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Introduction

Despite migration, diffusion, and introgression, island 
populations that have been isolated for millennia are more likely to 
generate genetic specificity that allows geneticists to retrace their 
ancestral history. For thousands of years, the Indigenous villages 
of Taiwan operated as independent entities and often engaged in 
conflicts with one another. The Siraya people, located near Tainan, 
were the first group of “Plain indigenous people” (or Pingpu) 
 encountered by the  Dutch who referred to them  as the Sideia. In 
the mid-seventeenth century, the Dutch reorganized these villages      
into groups based on parish divisions, native trade systems, and the 
arrangement of hunting grounds. This reorganization encouraged 
the Indigenous people to seek external resources and fostered 
cooperation among neighboring villages [1]. 

Over the past 250 years, numerous migrants from mainland 
China arrived in Taiwan, leading to the assimilation of the Siraya 
people into the ethnic Chinese community through intermarriages. 
After World War II, most Pingpu groups, including the Siraya, lost 
their indigenous status [2]. In 2022, after more than a decade of 
seeking recognition, the Constitutional Court of Taiwan rejected 
Siraya’s claim to be recognized as Indigenous people [3]. Despite 
this setback, the Siraya possess many distinct cultural traits. 
Unfortunately, their original language, a branch of the Austronesian 

language family, is now extinct, although it is well-documented in 
literature [4]. Over time, it is believed that the Siraya language (or 
proto-Siraya) evolved into three subgroups: Siraya, Taivuan, and 
Makatau. Today, most Siraya people reside in the southwestern 
plains of Taiwan, primarily in Tainan County. However, some groups, 
particularly the Taivuan, were displaced to Pingtung County during 
the Cheng Dynasty (1661-1683) and again from 1722 to 1736. 
Simultaneously, the Makatau people in Pingtung County were 
moved to the eastern foothills of the Central Mountain Range [5]. 
Additionally, records indicate that in 1804, the Siraya and several 
other plain tribes faced further displacements to the east coast of 
Taiwan [6].

 The name “Siraya” is a transliteration of the word for “people” in 
their language. This name was assigned by Japanese scholars during 
the period from 1895 to 1945 5. It is believed that the Niaosong 
culture, which existed from 1600 to 500 B.P. and is characterized 
by a significant number of bird-head-shaped artifacts uncovered at 
the Niaosong archaeological site in Tainan, serves as the ancestral 
culture of the Siraya [7]. However, further research is needed to 
fully understand the complex origins of the Siraya people.

Molecular anthropology explores the genetic diversity in 
various parts of the human genome, including mitochondrial DNA 
(mtDNA), Y-chromosome DNA, the Human Leukocyte Antigen (HLA) 
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system, and the complete human genome. For instance, autosomal 
inheritance, which in this study involves the highly polymorphic 
HLA system, represents genetic contribution from both parents. 
The HLA system has a slow mutation rate, it is influenced by 
selective pressure and shows significant recombination, especially 
in mixed groups. In contrast, uniparental inheritance systems, such 
as mtDNA and Y-chromosome DNA, are passed down through one 
parent only. Mitochondrial DNA is inherited strictly from mother 
to daughter without genetic recombination. Its mutation rate is 
moderate, which makes mtDNA particularly valuable for studying 
human populations and tracing maternal migration events 
throughout history. Similarly, the Y-chromosome is inherited from 
father to son and is used for research on paternal evolution [8]. 
Although the Y-chromosome has a faster rate of variation, its study 
enables researchers to estimate the coalescence age of specific 
traits and link them to historical migration events [9].

In this study, we analyze the genetic variation of the Siraya 
groups by examining the HLA, mtDNA, and Y-Chromosome gene 
systems. These genetic systems will help estimate the genetic 
contributions—both paternal and maternal—of the Siraya from 
other Taiwanese indigenous groups and relevant reference 
populations from abroad, including regions such as Northeast China, 
South China, East Coast China, Mainland Southeast Asia, and Island 

Southeast Asia. Last, we employ Bayesian Analysis of Population 
Structure (BAPS) to explore gene flow and immigration patterns 
among the Siraya groups and their neighboring populations.

Materials and Methods

Samples

Unrelated healthy Siraya individuals (n=541) (Figure 1, Table 1) 
were recruited for this study. Group 1 comprised Siraya individuals 
from the Tainan County (n= 159), group 2, 3 and 4 relocated to 
the Khaohsiung County (n=57), the Pingtung County (n=147), 
the Hualien County (n= 66) respectively. Except for Makatao (n = 
50) from the Pingtung County, all individuals were analyzed for 
Mitochondrial DNA (mtDNA), Non-recombining Y chromosome 
(NRY) and Human Leukocyte Antigen (HLA) gene systems [10,11]. 
Their profiles were compared to other groups in Taiwan (Table 1) 
previously characterized for the same gene systems [12-14] and 
neighboring populations of North China (n = 252), the East China 
coast (Fujian and Matsu; n= 198) [15,16] South China (n = 
1163), the Philippines (n = 260), Western and Eastern Indonesia 
(n= 326 + 72) [12,14,17-19] and Mainland Southeast Asia (MSEA): 
Vietnam (n = 603) [20], Thailand (n = 560) [21] and Malaysia (n = 
86) [22,23] (Table 1). 

