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X 1. Information of primers used for the multiplex amplification of the 33 Y-STRs and a Y-SNP including

allelic ranges and size range

Locus Primer sequences (5'—3")" C(1(1)1\r;1(; f;lr?;lec Slzib;a;nge
DYF387S1 F  NTI1-ATT CCA TTT TAC CCC TAA CAA GA 0.45
31-43 213-263
R NT2-TGA GAA GTG TGA GAA GTG CTA CC 0.45
DYF399S1 F NTI1-CAA AAG CCC AAC AGG AAA AA 0.90
15-31 117-184
R NT2-CCA GGA GAA AAG AAC CCA GA 0.90
DYF404S1 F  NT1-GGC TTA AGA AAT TTC AAC GCA TA 0.25 9-91 L40-188
R NT2-GAC AAA AAA ATG AGA CAC TGT CAA 0.25
DYS19 F  NT1-CCA TCT GGG TTA AGG AGA GTG T 1.40 9-19 9
-1 155-195
R NT2-TTC ACT ATG ACT ACT GAGTTTCTGTT 1.40
DYS385ab F  NT1-GGA AGG AGA AAG AAA GTA AAA AAG AA 2.00 7 _og 169-953
R NT2-TTC CAA TTA CAT AGT CCTCCT TTC T 2.00
DYS3891 F  NT1-CAA CTC TCA TCT GTA TTA TCT ATG TAT C 0.55 9-17 85-117
DYS389I1 F NT1-CAA CTC TCA TCT GTATTA TCT ATG TGT G 1.80 0435 197-941
R* NT2-GAT AGA TTG ATA GAG GGA GGG A 1.80

-11 -



Continued)

Locus Primer sequences (5'—3')" (51(1);1/[(; illlr?:ec Siz?bls)nge
DYS390 F NT1-CAA TGT GTA TAC TCA GAA ACA AGG A 0.35
17-29 142-190
R NT2-CTG CAT TTT GGT ACC CCA TA 0.35
DYS391 F  NT1-TTC AAT CAT ACA CCC ATA TCT GTC 0.38
R NT2-TGC AAG CAA TTG CCA TAG AG 0.38 o710 il
DYS392 F  NT1-TAA ACC TAC CAA TCC CAT TCC T 0.80
R NT2-TTT GTT ATT TAA AAG CCA AGA AGG 0.80 2 I
DYS393 F  NTI1-TGTGGTCTTCTACTTGTGTCAA 0.31
R NT2-AAA CTC AAG TCC AAA AAA TGA GG 0.31 Ie 101145
DYS437 F  NT1-GAC TAT GGG CGT GAG TGC AT 0.25
R NT2-GAT AAG TAG ATA GAC ATC ATT CAC AGA 0.25 1S 159
DYS438 F NTI1-TGG GGA ATA GTT GAA CGG TAA 0.42
R NT2-GCA ACA AGA GTG AAACTC CAT T 0.42 o710 Be7198
DYS439 F NTI1-ACA TAG GTG GAG ACA GAT AGA TGA 0.29
R 6-17 100-144

NT2-GGC TTG GAA TTC TTT TAC CCA

0.29

-12 -



Continued)

. ok Conc. Allelic  Size range
Locus Primer sequences (5'—3") M) range (bp)
DYS448 F NT1-AGA AAG GGA GAT AGA GAC ATG GA 0.80
14-24 190-250
R NT2-TGG CCG GTC TGG AAA TTT AT 0.80
DYS449 F  NT1-AAGTTC CCC CAT GTT TTT TTC 2.00
23-38 214-274
R NT2-TGG ACA ACA AGA GTA AGA CAG AAA 2.00
DYS456 F NT1-CTG TTG TGG GAC CTT GTG ATA 0.48
11-23 134-182
R NT2-ACT CAG CCC AAA ACT TCT TAA A 0.48
DYS458 F NT1-GCA ACA GGA ATG AAA CTC CAA 0.42
11-24 130-182
R NT2-CCC AAA GTT CTG GCA TTA CAA 0.42
DYS460 F NT1-TCA TCT ATC CTC TGC CTA TCATTT 0.33 - 14 101-199
R NT2-GAA TAC CAG AGG AAT CTG ACA CC 0.33
DYS481 F NT1-CTC ACC AGA AGG TTG CAA GAC 0.23
17-32 119-164
R NT2-GTC TGC TAA AAG GAA TGT GGC 0.23
DYS518 F NT1-GGC AAC ACA AGT GAA ACT GC 2.00
32-47 203-263
R

NT2-TCC TTC CTT CCT TCT TTC TTT TC

2.00

-13 -



Continued)

. ok Conc. Allelic  Size range
Locus Primer sequences (5'—3") (M) range (bp)
DYS526a F NT1-TGA TCC AAA CCT TTA CTT ACT TTC TAT 1.90 11-18 135-163
R NT2-GTT TGG GTT ACT TCG CCA GA 1.90
DYS533 F  NTI1-TCT TCT ACC TAT CAT CTT TCT AGC 0.55 17 109-142
R NT2-TCA GTT CTT AAC TCA ACC AAA CAA 0.55
DYS549 F NT1-GTC CCC TTT TCC ATT TGT GA 0.70 17 L15-155
R NT2-GCA ATT AGG TAG GTA AAG AGG AAG A 0.70
DYS570 F  NT1-CAA CCT AAG CTG AAA TGC AGA 0.23
10-25 100-160
R NT2-GCT GTG TCC TCC AAG TTC CT 0.23
DYS576 F  NT1-AAT AAG CGT ATT TGT CTT GGC T 0.33 11-93 95-143
R NT2-CAT AGC AAG ACC TCA TCT CTG AA 0.33
DYS612 F  NTI1-AGA GCC AAA AAG GGA ACT GA 0.50
25-43 150-204
R NT2-TCA CAC AGG TTC AGA GGT TTG 0.50
DYS626 F NT1-GCA AGA CCC CAT AGC AAA AG 1.90
24-36 201-249
R NT2-CTT TCT TCC CTT TCT TTC TTT CC 1.90

-14 -



Continued)

. ok Conc. Allelic  Size range
Locus Primer sequences (5'—3") (M) range (bp)
DYS627 F NT1-GCC TTT CAT TCT CTC CTT CGT 0.80
13-27 217-273
R NT2-AAA TCA AAG AGA GAC ACA GGG A 0.80
DYS635 F NTI1-TGG CTT CTC ACT TTG CAT AGA A 0.65
15-28 136-188
R NT2-GTG GAA CCA GCC CAA ATA TC 0.65
DYS643 F  NTI1-TGC CTG GTT AAA CTA CTG TGC 0.38 617 94-149
R NT2-TCC CCC CAA AAT TCT ACTGA 0.38
YGATAH4 F NTI1-CTA TTC ATC CAT CTA ATC TAT CCA 1.80 4-18 191-161
R NT2-ATG CTG AGG AGA ATT TCC AA 1.80
Y-M175 F  NTI1-TGA TTT AAA CTC TCT GAA TCA GGC 0.27 -2 47-92
R NT2-TGA TACCTT TTT TTC TAC TGA TACCTT T 0.27

‘NT1 and NT2 sequences are Nextera adapter sequences as follows

NT1 sequence: TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG

NTZ2 sequence: GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG

‘DYS38911 reverse primer was used to amplify DYS389 I and DYS38911 commonly.

