
 

 

 

 

Online Resource 4 is detail of mtDNA haplogroup lineages found in this study. 

Focusing on the lineages common in SEA, haplogoups F1, F1a and sublineages thereof 

exist in most studied populations (14.91%) with the exception of five populations, i.e. KM3, 

KM10, PU1, MO5 and LW1 (see Fig. 1 for population abbreviations). It is interesting that MO5 

has no F1 lineages, indicating a non-SEA origin, consistent with haplogroups of likely South 

Asian origin in MO5. The F1a1a subclade network, which is also a major lineage in multiple 

MSEA populations (Jinam et al. 2012; Summerer et al. 2014; Zhang et al. 2013), shows a star-

like structure suggesting lineage expansions (Fig. S4 in Online Resource 3). The sporadic 

occurrence of F1a1a is observed in ISEA populations (Hill et al. 2006; Thangaraj et al. 2005). 

The age of F1a1a was estimated at ~10.07 kya (Fig. S3 in Online Resource 3) which is similar to 

previous estimates from Malaysian aborigines (Jinam et al. 2012; Hill et al. 2006, indicating the 

expansion of this lineage across a vast area of SEA during the early Holocene. However, the age 

of F1a1a in this study is much lower than an estimate from the coding region in Cambodian 

populations of ~ 36.73 kya (Zhang et al. 2013). It might be possibly resulted by differences 

methods of age estimation for this haplogrop. The other subclade of F1a is F1a1d (1.38%) which 

is restricted to the TK populations, especially the BT and PU groups. F1a1d, with an estimated 

age of ~6.67 kya (Fig. S3), also occurs in many AN populations from Taiwan (Loo et al. 2011; 

Ko et al. 2014), indicating genetic connections among these TK and AN groups.   

 F1f, which is rarely observed elsewhere, is present at a frequency of 5.27% in the AA 

and TK populations, with a high prevalence in some northern Thai AA groups, i.e. Lawa 

(21.43%) and Blang (24.00%). The network of F1f indicates the core node is largely localized in 

northern Thailand with evidence of lineage expansion (Fig. S4), while the F1f contour map 

indicates high frequency in the area further north (Fig. S5 in Online Resource 3). We propose 

that F1f originated and diverged ~12.51 kya (Fig. S3) in the area of northern Thailand and 

southern China, where its sister clades, i.e. F1a, F1b and F1c, are also suggested to have 

originated (Hill et al., 2007). The F1f MCC tree shows the divergence of five clades during the 

early Holocene (Fig. S3). 

B5a, the second most common haplogroup (12.97%), is also common in several MSEA 

populations (Bodner et al. 2011; Peng et al. 2010; Zhang et al. 2013) and southern Chinese 

minorities (Wen et al. 2005; Li et al. 2007). This haplogroup has a patchy distribution in AN 
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groups from Taiwan (Ko et al. 2014), Malaysia (Hill et al. 2006) and Indonesia (Hill et al. 2007; 

Gunnarsdóttir et al. 2011b), as well as minorities in Myanmar (Summerer et al. 2014), and 

occurs rarely in the Philippines (Delfin et al. 2014) and northern Asia (Derenko et al. 2007). B5a 

coalesces ~20.16 kya (Fig. S3) and bifurcates into two clades, the B5a1d clade and a clade 

encompassing B5a1*, B5a1a, B5a1b1, and B5a1c (Fig. S3). Interestingly, B5a1d is predominant 

in SK (57.69%) and KA (40.00%) groups in our study and also in Cambodian Suay (41.61%) 

and Cambodian Laos (15.38%) from a previous study (Zhang et al. 2013), but is rarely found 

elsewhere. The Suay and Laos constitute the vast majority in southern Laos, although some of 

them live as a minority group in Cambodia. Laos is also the homeland for SK and KA groups 

prior to their recent movement to Thailand (Schliesinger 2000, 2001). We therefore suggest that 

B5a1d, which arose ~8.70 kya (Fig. S3), is autochthonous to the area of present-day Laos, which 

is also reflected in the contour map (Fig. S5). Lineage expansions are also detected in the B5a1a 

and B5a1d networks (Fig. S4). 