Figure 1: Location of Siraya groups.
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Table 1: Population samples.

     
     

Data analysis

DNA was first extracted from 500 µl of buffy-coat from each 
Chick swab or blood sample using the QIAmp DNA kit (QIAmp® 
DNA Blood Mini kit, Qiagen inc. Taiwan). For mtDNA typing,
the control region HVS-1, nucleotide positions (nps) of coding 
region nps 8000 to 9000 and 9800 to 10900 were sequenced as 
previously described 12. Additionally, complete mtDNA sequencing 
of 39 selected samples (Supplementary Data 1) were performed on 
both strands using the Perkin-Elmer/Applied Biosystems Division 
(ABI Taiwan) DyeDeoxy Terminator Cycle Sequencing Kit (Foster 
City, California, United States) according to the recommendations 
of the manufacturer on an automated DNA sequencer (ABI Model 
377). Mitochondrial haplogroups were assigned according to Build 
17 of Phylotree [24] using Haplogrep-2 available online: https://
haplogrep.i-med.ac.at/app

Genotyping of Non-recombining Y chromosome (NRY) was 
obtained 14 from 81 Y-SNPs (Table 1) using direct sequencing of 
amplicons obtained from specific primer pairs as described in the Y 

Chromosome Consortium 2002 [26,27], and furthere analyzed using 
17 Y-chromosome short tandem repeats (Y-STRs): DYS19, DYS385I, 
DYS385II, DYS389I, DYS389II, DYSS390, DYS391, DYS392, DYS393, 
DYS437, DYS438, DYS439, DYS448, DYS456, DYS458, DYS635, and 
Y GATA-H4 [14].

Statistical analysis

Multidimensional scaling (MDS): MDS plots were constructed 
using haplogroup frequencies with the Paleontological statistics 
version 3.25 (PAST) [28]. 

Phylogenetic analysis: 

To infer the mtDNA phylogenetic relationships between Siraya 
and other groups of Taiwan, East Asia, Peninsular Asia, and ISEA 
we adjusted all mtDNA haplogroup assignments using the same 
control and coding region fragments used for our local data set 
(control region HVS-1, coding region fragments nps 8000 to 9000 
and 9800 to 10900).

[25].
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Table 2: Gene Diversity and Mixture estimate with Han and NAN_Tw.

Similarly, for the Y-SNP-STR phylogenetic relationships, 
only seven STRs were retained to match other Y chromosome 
determination protocols (DYS19, DYS389I, DYS389II, DYSS390, 
DYS391, DYS392, DYS393). 

Population gene flow and ancestry sharing:

We inferred mixture processes in the Siraya groups from lineage 
sharing of the three gene systems, autosomal HLA, mitochondrial 
and NRY polymorphisms. Mixtures were estimated assuming that 
a population can be regarded as the result of a hybridization or 
mixture process among two putative parental populations, namely 
the Han and the Austronesian speakers of Taiwan [29] (Table 2). 
The putative parental Han comprised Northeast, East and South 
china, and the putative Austronesian group comprised all AN_Tw 
haplogroups (Table 2 and Supplementary Table S1).

Bayesian population mixture analysis was estimated with BAPS 
v. 6.1 (Bayesian Analysis of Population Structure) [30] along with the 
Evanno statistic [31] to detect the uppermost hierarchical level of 
structure (or best K) based on the rate of change in the log marginal 
probability of data between successive K values. Finally, a mixture 
analysis with the BAPS option “Admixture of individuals based on 
mixture clustering” was used to produce a heat map showing gene 
flow between all Source and Target groups and maximum K ≤ 30 
(Figure 3 and Supplementary Figure S3).

Results and Discussions

Genetic structure

Data on genetic diversity for HLA, mtDNA, and NRY were obtained 
from 5,024 unrelated individuals across Asia. This included 476 
Siraya individuals for HLA analysis, 266 for mtDNA, and 274 for NRY 
(Table 1). We categorized the Siraya samples into four groups based 
on their geographic locations. The analysis identified 70 distinct 

HLA alleles (HLA-A, -B, and -DRB1), 145 mtDNA haplogroups, and 
17 NRY SNP haplogroups among the Siraya samples.

We calculated gene diversity indices based on the frequencies 
of haplogroups and alleles across all genetic systems (Table 2 and 
Supplementary Table S1). Overall, the Siraya population showed 
higher gene diversity compared to the AN_Tw group, although it 
was slightly lower than that of mainland China. This difference is 
likely attributed to reductions caused by genetic drift and founder 
effects.

