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Materials and Methods 
1. Samples 

All samples used in this review were published material. They comprise, 89 unre-
lated healthy Bunun indigenous people collected between 2000 and 2005 in the Xinyi 
Township of the Nantou county, North of the Yushan National park in Taiwan, (forth 
referred to as the northern Bunun group, Figure 1) [1,2], 50 self-declared Bunun indi-
viduals collected in the Sanmin Township, Southwest of Taiwan (Herein referred to as 
the Central Bunun) [3] (Table 1) and 96 miscellaneous Bunun (Table 1) [4,5]. While most 
Bunun groups today use the Isbukun dialect, neither linguistic characteristics nor signs of 
origin in the Mountain range were previously published for the Sanmin [3,6,7] or the 
miscellaneous Bunun groups. All Bunun groups were analyzed for mtDNA, only the 
Northern Bunun group was analyzed for mtDNA and Y chromosome. This data was 
compared to other groups in Taiwan (Table 1) that were previously screened for the 
mtDNA and Y-chromosome diversity [1,2,8]. The northern Austronesian Speakers of 
Taiwan (AN_Tw) comprised Saisiyat (n = 87), Atayal (n =157), and Taroko [8]. The central 
AN_Tw includes the Bunun (n = 235), the Thao (n = 30) and the Tsou (n = 108) [9], and the 
southern AN_Tw group was composed of the Rukai (n = 99), the Paiwan (n = 105), the 
Puyuma (n = 91), the Amis (n = 148) and the Yami islanders (n = 123) [3,10]. Non-AN_Tw 
comprised Taiwanese of Han descent (TwH), namely the Minnan (n = 50) and Hakka (n = 
45). Finally, we added samples from neighbor populations, East China coast (Fujian and 
Matsu; n= 198) [8,11], Mainland Southeast Asia (MSEA), Vietnam (n = 603) [12], Thailand 
(n = 560) [13] and Malaysia (n = 86) [6,7], individuals from the Philippines (n = 260), 
western and eastern Indonesia (n= 326 + 72) [1,2,10,14]. Finally, the Nias island (n= 426) in 
western Indonesia, Lao in MSEA, and Madagascar (n= 229) [13,15,16] were used to de-
termine the origin of some haplogroups.  

Y chromosome reference data not shown in Table 1 but used in Tables 5 and 6 for 
groups in East and Southeast Asia were also obtained from the literature. They included 
Pazeh and Siraya from Taiwan’s western plains [1,17]. The Malayo-Polynesian groups 
included the Philippines, the Ivatan archipelago, Oceania (Tuvalu) [18], Western Indo-
nesia (Nias, Java, Sumatra), and Eastern Indonesia (including Bali). Mainland Southeast 
Asia comprised Malaysia [1,19,20], the Cham from Vietnam, Thailand, Lao, and Hainan 
(with the Cun and Hlai indigenous groups) [1,17,21]. South China [1,17], North China, 
Japan, Tibet, and Mongolia were obtained from Xue et al [22]. Finally, the Madagascar 
data set [15,23] was included with East Africa used as an out-group for the Treemix plot. 

2. Data analysis 



 

 

All sequences analyzed herein were obtained from the literature data (Table 1). The 
mtDNA polymorphism is represented by sequencing obtained from the D-loop HVS-I 
control region (nucleotide positions nps 16,006 - 16,397), and the coding regions (nps 8000 
- 9000, and nps 9959 - 10,900). Complete mtDNA genome for most Taiwan specimen were 
obtained from the data set of Ko et al. and Trejaut et al. [2,3,9]. Mitochondrial haplog-
roups were assigned according to Build 17 of Phylotree [24] using Haplogrep-2 available 
online: https://haplogrep.i-med.ac.at/app [25].  
Genotyping of Non-recombining Y chromosome (NRY) was obtained from [1] using 81 
Y-SNPs (Table 1) and further 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. 

3. Statistical analysis 
Population expansion: Population expansion of the Bunun was estimated using Ta-

jima’s D [26], Fu’s Fs [27], and p-values were generated using 1,000 simulations under a 
model of selective neutrality as implemented in Arlequin 3.5.2.2 [28]. Further, mtDNA 
mismatch frequency plots were constructed (Arlequin 3.5.2.2) to determine whether 
Bunun exhibited evidence of spatial range expansion or a stationary population history 
[26].  

Multidimensional scaling (MDS): MDS plots were constructed using haplogroup 
frequencies with the Paleontological statistics version 3.25 (PAST) [29]. 

Phylogenetic analysis: To infer the phylogenetic relationships between Bunun and 
other groups from Taiwan, East Asia, Peninsular Asia, and ISEA we adjusted all mtDNA 
haplogroup assignments between studies and constructed a maximum likelihood tree 
using TreeMix 1.13 [30]. Treemix was run five times with the number of migration events 
“-m” set to 15. The Y-SNP-STR phylogenetic relationships were analyzed using the same 
approach. Median-joining networks: Median-joining networks using Y-STR haplotypes 
of individuals in the background of haplogroups O1b1a1a1a1a1-M88 and O1a2-M50 
were constructed separately using the NETWORK 4510 program [31]. Only DYS19, 
DYS389I, DYS389II, DYS390, DYS391, DYS392, and DYS393 were included in the Net-
work analyses as some of the literature data used to compare this analysis did not include 
all STR markers. The STR loci were weighted according to the average of their relative 
variability within the haplogroup subclades [18] and run with the reduced medi-
an-joining method before running median joining (Figure 4). Based on the Y-STR diver-
sity of the haplogroups O1a2-M50 and O1b1a1a1a1a1-M88 the divergence time of the 
Bunun haplogroups, as determined by the Networks, was estimated using the ρ method 
of Zhivotovsky with a 25 years generation time and a mean per-locus and generation 
mutation rate of 6.9×10−4 [32].  
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