Additional Discussions: 
Precision in observing SNP occurrence



Assuming the base substitution rate is constant, and each mutation is an independent random event, the observed occurrence of mutations from an ancestor to the descendant should follow Poisson distribution with expectation λ, which can be approximated as the observed mean of mutation occurrence. The standard deviation σ of Poisson distribution equals to. When λ is a large number, the Poisson distribution can be simplified as a normal distribution . Thus the relative range of 95%CI is roughly , i.e. in inverse proportion to the square root of expectation λ. We predict that when the whole NRY (~10 Mbp, with some regions prone to recurrent mutations) of these samples is sequenced in the future, the discovered SNPs would be roughly doubled, and the precision of date estimation would be enhanced by 1.4×, i.e. the 95%CI would be reduced from ±13.6% to less than ±10%.

Estimation of captured range
Considering both the positions on the designed bait regions and the 250 bp flanking regions by the baits, the range designed to be captured were 7.017 Mbp. Out of all the reads, 32 – 39% were mapped on this range (fluctuating among each pool). Since the size of whole human genome is about 3 Gbp and Y chromosome is haploid, the enrichment efficiency was about 300 times.

Estimation of false positive and false negative rates of newly discovered SNPs
We tested 36 newly discovered SNPs under Haplogroup N or the 002611+ clade, all of which were shared by more than one tested samples and conform to the phylogenetic tree. All these SNPs were validated by Sanger sequencing, and are thus highly reliable. We also tested 19 new private SNPs (found derivative in only one sample with at least 4× coverage), all but one were validated by Sanger sequencing. The false private SNPs could be due to any of sequencing error, mismatch during PCR steps, mapping error to homologous sequence, or misalignment near indels.
False negatives, i.e., undiscovered SNPs inside the sequenced 3.9 Mbp region can also be a factor that affects divergence time calculation. Specifically, most of those false negatives may exist in the terminal branches, or the private SNPs, due to low sequencing depth. Our procedure should have lowered this effect. Firstly, only the 47 individuals with averagely >6× depth and without clear traces of barcode confusion (in bold italic in Fig. 1 and Fig. S1) were used for time estimation, and other 31 sequences with moderate quality (less depth or with slight traces of barcode confusion) were kept in the tree in delivering more phylogenetic information but not used for time estimation. Due to the fact that Y chromosome is haploid, for the non-repeated regions of Y chromosome, under a condition of an error rate of 0.1% (Illumina), 2× sequencing depth should be enough to discover a new mutation, and 1× is enough for genotype calling. Therefore the criterion we used (on average >6× after removing duplicates) should not cause many false negatives. Secondly, the individual with best sequencing quality, YCH53, with 239× depth sequenced in a separate lane, did not show significantly longer branch than other individuals, indicating that 6× depth should be enough to avoid false negatives. In fact, most problems of false negatives were attributed to intermingling between samples due to the sequencing quality of barcodes, and thus private SNPs showed heterozygous and could sometimes not be effectively discovered. However, those individuals with any traces of intermingling were excluded from time estimations.
Bottleneck and expansion viewed from the tree
The time and shape of divergences in the phylogenetic tree along with the information of extant geographic distribution may provide information on when, where and how the haplogroups resided and developed. Whether an ancient expansion would be observed today depends not only on how strong the expansion was, but also on how the descendants survived in the later periods. Since the expansion of a population is an intrinsic continuous property, the final outcome of an expansion depends on the environment. A line segment on the tree without divergence during a long time may indicate a strong bottleneck occurred at the later end of the segment. On the other hand, a strong expansion during a short time does not simply mean that the period is extraordinary suitable for this clade, but rather that since this expansion, no prevalent and vital bottleneck has happened to counteract this expansion. Therefore, the stable food supply that was profited from agriculture likely provided the prerequisite of the successful star-like expansions. The time and shape of a divergence event may indicate whether the environment befits the survival. For example, frequent splits on a certain clade during the LGM period may indicate a southern (warmer) location, while an expansion that only happened several thousand years later than the LGM may indicate a relatively northern existence.
A refined history of the haplogroups