We used the HLA gene system to evaluate deviations from 
Hardy-Weinberg (HW) equilibrium. Our analysis, which included 
four-digit allele assignments, showed that the HLA-A, -B, and -DRB1 
loci did not significantly deviate from the expected HW equilibrium 
(P > 0.05) (data not shown). However, we found that Siraya group 
1 displayed a significant deviation for the HLA-DRB1 locus. This 
deviation is likely attributed to the low diversity of HLA-DRB1 in 
this group, as well as the sensitivity of HW equilibrium to factors 
such as excess homozygosity, rare alleles, or potential genotyping 
errors [32]. 

Mixture proportion analysis

The HLA gene system is diploid and has a very low mutation 
rate. Consequently, its alleles are preserved for thousands of years. 
Over the past 6,000 years, the genetic diversity of these alleles 
observed between the Han and AN_Tw groups has been minimal. 
As a result, the variation between these groups is mainly attributed 
to genetic drift rather than point mutations, gene conversions, or 
recombination events.

Admixture proportions in Siraya were estimated using the 
haplogroup sharing method developed by Maca-Meyer 29. This 
method, along with profile sharing, highlights the diversity of 
undefined origins. Table 2 presents these proportions based on 
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a surogate Han parental population, which includes groups from 
Northern, East Coast, and Southern China, as well as an AN_Tw 
parental population that encompasses all indigenous groups of 
Taiwan.

It was not surprising to find that the Han HLA alleles present in 
the AN_Tw group exceeded 47% (see Table 2 and Supplementary 
Table S1). As a result, only HLA alleles found in the Siraya and other 
non-Austronesian speaking (NAN) groups that share more than 
47% similarity with AN_Tw (as noted in the first column of Table 2) 
can be reliably attributed to Austronesian admixture. It is important 
to mention that we utilized a four-digit generic level for HLA 
genotyping, in contrast to the six-digit classification used in more 
advanced sequence-based typing methods. Therefore, the HLA data 
presented in Table 2 and Supplementary Table S1 represent only 
generic alleles and may underestimate the genetic mixing between 
AN_Tw and Siraya. Furthermore, with the exception of Siraya Group 
4 (data not shown), Groups 1 to 3 exhibited only a few HLA alleles, 
with frequencies ranging from 2.27% to 5.56% (A*29:01, B*15:12, 
B*35:02, B*56:04, and B*81:01) that were not found in our Han 
control dataset. This discrepancy may be due to point mutations 
or recombination that occurred after a long period of isolation in 
Taiwan, or more likely, due to migration from other regions of East 
Asia. A search for allele frequencies in the worldwide population 
database indicates that, although these Siraya alleles are distributed 
globally (with frequencies ranging from 2% to 10% in Malaysia), 
they are rare among the Han population.

The mtDNA and NRY gene systems are haploid, and their 
mutation rates are faster than those of the HLA system [33,34]. This 
characteristic allows researchers to estimate the age of the most 
recent common ancestor (MRCA) and, in the case of unique findings 
in Taiwan, to determine the time of settlement or first migration 
to the island. As expected, the diversity of mtDNA and NRY shared 
between Han and indigenous Taiwanese (AN_Tw) populations was 
significantly lower (19.6% for mtDNA and 9% for NRY) compared 
to the diversity seen in the HLA system and between AN_Tw and the 
Siraya population, which showed 36.5% and 21.4% respectively. 
Overall, with the exception of Siraya Group 2, which primarily 
consists of Han males, we can reliably estimate that the AN_Tw 
component contributes approximately 16.9% of mtDNA and 
12.4% of NRY in the other Siraya groups. To compare the genetics 
of the Siraya with published data (Table 1), we utilized a generic 
definition for mtDNA haplogroups, encompassing the HVR-I and 
2000 nucleotides from the coding region. For NRY, we employed a 
limited number of single nucleotide polymorphisms (SNPs) along 
with seven Y-STRs. Additionally, some private mtDNA and NRY 
diversity were identified and used to estimate the settlement date 
of their carriers (Supplementary Figure S1 and S2).

We conducted a mixture analysis involving four potential 
genetic contributors: Han, ISEA (which combines the Philippines 
and Western Indonesia), MSEA (which includes Thailand, Malaysia, 
and Vietnam), and a putative ancestral parental Austronesian 
group. The latter was formed by merging all AN_Tw groups and 
removing haplotypes (for NRY) or haplogroups (for mtDNA) that 
were identical to those of Han (Table 2 and Supplementary Table 

S2). As indicated in Table 2, the depth of the HLA typing assignment 
suggested an overestimation of the mixture between AN_Tw and 
Siraya. However, for mtDNA and NRY, Siraya showed a slightly 
greater mixture with AN_Tw compared to Han.

