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 Abstract

Background: The Truku indigenous people of Taiwan share strong cultural and genetic relationships with 
the Atayal tribe. Archaeological and linguistic studies show that their line of descent is associated to Proto-
Austronesian speaking groups from Southeast Asia who settled in Taiwan in the early Neolithic, 6000 years ago.

Aim: Linguist scholars are debating whether the Truku tribe is a branch of the Atayal, or whether the 
two tribes are separate branches of an ancestral Atayalic speaking group. Here we aim to use genetics to 
characterize this hypothesis.

Subjects and Methods: The Y-chromosome profile of 52 Atayal men and 20 Truku men was compared 
to 1,600 individuals of Taiwan and other groups of continental and insular Asia obtained from previous 
publications. Slowly evolving Y-chromosomal markers (Y-SNPs, n=56) and Y-chromosomal short tandem 
repeats (Y-STRs n=16)) were used for the analysis. The genetic relationship of the groups was characterized 
using Bayesian analysis of population structure (BAPS) and minimum spanning networks.

Results: While a strong affinity between Atayal and Truku was confirmed, the Truku showed a lower Y-SNP 
diversity than Atayal. Further, the Y-STR phylogenetic network of supra-haplogroup O1a-M119 indicated 
that Truku and Atayal separated approximately 5.0 kya.

Conclusions: A phylogenetic branching of the Truku and the Atayal tribes was characterized within the first 
millennium following the arrival of the first Austronesian speakers in Taiwan most likely from a common 
ancestral Atayalic speaking group.
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Background

 The Taiwanese population (23.5 million individuals) is a multicultural society, mostly composed 
of Minnan and Hakka people (hereafter referred to as the Taiwanese Han or Tw_Han) originally from East 
and Southeast China (93.57%), and of new immigrants (3.17%) from Vietnam, Indonesia, Thailand, the 
Philippines, Cambodia, Japan, Korea and other parts of the world [1]. The remaining population comprises 
the Austronesian speaking Taiwanese (AN_Tw) previously called the Taiwan mountain tribe Aborigines 
(2.36%) and six Pingpu groups (<0.8%), previously named the Taiwan plain tribes and descendants of in-
digenous people who remained in the western lowlands of Taiwan. The Pingpu are strongly sinicized and 
heavily mixed with the Tw_Han.

 Archaeological, anthropological, and linguistic studies agree that the AN_Tw were Neolithic settlers 
who came to Taiwan from Southeast China over 6.0 kya (thousand years ago) [2,3]. Following later arrivals 
from East China, many AN_Tws took refuge in the central mountain ranges. In the last 400 years, more 
people, Han from the East and Southeast coast of China migrated to Taiwan for various commercial or 
agricultural activities. Most settled on the western plains of Taiwan and intermarried with autochthonous 
peoples to make up the present-days Pingpu groups [4,5]. During this period, the attempt of several foreign 
regimes to settle in Taiwan and the upcoming of modern urbanization affected the indigenous cultures 
[6,7]. Many minority groups in Taiwan, concerned about their cultural and genetic heritage, are claiming 
official recognition.

 Under Japanese rules, the AN_Tw were divided into 9 tribes, but linguistics, anthropology, and 
archeology today characterize more disparate socio-cultural groups. For example, in Northern Taiwan, 
Atayal, Seediq, and Truku were initially considered to belong to a single group, the Atayal [8]. However, this 
classification was strongly opposed in 1996 by the East Seediq sub-ethnic group in Hualien who then formed 
the “Truku Name Rectification Campaign”. In 2004, based on anthropology and linguistics characteristics, the 
Taiwan government officially recognized them as the Truku ethnic group. Presently, Taiwan is composed of 
sixteen officially recognized indigenous groups or AN_TW: Amis, Atayal, Bunun, Kavalan, Paiwan, Puyuma, 
Rukai, Saisiyat, Sakizaya, Seediq, Thao, Truku, Tsou, Yami, Hlaalua, and Kanakanavu. Among these, Atayal, 
Saisiyat, and Truku have shown the highest mitochondrial DNA (mtDNA) diversity among the highland 
AN_Tw, suggesting these tribes might represent the earliest Austronesian speaking groups (~6.0 kya) in 
Taiwan [2]. Further, while some believe that the Truku (Seediq) language is a branch of Atayal language, Li 
classifies Atayal and Truku languages as two distinct branches arising from a common ancestral Atayalic 