Several B4 sublineages were detected, i.e. B4 (16261), B4a, B4b, B4c, B4e, B4g and 

B4h, with B4b1a2a, B4a1c4 and B4c2 as the three most common lineages (Fig. S3). B4 

bifurcates into two major ancient clades ~34.81 kya (Fig. S3) and all three common sublineages 

originated ~9.06-10.62 kya (Fig. 4 and Fig. S3). B4 is almost entirely restricted to TK 

populations (except for three AA samples from TN3 and SO, which may reflect recent gene 

flow). Previous studies reported the sporadic occurrence of B4c2 in populations from Taiwan7 

and ISEA (Gunnarsdóttir et al. 2011a; Jinam et al. 2012), but a higher frequency is observed in 

populations from MSEA (Peng et al. 2010; Zhang et al. 2013). B4b1a2 has only been reported 

previously in the Cambodian Lao (Zhang et al. 2013) and sporadically elsewhere from MSEA 

(Kong et al. 2003) and ISEA (Jinam et al. 2012). Networks of B4c2 and B4b1a2a reflect 

population expansions and the absence of shared sequences suggests no recent gene flow (Fig. 

S4); we therefore suggest an ancient genetic link between MSEA and ISEA during the early 

Holocene, in agreement with a previous study (Jinam et al. 2012). B4a1c4 has only been 

previously reported in one Thai sample (Soares et al. 2011), so this haplogroup is restricted to 

TK speaking groups in Thailand. In keeping with previous studies (Summerer et al. 2014; Zhang 

et al. 2013) we do not detect B4a1a1a, which is associated with the Austronesian expansion 

through Near and Remote Oceania (Duggan et al. 2014); the AN expansion to Oceania therefore 

did not involve populations from MSEA. We also do not detect several other sublineages of B4 
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(e.g., B4b1a2h, B4b1a2f, B4b1a2g, B4b1a2b, B4b1a2c and B4b1a2d) which are common in 

Taiwan and/or the Philippines (Gunnarsdóttir et al. 2011a; Ko et al. 2014), further attesting to the 

distinct maternal histories of MSEA and ISEA.   

M7 has the third highest frequency in the current study, accounting for 10.86% of the 

samples. This haplogroup is common in the Han and Japanese and MSEA populations (Peng et 

al. 2010; Summerer et al. 2014; Zhang et al. 2013). Two subclades of M7, namely M7b and M7c 

(Fig. 4), are found in the studied populations at frequencies of 8.59% and 2.27%, respectively. 

These two subclades diverged ~50.28 kya (Fig. 4 and Fig. S3); we found ten sublineages of M7b 

(all within M7b1) that began diverging ~16.72 kya (Fig. S3). The youngest clade is M7b1a1e1 

(~5.93 kya: Fig. S3) which shows a high frequency in IS3 (28.00%). M7b1a1 is the most 

common of these in our populations (8.43%), and has a higher frequency in TK (6.97%) than AA 

groups (1.46%). M7b1a1 has been reported to be elevated in populations from China, Japan and 

MSEA (Chen et al. 2015; Kong et al. 2003; Meng et al. 2015; Soares et al. 2016; Tanaka et al. 

2004). We also observe a new sublineage of M7b1a1, namely M7b1a1-16192T, at a frequency of 

1.20%. This sublineage diverged ~11.18 kya and is restricted only to TK speaking populations. It 

should be noted that M7b lineages are not found in the MO1-MO4 groups and there are only two 

M7b samples in the MO5 population, attesting to the different maternal genetic history of the 

Mon compared to other SEA populations. M7c is proposed to have originated in southern China 

(Kong et al. 2011). The present study shows two main subclades of M7c (M7c1 and M7c2) that 

coalesce ~30.54 kya (Fig. S3). M7c1 is also common in TK groups (observed in only 3 AA 

samples) while M7c2 is restricted to TK groups. M7c1 has been sporadically observed in 

southern Chinese populations, Hainan Islander and Tsou from Taiwan (Gan et al. 2008; Ko et al. 

2014; Kong et al. 2011; Peng et al. 2010) and thus could be a genetic linkage between the TK 

and southern Chinese populations. M7c2 has been sporadically found in East Asian populations 

(Derenko et al. 2007; Jinam et al. 2012; Kong et al. 2006; Loo et al. 2014). In addition, we do not 

find M7c3c, which is associated with the spread of Austronesian speakers (Ko et al. 2014; Peng 

et al., 2010; Trejaut et al. 2005). 

Turning now to the less frequent lineages, haplogroup D (overall frequency of 4.62%) is 

composed of two lineages, D4 (frequency 4.21%) and D5 (frequency 0.40%) which diverged 

~34.84 kya (Fig. S3). D4 occurs throughout East Asia, including Northeast Asia (Derenko et al. 