A significant portion, over 38%, of the mitochondrial DNA 
(mtDNA) and Y-chromosomal DNA (NRY) polymorphisms 
observed in the Siraya population (as detailed in Supplementary 
Table S2) were not identified in our control dataset. Unlike HLA, 
this considerable amount of undefined genetic origin indicates 
a collection of new lineages, predominantly reflecting unique 
variations within the Siraya for the NRY, alongside potential 
laboratory errors. This genetic diversity can be attributed to the 
cultural and geographical isolation of these groups, coupled with 
the rapid mutation rates of the NRY and mtDNA systems, which 
inversely correlates with the extent of undefined shared origins. 
Further analysis using Phylotree 17 24 enabled us to estimate that 
20% of the undefined mtDNA lineages correspond to MSEA origins, 
mainly from Thailand and Malaysia. Additionally, 51% are linked 
to other Han groups in China, while the remaining 29% trace back 
to Austronesian (AN) groups in Taiwan and Island Southeast Asia 
(ISEA), including two lineages from the Philippines (F3b1b and 
R9c) that appear to have Negrito ancestry [35].

Principal Component (PC) Analysis 

The principal component (PC) plots were created using the 
Past software [28], utilizing allele and haplogroup frequencies 
from HLA, mtDNA, and NRY populations in China, Taiwan, Island 
Southeast Asia, and Mainland Southeast Asia (Figure 2). The 
analysis accounted for 48.4%, 36.0%, and 69.8% of the total 
genetic variation, respectively (Figure 2). The HLA PC plot distinctly 
separated the Siraya from other groups, indicating that prolonged 
isolation has allowed genetic drift to create a specific HLA profile 
for the Siraya. In contrast, the Ur_Tw and Han_Tw groups (which 
include the Hakka and Minnan) are located within the HLA Han and 
MSEA cluster. This likely suggests that these groups have recently 
migrated from mainland China to Taiwan. This result is further 
supported by the mtDNA and NRY PC analyses, which align with 
the findings presented in our mixture analysis (see Supplementary 
Table S2). The mtDNA PC analysis indicates a mixture between the 
Tainan Siraya Group 1 and AN_Tw (Amis and Tsou). Interestingly, 
the positioning of the Siraya in the PC plots of both mtDNA and 
the Y chromosome (Figure 2) reveals a connection to the Han and 
a closer relationship to the Southern AN_Tw groups (including 
connections with some populations in the Philippines) compared 
to the Northern AN_Tw. This suggests that the pre-Han settlement 
Siraya people may have shared a similar migratory history with 
other Southern AN_Tw groups. However, their settlement in the 
western plains of Taiwan resulted in genetic sinicization due to 
the more recent influx of Han groups from China over the past 400 
years.

http://dx.doi.org/10.32474/JAAS.2026.12.000396
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Supplementary Figure S1: mtDNA Haplogroups A, B, C, D, E, F.
Network of mtDNA haplogroups A, B, C, D and F using the concatenated regions of HVS-I, nps 16051 to 16400, and coding 

regions nps 8001 to 9000 and 9801 to 10900. Network were first generated with the minimum-reduced algorithm, then using the 
median-joining algorithm for estimating. Coalescence time was calculated using 8,940 years per site. Final graphic plots were 

processed with the Haploview package version 4.2.

http://dx.doi.org/10.32474/JAAS.2026.12.000396
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Supplemenary Figure S2: MtDNA haplogroup M and R.
Network of mtDNA haplogroups M7b, M7c, M8, Z and R using the concatenated regions of HVS-I, nps 16051 to 16400, and 

coding regions nps 8001 to 9000 and 9801 to 10900. Network were first generated with the minimum-reduced algorithm, then 
using the median-joining algorithm for estimating. Coalescence time was calculated using 8,940 years per site. Final graphic plots 

were processed with the Haploview package version 4.2.

Supplementary Table S2:  Sharing of pooled Siraya groups with control groups.

Putative parents HLA mtDNA NRY

All China 86.18% 11.01% 6.09%

All AN_Tw (No Yami) 0.00% 12.95% 11.09%

All ISEA 10.75% 11.23% 0.83%

All MSEA 3.07% 3.27% 1.30%

Not seen in control data set 0.00% 61.54% 80.68%

 Sharing of pooled Siraya groups with:

http://dx.doi.org/10.32474/JAAS.2026.12.000396
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A significant portion, over 38%, of the mitochondrial DNA 
(mtDNA) and Y-chromosomal DNA (NRY) polymorphisms 
observed in the Siraya population (as detailed in Supplementary 
Table S2) were not identified in our control dataset. Unlike HLA, 
this considerable amount of undefined genetic origin indicates 
a collection of new lineages, predominantly reflecting unique 
variations within the Siraya for the NRY, alongside potential 
laboratory errors. This genetic diversity can be attributed to the 
cultural and geographical isolation of these groups, coupled with 
the rapid mutation rates of the NRY and mtDNA systems, which 
inversely correlates with the extent of undefined shared origins. 
Further analysis using Phylotree 17 24 enabled us to estimate that 
20% of the undefined mtDNA lineages correspond to MSEA origins, 
mainly from Thailand and Malaysia. Additionally, 51% are linked 
to other Han groups in China, while the remaining 29% trace back 
to Austronesian (AN) groups in Taiwan and Island Southeast Asia 
(ISEA), including two lineages from the Philippines (F3b1b and 
R9c) that appear to have Negrito ancestry [35].