- 15 -
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¥ 2. Primers’ information used for the multiplex amplification of in-house Euplex-Y17N system

Dye STR loci Primer Sequence (5'—3’) (ES&C)
DYS576 F FAM-GCG TAT TTG TCT TGG CTY TTT C 2.25

R GCA AGA CCT CAT CTC TGA ATA AAA 2.25

DYS533 F FAM-TCT TCT ACC TAT CAT CTT TCT AGC 1.40

R ACG CTG TTA TTT CAT GGC TGT 1.40

AN DYF387S1 F GTC CAT TTT ACC CCT AAC AAG AAA 3.00
R FAM-GCC ACA GTG TGA GAA GTG TGA 3.00

DYF399S51 F FAM-GAA CCA AGG GAA ATG TGG AA 4.00

R GGG ACA TTC CTC TTC AAT GC 4.00

DYS460 F  GTC ATC TAT CCT CTG CCT ATC ATT T 0.90

R VIC-GAG GAA TCT GAC ACC TCT GAC A 0.90

vie DYS643 F GTGTGATT T TTG CAG GTG TTC 1.50
R VIC-GTA ACC AAA CAC CAC CCATTC 1.50

-19 -



Continued)

Dye STR loci Primer Sequence (5'—3") (231%
DYS518 F  VIC-GGC AAC ACA AGT GAA ACT GC 4.25

VIC R GCCTTCTTT TCC CTC CTT CCT 4.25
DYS612 F  VIC-AGA GCC AAA AAG GGA ACT GA 5.00

R GTC AAC CAA CCA CTA ACC AAC A 5.00

DYS570 F NED-AAG CTG AAA TGC AGA TAT TCC C 2.50

R GCT GTG TCC TCC AAG TTC CT 2.50

DYS549 F NED-TGT GTG CAT AGA GGT GTT CAG A 3.00

R AGG TAG GTA AAG AGG AAG ATG A 3.00

NED DYS627 F GCCTTT CAT TCT CTC CTT CGT 4.50
R NED-GCG CAG GAT TCC ATC TAA AA 4.50

DYF404S1 F NED-CCT GGT AAT CTT CCA AAATCGT 3.00

R GAA AGA TCA AAG GAG CCC AG 3.00
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Continued)

Dye STR loci Primer Sequence (5'—3’) (231%
Y-M175 F AAA CTC TCT GAA TCA GGC ACA 2.40

R PET-TGA TAC CTT TTT TTC TAC TGA TACCTT T 2.40

DYS481 F PET-CTC ACC AGA AGG TTG CAA GAC 1.05

R AGG AAT GTG GCT AAC GCT GT 1.05

DYS526a F  CTTTCCTTCATTTCT TCT TTC TTT C 3.50

e R PET-GTT TGG GTT ACT TCG CCA GA 3.50
DYS449 F PET-AAG TTC CCC CAT GTT TTT TTC 2.50

R GTT GGA CAA CAA GAG TAA GAC AGA 2.50

DYS626 F  PET-CTG GGT GAC AGA GTG CAA GA 5.00

R AAT GGA GAG ATC ATT ATT GAA GCA 5.00

-21 -



¥ 3. Primers’ information used for the multiplex amplification of in-house Kplex-Y18 system

Dye STR loci Primer Sequence (5’—3’) ((:E&C)
DYS3891/11 F FAM-CCA ACT CTC ATC TGT ATT ATC T 5.00

R GAT AGA TTG ATA GAG GGA GGG A 5.00

DYS635 F  TGGCTT CTC ACT TTG CAT AGA A 0.95

FAM R FAM-ACC AGC CCA AAT ATC CAT CA 0.95
DYS458 F  FAM-GCA ACA GGA ATG AAA CTC CAA 2.50

R GAA GTA GCT GGG GCT AGA GGT T 2.50

DYS392 F GTA AAC CTA CCA ATC CCATTCCT 4.75

R VIC-AAA AGC CAA GAA GGA AAA CAA A 4.75

DYS390 F GCA ATG TGT ATA CTC AGA AAC AAG G 2.00

vIe R  VIC-CTG CAT TTT GGT ACC CCA TA 2.00
DYS448 F GCA GAA AGG GAG ATA GAG ACA TGG 1.25

R VIC-CCT CAT ATT TCT GGC CGG TCT 1.25
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Continued)

Dye STR loci Primer Sequence (5'—3’) (231%
VIC DYS391 F  VIC-CAA GAC ACC CCA CCA CAG AT 3.00
R GGC AAG CAA TTG CCA TAG AGG 3.00
DYS438 F NED-TGG GGA ATA GTT GAA CGG TAA 1.45
R GCA ACA AGA GTG AAA CTC CAT T 1.45
DYS19 F NED-GGA GTC CAT CTG GGT TAA GGA 1.65
R CTACTGAGT TTC TGT TAT AGT GTT TTT T 1.65
DYS393 F TGT CTT TAC TAG CAG CAT GAG AAC 5.00
NED R NED-AAA CTC AAG TCC AAA AAA TGA GG 5.00
DYS456 F TAC CCA GCC TAC ATC TTT CTC CA 4.00
R NED-CCA TCA ACT CAG CCC AAA AC 4.00
DYF40451 F NED-CCT GGT AAT CTT CCA AAATCG T 2.75
R

GAA AGA TCA AAG GAG CCC AG

2.75
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Continued)

Dye STR loci Primer Sequence (5'—3’) (231%
DYS439 F GGT GGA GAC AGA TAG ATG ATA AA 1.05

R PET-GGC TTG GAA TTC TTT TAC CCA 1.05

DYS437 F  PET-GAC TAT GGG CGT GAG TGC AT 1.50

R AGA TAG ATA GAT AAC CAC AGA TAAATA T 1.50

et DYS385ab F PET-GAA ATG AAA TTC AGA AAG GAA GG 5.00
R  TTC CAATTA CAT AGT CCT CCT TTC T 5.00

YGATAH4 F TAA ACA ACT TAA CAG GAT AAA TCA CC 5.00

R PET-CAG AGT GGG TTC TGA AGA GCT A 5.00
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¥ 4. Configuration file’s information used in the STRait Razor v3.0 program for sequence variation analysis

of 34 Y-chromosomal markers

#Marker  Type 5'Flank 3'Flank Motif Period Offset
DYS19 Y-STR TAAGGAGAGTGT AACAGAAACTCA TCTATCTATCTA 4 71
DYS3891 Y-STR TAGAGGGAGGGA ACATAGATAATA TAGATAGATAGA 4 1
DYS389II Y-STR TAGAGGGAGGGA ACATAGATAATA,2 TAGATAGATAGA 4 53
DYS390 Y-STR CAGAAACAAGGA TATGGGGTACCA CAGACAGACAGA 4 29
DYS391 Y-STR CCCATATCTGTC CTCTATGGCAAT TCTATCTATCTA 4 33
DYS392 Y-STR  AATCCCATTCCT CCTTCTTGGCTT ATAATAATAATA 3 39
DYS393 Y-STR TACTTGTGTCAA CCTCATTTTTTG AGATAGATAGAT 4 28
DYS385ab  Y-STR  GTCCTCCTTTCT TTCTTTTTTACT TTTCTTTCTTTC 4 90
DYS437 Y-STR  GCGTGAGTGCAT TCTGTGAATGAT TCTATCTATCTA 4 20
DYS438 Y-STR GTTGAACGGTAA AATGGAGTTTCA TTTTCTTTTC 5 15
DYS439 Y-STR ACAGATAGATGA TGGGTAAAAGAA AGATAGATAGAT 4 31
DYS448 Y-STR AGAGACATGGA ATAAATTTCCAG AGAGATAGAGAT 6 63
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Continued)