According to the divergence times calculated from the tree (Fig. S1) and the present geographical distribution of each haplogroup, a renewed migration route of East Eurasian haplogroups was proposed (Fig. S2 a – d).
It remained mysterious that how many times the anatomically modern human migrated out of Africa, since that among the three super-haplogroups C, DE and F, Haplogroup F distributes in whole Eurasia, C in Asia and Austronesia, D exclusively in Asia, while D’s brother clade E distribute mainly in Africa [63], so there are two hypotheses, 1) haplogroups D and CF migrated out of Africa separately; 2) the single common ancestor of CF and DE migrated out of Africa followed by a back-migration of E to Africa. From this study, the short interval between CF/DE and C/F divergences weakens the possibility of multiple independent migrations (CF, D, and DE*) out of Africa, and thus supports the latter hypothesis [64] (Fig. S2 a).

Haplogroup D is comprised of subclade D1-M15 and D3-P99, both in continental East Asian, especially frequent in Tibet [64], subclade D2-M55, nearly exclusively in Japan, and paragroup D*, which was discovered mainly in Tibet as well as on the Andaman Islands. In this study, only D1 and D3 samples were sequenced. The divergence time of D1 and D3 was at ~36 kya. Except for the sample YCH177 (Zhuang ethnicity), all the tested D1 samples (Han and Yi ethnicities) are derivative at SNP N1 [65].

Together with Haplogroup D, C is also considered as one of the harbingers in East Eurasia and Australia [66]. Soon after its divergence with F, Haplogroup C moved eastwards along the coast of Indian Ocean, reached India and China, and might be associated with the earliest known modern human inhabitants in Australia at 46 kya [67]. In China, the vast majority of Haplogroup C belongs to C3-M217 [68], which constitutes ~10% of Han Chinese, as well as great part of Altaic-speaking populations, e.g. Mongol, Manchu, and Kazakh. Here we identified two clades of C3 which split at 25.9 kya: a northern clade (C3-n) with SNP F1396, including a Mongol and a Manchu sample, and a southern clade (C3-s) with SNP F1144, including all sequenced Han Chinese C3 samples. The STRs of YCH168 (Mongol ethnicity) is close to the ‘star-cluster’, which is abundant in the steppe ethnicities [69], indicating that a substantial part of Altaic-speaking population belongs to C3-n. The southern clade expands rather late (only about 6.5 kya, i.e. in the Neolithic Age), including most former C3* individuals in Han Chinese. Interestingly, the subclade C3d-M407, which is common in Sojot (Turkic) and Buryat (Mongolic)[70], originated only after this expansion of C3-s. The C3-s clade showed a similar expansion time comparing to the three star-like expansions under O3, and probably will also be found a multifurcation, if more samples will be sequenced.

The Superclade F did not undergo major split since 54.0 kya, until the divergence of Haplogroup G and IJK at 35.8 kya, which was followed by the emergence of all major haplogroups (IJ, and K, and its subclades NO, P, and LT) during the following 3,000 years. Considering the present distributions of these haplogroups, we suggest that the expansion occurred in Central or South Asia. Since 30 kya, the Eurasians became adapted to colder environment and thrived in more northern areas like Europe and North China (Fig. S2 b), despite of the coming last glacial maximum (LGM, around 20 kya). Haplogroup NO migrated to East Asia and split into N and O at 30.0 kya.

Haplogroup P diverged into Q and R at ~24.1 kya, slightly before the LGM. Most Q individuals in Han Chinese belong to the Q1a1-M120 clade, while R’s in Han Chinese are mostly R1a1-M17. The separation events of R1 and R2, and R1a and R1b are estimated here at 19.9 and 14.8 kya, respectively. R1b roamed till the Atlantic coast, forming some of the non-Indo-European groups (e.g. Basque)[32].