Principal Component (PC) Analysis 

The principal component (PC) plots were created using the 
Past software [28], utilizing allele and haplogroup frequencies 
from HLA, mtDNA, and NRY populations in China, Taiwan, Island 

Southeast Asia, and Mainland Southeast Asia (Figure 2). The 
analysis accounted for 48.4%, 36.0%, and 69.8% of the total 
genetic variation, respectively (Figure 2). The HLA PC plot distinctly 
separated the Siraya from other groups, indicating that prolonged 
isolation has allowed genetic drift to create a specific HLA profile 
for the Siraya. In contrast, the Ur_Tw and Han_Tw groups (which 
include the Hakka and Minnan) are located within the HLA Han and 
MSEA cluster. This likely suggests that these groups have recently 
migrated from mainland China to Taiwan. This result is further 
supported by the mtDNA and NRY PC analyses, which align with 
the findings presented in our mixture analysis (see Supplementary 
Table S2). The mtDNA PC analysis indicates a mixture between the 
Tainan Siraya Group 1 and AN_Tw (Amis and Tsou). Interestingly, 
the positioning of the Siraya in the PC plots of both mtDNA and 
the Y chromosome (Figure 2) reveals a connection to the Han and 
a closer relationship to the Southern AN_Tw groups (including 
connections with some populations in the Philippines) compared 
to the Northern AN_Tw. This suggests that the pre-Han settlement 
Siraya people may have shared a similar migratory history with 
other Southern AN_Tw groups. However, their settlement in the 
western plains of Taiwan resulted in genetic sinicization due to 
the more recent influx of Han groups from China over the past 400 
years.

Figure 2: Principal component for HLA *A, *B, *DRB1, mtDNA and NRY.
The first two PCs of the HLA plot explain 48.4% variation, with PC1 (36.2%) principally influenced by alleles A*24:02 and 

DRB1*09:01, and PC2 (12.1%) influenced by alleles A*11:01, A*23:01, B*15:01, DRB1*12:01 and DRB1*15:01. The mtDNA plot 
explains 36.4% variation with PC1 mediated by haplogroup M7b1a2a, and PC2 by B4c1b2a, F1a1d1, B4a2a1 and E2b. The NRY 
plot accounts for 69.8% variation with PC1 affected by NRY haplogroup O1a1 and PC2 by O1a2, O2a1a and O3a2c. Overall, the 

Siraya (mtDNA and NRY) show affinities with the Han and southern AN_Tw.

http://dx.doi.org/10.32474/JAAS.2026.12.000396
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Age estimate of settlement

mtDNA

Haplogroup A: Haplogroup A did not exhibit any clusters specific 
to the Siraya population (Supplementary Figure S1).

Haplogroup B: Haplogroup B displayed three clusters unique to 
the Siraya (Supplementary Figure S1). One of these clusters belongs 
to B5a, with an estimated age of 8.1 ± 5.1 Kya and originating from 
MSEA. The other two clusters are B5a2a2b2 (6.3 ± 4.2 Kya) and 
B4a2a (3.3 ± 2.8 Kya), both of which were observed only among 
the AN [36].

Haplogroup C: Haplogroup C (Supplementary Figure S1) revealed 
a cluster that includes C7a lineages, estimated to be 14.8 ± 4.7 Kya. 
This cluster is found exclusively in NAN Taiwanese individuals and 
the Siraya, suggesting a possible expansion from MSEA or South 
China [21], as well as a recent migration to Taiwan. Notably, there 
were no terminal clusters specific to the Siraya observed.

Haplogroup A: Haplogroup A did not show any cluster specific to 
Siraya (Supplementary Figure S1).

Haplogroup B: Haplogroup B showed three clusters unique to 
Siraya (Supplementary Figure S1). One belonging to B5a (8.1 kya ± 
5.1) of MSEA origin, and two others, B5a2a2b2 (6.3 kya ± 4.2) and 
B4a2a (3.3 ± 2.8 Kya) seen only among AN_Tw [36].

