
Supplementary Methods
1. YTool
YTool (http://mitotool.org/ytool/) can transfer GWAS data in PLINK format into FASTA and RDF formats used in various phylogenetic tools (Figure S). During the transformation, data filtering is performed. The following Y-SNPs can be removed: 
1) Y-SNPs with heterozygous alleles, because NRY is haploid;

2) Y-SNPs genotyped with certain missing rate (e.g. 5%), because data quality of SNPs with high proportion of missing genotypes is usually low;

3) Y-SNPs as invariants which are uninformative for phylogenetic software;
4) Y-SNPs detected in female samples (OPTIONAL), because NRY is male-specific.
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Figure S. Workflow of YTool
2. Protocol
Protocol of the GenomeLabTM SNPstream® 12-plex Genotyping System (the volume of reagents were prepared for 450 reactions)
Multiplex PCR Reaction:
Primer Pool (10um each)
11.250 µl

dNTPs (10um each)
16.875 µl

10X PCR Buffer II
225.000 µl

MgCl2 (25mM stock)
450.000 µl

AmpliTaq Gold (5U/ul)
45.000 µl

ddH2O
601.875 µl
Total
1350.000 µl
2 µl of the DNA samples (10 ng/µl) was added to each well of the plate, followed by the addition of 3 µl of multiplex PCR mix. Then plate was centrifuged for 1 min at 500 RCF (g).
PCR conditions:

94°C for 1 min

94°C for 30 sec

55°C for 30 sec

40 cycles

72°C for 1 min

4°C for storing
Post PCR Purification:
Exo I (10U/ul)
90 µl

SAP (1U/ul)
448 µl

10X SAP Buffer
135 µl

ddH2O
667 µl

Total
1350 µl
3 µl of the purification mix was added to each well of the PCR plate, which was then centrifuged briefly.
Purification conditions:

37°C for 30 min

96°C for 10 min

4°C for storing
Single Base Extension Reaction:
Extension Dilution Buffer
1692.5 µl

Extension Primer Mix (10um each)
13.5 µl

20X Extension Mix
90.0 µl

DNA Polymerase
9.4 µl

ddH2O
1344.6 µl

Total
3150.0 µl
7 µl of the extension mix was added to each well of the PCR plate, which was then centrifuged briefly.
PCR conditions:

96°C for 3 min

94°C for 20 sec

40°C for 11 sec

46 cycles

4°C for forever

Pre Hybridization Washing of the Hybridization Plate:
20X Wash Buffer I
2500 µl

ddH2O
47500 µl

Total
50000 µl
20 µl of the diluted wash buffer I was added to each well of the hybridization plate. The plate was reversed on a clean paper, flung on the sink and centrifuged at 150 RCF for 1 min. This step was repeated twice.
Preparation of Hybridization Solution:
Hybridization Solution
3402 µl

Hybridization Additive
198 µl

Total
3600 µl

8 µl of the hybridization solution was added to each well of the PCR plate and mixed. Next, 15 µl of the mixed solution from PCR plate was added to the hybridization plate, which was left in a moist chamber at 42°C for 2 hr.

Post-Hybridization Washing of the Hybridization Plate:
20X Wash Buffer II
781 µl
ddH2O
49219 µl

Total
50000 µl

20 µl of the diluted wash buffer II was added to each well of the hybridization plate. The plate was reversed on a clean paper, flung on the sink, and centrifuged at 150 RCF for 1 min. This step was repeated twice. Then the glass of the hybridization plate was cleaned by using methanol.

The hybridization plate was placed in the genotyping system and the manufacturer’s recommendation was followed.

Table S. The information of primers in the GenomeLabTM SNPstream® 12-plex Genotyping System
	Panel
	SNP
	Mutation
	Multiplex PCR Primer
	Single Base Extension Primer (5’-3’)

	
	
	
	Forward Primer (5’-3’)
	Reverse Primer (5’-3’)
	

