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1. Introduction

Austroasiatic, a dominant language family of 
Southeast Asia (SEA), encompasses 167 languages 
spoken by approximately 117 million people and is 
categorised into 13 sub-branches [1]. The distribution 
of Austroasiatic languages extends from Northeast India 
to the Malay Peninsula [2]. All but three sub-branches 
are found in Mainland Southeast Asia: Aslian, Bahnaric, 
Katuric, Khmer, Khmuic, Monic, Pakanic, Palaungic, 
Pearic, and Vietic [1]. Compared to other major language 
families of the region, such as Austronesian in Island 
Southeast Asia or Tai-Kadai in the Thailand -Laos area, 
the migration routes of Austroasiatic speakers remain 
less clearly defined. 

The origin of the Austroasiatic family continues to be 
debated, with proposed centres of dispersal including 
the Bay of Bengal [3], central/southern China or within 
the heartland of SEA itself [4]. The expansion of the 

Austroasiatic family may have been associated with the 
spread of rice agriculture [5]. However, these theories 
are primarily supported by archaeological, linguistic, 
and historical evidence, with limited corroboration from 
biological data [1, 6, 7]. 

In Vietnam, the Austroasiatic language family 
comprises 25 groups distributed across the northern and 
southern regions of the country. Predominant among 
them are the Kinh, who represent the majority of the 
Vietnamese population and are spread throughout the 
country. As such, the Kinh people have been the focus of 
various genetic and genomic studies [8-11]. Conversely, 
other Austroasiatic minorities remain largely 
understudied, with only a few groups, such as the Mnong, 
Khmer, and Mang, having received some attention [12-
14]. The absence of a comprehensive genetic profile of 
the Austroasiatic-speaking communities in Vietnam 
is evident, underscoring the need for more extensive 
studies on this ethnolinguistic group.
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Mitochondrial DNA (mtDNA) serves as a widely used 
uniparental marker in population genetics. The 16,569 
bp mitochondrial genome can be divided into two main 
regions: the coding and control regions. The coding 
region (np 577-16023), which constitutes 93% of the 
human mtDNA, contains 37 genes encoding 13 proteins, 
22 tRNAs, and two rRNAs. The control region (np 1-576; 
np 16024-16569), where replication and transcription 
initiate, can be further subdivided into three parts: 
hypervariable segments (HVS) I, II, and III. These HVS 
regions mutate faster than the conserved coding region 
and are therefore often the target of sequencing efforts 
due to their high informativeness. 

Here, we analysed the complete mitochondrial 
genomes of 119 Austroasiatic individuals from three 
populations - Bana, Hre, and Mnong. Haplogroup profiles 
based on whole mtDNA sequences were assessed 
in each population. Nucleotide variant distributions 
across different regions of mtDNA were examined to 
explore molecular diversity. This research provides new 
insights into the genetic structure of underrepresented 
Austroasiatic minorities and contributes to the broader 
understanding of Vietnam’s population history.

2. Materials and methods
2.1. Sample information and data collection

Our dataset included complete mtDNA sequences 
obtained from the GenBank database (accession 
numbers: PP654481-PP654599) [15]. The research 
received ethical approval (No. 2-2019/NCHG-HĐĐĐ) 
from the Institutional Review Board of the Institute of 
Genome Research, Vietnam Academy of Science and 
Technology. Following the original study design - which 
examined both mtDNA and the male-specific region 
of the Y chromosome - only male participants were 
included. This sampling strategy does not affect the 
representativeness of mtDNA haplogroups or bias the 
maternal inheritance pattern. 

The dataset included 119 unrelated males from 
three Vietnamese Austroasiatic populations: Bana 
(36 individuals), Hre (30 individuals), and Mnong (53 
individuals), all of whom provided written informed 
consent. Each participant self-identified as belonging 
to the same ethnicity for at least three generations. 
Sampling locations included Kon Ray, Kon Tum (Bana); 
Kon Plong, Kon Tum (Hre); and Lak, Dak Lak (Mnong).