Haplogroup C: Haplogroup C (Supplementary Figure S1) 
showed a cluster comprising C7a lineages (14.8 ± 4.7 kya) seen 
only in NAN Taiwanese and Siraya, likely suggesting expansion in 
MSEA or South China 21 and a recent migrantion to Taiwan since 
no terminal clusters specific to Siraya were seen. 

Haplogroup D: Currently, haplogroup D is primarily found 
in China. It first arrived in Taiwan with the Austronesian 
agriculturalists as D5b3a, approximately 6.4 ± 2.1 thousand years 
ago (kya), and has been identified among the southern Austronesian 
groups, including the Paiwan, Rukai, and Puyuma. Notably, the 
haplogroup D found in the Siraya people is not shared with the 
Austronesian groups in Taiwan and is situated among the twigs of 
the network plot (Supplementary Figure S1). While all known types 
of haplogroup D present in the Siraya have Chinese ancestry, only 
two clusters demonstrate expansion in Taiwan: D5a2a1 (1.7 ± 1.1 
kya) and D4h1c (4.4 ± 2.2 kya).

Haplogroup E: Haplogroup E is believed to be a descendant 
of M9 from southeastern China and is thought to have reached 
Taiwan around six thousand years ago (BP) with the first Neolithic 
settlers [37]. The most common subtypes of haplogroup E found 
among the Austronesian groups in Taiwan include E1a1a1 and 
E2b, particularly prevalent in the Puyuma and the Siraya Groups 3 
(Pingtung) and 4 (Hualian). E1a1a1 is widespread throughout the 
Austronesian groups, with the highest frequency observed in the 
Saisiyat and Siraya populations, where its estimated presence dates 
back to approximately 4.3 ± 1.4 kya. Interestingly, descendants 
of E1a1a1 are evident in other Austronesian groups, indicating 
that this haplogroup came along with the first Neolithic settlers. 
Although E2b is common among the Siraya people, it exhibits low 

diversity. Its estimated presence in Taiwan ranges from 4.3 to 5.7 ± 
2.3 kya.

Haplogroup F is found throughout continental East Asia, 
Taiwan, and Island Southeast Asia (ISEA) [21]. However, certain 
subtypes among the Taiwanese Indigenous people (Tw_AN) 
specifically F1a3a, F1a4a, and F3b1a2, are unique to this group. 
Notably, the subtypes F1a3a3 and F1a4a1a are exclusive to the 
Siraya people and fall under the F1a haplogroup, which is also 
specific to Tw_AN. Additionally, F3b1b in the Siraya represents a 
sister clade to F3b1a2 in the Ancestral Taiwanese (AN_Tw) lineage 
(Supplementary Figure S1). The diversity of haplogroup F among 
the Siraya is the highest observed in East Asia, following China. The 
terminal clusters F1a4a1a (estimated to have existed around 3.3 ± 
1.2 Kya), and F3b1b (3.3 ± 0.5 Kya) provide insight into the time 
of isolation of the Siraya people. While this supports the notion of 
an Austronesian primary origin for the Siraya, the absence of the 
NAN F cluster among them suggests that the bearers of F1 and F3 
haplogroups in the Siraya represent a recently mixed group.

Haplogroups M7b and M7c: Haplogroups M7b and M7c 
(Supplementary Figure S2) represent two significant subclasses 
that are present throughout East Asia, Taiwan, and Island Southeast 
Asia (ISEA). Notably, in the Siraya population, M7b1a2a (with an 
age estimate of 9.1 kya, ranging from 3.7 to 14.7 kya) appears to be 
ancestral to other subtypes of this clade, specifically in the AN_Tw 
populations [33,38]. The M7b1a1a2 subtype of M7b1 (estimated at 
11.5 kya, ranging from 5.5 to 17.6 kya) is found in the Siraya and the 
NAN groups of Taiwan and is thought to result from a mixture with 
populations from Mainland Southeast Asia (MSEA). Additionally, 
subtypes of M7c1c1 (approximately 6 kya, with a range of 2.1 to 
9.9 kya) are primarily found across Taiwan and ISEA, although 
their rare occurrence among the Hakka suggests that Austronesian 
speakers may have been introduced in Hakka communities. Finally, 
the closest ancestors of M7c1c3a (about 7.9 kya, ranging from 1.5 to 
14.5 kya) have been reported in MSEA and Indonesia, likely arriving 
in Taiwan along with the first Neolithic settlers.

Haplogroups M8, C, and Z: The C and Z clades (see 
Supplementary Figure S2) are descendants of M8, which likely 
originated in Thailand and South China [39]. Haplogroups M8 and 
Z have not produced any terminal clusters that allow for significant 
estimates of coalescence within the Siraya population. However, 
a C7a cluster, which includes Ur_Tw, a single Siraya sample, and 
Makatao samples, has produced an estimate of local expansion in 
Taiwan at approximately 8.8 kya (ranging from 5.3 to 12.4 kya). The 
coalescence of this clade in Thailand, estimated at 13.6 kya (ranging 
from 14.9 to 18.4 kya), suggests early migration from MSEA to 
Taiwan.