#Marker Type 5'Flank 3'Flank Motif Period Offset
DYS456 Y-STR GACCTTGTGATA TTTAAGAAGTTT AGATAGATAGAT 4 47
DYS458 Y-STR ATGAAACTCCAA TTGTAATGCCAG GAAAGAAAGAAA 4 44
DYS635 Y-STR  AGCCCAAATATC TTCTATGCAAAG GATAGATAGATA 4 34

GATAH4 Y-STR CTAATCTATCCA TTGGAAATTCTC TCTATCTATCTA 4 45
DYS570 Y-STR  CTCCAAGTTCCT TCTGCATTTCAG TTTCTTTCTTTC 4 19
DYS576 Y-STR  CTCATCTCTGAA AGCCAAGACAAA AAAGAAAGAAAG 4 6
DYS481 Y-STR  AAGGAATGTGGC GTCTTGCAACCT CTTCTTCTTCTT 3 26
DYS533 Y-STR CATCTTTCTAGC TTGTTTGGTTGA ATCTATCTATCT 4 26
DYS549 Y-STR TAAAGAGGAAGA TCACAAATGGAA GATAGATAGATA 4 42
DYS643 Y-STR AAACTACTGTGC TCAGTAGAATTT CTTTTCTTTT 5 23
Y-M175 Y-STR  TCTGAATCAGGC AAAGGTATCAGT TTCTC 5 30

DYF387S1 Y-STR  TAACAAGAAAAA AAACTGTGGTAG GGAAGGAAGGAA 4 32
DYF399S1 Y-STR CAACAGGAAAAA TCTGGGTTCTTT GAAAGAAAGAAA 4 37
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Continued)

#Marker Type 5'Flank 3'Flank Motif Period Offset
DYF404S1 Y-STR  TTTCAACGCATA TTGACAGTGTCT TTTCTTTCTTTC 4 57
DYS449 Y-STR TTCTTTTCTCTC TTTGTTTCTGTC TTTCTTTCTTTC 4 56
DYS460 Y-STR  TGCCTATCATTT GGTGTCAGATTC TCTATCTATCTA 4 26
DYS518 Y-STR AAGTGAAACTG GAGGGAAGAAGA AAAGAAAGAAAG 4 23
DYS526a Y-STR CTTACTTTCTAT TCTGGCGAAGTA CCTTCCTTCCTT 4 40
DYS612 Y-STR TTCAGAGGTTTG TCAGTTCCCTTT TCTTCTTCTTCT 3 34
DYS626 Y-STR  CCATAGCAAAAG GGAAAGAAAGAAAGGG  AAAGAAAGAAAG 4 50
DYS627 Y-STR  ACACAGGGAGAA ACGAAGGAGAGA AAAGAAAGAAAG 4 119
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¥ 5. Sequence variations and frequencies for 34 Y-chromosomal markers

CE . Flanking Region Frequency
Locus allele Repeat Structure Variation NP MY PJ

DYF387S] 32 [AAAGI]3 GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAG]9 B 0.005 _
[AAAG]10

DYF387S] 33 [AAAG]3 GTAG [GAAGI]4 [AAAG]2 GAAG [AAAG]2 [GAAG]S B 0.005 _
[AAAG]12

DYF38751 34 [AAAG]3 GTAG [GAAGI4 [AAAG]2 GAAG [AAAG]2 [GAAG]S 0.008 0.011 _
[AAAG]13

DYF387S] 34 [AAAGI]3 GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAG]9 0016  0.005 _
[AAAG]12

DYF38751 35 [AAAGI]3 GTAG [GAAGI14 [AAAG]2 GAAG [AAAG]2 [GAAGI10 _ 0.005 _
[AAAG]12

DYF387S] 35 [AAAGI]3 GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAG]7 B 0.005 _
[AAAG]15

DYF387S] 35 [AAAG]3 GTAG [GAAGI4 [AAAG]2 GAAG [AAAG]2 [GAAG]S 0063 0.100 0.026
[AAAG]14

DYF38751 35 [AAAG]3 GTAG [GAAGI4 [AAAG]2 GAAG [AAAG]2 [GAAG]9 0016 0011 0.005
[AAAG]13

DYF38751 36 [AAAG]3 GTAG [GAAGI4 [AAAG]2 GAAG [AAAG]2 [GAAGI]10 B 0016 0005
[AAAG]13

DYF38751 36 [AAAGI]3 GTAG [GAAGI14 [AAAG]2 GAAG [AAAG]2 [GAAGI11 0008 0.02 0.005
[AAAG]12

DYF387S1 36 {AAAG}S GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAG]7 B 0011 _

AAAG]16
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Continued)

CE MPS Flanking Region Frequency
Locus allele allele Repeat Structure Variation NP MY PJ
DYF387S1 36 d {2&%3 GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAG]S 0040 0074 0032
DYF387S1 36 o [AAAG]3 GTAG [GAAG4 [AAAG]2 GAAG [AAAG]2 [GAAG]9 0111 0079 0126
[AAAG]14
DYF387S1 37 A {ﬁiﬁg? GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAGI]10 0040 0026 0037
DYF387S1 37 b [AAAG]3 GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAG]11 0032 0063 0047
[AAAG]13
DYF387S1 37 . [AAAGI]3 GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAG]7 B 0.005 _
[AAAG]17
DYF387S1 37 q [AAAG]3 GTAG [GAAGI4 [AAAG]2 GAAG [AAAG]2 [GAAG]S 0024 0011 0016
[AAAG]16
DYF387S1 37 o {iiﬁg? GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAGI9 0119 0.095 0179
DYF387S1 38 a [AAAG]3 GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAGI]10 0024 0042 0063
[AAAG]15
DYF387S1 33 b {iﬁgr GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAG]11 0071 0074 0084
DYF387S1 38 . [AAAG]3 GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAGI12 0.016 _ 0011
[AAAG]13
DYF387S1 38 d {AAAG}S GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAGIS B 0011 0.005

AAAG]1
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Continued)