2.2. Genetic analyses

Nucleotide variants across multiple mtDNA segments 
(coding and HVS regions) were identified by aligning 
reads against the Reconstructed Sapiens Reference 

Sequence (RSRS) using an in-house algorithm. Positions 
with missing nucleotides (Ns) were excluded, as were 
eight additional sites: the poly-C stretch of hypervariable 
segment II (HVS-II; 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 bp deletion/insertion (np 8,272-8,289), and the poly-C 
stretch of hypervariable segment I (HVS-I; np 16,180-
16,195). 

Variant distributions across the three populations 
were visualised using the R package “ggplot2” [16]. 
The HVS-I (np 16,024-16,383) and HVS-II (np 57-372) 
regions, along with the complete mtDNA sequences, were 
analysed using HaploGrep3 [17] to assign haplogroups, 
with references based on PhyloTree mtDNA tree Build 
17 [18]. Correspondence analysis (CA) was computed 
based on haplogroup frequencies in R using the libraries 
“vegan” [19] and “ca” [20]. Median-joining networks 
were constructed and visualised by HapNetworkView 
[21].

3. Results

3.1. Variant distribution

The molecular diversity of each population was 
further examined by visualising variant distributions 
across different mtDNA regions (Fig. 1). Among the 
119 mtDNA sequences, 6,361 variants were detected 
(average 53.45±3.40 variants per sample), of which 
73.32% were located in the coding region and the 
remainder in the control region. Specifically, the HVS-I 
(np 16,024-16,383), HVS-II (np 57-372), HVS-III (np 438-
574), and other non-coding sequences accounted for 
12.42, 8.63, 4.87, and 0.76% of all variants, respectively. 

In HVS-I, the Bana distribution was skewed toward 
the upper portion of the curve, while those of Hre and 
Mnong were more evenly dispersed. In HVS-II, Hre 
displayed the most compact curve, centralised around 
the median; Bana’s variants were concentrated in the 
upper range, whereas Mnong’s were distributed more 
evenly. Variant ranges in the HVS-III region were similar 
across all three populations; however, Bana and Hre 
showed wider distributions in the upper range, while 
Mnong’s distribution was more symmetrical around the 
median. In the coding region, the distribution curves of 
all three populations were highly similar, with Mnong 
exhibiting the broadest range (Fig. 1). 



LIFE SCIENCES | BIOLOGY, BIOTECHNOLOGY

124 JUNE 2026 • VOLUME 68 NUMBER 2

3.2. Haplogroup classification

In our dataset of 119 samples, a total of 38 maternal 
lineages were identified using HVS sequences in 
HaploGrep3, while 40 lineages were detected when 
analysing complete mtDNA genomes. When comparing 
lineage components, 58.82% of the samples (70/119) 
displayed identical haplogroups between the two 

approaches, whereas the remaining 41.18% (49/119) 
showed discrepancies (Table 1). Among these, 17 samples 
exhibited a change in lineage assignment between the 
two methods. Of the 49 samples with differing results, 
17 displayed distinct lineage classifications, while 32 
had mitogenome-based haplogroups that were more 
refined than those derived from HVS-based analysis. 
In terms of ethnolinguistic groups, Bana (n=36), Hre 
(n=30), and Mnong (n=53) each contained 18, 10, and 
21 samples, respectively, that yielded differing results 
when comparing different mtDNA segments. 

A total of 40 mitogenome-based haplogroups were 
classified into seven macro-haplogroups (B, C, F, M, N, 
R, and Z) (Table 2). Two lineages (M20 and B5a1a) were 
shared among all three populations, while six (M73b, 
C7, R9b1a1a, M9b, F1a1a1, and F1a1d) were shared 
between two populations. The remaining 32 lineages 
were population-specific, 17 of which were singletons. 
Thirty-two representatives of macro-haplogroups M, 
B, and N together accounted for 82.35% of the total 
samples. The most widely distributed haplogroups were 
M20 (14.29%), M74b1 (6.72%), and B5a1a (6.72%).