Abbreviations
BAPS: Bayesian Analysis of Population Structure; HLA: Histoleucocyte antigens; MDS: Multiple dimension-
al scaling; NRY: Non recombining Y chromosome; PCR: Polymerase chain reaction; Pingpu: Taiwan Plain 
dwellers; SNP: Single-Nucleotide Polymorphism; AN_Tw: Taiwan officially recognized indigenous peoples 
(or Taiwan Mountain tribe Aborigines); Y-STR: Y chromosome Short Tandem Repeats; kya: thousand years 
before present; mtDNA: Mitochondrial DNA; Tw_Han: Taiwan Han (Minnan, Hakka, and Pingpu); np (s): 
nucleotide position (s)
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language [9,10].

 Using recent advances in molecular genetics, biologists are now able to further analyze and 
characterize distinct genetic relationships between ethnic groups. The admixture pattern and genetic 
differentiation of AN_Tw and non-AN_Tw have been broadly analyzed in the past, using maternally inherited 
mitochondrial DNA (mtDNA), non-recombining part of the Y-chromosome (NRY) (paternal inheritance) and 
Histo-leukocyte-Antigen (HLA-A, -B and -DRB1) [11-16]. In this study, we aim to use these gene systems 
further by focusing on the genetic differentiation and the admixture patterns between the Truku and Atayal 
tribes. However, we principally examine the NRY, using 56 Y-SNPs and 16 Y-STRs, and Bayesian inference of 
their genetic structure to characterize the impact of mixture in relation to groups surrounding Taiwan and 
Island Southeast Asia (Figure 1). In a later stage, the paternal inheritance is compared to previous studies 
using maternal inheritance (mtDNA) and diploid HLA studies.

Figure 1: Geographic distribution of sampling sites.

 The Atayal and Truku tribes are compared to a dataset of 1,607 Y-chromosomes from East, Southeast 
and island Southeast Asia. Locations on the map indicate samples collected.

Materials and Methods

DNA Samples

 We analyzed 56 NRY chromosomes specific nucleotide polymorphisms (Y-SNPs haplogroups) and 
16 Y-chromosomes short tandem repeats (Y-STRs haplotypes) in a sample of 258 Atayal indigenous people 
from the northern central mountain ranges and 64 men from the Truku tribe living on the northeast coast 
of Taiwan [11,15]. Individuals were unrelated, spoke either Truku or Atayal languages [11].

 The Atayal and Truku indigenous people were compared to a dataset of 1,607 Y-chromosomes from 
East and island Southeast Asia [15]. The Y-SNPs and Y-STRs data of Atayal and Truku are shown in Sup-
plement Table S1. Y-STRs only data for Atayal and Truku are available throught Wu et al. 2013 [11]. The 
corresponding HLA and mtDNA data to support our results were combined with data from multiple studies 
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[2,5,12,14,15,17-19]. The Atayal and Truku partial and complete mtDNA genomes are shown in Supple-
mentary Table S2.

Electrophoresis and genotyping

 Y binary markers were previously typed hierarchically [15] by PCR-SSP method according to the Y 
chromosome phylogeny of Karafet et al [20-22]. 

 Multiplex PCR amplification of 17 Y-STRs and Identification of mutations was done using 17 STRs 
(DYS19, DYS385-I, DYS385-II, DYS389-I, DYS389-II, DYSS390, DYS391, DTS392, DYS393, DYS437, DYS438, 
DYS439, DYS448, DYS456, DYS458, DYS635, and YGATA-H4). Note: DYS385-II was not used in our analysis 
as it produced double peaks [15]. 

Statistical analysis

 Frequencies of Y-SNP haplogroups and Y-STR haplotypes in the populations were obtained by mere 
counting. The unbiased gene diversity index, h, and its standard error were calculated using the formulas 
given by Nei [23].