CE MPS Flanking Region Frequency
Locus allele allele Repeat Structure Variation NP MY PJ
DYF387S1 33 o {ﬁigs GTAG [GAAG14 [AAAG]2 GAAG [AAAG]2 [GAAGI9 0056 0063 0058
DYF387S1 38 ¢ [AAAGI]3 GTAG [GAAGI4 [AAAG]2 GAAG AAAG [GAAG]10 _ 0.005 _
[AAAG]16
DYF387S1 39 a {iﬁig? GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAGI]10 0048 0042 0063
DYF387S1 39 b [AAAG]3 GTAG [GAAGI4 [AAAG]2 GAAG [AAAG]2 [GAAG]11 0159 0132 0142
[AAAG]15
DYF387S1 39 o [AAAG]3 GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAG]12 0.008 _ _
[AAAG]14
DYF387S1 39 d [AAAG]3 GTAG [GAAGI4 [AAAG]2 GAAG [AAAG]2 [GAAG]9 0016 0011 0011
[AAAGI]17
DYF387S1 39 o [AAAGI]3 GTAG [GAAG14 AAAG [GAAGI2 [AAAG]2 [GAAG]11 B B 0.005
[AAAG]15
DYF387S1 40 a [AAAG]3 GTAG [GAAG14 [AAAG]2 GAAG [AAAG]2 [GAAG]10 0016 0026 0005
[AAAG]17
DYF387S1 40 b {ﬁig? GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAG]11 0056 0026 0037
DYF387S1 40 e [AAAG]3 GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAG]12 0016 0011 0005
[AAAG]15
DYF387S1 41 a {AAAG}S GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAG]10 B _ 0011

AAAG]1
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Continued)

CE MPS Flanking Region Frequency
Locus allele allele Repeat Structure Variation NP MY PJ
DYF387S1 41 b [AAAG]3 GTAG [GAAGl4 [AAAG]2 GAAG [AAAG]2 [GAAGI11 0.016 ~ 0.005
[AAAG]17
DYF387S1 41 . [AAAG]3 GTAG [GAAG]4 [AAAG]2 GAAG [AAAG]2 [GAAG]12 0016 0005 0.016
[AAAG]16
DYF387S1 42 [AAAG]3 GTAG [GAAGl4 [AAAG]2 GAAG [AAAG]2 [GAAGI]11 0.008 ~ ~
[AAAG]18
DYF387S1 1.000 1.000  1.000
DYF399S1" 16 [GAAA]3 N7 [GAAA]LL rs4306075 (A>G) - 0.003 -
DYF399S1 17 [GAAA]3 N7 [GAAA]L2 rs4306075 (A>G)  0.005 - 0.007
DYF399S1  17.1 [GAAA]3 N8 [GAAA]12 - - 0.003
DYF39981  17.2 [GAAA]3 N7 [GAAATL3 rs2090175785 - 0.003  0.003
(delGA)
DYF399S1 18 [GAAA]3 N7 [GAAA]13 rs4306075 (A>G) - 0.003  0.003
DYF399S1  18.1 [GAAA]3 N8 [GAAA]13 0.031 - 0.007
DYF399S1  18.2 [GAAA]3 N7 [GAAA]14 rs2090175785 - - 0.010
(delGA)
DYF399S1  18.3 [GAAA]3 N7 [GAAA]L4 rs4306075 (A>G) - 0.003 -
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Continued)

Locus aI(I:eEie i\ﬁzse Repeat Structure Flar‘l:?ii t?:fion NP Frei/tllsncy PJ
DYF399S1 19 a  [GAAA]3 N7 [GAAA]13 GAAC rs4306075 (A>G) - - 0.003
DYF399S1 19 b [GAAAI3 N7 [GAAA]14 rs4306075 (A>G)  0.005 0.024 0.014
DYF399S1 19 ¢ [GAAA]3 N7 [GAAA]14 2222%949651 - 0.003 0.003
DYF399S1  19.1 [GAAA]3 N8 [GAAA]14 0.031 0.003 0.034
DYF399S1 20 a  [GAAA]3 N7 [GAAA]14 GAAC rs4306075 (A>G) - - 0.007
DYF399S1 20 b [GAAA]3 N7 [GAAA]L5 rs4306075 (A>G)  0.063 0.072 0.071
DYF399S1 20 ¢ [GAAA]3 N7 [GAAA]15 - 0003 -
DYF399S1 20 d  [GAAA]3 N7 [GAAA]1S Eﬁg%%m - 0.003 0.003
DYF399S1  20.1 a  [GAAA]3 N8 [GAAA]1S 0.016 0.003 0.024
DYF399S1  20.1 b [GAAA]3 N8 [GAAA]15 rs4306075 (A>G)  0.005 - -
DYF399S1 21 a  [GAAA]3 N7 [GAAAI15 GAAC rs4306075 (A>G) - - 0.003
DYF399S1 21 b [GAAA]3 N7 [GAAA]16 22275949651 0.005 0.010  0.020
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l:?ii t?:fion NP Frei/tllsncy PJ
DYF399S1 21 ¢ [GAAA]3 N7 [GAAA]16 rs4306075 (A>G)  0.099 0.110 0.078
DYF399S1 21 d  [GAAA]3 N7 [GAAA]16 - - 0.007
DYF399S1 21 e [GAAA]3 N7 GGAA [GAAA]15 - - 0.003
DYF399S1  21.1 a  [GAAA]3 N8 [GAAA]16 0.042 0.024 0.024
DYF399S1 21.1 b [GAAA]3 N8 [GAAA]16 rs4306075 (A>G) - 0010 -
DYF399S1 22 a  [GAAA]3 N7 [GAAA]16 GAAC rs4306075 (A>G) - - 0.010
DYF399S1 22 b [GAAA]3 N7 [GAAA]L7 1(’2275949651 0.037 0.024 0.048
DYF399S1 22 ¢ [GAAAI3 N7 [GAAA]L7 rs4306075 (A>G)  0.052 0.062 0.031
DYF399S1 22 d  [GAAA]3 N7 [GAAA]L7 - 0.003 0.010
DYF399S1 22 e [GAAA]3 N7 GGAA [GAAA]16 - 0.007 0.003
DYF399S1  22.1 [GAAA]3 N8 [GAAAIL7 0.079 0.031 0.020
DYF399S1  22.2 [GAAA]3 N7 [GAAA]16 AA GAAA {Zig%%m 0.003 0.014
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l:?ii t?:fion NP Frei/tllsncy PJ
DYF399S1 23 a  [GAAA]3 N7 [GAAA]17 GAAC rs4306075 (A>G)  0.005  0.003  0.003
DYF399S1 23 b [GAAAI3 N7 [GAAA]LS 0.005 0.003 0.020
DYF399S1 23 ¢ [GAAA]3 N7 [GAAALLS 2227@%94%51 0.058 0.066 0.071
DYF399S1 23 d  [GAAA]3 N7 [GAAA]18 rs4306075 (A>G)  0.073  0.024  0.027
DYF399S1 23 e [GAAA]3 N7 [GAAA]3 GAAG [GAAA]L4 rs4306075 (A>G) - 0003 -
DYF399S1 23 f  [GAAAI3 N7 GGAA [GAAA]L7 - - 0010
DYF399S1 231  a  [GAAA]3 N8 [GAAA]18 0.037 0.041 0.020
DYF399S1 231 b  [GAAAI3 N8 [GAAA]18 rsd306075 (A>G)  0.005 - -
DYF399S1  23.2 [GAAA]3 N7 [GAAATL7 AA GAAA 1(’2%23)949651 - 0.007 0.014
DYF399S1 24 a  [GAAA]3 N7 [GAAA]18 GAAC rs4306075 (A>G) - 0.003 0.007
DYF399S1 24 b [GAAA]3 N7 [GAAA]L9 1(’2%23)949651 0.073 0.072 0.085
DYF399S1 24 ¢ [GAAA]3 N7 [GAAA]L9 rs4306075 (A>G)  0.005 0.007  0.010
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l:?ii t?:fion NP Frei/tllsncy PJ
DYF399S1 24 d  [GAAA]3 N7 [GAAA]L9 - 0.003 0.003
DYF399S1 24 e [GAAA]3 N7 GGAA [GAAA]18 0010 -  0.003
DYF399S1  24.1 [GAAA]3 N8 [GAAATL9 0.042 0.107 0.044
DYF399S1  24.2 [GAAA]3 N7 [GAAATI8 AA GAAA 1(’2228)949651 0.005 0.007 0.003
DYF399S1 25 a  [GAAA]3 N7 [GAAAI20 0.005 0.003 0.010
DYF399S1 25 b [GAAA]3 N7 [GAAA]20 22275)949651 0.058 0.048 0.048
DYF399S1 25 ¢ [GAAA]3 N7 GGAA [GAAA]19 - 0003 -
DYF399S1  25.1 [GAAA]3 N8 [GAAA]20 0.047 0.052 0.068
DYF399S1  25.2 [GAAA]3 N7 [GAAAT19 AA GAAA 1(’2%23)949651 0.005 -  0.003
DYF399S1 26 a  [GAAA]3 N7 [GAAAI21 22%8)94%51 0.042 0.041 0.024
DYF399S1 26 b [GAAA]3 N7 [GAAA]21 - - 0.003
DYF399S1 26 ¢ [GAAA]3 N7 GGAA [GAAATL9 - - 0.003
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Continued)