 

 

 

 

2012), Japan (Tanaka et al. 2004; Zheng et al. 2011), Tibet (Ji et al. 2012), and India 

(Chandrasekar et al. 2009). In this study, we detect D4 in both TK and AA groups, but at high 

frequency in four AA populations: MO1 (28.00%), MO5 (31.38%), LW1 (22.72%) and PL 

(20.00%) (Fig. 1). The D4 lineage shows a signature of an expansion (Fig. S5). B6a, which arose 

~34.42 kya (Fig. S3) and is sporadically found in China (Kong et al. 2003), the Philippines 

(Tabbada et al. 2010), and Malaysia (Jinam et al. 2012), is present at low frequency in MSEA 

(1.80%; previous study (Summerer et al. 2014) and 2.80%; the current study). The network of 

B6a with sequences outside Thailand (Fig. S4) indicates that the center of this lineage is possibly 

located in the area of present-day Thailand and then spread throughout SEA. The contour map 

also suggests an origin in the area of northern Thailand (Fig. S5). Surprisingly, B6a is at 

extremely high frequency (68.00%) in the H’tin subgroup Mal (TN1), which probably reflects 

genetic drift (Fig. S5). 

We observe a patchy distribution of R9b and R22 (overall frequencies of 2.80% and 

1.86%, respectively). R9b is distributed in both MSEA and ISEA and possibly originated in 

MSEA and spread to ISEA during the Austronesian expansion (Hill et al. 2006; Macaulay et al. 

2005). The TN2 group shows a particularly high frequency of R9b2 (32.00%), which probably 

reflects genetic drift. We estimate the coalescent age of R9b at ~38.67 kya (Fig. S3), 

considerably older than a previous estimate of 29.00 kya (Hill et al. 2006), which probably 

reflects the increased sampling of R9b from our study. Therefore, we support the place of origin 

of R9b in MSEA (Hill et al. 2006), most likely in the area of present-day northeastern Thailand 

and Laos. R22 is found in the Nicobar Islands and ISEA (Hill et al. 2007; Simonson et al. 2011; 

Trivedi et al. 2006) and also in MSEA, i.e. Vietnam (Peng et al. 2010) and Cambodia (Zhang et 

al. 2013).  R22 is considered to be an ancient maternal lineage of SEA (Hill et al. 2007) and the 

estimated age in the present study is ~39.21 kya (Fig. S3) which is much older than previous 

estimates of 29.80 kya (Hill et al. 2007) and 19.00 kya (Zhang et al. 2013). R22 is at highest 

frequency in northeastern Thai populations (Fig. S5), especially the BO (17.39%) and SU 

(25.00%) groups (Fig. 1); we therefore suggest that R22 is likely to have arisen in the region of 

northeastern Thailand.  

We found six sublineages of N9a (overall frequency of 2.50%) that do not show 

signatures of lineage expansion (Fig. S4). N9a has been suggested to be a native lineage in East 



 

 

 

 

Asian populations and is prevalent in northeast Asia (4.60-8.00%) (Derenko et al. 2007; Tanaka 

et al. 2004). It is less prevalent (frequencies of 1.00-4.50%) in populations from MSEA and 

southwestern China (Bpdner et al. 2011; Chandrasekar et al. 2009; Peng et al. 2010; Zhang et al. 

2013) and rare in ISEA populations (Hill et al. 2007), except for N9a6. N9a6 was previously 

found only in ISEA with an estimated age of ~17.20 kya (Jinam et al. 2012), compared to our 

estimate of ~12.05 kya (Fig. S3). N9a10 was previously found in Atayal, Payuma and Minnan 

from Taiwan (2.00-6.00%) (Ko et al. 2014; Trejaut et al. 2005) with an estimated age of ~14.88-

17.31 kya (Loo et al. 2011), similar to our estimate of ~17.05 kya (Fig. S3). N9a10 (16311C), the 

most common subclade of N9a and very limited elsewhere (Ji et al., 2012), is found in TK 

groups with an age of ~13.74 kya (Table 2 and Fig. S3). N10 (frequency 0.65%) is the second 

oldest lineage in this study with an age of ~52.03 kya (Fig. S3) which is lower than a previous 

estimate of 66.4 kya (Fregel et al. 2015) but much older and younger than a previous estimate 

(21.33 and 63.44 kya) depending the methods used (Kong et al. 2011). The major sublineage of 

N10 is N10a, with an age of ~11.31 kya. N10a was previously detected mainly in Hani, Yi, and 

Han Chinese from southern China, suggesting an origin in southern China (Kong et al. 2011). 