 A multiple dimension scaling analysis plot (MDS) from NRY haplogroup frequencies determined 
using 56 Y-SNPs (Figure 2) was constructed with SPSS version 17.01 using Alscal and Euclidian distances 
(SPSS Inc., Chicago IL) [24]. 

 Bayesian Analysis of Population Structure (BAPS version 6.0) from 16 Y-STRs was used to estimate 
gene flow and migration dynamics in groups of Taiwan, Continental Southeast Asia and Island Southeast 
Asia [25-28]. The number of groups (K) was set from 2 to 30.

 To infer the relationships among haplotypes and their geographical distribution a Y-STR Median-
Joining (MJ) network was constructed in the background of Y-SNP haplogroup O-M175 (excluding O1b_P31 
and O2_M122), and using Network v. 4.5.1.6 (fluxus-engineering.com) then the data was processed with 
the reduced-median method and the STR loci weighted proportionally to the inverse of the repeat variance 
[29,30]. The use of ages of Y microsatellite variation of clades exclusive to Truku and Atayal was intended 
to provide a rough estimate of their most recent common ancestor (MRCA) and a guide for relative com-
parison. Estimates were obtained using the method of Zhivotovsky et al. [31] and modified according to 
Sengupta et al. [32] using an average mutation rate of 6.9 x 10-4 ± 5.7 x 10-4 per locus per 25 years and 16 
Y-STRs.

 Haplogroups age estimates for mtDNA were calculated from the complete genome variation rate of 
one substitution every 3,624 years using the rho statistic and corrected for purifying selection as imple-
mented by Soares [33,34].

 Atayal and Truku Y-SNP and Y-STR raw data are shown in Supplementary Table S1. MtDNA’s complete 
genome used for this review have been obtained from the National Center for Biotechnology Information 
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under Genebank accession numbers EF093556; EF093539; KU131363; KU131364; AJ842746; KF540505 
(Liangdao Man) and KF540506 to KF541055.

Results

 Y-chromosome haplogroup O1a1a-P203 was the most common haplogroup seen in Atayal and 
Truku (91% and 95%, respectively) and showed the highest frequency in Taiwan or the world (Table 1 and 
Supplementary Table S3). The pattern of distribution of O1a1a-P203 followed a North to South decreasing 
gradient, showing lower frequencies among the southern AN_Tw (~47%), the Philippines, and Western 
Indonesia (15.6% to16.3% respectively). Haplogroup O1a1a-P203 was also seen in continental Southeast 
Asia (SEA) where other branches of O1a-M119 are commonly seen and where the O1a-M119 clade most 
likely originated.

 Although, the presence of other NRY haplogroups, principally O1a-M119, O1a2-M50/M110 and 
O2a2b2a2-F706 were not seen (or scarce) in our Atayal and Truku data set, these haplogroups followed an 
increasing gradient toward the south of Taiwan, Island Southeast Asia (ISEA) and SEA (Table 1 and Supple-
mentary Table S3).  Further, haplogroup diversities (h) in Truku and Atayal were the lowest observed in 
Taiwan (0.17 and 0.10, respectively) compared to a range of 0.18 to 0.70 in other AN_Tws and a range of 
0.62 to 0.90 in Minnan, Hakka, Pingpu, Fujian, Mainland Southeast Asia (MSEA) and Island Southeast Asia 
(ISEA).

Table 1: Y-SNP haplogroup frequencies of Atayal and Truku, and corresponding frequencies in neighboring populations.
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O1a*_M119 7.6 6.3 4.9 24.0 6.9 13.0 33.3 4.9 0.7 11.1 0.3 1.1 2.7 4.2 4.9 41.7 12.3 

O1a1*_P203 90.6 95.0 87.0 87.5 90.2 40.0 69.0 47.8 41.0 50.0 30.0 52.5 38.5 17.9 5.6 14.7 14.2 21.8 2.7 16.3 4.2 15.6 

O1a2_M50 1.9 4.4 6.3 60.7 4.9 28.0 24.1 21.7 18.0 6.7 12.5 16.4 3.6 0.5 5.3 16.7 10.7 