Within each population, the Mnong exhibited 22 
haplogroups, of which 11 were singletons. The most 
frequent haplogroups were M74b1 (15.09%), N9a6 
(11.32%), and B5a1a (9.43%). Notably, B5a1a was the 
only lineage from haplogroup B present in all three 
populations, whereas M74b1 and N9a6 were exclusive 
to Mnong. The Hre samples were classified into 14 
haplogroups, including seven singletons, with B5a1d 
(20%) and M20 (20%) being predominant. While B5a1d 
was absent in both Mnong and Bana, M20 was shared 
across all three populations. 

Fig. 1. Variant distributions across different mtDNA regions in the Bana, Hre, and Mnong populations.

Table 1. Differences between haplogroups assigned by HVS 
and complete mtDNA.

Number Haplogroup by 
HVS-I and -II

Haplogroup by 
whole mtDNA

Number of 
samples

Frequency 
(n=119)

1 B4a1a5a B4a1c+146T! 1 0.84%

2 B4b1 B4b1a 1 0.84%

3 B4b2 B4b1a 1 0.84%

4 B5a B5a1a 8 6.72%

5 B5a B5a1b1 1 0.84%

6 B5a1d B5a1c 1 0.84%

7 C4b3 C7 1 0.84%

8 C4b8a C7 4 3.36%

9 F1a1 F1a1d 3 2.52%

10 F1a1a F1a1a1 4 3.36%

11 L3f2 M23’75 3 2.52%

12 L3x1 M73 5 4.20%

13 M12 M12a1b 1 0.84%

14 M17c1a1 M17c1a1a 2 1.68%

15 M50 M13b1 1 0.84%

Total 14 13 49 41.18%

“n” denotes the total number of samples in the study population.
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The Bana samples contained 14 lineages, including 
two singletons. M20 (27.78%) was the most common 
haplogroup in Bana, followed by C7 and M23’75 
(8.33% each). M20 and B5a1a were the only lineages 
observed in all three ethnic groups, with M20 reaching 
high frequencies in Bana (27.78%) and Hre (20%). 
Haplogroups shared between two populations (C7*, 
F1a1d, F1a1a, and M9a’b) or those with high frequencies 
in the dataset (N9a6, M74b1, M51b1b) tended to cluster 
near the centre of the CA plot. By contrast, several 
haplogroups associated with Mnong (M12b1a2, N22, 
M50a2, R22, B5a1b1, M21b2, and M7b1a1f) were 
positioned toward the periphery of the plot. 

Haplotype network analysis, visualised using 
HapNetworkView (Fig. 2), revealed radial clusters 
within clades M and B, characterised by large nodes 
with multiple one-step connections, suggesting recent 
population expansion. Macrohaplogroup N was confined 
to Mnong, while haplogroup F formed scattered, 
mixed, and moderately sized clusters (Fig. 2A). Shared 
haplotypes between Bana and Hre highlighted close 
genetic connections between these two groups (Fig. 2B).

4. Discussion
In this study, the distributions of nucleotide variants 

revealed genetic diversity at the molecular level. The 
control region was found to be more compact than 
the coding region. Specifically, the HVS sequences 
(813 bp) accounted for only 4.91% of the total mtDNA 
length yet contained 25.92% of all variants. Among the 
hypervariable segments, HVS-III - the most recently 
defined - displayed the highest variant occurrence per 
nucleotide (2.26 variants/nucleotide), whereas HVS-
II showed the lowest (1.74 variants/nucleotide). Prior 
to the advent of next-generation sequencing (NGS), 
the HVS region was the primary target for sequencing 
in mtDNA studies due to the large amount of genetic 
information retrievable from a relatively short segment. 
However, given the considerable length of the coding 
region (15,447 bp), it still contains a substantial amount 
of genetic data. Moreover, HVS data alone cannot achieve 
the same level of accuracy and phylogenetic resolution 
as complete mtDNA when assigning haplogroups, as 
demonstrated by the discrepancies between HVS-based 
and complete mtDNA-based classifications (Table 1). 
With the development and increasing accessibility of 
NGS, sequencing the entire mitochondrial genome has 
become the gold standard for maternal lineage analysis.