N10a was found at high frequency (12.5%) in the LW3 group, providing evidence for a northern 

source contributing to this population. LW3 also has a high frequency of haplogroup A (37.50%) 

which was previously reported to be specific to North and Central Asia (Derenko et al. 2007). 

The coalescent time of A is ~ 24.40 kya (Fig. S3), similar to previous estimates (Fregel et al. 

2015). There are 4 sublineages of A in our data, of which A14 and A17 are the most common. 

There are no previous reports of A14 and A17 in MSEA. 

CZ, which is derived from M8, occurred at a frequency of 3.08%. C7 is the most 

common sublineage (2.59%), while C4 and Z are found with lower frequency. The estimated age 

of C7 lineage ~18.59 kya (Fig. S3). The KM1, KM2 and MO2 groups have high frequencies of 

C7 (16.00%, 25.00%, 17.39%, respectively; Table S1 in Online Resource 1). C7 is reported to be 

common in eastern Asian and northeastern Indian populations with an age of ~26.00 to 28.00 

kya (Derenko et al. 2010). 

M12 and sublineages thereof are older than 20.00 kya (Fig. S3). The TN3 group has a 

high frequency of M12a1a (28.00%), which is the most common subclade of M12 and was 

previously reported to be specific to Hainan Island (Peng et al. 2010). M74 is found at a 

frequency of 2.59% with an estimated coalescence age of ~34.86 kya for the sublineages M74a 



 

 

 

 

(0.32%) and M74b (2.11%) (Fig. S3). This estimated age is younger than one previous estimate 

of ~52.30 kya (Jinam et al. 2012), while the other estimates from southern Chinese and MSEA 

populations ranged from 22.83 to 43.80 kya depending on the methods used (Kong et al. 2011; 

Zhang et al. 2013). M74b is at high frequency in the BO group (21.74%). Both M74a and M74b 

have been reported at low frequency in Cambodia (Zhang et al. 2013) but the origin of this 

haplogroup was suggested to be in southern China (Kong et al. 2006). Another basal haplogroup 

at high frequency in BO (26.08%) is M51, with an estimated age of ~30.00 kya. M51 occurs at 

high frequency in the Jenu Kuruba (29.00%) of southern India and sporadically in the Hill 

Kolam (1.30%) of central India, Tharu (2.50-4.20%) of Nepal, Phnong (12.70%) and Stieng 

(8.00%) of Cambodia, and Cham (1.19%) of Vietnam (Chandrasekar et al. 2009; Fornarino et al. 

2009; Peng et al. 2010; Zhang et al. 2013). M51 is suggested to represent an ancient maternal 

component in this region (Peng et al. 2010). 

M20 (frequency = 2.35%) is at high frequency in the LW2 group (25.00%) and 

sporadically in many of the studied populations; it has been rarely reported elsewhere (Jinam et 

al. 2012; Kong et al. 2011). Our estimate of the age of M20 of ~12.22 kya (Fig. S3) is older than 

a previous estimate of ~8.50 kya (Jinam et al. 2012), and there is a signal of population 

expansion (Fig. S5). M24 (frequency = 1.70%) reaches a frequency of 40% in the KH2 group, 

and has been reported in high frequency in the Naga (28.13%) and lower frequency in Burmese 

and Rakhine (1.00-3.00%) (Li et al. 2015). Our estimate of the age of M24 is ~19.30 kya, which 

is similar to a previous estimate of ~20.39 kya (Li et al. 2015). 

Finally, haplogroup W, which was previously observed in India (Olivieri et al. 2013; 

Palanichamy et al. 2004) but not in MSEA, was detected as subhaplogroup W3a1b in two Mon 

populations (24.00% in MO1, 4.35% in MO2). This further supports an origin of these groups in 

India and/or gene flow from Indian populations. The age of W3a1b is ~13.41 kya, which falls in 

the same range as the sister clade W3a1a (~15.60 kya) from a previous study (Olivieri et al. 

2013), reflecting the divergence of W3a1 during the late Pleistocene. Many other lineages show 

sporadic frequencies across the studied groups (Fig. 1; Table S1), with AA populations tending 

to show the greatest fluctuations. 
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