	1
	M11
	A->G
	AAAATGACAATGCTGAATCCC
	AATATGTTACTGCTGAGTTATCTCTCTG
	AGAGCGAGTGACGCATACTACAATTATGCAAGTTCTAAACCTTTC

	
	M95
	C->T
	TTGGGATCAAATGGAGTTCC
	TTACATCCCTAGTAAGTCTGGACTCT
	AGATAGAGTCGATGCCAGCTATAAGGAAAGACTACCATATTAGTG

	
	M145
	G->A
	TCCCACTCCTTTTTGGATC
	ATACTTGCCTCCACGACTTTC
	CGACTGTAGGTGCGTAACTCGTTCTTGATTAGGCTAAGGCTGGCT

	
	M269
	C->T
	ATGATCATGCCTAGCCTCATT
	TGAGGCACATATGATAAAAAAAAA
	GACCTGGGTGTCGATACCTAGGGGAATGATCAGGGTTTGGTTAAT

	
	M168
	C->T
	TGGAGATAATTCTGGTGGCT
	TTACCCAAACTGCTAAAACTATTGT
	GTGATTCTGTACGTGTCGCCTGTGGAGTATGTGTTGGAGGTGAGT

	
	M410
	A->G
	CATTTGAAGCTGCAGGCT
	AAAATGGAGACCTAGTGGAGG
	AGGGTCTCTACGCTGACGATTTTATTTGAGATGGCACATGTTTCT

	
	M207
	A->G
	TTCAACCTCTTGTTGGAAGATT
	TTAAGTTTATCAGAAGAAAGGAAAAATC
	GCGGTAGGTTCCCGACATATTTCAAAAGGTATTGTTATTCTCTTT

	
	M241
	G->A
	ATATAAGTTCAAGATACTATCACATTACATGA
	ATTTATGTTTTCTATGTAATTGGCATC
	CGTGCCGCTCGTGATAGAATGATACTACTGTACTTAAAAATCTTG

	
	M55
	T->C
	AAGAACAGAAATAAATACAAATAGGTGG
	TACTTCTGAATCCTAATGGCTGTT
	GGATGGCGTTCCGTCCTATTAAAGGCCCCTGGATGGTTTAAGTTA

	
	M174
	T->C
	TTCTTCTCCGTCACAGCAA
	AAAGTGTGCAATAAACACTATAAGTTTT
	ACGCACGTCCACGGTGATTTTCTCTGAATACCTTCTGGAGTGCCC

	2
	M162
	C->T
	AAAATGCTACAGTCAGCACTGG
	TTGATACACTTCCTCCTTTAGTGG
	CGACTGTAGGTGCGTAACTCTCAGGAAAATAGATGCCTGCAAAAA

	
	P188
	G->A
	AAGAAGCCCAGTCAGCCA
	GAACTGTCTACAATGGACCGG
	AGAGCGAGTGACGCATACTATCACTCTTTGGAGTGGCCAATATGG

	
	M188
	C->T
	ATTAATTGATGATTTCATCTTTCCC
	AATAGCTAATGCTACAAGTAGCTCAAA
	AGGGTCTCTACGCTGACGATAGGCTATTCCAGTCTGTAGTTCACC

	
	M87
	T->C
	TTATATTTTTGTCCCTACAGCAGTC
	TCATTTAACTTTTCTGACCCGA
	CGTGCCGCTCGTGATAGAATCCCGTGGAATGTGGCGATCTGATAC

	
	M122
	T->C
	TATATTTACAGCAAACTTGGTAAACTCTAC
	TTTGAGAGTCACTTGCTCTGTG
	GTGATTCTGTACGTGTCGCCGAAAAGCAATTGAGATACTAATTCA

	
	P231
	A->G
	AAAGAAGACCAATTAAAACCAAACT
	AAGCCTGTGTGACAGGTATTG
	AGCGATCTGCGAGACCGTATGCATTCCACCAGTTGCGTGTGATTA

	
	P201
	T->C
	TGTGCTGTGCAAGTTGTGT
	AGTTAAGCAATGAAGGTAGAAGGG
	ACGCACGTCCACGGTGATTTTCTTGGTTAAGTCATTTGATCTCAG

	
	M120
	T->C
	ATCGCTAAACACACGTACCATAA
	GAAATAAAGTGTAACATCTTGTTTTGAA
	AGATAGAGTCGATGCCAGCTTGATCCGTTTTTTGATGTGGAAATA

	3
	M50
	T->C
	AATACATGGGTCACTCAGTTATGTT
	ATTCTTTTTTTCCGATAGGTCC
	CGACTGTAGGTGCGTAACTCGCCAACAGCCTACCCAAACCACACC

	
	M88
	A->G
	TTAGAGAGGTAGTCACTATATGCTACACA
	ATATAGGCTATGGCCTAGGTGC
	AGAGCGAGTGACGCATACTATAGAGAGGAAAACCTATCTTGGATA

	
	P31
	T->C
	TTTTAATTTTCAGTAGGATTTTGGG
	ATATCGTGCCATTGCACAC
	AGATAGAGTCGATGCCAGCTCATAAATAAGGTTTTTTTTTGGTTG

	
	M124
	C->T
	AACACCAGAATCTAACAAAGCA
	TATAAAGCAAAGTTGAGGTTGCA
	GACCTGGGTGTCGATACCTAAAAACTATGGGGGGAACAGGGAAGT

	
	M117
	4 bp del
	CTTATTAGATGATAGAAAAACATAATATGGC
	CTTTTCCTATAGAAGCAAAGATAATGTT
	GTGATTCTGTACGTGTCGCCAGTTTGAAATTATTTTTTCAGAAAG

	
	M134
	1 bp del
	GAGAATTCTCATTTACCACTGT
	AAACCCAGAAGGGTTAAAGAAA
	AGGGTCTCTACGCTGACGATGAGAGATACTTTTGATCCCCACCAA

	
	P199
	A->G
	AAAAAAAATGGCAATAAAGGATC
	TTCCTAGCTTAGCAGTTATTGCA
	GCGGTAGGTTCCCGACATATCTTCCGAAGAGCAACATAGAAATTC

	
	P203
	G->A
	TTTTAATTCTCACTTAGCACATATACAA
	TTGAAGGCTACATGGAAATG
	GGATGGCGTTCCGTCCTATTAGGTACTTTAAGTATGGTAGGCAGA

	
	P191
	A->G
	TTATATGCTAACATTTGACATGTGG
	AATAGTAGCAGAAACCTTATTAAGAAAGG
	ACGCACGTCCACGGTGATTTGGAGCCAAGAGTGGTAGGAGACAGG

	
	M69
	T->C
	CTGTTCAAATCCAAAAGCT
	TTTTTTTGGATCTTTATTCCCTT
	CGTGCCGCTCGTGATAGAATCAGGAGGCTGTTTACACTCCTGAAA