O2a2b2a2-F706 5.0 13.0 35.9 2.5 1.4 1.3 1.1 1.8 6.9 8.3 17.2 

Others haplogroups not 
seen in Atayal/Truku 

0.0 0.0 8.7 0.0 39.3 0.0 8.0 0.0 4.3 5.1 16.7 63.3 35.0 37.7 76.4 83.3 83.8 83.2 76.4 100.0 94.7 95.8 66.7 29.2 44.3

Total Number of 
Haplogroups2

3 2 4 3 3 3 5 3 5 5 5 8 9 23 22 11 24 25 15 7 21 12 28 6 27

Sample size 52 20 24 16 56 41 25 29 23 39 30 30 40 122 140 18 320 94 55 27 75 24 246 24 122

Gene (H=Haplogroups) 
Diversity (Y-SNP) 

0.17 0.10 0.24 0.23 0.49 0.18 0.70 0.46 0.69 0.67 0.63 0.81 0.69 0.81 0.88 0.88 0.88 0.90 0.87 0.62 0.87 0.88 0.86 0.73 0.89 

± SD (Nei et al.1987) 0.05 0.06 0.08 0.10 0.02 0.06 0.03 0.06 0.05 0.02 0.04 0.02 0.05 0.02 0.01 0.02 0.01 0.01 0.01 0.06 0.02 0.02 0.01 0.04 0.01 

Total Number of Y-SNP-
STR Haplotypes

35 12 12 6 34 10 21 22 23 27 16 18 21 88 92 12 267 88 47 21 53 24 206 20 115

Gene (h=haplotypes) 
Diversity (± SD ≤ 0.01)

0.98 0.89 0.90 0.68 0.98 0.78 0.99 0.98 1.00 0.99 0.94 0.96 0.96 0.99 0.99 0.99 1.00 1.00 1.00 0.97 0.99 1.00 1.00 0.98 1.00
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1. Location of Pingpu I to VI are indicated in Figure 1; 
2. number of haplogroups shared and unshared
3.A blank space indicates an Atayal or Truku haplogroup not seen in this group 

 A multidimensional scaling plot (Figure 2) was constructed using Euclidean distances obtained 
from the high definition Y-SNP haplogroup frequencies with SPSS version 17.01 (SPSS Inc., Chicago IL). 
All AN_Tws and most Pingpu groups were located on the right of the MDS plot, with the northern AN_Tws 
(Atayal, Truku, and Saisiyat) and central AN_Tws (Thao and Tsou) tightly clustered on the far right. The 
southern AN_Tw tribes were closer to the center. This pattern supports the frequency results shown in 
Table 1 and Supplementary Table S3 where more Continental Asian gene flow is going into the Southern 
AN_Tws than among the Northern AN_Tw. Further, non-aboriginal Taiwanese groups (Minnan and Hakka), 
and some Pingpu groups, (Pingpu IV, Pingpu V, and Pingpu VI) were found on the center-left of the plot in 
proximity to Continental Asian groups, suggesting significant male introduction from Continental Asians 
into the already heavily sinicized Pingpu groups. 

Figure 2: Multidimensional scaling plot using Y-SNP genotypic data.

 Atayal and Truku are clustered on the right with the northern and central indigenous tribes of 
Taiwan except with the Bunun which outlier position is due to the high frequency of O1a2, the absence of 
O1a-M119, O1a1a-P203, and an important amount of "other haplogroups not seen in Atayal, Truku, and 
other AN_Tw tribes (Table 2). 