CE MPS Flanking Region Frequency

Locus  ele  allele Repeat structure Variation NP MY PJ
DYF399S1  26.1 a  [GAAA]3 N8 [GAAA]21 0.021 0.038 0.031
DYF399S1  26.1 b [GAAA]3 N8 [GAAAI21 1(’22175949651 - 0.003 -
DYF399S1  26.2 [GAAA]3 N7 [GAAAT20 AA GAAA 2227@%94%51 - - 0.003
DYF399S1 27 [GAAA]3 N7 [GAAAT22 1(’2%23)949651 0.021 0.014 -
DYF399S1  27.1 [GAAA]3 N8 [GAAA22 0.005 0.017 0.010
DYF399S1 28 a  [GAAA]3 N7 [GAAA]23 0.005 - -
DYF399S1 28 b [GAAA]3 N7 [GAAA]23 1(’2%73949651 - 0003 -
DYF399S1  28.1 [GAAA]3 N8 [GAAA]23 - 0.014  0.007
DYF399S1 1.000  1.000  1.000
DYF404S1 11 [TTTC]11 0.010 - -
DYF404S1 12 [TTTC]12 0.020 0.072 0.035
DYF404S1 13 [TTTC]13 0.158 0.355 0.112
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Continued)

CE MPS Flanking Region Frequency
Locus  ele  allele Repeat structure Variation NP MY PJ
DYF404S1  13.2 [TTTC]11 TT [TTTC]2 - - 0012
DYF404S1 14 [TTTC]14 0.248 0296 0.329
DYF404S1  14.2 [TTTC]12 TT [TTTC]2 - 0007 -

) rs34228393 . )
DYF404S1 15 a  [TTTCl16 e 0.006
DYF404S1 15 b [TTTCII5 0317 0158 0.294
DYF404S1  15.2 [TTTC]13 TT [TTTC]2 - - 0.006
DYF404S1 16 a  [TTTCI16 0.168 0086 0.171
DYF404S1 16 b [TTTCI5 TTTT [TTTC]10 0010 - -
DYF404S1  16.2 [TTTC]14 TT [TTTC]2 - - 0.006
DYF404S1 17 a  [TTTCI7 0069 0020 0.018
DYF404S1 17 b [TTTCI5 TTTT [TTTCl11 - - 0012
DYF404S1 18 [TTTC]18 - 0007 -
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l}jﬂli tlf:fion NP Frei/tllsncy PJ
DYF404S1 1.000  1.000  1.000
DYS19 13 [TCTA]10 ccta [TCTAI3 0.062 0.020 0.020
DYS19 14 [TCTAI11 ccta [TCTA]3 0.385 0.378 0.255
DYS19 15 [TCTAI12 ccta [TCTAI3 0.202  0.408  0.439
DYS19 16 [TCTAI13 ccta [TCTAI3 0.169 0.143  0.204
DYS19 17 [TCTAI14 ccta [TCTA]3 0.077 0.051 0.071
DYS19 18 [TCTAI15 ccta [TCTAI3 0015 -  0.010
DYS19 1.000  1.000  1.000
DYS385ab 9 [TTTCI9 - - 0021
DYS385ab 10 a  [TTTCI10 - - 0.005
DYS385ab 10 b [TTTCI11 Ezgégﬁgw’z 0.008 - -
DYS385ab 11 [TTTCI11 0.205 0.076 0.178
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l}{;?i t?:fion NP Frei/tllsncy PJ
DYS385ab 12 [TTTCl12 0.110 0.043 0.037
DYS385ab 13 a [TTTCI]13 0.126  0.211 0.110
DYS385ab 13 b [TTTCl14 Z(jgég?i?ém - 0005 -
DYS385ab 14 [TTTCl14 0.236  0.108 0.215
DYS385ab 14.2 [TTTC]5 TC [TTTC]9 - 0.011 -
DYS385ab 15 [TTTCI15 0.039 0.086 0.126
DYS385ab 16 [TTTCl16 0.047 0.059 0.089
DYS385ab 17 [TTTCI17 0.047 0.059 0.079
DYS385ab 18 [TTTC]18 0.071  0.103 0.073
DYS385ab 19 [TTTC]19 0.063 0.130 0.037
DYS385ab 20 [TTTC]20 0.031 0.081 0.016
DYS385ab 21 [TTTCI21 0.016 0.022 0.016
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l}jﬂli tlf:fion NP Frei/tllsncy PJ
DYS385ab 22 [TTTC]22 - 0.005 -
DYS385ab 1.000 1.000 1.000
DYS389 1 11 [TAGA]8 [CAGAI3 - 0.010 -
DYS389 1 12 [TAGA]9 [CAGA]3 0.262 0.439 0.214
DYS389 1 13 [TAGA]10 [CAGAI3 0.446  0.408 0.510
DYS389 1 14 [TAGA]11 [CAGA]3 0.277 0.133 0.265
DYS389 1 15 [TAGA]12 [CAGA]3 0.015 0.010 0.010
DYS389 1 1.000  1.000  1.000
DYS3891" 26 [TAGA]9 [CAGA]3 N48 [TAGA]10 [CAGA]4 - 0.010 -
DYS3891 27 a [TAGA]8 [CAGA]3 N48 [TAGA]12 [CAGA]4 - 0.010 -
DYS3891 27 b [TAGA]9 [CAGA]3 N48 [TAGA]10 [CAGA]5 0.015 0.020 0.010
DYS38911 27 c [TAGA]9 [CAGA]3 N48 [TAGA]11 [CAGA]4 0.046  0.061 -
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l:?ii t?:fion NP Frei/tllsncy PJ
DYS3891 28 a [TAGA]10 [CAGA]3 N48 [TAGA]10 [CAGAI]5 - 0.010 0.010
DYS38911 28 b [TAGA]10 [CAGA]3 N48 [TAGA]11 [CAGAl4 - 0.020 0.010
DYS3891 28 c [TAGA]9 [CAGA]3 N48 [TAGA]11 [CAGA]5 0.046  0.051 0.102
DYS389 11 28 d [TAGA]9 [CAGA]3 N48 [TAGA]12 [CAGA]4 0.092 0.204 0.010
DYS38911 29 a [TAGA]10 [CAGA]3 N48 [TAGA]11 [CAGA]5 0.031 0.082 0.092
DYS3891 29 b [TAGA]10 [CAGA]3 N48 [TAGA]12 [CAGAl4 0.046 0.163 0.041
DYS3891I 29 c [TAGA]J11 [CAGA]3 N48 [TAGA]11 [CAGAl4 0.015 0.010 -
DYS3891 29 d [TAGA]9 [CAGA]3 N48 [TAGA]12 [CAGA]5 0.046 0.010 0.041
DYS3891I 29 e [TAGA]9 [CAGA]3 N48 [TAGA]13 [CAGA]4 0.015 0.051 -
DYS3891 30 a [TAGA]10 [CAGA]3 N48 [TAGA]11 [CAGA]6 - - 0.031
DYS3891 30 b [TAGA]10 [CAGA]3 N48 [TAGA]12 [CAGA]S 0.154 0.041 0.184
DYS38911 30 c [TAGA]10 [CAGA]3 N48 [TAGA]13 [CAGAl4 0.031 0.071 0.020
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l:?ii t?:fion NP Frei/tllsncy PJ
DYS3891 30 d [TAGA]11 [CAGA]3 N48 [TAGA]11 [CAGAI]5 0.062 0.061 0.102
DYS38911 30 e [TAGA]11 [CAGA]3 N48 [TAGA]12 [CAGA]4 0.015 - 0.041
DYS3891 30 f [TAGA]12 [CAGA]3 N48 [TAGA]11 [CAGAl4 0.015 - -
DYS389 11 30 g [TAGA]9 [CAGA]3 N48 [TAGA]13 [CAGA]5 - 0.010  0.010
DYS38911 30 h [TAGA]9 [CAGA]3 N48 [TAGA]14 [CAGA]4 - 0.010 -
DYS3891 31 a [TAGA]10 [CAGA]3 N48 [TAGA]13 [CAGAI]5 0.169 0.020 0.112
DYS3891I 31 b [TAGA]10 [CAGA]3 N48 [TAGA]14 [CAGAl4 - 0.010 -
DYS3891 31 c [TAGA]11 [CAGA]3 N48 [TAGA]11 [CAGA]6 0.015 - 0.010
DYS3891I 31 d [TAGA]J11 [CAGA]3 N48 [TAGA]12 [CAGA]5 0.062 0.020 0.092
DYS3891 31 e [TAGA]11 [CAGA]3 N48 [TAGA]13 [CAGA]4 0.015 0.031 -
DYS3891 31 f [TAGA]12 [CAGA]3 N48 [TAGA]11 [CAGA]S - 0.010 0.010
DYS3891 31 g [TAGA]9 [CAGA]3 N48 [TAGA]14 [CAGA]5 - - 0.041

