16.22% 6.35%
M24b - - - 35.14% 10.32%
M51a - 15.22% - 2.70% 6.35%
M51b - 13.04% 3.85% - 5.56%
M51blb - - 3.85% - 0.79%
M68ala - 10.87% 11.54% - 6.35%
M71+151T - - - 2.70% 0.79%
M72a - - 3.85% 2.70% 1.59%
M76 - - 3.85% - 0.79%
M77 - - - 5.41% 1.59%
M79 - - - 5.41% 1.59%
M7cla 17.65% - - - 2.38%
N 5.88% - 11.54% - 3.17%
N22 - - 3.85% - 0.79%
N9a6 5.88% - 7.69% - 2.38%
R23* - 2.17% 3.85% - 1.59%

Note: The asterisk * indicates that the lineage is the solely representative of its macro-haplogroup.

The distribution of these lineages was further visualized in the CA plot (Figure 3).
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Figure 3. CA plot of haplogroups from 126 individuals in 4 Vietnamese populations (Cham, Coho, Ma
and Raglay). The size of the symbol is proportional to the number of samples.

DISCUSSION

In this study, we analyzed the molecular
variants and haplogroup profile of four
Vietnamese minorities, two of which are
linguistically affiliated with AN (Cham and
Raglay) and the others with AA (Ma and
Coho). The human mitogenome could be
segmented into the D-loop and the coding
region. D-loop, also known as the control
region, contains 3 HVS regions, which are
highly mutated. The coding region, taking
93% of the mitogenome length, was densely
packed with 37 genes encoding for tRNA,
rRNA, and peptide subunits of the
respiratory chain complexes. Among them
are 11 genes encoding for tRNA that do not
carry any variant, suggesting their highly
conservative nature. The coding region is
more conservative than the D-loop; any
mutations arising here are more likely to be

non-synonymous (Guo et al., 2023). In our
dataset, the coding region had 60.71%
variants that were non-synonymous; the rest
were either synonymous or found in the
tRNA-coding region. Pathogenic mutations
of those genes were associated with clinical
manifestations of multiple mitochondrial
diseases, including Leber’s Hereditary Optic
Neuropathy (LHON), Leigh syndrome (LS),
and mitochondrial encephalomyopathy with
lactic acidosis and stroke-like episodes
(MELAS) (Al-Kafaji et al., 2022; Ng et al.,
2018; Danhelovska et al., 2020; Lyu et al.,
2019).

In terms of population, 88 out of 445 unique
variants were universal in all 126 individuals.
Cham group retained 184 unique variants, in
which portions of 6.52%, 7.61%, and 1.63%
were shared pairwise with the Coho, Ma, and
Raglay, respectively. Raglay possessed the
highest number of nucleotide variants
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specific to individual populations - 88/445
variants were observed solely in Raglay. It
also exhibited considerable ®st genetic
distance, even with the AN-Cham (Figure 2).
Coming from the AA language family and
living in similar geographical locations, Ma
and Coho are highly resembling in many
socio-cultural elements (Dang, 2024). On
the genetic aspects, these two shared 163
unique variants, 53 of which were absent in
Raglay and Cham. The pair also had the least
differentiation based on ®st (dst=0.01613).

The haplogroup architecture of four
populations exhibited striking features of
SEA regions: representatives of M, B, and F
contributed the most, with the widespread
distribution of SEA-signature clades such as
Fla and B5a daughter lineages (Jaisamut et
al., 2023; Woravatin et al., 2023; Bodner et
al., 2011; Kutanan et al., 2017). In particular,
the Cham had a significant portion of
B5albl (11.76%) and Flalal (17.65%), as
well as Flala (17.65%), possibly reflecting
the admixture of modern Cham with other
Vietnamese ethnics. M7cla, observed in the
Cham at 17.65%, was reported in other VN
ethnicities such as AN-Churu (Thao et al.,
2024), TK-Thai (Duong et al., 2018), AA-
Northern Kinh (Duong et al., 2018). In the
MSEA, M7cla was described in other
language families such as TK people on
Hainan Island, China (Peng et al., 2011), TK
and -ST in Thailand and Lao (Kutanan et al.,
2017; Kutanan et al., 2020). Ma and Coho
had similar macrohaplogroup component
patterns, with the addition of N clades in the
former. Raglay had M lineages
outnumbering those of F and B
macrohaplogroups. Moreover, the unique
lineages underlying haplogroup components
varied in each population. The CA plot
demonstrated all haplogroups that emerged
in only one population: M19 and N22 in Ma;
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E2a and F2a in Cham (Figure 3). F2a was
prevalent in the VN-HM Pathen and VN-ST
Phula (Duong et al., 2018) and occurred less
frequently in Taiwanese-AN. On the other
hand, M19 and N22 were reported in the AN
of the Philippines and Indonesia (Scholes et
al., 2011; Hill et al., 2006). E2a was detected
not only in the Filipino-AN and Indonesian-
AN  (Gunnarsdottir et al., 2011a;
Gunnarsdottir et al., 2011b) but also in the
Oceania natives (Duggan et al., 2014). These
lineages are rare and specific to the island
populations, suggesting a possible migration
from ISEA to Vietnam. Another notable
lineage is M24b - the most common lineage
in Raglay (35.14%). M24b was absent from
the other three populations in this dataset. In
MSEA, it was found at low frequencies in
several Thai groups (AA, TK) (Kutanan et
al., 2017), Cambodian-Cham (Kloss-
Brandstéatter et al., 2021), and Burmese-ST
(Li et al., 2015). The pair-wise comparison
demonstrated that Ma and Coho had the
highest number of shared haplogroups,
including several M lineages M12b2a, M51b,
and M68ala (Table 1). M68ala was also
detected in Cambodian-AA and Cambodian-
AN (Kloss-Brandstatter et al., 2021; Zhang
et al., 2013). M12b2a was found in VN-AA
(Mnong) (Thao et al., 2024) and M51b was
found in Thai-AN (Woravatin et al., 2023).

CONCLUSION

Cham, Raglay, Coho, and Ma were
indigenous people of the Central Vietnam.
Many cultural and social customs overlap,
reflecting their close-knit relationships
throughout history. In this dataset, we
explored the mitogenomes of 126 males
residing in Central Vietnam. On the
molecular level, 88/454 identified variants
were ubiquitously shared among four
populations, 220/454 were unique to 1
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population, and the rest were found between
at least 2 populations. The overall
haplogroup distribution features were of the
SEA region, especially in Cham. At the same
time, specific lineages preserved unique
patterns, with Raglay having the greatest
number of exclusive lineages. Raglay also
demonstrated considerable genetic distance
®st with other studied groups, while Ma and
Coho displayed the least. Combining with
the archeological and linguistic evidences,
these findings provide insights into the
genetic  structure of underrepresented
minorities, lessening the knowledge gap of
maternal haplogroups.
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