The BAPS analysis

 The mixture analysis plot obtained from BAPS divided the populations into ten groups (Supple-
mentary text 1 and Supplementary Figure S1). As expected from high genetic diversity (Table 1), most 
clusters presented an indication of genetic structure, except for cluster-one, comprising Atayal and Truku 
and showing genetic homogeneity. Accordingly, a minimum spanning network was constructed to test the 
apparent genetic homogeneity seen for Atayal and Truku (cluster 1, Supplementary Figure S1), and to in-
vestigate their relationship with other populations of East Asia. Since haplogroup O1a1a-P203 is the most 
common Y-SNP haplogroup among the Taiwan mountain tribes (Table 1) and is a subtype of supra-haplo-
group O1a-M119, the spanning network included all Y-STR haplotypes belonging to supra-haplogroup O1a-
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M119 in Taiwan, ISEA, SEA, and MSEA (Figure 3A). The high haplotype diversities and frequencies of ha-
plogroup O1a1a-P203 seen in Atayal and Truku (Table 1) are indicators of local genetic structure, and local 
expansion. Furthermore, the high haplotype diversities seen among other AN_Tw support the high number 
of groups specific haplotype clusters found within the O1a1a-P203 spanning network. As seen in our BAPS 
primary results (Supplementary Figure S1), the spanning network also identified Atayal and Truku into a 
cluster distinct from all others (Figure 3C). Moreover, this cluster showed several secondary clades that 
were exclusive to either Atayal or Truku and shared the same most recent common ancestor (MRCA). Cor-
roborating these results, the unrooted UPGMA tree (Figure 3B) emphasized the close relationship between 
Atayal and Truku and exhibited genetic structures in concordance with the Y-STR haplotypes Network.

 We used the modified coalescence method of Zhivotosky and Sengupta to calculate the time of diver-
gence [31,32]. Our results indicate that the genetic differentiation of Y haplogroup O1a1a-P203 in the clade 
containing Atayal and Truku (Figure 3C) occurred approximately 5.8 Kya and likely represent the original 
time of settlement of Proto-Atayalic group in the northern Mountain range of Taiwan. Moreover, these re-
sults also suggest that Atayal and Truku most likely separated a millennium later (5.0 Kya), and remained 
isolated from each other and other AN_Tw until the present time.

Figure 3: O1a-M119 Y-haplogroup network of Atayal, Truku indigenous peoples and other Taiwan and East 
Asian populations.
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Hierarchical origin of Atayal and Truku groups

 All clusters previously determined by the BAPS analysis (Supplementary Figure S1) showed self-
looping arrows varying from 67% to 93% (Figure 4). This indicates that the major ancestral genetic source 
of each cluster is self-contained and most likely associated with the length of isolation, cohabitation or 
separation of the groups forming this cluster. While the analysis does not inform about the directional gene 
flow between groups within a cluster, the self looping arrow is a strong indicator of the affinity between the 
Atayal and Truku tribes (93%, cluster 1).

 The levels of gene flow within clusters (67% to 93%) contrasted significantly with the proportions 
of gene flow seen between clusters (<5%) [35]. It can be estimated that 3% of the paternal genome of 
Atayal and Truku was introduced from Saisiat and 4% from other sources in Taiwan.

Figure 4: Gene flow between tribes.

 To investigate the ancestral mixture of Atayal and Truku one looks at all the arrows pointing at it. 
Cluster 1 contains its own genetic makeup (93%), denoted as a self-looping arrow, and receive 3% of Y-DNA 
introduced via gene flow from Saisiyat, and 4% from other populations. This pattern indicates long isola-
tion of the Atayal and Truku tribes from other groups in Taiwan.

Geographic distribution of the genetic profile

 The spatial clustering module of the BAPS software version 6.0 was used to enable a three-dimen-
sional representation of the clustering of the NRY genetic data according to the geographical coordinates of 
the groups. In Figure 5, each cell tessellations corresponds to the physical neighborhood of a set of obser-
ved data points and is colored according to its cluster membership as previously determined above in the 
Network analysis (Figure 3). The height of the surface of each tessellation cell can be estimated from the 
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vertical axis and represent the “Local uncertainty” of the geographical position of the clusters [36,25]. Most 
cells had a local uncertainty lower than 0.001 indicating our genetic data was reliable [25], and except for 
the Myanmar and Puyama groups, we observed well-characterized genetic continuity between all neighbo-
ring regions.

Figure 5: Three-dimensional geographic distribution of the genetic structure using 16 Y-STRs data.

 Colors identify ten population genetic clusters (1 to 10 as in Supplementary Figure S1). The values 
shown on the vertical axis represent the local uncertainty. Only Myanmar and Puyuma groups have local 
uncertainty greater than 0.01. Genetic continuity is seen in peninsular Southeast Asia (Indochina) and in 
Island Southeast Asia, including Taiwan (enlarged in the insert). Interestingly, Indonesia shows more affi-
nity with peninsular Asia.