51 -



Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l:?ii t?:fion NP Frei/tllsncy PJ
DYS3891 31 h [TAGA]9 [CAGA]3 N48 [TAGA]15 [CAGA]4 - 0.010 -
DYS38911 32 a [TAGA]10 [CAGA]3 N48 [TAGA]14 [CAGAI5 0.015 - 0.010
DYS3891 32 b [TAGA]11 [CAGA]3 N48 [TAGA]13 [CAGA]5 0.077  0.010 -
DYS389 11 32 c [TAGA]11 [CAGA]3 N48 [TAGA]14 [CAGAl4 - - 0.010
DYS38911 33 [TAGA]J11 [CAGA]3 N48 [TAGA]14 [CAGAI]5 0.015 - 0.010
DYS3891 1.000  1.000  1.000

DYS390 21 a [TAGA]4 CAGA [TAGA]8 [CAGA]S8 - - 0.031

DYS390 21 b [TAGA]4 CAGA [TAGAI9 [CAGA]7 - 0.010 0.010

DYS390 21 c [TAGA]4 CAGA [TAGA]11 [CAGA]5 - - 0.010

DYS390 21 d [TAGA]4 CAGA [TAGAI8 [CAGAI8 0.015 - -

DYS390 22 a [TAGA]4 CAGA [TAGA]9 [CAGAI8 0.092 0.061 0.194

DYS390 22 b [TAGA]4 CAGA [TAGA]10 [CAGA]7 0.015 - 0.010
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l:?ii t?:fion NP Frei/tllsncy PJ
DYS390 23 a [TAGA]3 CAGA [TAGA]10 [CAGA]9 - 0.010 -
DYS390 23 b [TAGA]4 CAGA [TAGA]9 [CAGA]9 - 0.020 0.010
DYS390 23 c [TAGA]4 CAGA [TAGA]10 [CAGA]S 0.200 0.265 0.296
DYS390 23 d [TAGA]4 CAGA [TAGA]11 [CAGA]7 0.015 - -
DYS390 24 a [TAGA]4 CAGA [TAGA]10 [CAGA]9 - 0.071 -
DYS390 24 b [TAGA]4 CAGA [TAGA]11 [CAGAIS 0.308 0.286 0.163
DYS390 25 a [TAGA]4 CAGA [TAGA]11 [CAGA]9 - 0.102 -
DYS390 25 b [TAGA]4 CAGA [TAGA]12 [CAGA]S 0.338 0.122 0.245
DYS390 26 a [TAGA]4 CAGA [TAGA]12 [CAGA]9 - 0.031 -
DYS390 26 b [TAGA]4 CAGA [TAGA]13 [CAGA]S8 0.015 0.010 0.031
DYS390 26 c [TAGA]4 CATA [TAGAI12 [CAGAI9 - 0.010 -
DYS390 1.000  1.000  1.000
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flaréj;li tlf:fion NP Frei/tllsncy PJ
DYS391 9 [TCTA]9 0.015 0.010 0.031
DYS391 10 [TCTA]10 0.615 0.714 0.643
DYS391 11 [TCTA]11l 0.354 0.265 0.316
DYS391 12 [TCTA]12 0.015 0.010 0.010
DYS391 1.000 1.000 1.000
DYS392 10 [ATAT10 0.123 0.051 0.122
DYS392 11 [ATA]11 0.631 0.265 0.724
DYS392 12 [ATA]12 - 0.071  0.031
DYS392 13 [ATA]13 0.015 0.214 -
DYS392 14 [ATA]14 0.169 0.367 0.092
DYS392 15 [ATA]15 0.046 0.010 0.031
DYS392 15.2 [ATA]15 AT - 0.010 -
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flaréj;li tlf:fion NP Frei/tllsncy PJ
DYS392 16 [ATA]16 0.015 0.010 -
DYS392 1.000 1.000 1.000
DYS393 11 [AGAT]11 - 0.020  0.040
DYS393 12 a [AGAT]12 0.277 0.459 0.273
DYS393 12 b CGAT [AGAT]11 - 0.020  0.020
DYS393 13 a [AGAT]13 0.231 0.194 0.192
DYS393 13 b CGAT [AGATI]12 0.338 0.061 0.333
DYS393 14 a [AGAT]14 0.062 0.235 0.091
DYS393 14 b CGAT [AGATI]13 0.092 - 0.020
DYS393 15 [AGAT]15 - 0.010  0.030
DYS393 1.000  1.000  1.000
DYS437 14 a [TCTA]9 TCTG [TCTAl4 - 0.051 -
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l}jﬂli tlf:fion NP Frei/tllsncy PJ
DYS437 14 b [TCTAI8 [TCTG]2 [TCTAl4 0.662 0.480 0.633
DYS437 14 c [TCTA]4 CCTA [TCTA]3 [TCTGI]2 [TCTAl4 - 0.010 -
DYS437 14 d [TCTAI8 [TCTG]2 [TCTAl4 rs9786886 (C>T) - - 0.010
DYS437 15 a [TCTA]10 TCTG [TCTAl4 0.123  0.286 -
DYS437 15 b [TCTA]9 [TCTG]2 [TCTAl4 0.062 0.153 0.163
DYS437 15 d TCTG [TCTAI8 [TCTG]2 [TCTAl4 - - 0.010
DYS437 16 a [TCTA]11 TCTG [TCTAl4 0.015 0.010 -
DYS437 16 b [TCTA]10 [TCTG]2 [TCTAl4 0.138 0.010 0.184
DYS437 1.000 1.000 1.000
DYS438 7 [TTTTCI7 - - 0.010
DYS438 8 [TTTTCI8 - 0.010 0.020
DYS438 9 [TTTTCI9 0.123 0.122 0.184
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flaréj;li tlf:fion NP Frei/tllsncy PJ
DYS438 10 a [TTTTCI10 0.108 0.367 0.255
DYS438 10 b TTTTC TTTTA [TTTTCI8 - 0.051 -
DYS438 11 [TTTTCI11 0.754  0.429 0.520
DYS438 12 [TTTTCl12 0.015 0.020 0.010
DYS438 1.000 1.000 1.000
DYS439 9 [GATA]9 0.015 - -
DYS439 10 [GATA]10 0.369 0.102 0.418
DYS439 11 [GATA]11 0.308 0.276  0.306
DYS439 12 [GATA]12 0.231 0.388 0.235
DYS439 13 [GATA]13 0.046 0.194 0.041
DYS439 14 [GATA]14 0.031 0.041 -
DYS439 1.000  1.000  1.000
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l:?ii t?:fion NP Frei/tllsncy PJ
DYS448° 16 [AGAGATI]8 N42 [AGAGAT]8 - 0.010 -
DYS448 17 [AGAGATI]10 N42 [AGAGAT]7 0.015  0.020 -