Number Haplogroup Bana 
(n=36)

Hre 
(n=30)

Mnong 
(n=53)

Overall 
(n=119)

1 B4a1c+146T! - - 1.89% 0.84%

2 B4b1a 5.56% - - 1.68%

3 B4c2 5.56% - - 1.68%

4 B4g1 - 3.33% - 0.84%

5 B5a1 - 3.33% - 0.84%

6 B5a1a 5.56% 3.33% 9.43% 6.72%

7 B5a1b1 - - 1.89% 0.84%

8 B5a1c - - 1.89% 0.84%

9 B5a1d - 20.00% - 5.04%

10 C7* 8.33% 6.67% - 4.20%

11 F1a1a - 6.67% - 1.68%

12 F1a1a1 5.56% - 3.77% 3.36%

13 F1a1d 5.56% 3.33% - 2.52%

14 M12a1b - - 1.89% 0.84%

15 M12b1a2 - - 1.89% 0.84%

16 M12b1b - 3.33% - 0.84%

17 M12b2a - - 3.77% 1.68%

18 M13b1 - 3.33% - 0.84%

19 M17c1a1a 5.56% - - 1.68%

20 M20 27.78% 20.00% 1.89% 14.29%

21 M21b2 - - 1.89% 0.84%

22 M23’75 8.33% - - 2.52%

23 M24a 2.78% - - 0.84%

24 M50a2 - - 1.89% 0.84%

25 M51b1b - - 7.55% 3.36%

26 M68a1a - - 1.89% 0.84%

27 M73 - - 9.43% 4.20%

28 M73b 5.56% 10.00% - 4.20%

29 M74b1 - - 15.09% 6.72%

30 M7b1a1f - - 3.77% 1.68%

31 M7c1c2 2.78% - - 0.84%

32 M9a1a3 - 6.67% - 1.68%

33 M9b 5.56% 6.67% - 3.36%

34 N21+195T! - - 3.77% 1.68%

35 N22 - - 7.55% 3.36%

36 N9a6 - - 11.32% 5.04%

37 R22 - - 1.89% 0.84%

38 R23 - - 1.89% 0.84%

39 R9b1a1a 5.56% - 3.77% 3.36%

40 Z3c* - 3.33% - 0.84%

“n” denotes the total number of individuals in each population; 
haplogroup labels without an asterisk include all downstream 
subhaplogroups, whereas haplogroup labels with an asterisk 
exclude all downstream subhaplogroups.  

Table 2. Haplogroup profiles in three Austroasiatic populations using complete mtDNA genomes. 
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Across populations, Bana exhibited the highest 
mean number of variants per individual (53.64±3.51), 
followed by Mnong (53.43±3.69) and Hre (53.30±2.77). 
Haplogroup compositions reflected substantial 
diversity within the dataset: macrohaplogroups M 
and B predominated (ranging from 66-80% in each 
population), while macrohaplogroup N appeared 
exclusively in Mnong (22.64%). Macrohaplogroup F 
ranked as the third most common in Bana (11.11%) 
and Hre (10%). Mnong also showed the largest number 
of population-specific haplogroups (18 lineages). The 
sample sizes for each population (Bana: n=36; Hre: 
n=30; Mnong: n=53) are consistent with standard 
practice in uniparental marker studies [22-25]. While 
common haplogroups (≥5% frequency) are typically 
captured within this range, rarer lineages may remain 
underrepresented or undetected. Therefore, the absence 
of a haplogroup in our dataset should not be interpreted 
as a true absence within the population. This limitation 
should be considered when studying minority groups 
with modest population sizes.