Discussion

 Linguists generally agree that the Truku (Seediq) and Atayal languages are separate branches of 
the Atayalic group of languages [9,10,37]. Similarly, the cultures of these tribes have been affected by so-
cial modernization and became very different [8]. Although Atayal and Truku were officially recognized as 
separate people in 2004 [1], the Truku people were initially classified as a sub-branch of the Atayal tribe 
and it is sometimes still debated whether the Truku tribe is a sister or a sub-branch of the Atayal tribe. To 
answer this question genetically, a collection of Y-chromosomal SNP haplogroups and Y-STR haplotypes 
representing ethnic groups from East Asia, Taiwan, and the Philippines, were genotyped and analyzed. The 
analysis of NRY lineages revealed several traits characterizing the Atayal and Truku groups, namely:

 _the pairwise Y-SNP homogeneity seen among all AN_Tw speaking groups was the highest between 
Atayal and Truku.
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 _Y-STR haplotypes within the Atayal and Truku group were rarely shared and belonged to a set of 
sister clades exclusive to the tribe.

 _the Atayal and Truku tribes likely separated early (within the first millennium) after the arrival of 
the first Austronesian speakers in Taiwan.

 Atayal and Truku showed similar Y-SNP haplogroup profiles with haplogroup O1a1a-P203 being 
the most prevalent in the Atayal and Truku compared to other Taiwan groups or any other group world-
wide (91% and 95% respectively) (Table 1). On the other hand, Y-STR haplotypes between the two tribes 
were very distinct (Figure 3), despite their geographical proximity. We note that when using conjointly the 
results from Y-SNP haplogroups and Y-STR haplotypes (Figure 3) it was generally possible to assign most 
Atayal and Truku participants to their respective tribes univocally. It follows that the rare Y-STR haplotypes 
shared between Atayal and Truku (only two) most likely represented a recent gene flow due to their proxi-
mity. This distribution landscape may be explained as being the result of a long period of isolation and the 
use and conservation of different intitial languages, and shows how cultures are redefined and practiced 
differently when in separate local contexts [8]. For example, among the western plain tribes of Taiwan, 
where Sinicization is high as the result of Han migration in the course of the last 400 years [4,5], it was not 
uncommon to find participants, who claimed a Han ancestry, when actually they were genetically featuring 
a paternal ancestry from SEA/Han and a AN_Tw maternal ancestry or vice versa, and less often, had both 
parents belonging to a AN_Tw group [15]. 

 The overall age estimates of haplogroup O1a1a-P203 in Atayal and Truku was 5.8 ± 1.6 kya and 4.8 
± 1.8 kya respectively [38]. These estimates coincide broadly with the Austronesian expansion time (5 to 
6 KY) [39]. Accordingly, Atayal and Truku appeared to have separated very early from a common ancestral 
gene pool that was brought upon by the first seafaring Proto-Austronesian agriculturists, most likely within 
the first millennia after their arrival in Taiwan, approximately 5.0 ± 1.6 kya (Figure 3).

 A set of K=10 clusters was retained in the BAPS analysis as it gave the most meaningful information 
and clear separation of all ethnic groups (Supplementary Figure S1). Atayal and Truku were retained in 
the same cluster groups (Cluster-1; Supplementary Figure S1) and gave the appearance of a homogenous 
group. Contrasting with their low haplogroup diversities and the high frequency of O1a1a-P203, only two 
individuals in Truku and Atayal shared their Y-STR haplotypes, and all AN_Tw groups had high haplotype 
diversity (~0.9; Table 1 and Supplementary Table S3). Such results are the characteristics of genetically 
structured groups and most likely indicate the sharing of ancestry (same haplogroup), separate long isola-
tion of the two tribes, hence no gene flow between them (scarce sharing of Y-STR haplotypes).