This study leads to a discovery of 265 new SNPs under Haplogroup N-M231, adding significantly to the only 11 currently known SNPs [13]. Haplogroup N is frequently found in Tibeto-Burman [71,72], Austroasiatic [73], Altaic [74], Uralic [75], Slavic [76,77], and Baltic peoples [78,79]. Haplogroup N went through a bottleneck lasting for 14 thousand years (30 – 15.8 kya). Considering the last glacial period at 26.5 – 19 kya, when living space for human was probably very limited in the northern part of Asia, we therefore assume that at the LGM, the Haplogroup N survived in an area northern to Haplogroup O, e.g. the northern part of China. The expansion of Haplogroup N occurred at 16 – 13 kya, during which N1c-M46 and N1a-M128 separated. The former defining SNP of Haplogroup N1, LLY22g (double copied, CC > CA) is proved to be prone to recurrent mutation, since the sample YCH142, downstream of F842 clade, has CC genotype at LLY22g, while the other sequenced N samples have CA. The AA genotype was also observed in an N sample (genotyped in this study but not sequenced by next-generation method). It seems that CC and AA genotypes under Haplogroup N were results of homologous recombination of the two copies. Therefore, we suggest to remove the SNP LLY22g from the current phylogenetic tree as the case of SNP P25, which has 3 copies on Y chromosome [80], and the phylogeny of Haplogroup N is to be rearranged using the single copied SNPs discovered in this study.

Haplogroup O, which covered 1/4 of all males on the world today [20], began frequent splitting into subclades before the LGM. The ancestor of O-M175 suffered an intermediate bottleneck event at 30 – 25 kya, and expanded rapidly at 24.7 – 21.5 kya, indicating a southern distribution during the LGM. We found that Haplogroups O1 and O2 share 6 SNPs (e.g. F75), forming a monophyletic lineage before joined with O3-M122 (the current nomenclature is not changed in this study). O1a1-P203 is the major clade of Haplogroup O1 in China, especially frequent (>20%) in the eastern provinces like Zhejiang and Jiangsu [20], corresponding to the Neolithic expansion of the ancient Yue (ancestral group of present Tai-Kadai and southern Han Chinese) [81]. The major expansion under P203 in Han Chinese population (F78 clade) occurred at about 5 kya, younger than the three star-like expansions in O3, fitting to the rice-growers in Liangzhu culture (5.3 – 4.0 kya). Since Tai-Kadai O1 samples were not included in this study, their divergence time with the East China Yue population is not yet clear.

Among the three main branches of Haplogroup O, O2 clade expanded the earliest, fitting the current distribution which is more at the south. All the sequenced O2-M268 samples other than O2b-M176 form a monophyletic clade, labeled by F1462, and the SNP PK4 lies inside this clade. Further genotyping of the newly discovered SNPs under F1462 clade will unveil the origin and migration routes and time of the Austro-Asiatic and Tai-Kadai peoples in South China, Southeast Asia and India [82].

Haplogroup O3 covers more than half of all the Han Chinese population [20]. Except for a few O3*-M122(xM324) individuals (sharing the SNP F742), all the sequenced O3 samples are found belonging to any of the three clades KL1+, M188+, or P164+, which diverged at ~18 kya. The SNP M188, which was defined as downstream of M7 [13], is now found upstream of M7. Although no M159-derived samples were sequenced in this study, it has been revealed that M188 is also upstream of M159 [83]. Therefore, M7 and M159 should be parallel and under M188, which is fraternal to P164 and under P201. Under the P164 clade, N6 [65] defines a monophyletic clade parallel to M134. It would be interesting to know the detailed subclade of the Austronesian P201*(xM134,M7) clade [23,84], in order to know their relationship to the continental peoples. All the sequenced M134xM117 samples also showed a monophyletic group with derived allele at F444. There are also secondary bifurcations under L127 and IMS-JST002611 (in short, 002611).
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