Haplogroup R: Subtypes of haplogroup R are widespread across 
East Asia, with R11 found in China, R30 in India, R9b in MSEA, and 
R9c predominating among the Negrito population of Palawan (52%, 
Philippines) [40]. R9c is also common in MSEA [39], Indonesia [22], 
Austronesian populations in Taiwan (AN_Tw) [41], and the Siraya 
population (over 2.3%). Notably, R9c1a appears to be ancestral to 
the cluster observed among AN_Tw, indicating that R9c bearers 
were likely part of the Neolithic settlement in Taiwan.

http://dx.doi.org/10.32474/JAAS.2026.12.000396


Citation: Jin Yuan Huang, Zhong Sian Chen, Marie Lin, Jean Alain Trejaut*. Genetic Austronesian Heritage of the Siraya People of Taiwan. 
J Anthro & Archeo Sci 12(5)- 2026. JAAS.MS.ID.000396. DOI: 10.32474/JAAS.2026.12.000396

                                                                                                                                                          Volume 12 - Issue 4 Copyrights @ Jean Alain TrejautJ Anthro & Archeo Sci

1741

NRY

The non-recombining Y chromosome (NRY) O haplogroup is the 
dominant type in East Asia. It includes three major subgroups: O1a, 
O1b_P31, and O2_M122, which are primarily found in Northeast 
Asia, Southeast Asia, and the Mainland Southeast Asia (MSEA), 
respectively. Among the Austronesian groups, the AN_Tw and Siraya 
populations are descendants of haplogroup O, and represents the 
major Neolithic migration towards Taiwan and Island Southeast 
Asia (ISEA). In contrast to the NAN_Tw group, 93.6% of the O 
haplogroup profile observed in Siraya is shared with either NAN_
Tw (O2_M122) or Southern AN_Tw (O1a1_P203 or O1a2_M110). 
Haplogroup O1a1_P203, along with the less common O1a_M119, is 
prevalent among Southern AN_Tw, ISEA, and in the Fujian Province 
of China, where the O1a_M119 subtypes likely originated [42]. 
O1a2_M110 is also dominant among the Southern AN_Tw but 
shows a decline toward ISEA, except in the Nias Islands south of 
Sumatra [43], where it has been observed in some Daic-speaking 
groups in Southeast China [44]. Haplogroup O1b_P31 in the Siraya 
population is mainly represented by the subtype O1b1a1a1a1a1_
M88. This subtype is found throughout MSEA and is particularly 
prominent in Malaysia [45]. In a haplotype network (data not 
shown), the branches of O1b_P31 in Siraya mostly occupy the tips of 
the clade indicating recent diversity; however, some deeper nodes 
suggest an origin in MSEA [45]. Haplogroup O2a1c_JST002611 is 
commonly found in the Fujian Province of China but is rare among 

Austronesian groups, with the exception of the Bunun. Its presence 
in the Siraya population suggests early dispersal, likely during the 
Taiwan Metal Age from Southeast Asia [46]. Haplogroup O2a1b_
P164 is also distributed across Fujian, Taiwan, and ISEA. Unlike 
O1a1, O1b_P31, and O2a1c_JST002611, the network associated 
with O2a1b_P164 indicates a possible early expansion among the 
Siraya, dating back to approximately 3.9 kya BP ± 2.5 kya [36].

Bayesian Analysis of Population Structure (BAPS)

Gene Flow and the Human Leukocyte Antigen (HLA): 

The population structure, genetic diversity, and admixture, along 
with the relative average of the HLA ancestry of the Siraya groups 
with other groups from East Asia using BAPS 30 are illustrated 
in Figure 3. We determined the best spatial matching using the 
average log-likelihood of K (Delta K), which showed an optimal 
value at K = 10 when evaluated from K = 2 to K = 20 31. The Siraya 
cluster consists of two groups: one includes all Siraya subgroups, 
and the other consists of the Pazeh group, a heavily Sinicized group 
from the western plains. This cluster exhibits an 18% genetic 
affinity with groups from East China (Fujian) and urban Taiwanese 
populations (Ur_Tw), as shown in Figure 3B. Although we applied a 
10% pruning of the gene flow to enhance the visual representation, 
we estimate that the residual relationship between the Siraya and 
other groups primarily reflects AN_Tw ancestry.