 The construction of a minimum spanning network using all haplotypes of the Y-SNP O1a-M119 fa-
mily of haplogroups produced clades generally exclusive to each population group and was in line with the 
groups previously determined with BAPS. Within the cluster containing Atayal and Truku (Figure 3C), all 
haplotypes (but two) belonged to Y-SNP haplogroup O1a1a-P203. The node indicating a MRCA of 5.0 kya is 
most likely the MRCA of the two tribes. The high number of twigs and the complex network emerging from 
this node indicates continuous expansion of the tribes since the time of separation and is in line with the 
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high haplotype diversity results shown in Table 1. 

 The Gene flow between tribes analysis conducted by the BAPS software [25] regrouped the eleven 
Taiwan aboriginal tribes into seven homogeneous population clusters which showed a within-group pater-
nal variation ranging from (87%-97%) (Figure 4). The genetic differentiation observed in Cluster 1 (Atayal 
and Truku) was the second highest of all the clusters (93%). This high genetic variation aligns with the 
hypothesis based on the coalescent time estimate of haplogroup O1a1a-P203 (Figure S3). It suggests an 
early arrival of a unique proto-Atalayalic ancestral group in early Neolithic (5.8 Kya) and separation of the 
tribes within the next milinium. Such an early period of separation and long isolation in locations difficult 
to access would have favored within-group marriages and separate cultural developments that ended up 
into two well-characterized ethnic identities. Further, most AN_Tw populations occupy a heterogeneous 
landscape in the central mountain range of Taiwan that could have lead to a complex pattern of gene flow 
among local populations, nonetheless, the spatial distribution of the genetic profile (Figure 5) showed that 
local uncertainty in most tribes was lower than 0.001. This indicates that our data was reliable [25] in cha-
racterizing historical genetic continuity between the Atayal and Truku tribes.

 Corroborating the Y chromosome analysis, the mtDNA phylogeographic distribution of haplogroups 
M7b1a2a (np 16,324 and np 4454) (Supplementary Figure S2) shows a clear separation of AN_Tws with 
M7b1a2a1b in the North and a branch of M7b1a2a1a among southern AN_Tw dating approximately 3.8 
kya. This difference is even more noticeable in the Philippines where M7b3 is scarce but subtypes of M7c 
are more prominent [16,40-44]. Similarly, Brandao [45] suggested an early Holocene dispersal of mtDNA 
haplogroup F4b1 (np T10097C) from Mainland Southeast Asia (Supplementary Figure S3). In Taiwan, ha-
plogroups F4b1 (np T10097C) shows a coalescence age estimate of 4.32 kya (CI 1.29-7.28 kya), it is most 
commonly seen among AN_Tws, but scarce in the Philippines [13]. Supplementary Figure S3 shows that 
most branches of F4b1 are seen among the northern and central AN_Tw (Atayal, Truku, Saisiyat, Bunun, 
Thao, Tsou, and Amis) [2,12] with F4b1c seen principally among Atayal.

 Finally, more support to the pattern of distribution just described by Y and mitochondrial DNA ana-
lysis, is brought by the HLA gene system (Supplementary Text 1) which allowed differentiating non-AN_Tw 
from Minnan, Hakka and Pingpu groups, and suggested the occurrence of recent gene flow between these 
groups [4,14,18].

Conclusion

 Many scholars in the past have debated that language and culture can be the standards to distinguish 
an indigenous group from another [8]. Here, the conjoint minimum spanning network and Bayesian Ana-
lysis approaches [25,46] allowed us to disclose clear genetic clusters that identified the Atayal and Truku 
tribes as two isolated groups showing spatial continuity between them. The Y-STR network of O1a1a-P203 
indicated that Truku and Atayal branched from each other very early after their initial settlement in Taiwan 
(5 to 6 ± 2.2 kya), most likely, and in line to the linguistic hypothesis [9], from a genetically homogeneous 
group of speakers of the ancestral Atayalic language. Finally, this study corroborates previous reports of 
mtDNA profiles with the sharing between Atayal and Truku of mtDNA haplogroups M7b1a2a and F4b1, and 
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the sharing of HLA alleles HLA-A*24:02, and A*24:20, HLA-B*39:01 and B*40:01, and HLA-DRB1* 08:03, 
DRB1*11:01 and DRB1*14:01 [4,14,18].
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