DYS448 18 a [AGAGATI]11 N42 [AGAGAT]7 0.015 0.020 0.041
DYS448 18 b [AGAGAT]10 N42 [AGAGATIS8 0.015 0.214 0.041
DYS448 18 c [AGAGATI]9 N42 [AGAGAT]9 - 0.010 -
DYS448 19 a [AGAGATI]13 N42 [AGAGAT]6 0.015 - -
DYS448 19 b [AGAGATI]12 N42 [AGAGAT]7 0.123 0.061 0.133
DYS448 19 c [AGAGATI]11 N42 [AGAGAT]S8 0.231 0.163 0.204
DYS448 19 d [AGAGATI]10 N42 [AGAGATI9 - 0.051 -
DYS448 20 a [AGAGAT]14 N42 [AGAGATI6 0.015 - -
DYS448 20 b [AGAGAT]13 N42 [AGAGAT]7 0.015 0.020 0.010
DYS448 20 c [AGAGATI]12 N42 [AGAGATIS8 0.338 0.102  0.449
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l}jﬂli tlf:fion NP Frei/tllsncy PJ
DYS448 20 d [AGAGATI]11 N42 [AGAGATI9 0.169 0.214 0.010
DYS448 21 a [AGAGATI]13 N42 [AGAGATIS8 0.015 0.010 0.082
DYS448 21 b [AGAGATI]12 N42 [AGAGATI]9 0.031 0.092 0.031
DYS448 21 c [AGAGATI]11 N42 [AGAGATI]10 - 0.010 -
DYS448 1.000 1.000 1.000
DYS449° 0 - - - 0.010
DYS449 25 [TTTCJ]12 N50 [TTTC]13 0.031 - -
DYS449 26 a [TTTC]15 N50 [TTTCI11 - 0.010 -
DYS449 26 b [TTTCJ13 N50 [TTTC]13 0.015 - -
DYS449 26 c [TTTC]12 N50 [TTTC]14 0.015 0.010 -
DYS449 26 d [TTTC]11 N50 [TTTC]15 0.015 - 0.010
DYS449 27 a [TTTC]16 N50 [TTTCI]11 - 0.020 -
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l}jﬂli tlf:fion NP Frei/tllsncy PJ
DYS449 27 b [TTTCI]15 N50 [TTTC]12 0.015 - 0.010
DYS449 27 c [TTTCJ]14 N50 [TTTC]13 - - 0.010
DYS449 27 d [TTTCI]13 N50 [TTTC]14 - - 0.010
DYS449 27 e [TTTCJ12 N50 [TTTCI15 - - 0.020
DYS449 27 f [TTTCJ11 N50 [TTTCI]16 - 0.010  0.031
DYS449 28 a [TTTCI]16 N50 [TTTC]12 - 0.010 0.020
DYS449 28 b [TTTCJ]15 N50 [TTTC]13 0.015 0.082 -
DYS449 28 c [TTTC]14 N50 [TTTC]14 - - 0.020
DYS449 28 d [TTTCJ13 N50 [TTTCI15 - 0.010 0.010
DYS449 28 e [TTTCI9 N50 [TTTCI19 - - 0.010
DYS449 29 a [TTTCI17 N50 [TTTCIl12 0.015 - 0.010
DYS449 29 b [TTTC]16 N50 [TTTC]13 0.015  0.082 -
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l}jﬂli tlf:fion NP Frei/tllsncy PJ
DYS449 29 c [TTTCI]15 N50 [TTTC]14 0.015 0.061 0.031
DYS449 29 d [TTTC]14 N50 [TTTCI15 0.031 0.031 0.010
DYS449 29 e [TTTCI]13 N50 [TTTCI16 - 0.020 -
DYS449 29 f [TTTCJ11 N50 [TTTCI]18 - - 0.010
DYS449 30 a [TTTCJ17 N50 [TTTCI]13 0.031 0.010 0.031
DYS449 30 b [TTTCI]16 N50 [TTTC]14 0.015 0.031 0.031
DYS449 30 c [TTTCJ]15 N50 [TTTCI15 0.015 0.031 0.041
DYS449 30 d [TTTC]14 N50 [TTTC]J16 0.031 0.031 -
DYS449 30 e [TTTCJ13 N50 [TTTCI17 - 0.020 -
DYS449 30 f [TTTC]12 N50 [TTTC]18 - - 0.010
DYS449 31 a [TTTC]18 N50 [TTTCI]13 0.015 - -
DYS449 31 b [TTTC]17 N50 [TTTC]14 - 0.010 -
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l}jﬂli tlf:fion NP Fre(;/t{lsncy PJ
DYS449 31 c [TTTCI]16 N50 [TTTCI15 0.062 0.031 0.082
DYS449 31 d [TTTC]15 N50 [TTTCI16 0.046 0.102 0.051
DYS449 31 e [TTTCI]13 N50 [TTTC]18 0.015 - -
DYS449 32 a [TTTCJ17 N50 [TTTCI15 0.092 0.041 0.041
DYS449 32 b [TTTC]16 N50 [TTTCI]16 0.231 0.112 0.163
DYS449 32 c [TTTCI]15 N50 [TTTCI17 0.046 - 0.071
DYS449 32 d [TTTC]14 N50 [TTTC]18 - 0.010 -
DYS449 33 a [TTTCI18 N50 [TTTCI15 0.015 - 0.010
DYS449 33 b [TTTCJ]17 N50 [TTTCI]16 0.062 0.122 0.051
DYS449 33 c [TTTC]16 N50 [TTTCI17 0.062 0.041 0.122
DYS449 33 d [TTTC]16 N50 [TTTCI5 CTTC [TTTCI11 - - 0.010
DYS449 33 e [TTTC]15 N50 [TTTC]18 - - 0.020
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flaréj;li tlf:fion NP Frei/tllsncy PJ
DYS449 33 f [TTTC]14 N50 [TTTC]19 - 0.010 -
DYS449 34 a [TTTCJ18 N50 [TTTCI16 - 0.010 -
DYS449 34 b [TTTCI]17 N50 [TTTCI17 0.015 0.010 0.031
DYS449 34 c [TTTCJ]16 N50 [TTTC]18 0.046 - -
DYS449 34 d [TTTC]15 N50 [TTTCI19 - - 0.010
DYS449 35 a [TTTCI]18 N50 [TTTCI17 0.015  0.020 -
DYS449 35 b [TTTCJ17 N50 [TTTC]18 - 0.020 -
DYS449 1.000  1.000  1.000
DYS456 12 [AGAT]12 0.015 0.010 -
DYS456 13 [AGAT]13 0.046 0.041 0.031
DYS456 14 [AGAT]14 0.123  0.092 0.041
DYS456 15 [AGAT]15 0.646 0.582 0.622
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Continued)