Macrohaplogroup M was the most widely distributed 
in this study, comprising more than half of all samples. 
Half of the detected lineages (20/40) were descendants 
of haplogroup M, of which 85% were singletons. M20 
was the most frequent haplogroup, identified in all 
three populations, with an overall frequency of 14.29%. 
It was the most common lineage in Bana (27.78%) and 
Hre (20%), but occurred in only one Mnong individual 
(1.89%). M20 has been reported among Indian and 
Eurasian populations, suggesting gene flow between 

southern and eastern Asia [26, 27]. Within Southeast 
Asia, this lineage has been observed in Indonesia [28], 
Vietnam [12], Cambodia [29], Thailand, and Laos [30]. 
Another notable haplogroup is M74b1, which dates back 
to approximately 12.6-10 kya (thousand years ago)  
[31]. To date, M74b1 has not been reported in other 
Vietnamese Austroasiatic populations but has been 
identified in several groups across both continental 
and island Southeast Asia, including Austroasiatic and 
Tai-Kadai speakers in Thailand [30], Sino-Tibetan in 
Myanmar [32], or the Austronesian in Vietnam [12], the 
Philippines [33], and Indonesia [34]. The diversity of M 
clades across Vietnam and its neighbouring countries 
suggests a region-specific expansion history for this 
haplogroup. 

Lineages of macrohaplogroup B was the second most 
common, representing 19.32% of the dataset. Nine B 
lineages were identified and classified into the B4 and 
B5 sub-haplogroups, eight of which were restricted to 
a single population. The only lineage shared among all 
three populations was B5a1a, previously reported in 
Vietnam [12], Thailand, Laos [30], and Cambodia [29]. 
Together with B5a1d, this haplogroup was presumed 
to have coalesced in the middle of the Holocene, 
dating back to approximately 8 kya [31]. A noteworthy 
representative of the B4 sub-haplogroup is B4c2, which 
appeared in two Bana individuals (5.56%). Other studies 
also detected B4c2 in South China [22], Vietnam [12-13], 
Laos [31], Thailand [30], indicating a late Pleistocene 
origin in Mainland Southeast Asia. 

Fig. 2. Haplotype network analysis classified by (A) macrohaplogroups and (B) ethnic groups. 

(A) (B)
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Macrohaplogroup N is the third most common in 
our dataset (10.08%). Interestingly, three N lineages 
(N21+195T!, N22, N9a6) were exclusive to the 
Mnong. Unlike its direct ancestor N9a, which is more 
widespread in East Asia [35-37], N9a6 appeared in 
low frequency in Southeast Asia populations such as 
Laos, Thailand [38], Indonesia [39] and Malaysia [31]. 
Its descendants, N9a6a and N9a6b, are found at high 
frequency in Malaysia, suggesting a local diversification 
of this branch [28]. N22, which is associated with the 
expansion of Austronesian speakers into Malaysia [40], 
has low frequencies in Thailand [25-30], Laos [41] and 
the Philippines [42]. The fragmented distribution of the 
N22 clade, alongside a deep coalescent age of ~27.3 kya 
[28], suggests multiple overlapping waves of migration. 

The presence of numerous population-specific 
lineages and diverse macrohaplogroups reflects both 
ancient divergence and localised demographic processes. 
Future research should integrate complete mtDNA and 
Y-chromosome data, along with genome-wide SNP 
genotyping, to develop a more comprehensive model of 
Vietnam’s demographic history and its connections to 
broader Southeast Asian migrations.

5. Conclusions
This study highlights the maternal genetic 

characteristics of 119 male individuals from three 
Austroasiatic populations (Bana, Hre, and Mnong), with 
a focus on mitogenomic substructure. The non-coding 
region contained a higher proportion of variants than the 
coding region. Among the three groups, Bana exhibited 
the highest average number of variants per individual 
(53.64±3.51). Forty haplogroups were identified, 
predominantly belonging to macrohaplogroups B (nine 
lineages) and M (20 lineages), many of which - such 
as M20, B4c2, and B5a1a - are characteristic of the 
Southeast Asian region and not specific to any linguistic 
family, reflecting genetic continuity among local 
populations. 

Distinctive patterns emerged across the three 
populations: Mnong possessed the highest number of 
unique haplogroups, including three sub-branches of 
macrohaplogroup N that were absent in Hre and Bana. 
Vietnam’s modern genetic landscape reflects a complex 
history of settlement and migration. Insights into these 
underrepresented Austroasiatic minorities expand 
current knowledge of the Austroasiatic linguistic family 
and contribute to clarifying the still-unresolved peopling 
history of this region.
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