Figure 3: Bayesian Analysis of Population Structure (BAPS) using HLA *A, *B and *DRB1 gene systems for K=10.
Admixture analysis of the Siraya population. (A) Each column represents a single individual and is colored according to the 

proportion of genetic variation assigned to each BAPS cluster. Each cluster represents the upper hierarchical level of the structure 
at K = 10 and p < 0.01. (B) Gene flow network identified between clusters of populations. Arrows show the average fraction 

of genetic variation from the source cluster to the target cluster. Note: we pruned gene flow under 10% to improve the graph 
visual. Back loops arrows show the within-cluster original profile (C) Heatmap summarizing back loops and gene flows. (D) 

Phylogenetic tree based on Nei’s distances (averaged over loci).
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The heat map depicting gene flow for all HLA groups at K = 10 
(Figure 3C) reveals a slightly higher gene source within clusters for 
most groups. However, this gene source is significantly lower for 
the Siraya cluster, which shows only 15% (illustrated by the looping 
arrows in Figure 3B and the diagonal in Figure 3C). Due to the slow 
mutation rate of the HLA gene system, the gene source within 
clusters primarily reflects a genetic profile and distribution shaped 
by genetic drift, admixture, and haplotype recombinations, rather 
than the structural gene diversity and mutations accumulated 
over millennia. Although the Siraya cluster appears to be a mixture 

of Han and Austronesian (AN) groups (as shown in Figures 3A 
and 3B), the phylogenetic analysis (Figure 3D) indicates that the 
Siraya cluster has shifted closer to the AN clade. Additionally, the 
diploid multi-locus sequence typing analysis of the HLA system 
did not provide any insights regarding sex linearity. Therefore, we 
further examined the relationship of the Siraya cluster with other 
regions using single-sex gene systems, including mitochondrial 
DNA (mtDNA) and Y-chromosome (NRY) analysis (Supplementary 
Figure S3).

Supplementary Figure S3: A and C: Bayesian analysis of gene flow was conducted for mitochondrial DNA (MtDNA) with K=15 
and nuclear Y chromosome (NRY) with K=5, at a significance level of p < 0.01. 

B and D display heatmaps generated using the BAPS option “Admixture of individuals based on mixture clustering,” for K=28 
and K=30, respectively, also at p < 0.01. The diagonal of the heatmaps represents the proportion of gene sources originating from 

within the BAPS clusters, while the other cells illustrate the gene flow between source and target populations.
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MtDNA and NRY Gene Flow:

MtDNA: The best spatial match for mtDNA, measured using 
the average log-likelihood 31 was achieved at K=6. To better 
illustrate the influences of North and South China from East China 
(represented by Fujian), we extended the gene flow plot to K=15 
(Supplementary Figure S3 A) while maintaining the original six 
colors that represent K=6. In addition, all Siraya groups showed 
a strong affinity for East China, likely due to the initial settlement 
location of the Siraya in Tainan County and the fact that the first 
NAN settlers predominantly came from Southeast China and Fujian.

NRY: In contrast, the NRY gene flow (Supplementary Figure S3 
C) reveals considerable within-cluster diversity and significant 
bidirectional gene flow between the two clusters containing the 
Siraya groups. It also indicates that all groups in Taiwan have been 
influenced by the presence of NRY haplogroups.

MtDNA and NRY Heatmaps:

MtDNA: The corresponding mtDNA Heatmap was run for K=28 
(Supplementary Figure S3 B). Contrary to the AN_Tw groups, 
and except for Siraya group 3 (Pingtong), Siraya group 1, 2, and 4 
showed low within group diversity. As indicated in Table 1, these 
groups are scattered throughout Taiwan and likely have been 
strongly influenced by local mixture. Furthermore, the top right 
quadrant shows mtDNA mixture between Northeast China and AN_
Tw suggesting the majority of settlers in the last 400 years were 
probably males who intermarried with AN_Tw.

NRY: To the contrary of the mtDNA heatmap, NRY heatmap 
(Supplementary Figure S3 D) shows strong within cluster diversity 
for all groups indicating the group’s isolation after initial settlement. 
However, the Siraya have more NRY mixtures with NAN_Tw than 
mtDNA with AN_Tw. 

Conclusion

The Siraya people are among the original inhabitants of Taiwan, 
with a rich cultural heritage that spans several thousand years. 
Today’s population reflects the influence of Han Chinese settlers 
over the past four hundred years. Despite this demographic change, 
the Siraya have successfully maintained a distinct cultural identity, 
including their customs and traditions, and have been actively 
working to revive their original Austronesian language. When using 
genetic systems with a low mutation rate, such as the polymorphic 
multi-loci HLA diploid system, classifying mixed ethnic groups 
like the Siraya can be challenging due to significant genetic 
recombination. However, our analyses of the Y-chromosome (NRY), 
mitochondrial DNA (mtDNA), and HLA indicate that the Siraya 
people, apart from their current language use, have preserved their 
original Austronesian genetic heritage. We advocate for the Siraya 
to be recognized as an officially acknowledged indigenous group in 
Taiwan. It is important to conduct further research to confirm this, 
and, as with any genetic studies, we must approach the investigation 
of the Siraya with respect for their cultural heritage and rights.
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