Locus aI(I:eEie i\ﬁZISe Repeat structure Flaréj;li tlf:fion NP Frei/tllsncy PJ
DYS456 16 [AGAT]16 0.169 0.173  0.255
DYS456 17 [AGAT]17 - 0.071 0.051
DYS456 18 [AGAT]18 - 0.031 -
DYS456 1.000 1.000 1.000
DYS458 0 - - - 0.010
DYS458 14 [GAAA]L4 0.015 - 0.041
DYS458 15 a [GAAA]L5 0.185 0.184 0.235
DYS458 15 b [GAAA]14 GGAA 0.015 0.031 0.020
DYS458 16 a [GAAA]L6 0.323 0.224 0.327
DYS458 16 b [GAAA]15 GGAA 0.015 - 0.031
DYS458 17 a [GAAA]L7 0.215 0.204 0.163
DYS458 17 b [GAAA]L6 GGAA - - 0.020
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Locus aI(I:eEie i\ﬁZISe Repeat structure Flaréj;li tlf:fion NP Frei/tllsncy PJ
DYS458 18 a [GAAA]LS 0.154 0.184 0.082
DYS458 18 b [GAAA]17 GGAA - - 0.020
DYS458 18 c GAAG [GAAA]L7 - 0.010 -
DYS458 19 a [GAAA]L9 0.046  0.102 -
DYS458 19 b [GAAA]18 - - 0.010
DYS458 19 c [GAAA]L7 GGAA - - 0.010
DYS458 20 a [GAAA]20 - 0.041 -
DYS458 20 b [GAAATL9 - - 0.031
DYS458 21 a [GAAA]21 0.015 - -
DYS458 21 b GAAG [GAAA]20 - 0.010 -
DYS458 22 [GAAA]22 0.015 - -
DYS458 23 GAAG [GAAA]22 - 0.010 -
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Locus aI(I:eEie i\ﬁZISe Repeat structure Flaréj;li tlf:fion NP Frei/tllsncy PJ
DYS458 1.000  1.000  1.000
DYS460 9 [TCTA]9 0.077 0.306 0.010
DYS460 10 [TCTA]10 0.354 0.378 0.357
DYS460 11 [TCTA]11 0.431 0.296 0.469
DYS460 12 [TCTA]12 0.138 0.020 0.163
DYS460 1.000  1.000  1.000
DYS481 0 - - - 0.010
DYS481 18 [CTTI18 0.015 - -
DYS481 19 [CTTI]19 - - 0.020
DYS481 20 [CTTI20 - - 0.010
DYS481 21 a CTG [CTTI20 - 0.010 -
DYS481 21 b [CTT]21 0.015 0.020 0.041
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CE MPS Flanking Region Frequency
Locus allele allele Repeat structure Variation NP MY PJ
DYS481 22 [CTTI22 0.123 0.102 0.082
rs368663163
DYS481 23 a [CTT]23 G>A) 0.015
. . rs2015234517 B . _
DYS481 23 b [CTT]24 (delGCT) 0.031
DYS481 23 c CTG [CTTI22 - - 0.020
DYS481 23 d [CTT]23 0.492 0.480 0.408
< rs368663163 _ .
DYS481 24 a [CTTI]24 G>A) 0.010 0.031
rs2015234517
DYS481 24 b [CTTI25 (delGCT) 0.010
DYS481 24 c [CTT]124 0.108 0.194 0.214
rs368663163
DYS481 25 a [CTTI125 G>A) 0.077 0.071
DYS481 25 b [CTTI25 0.031 0.082 0.061
rs368663163
DYS481 26 a [CTTI26 G>A) 0.015 0.010
DYS481 26 b [CTTI26 0.031 0.010 0.010
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Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l:?ii t?:fion NP Frei/tllsncy PJ
DYS481 27 [CTTI27 0.031 0.020 0.010
DYS481 28 a  [CTTI28 281%663163 0015 - -
DYS481 28 b [CTTI]28 0.031 0.031 -
DYS481 1.000  1.000  1.000
DYS518 33 a [AAAG]3 GAAG [AAAG]13 GGAG [AAAG]4 gaagag [AAAG]11 0.015 - -
DYS518 33 b [AAAG]3 GAAG [AAAG]12 GGAG [AAAG]4 gaagag [AAAG]12 - 0.010 -
DYS518 34 a [AAAG]3 GAAG [AAAG]14 GGAG [AAAG]4 gaagag [AAAG]11 - 0.010 -
DYS518 34 b [AAAG]3 GAAG [AAAG]13 GGAG [AAAG]4 gaagag [AAAG]12 - 0.010 -
DYS518 34 c [AAAG]3 GAAG [AAAG]12 GGAG [AAAG]4 gaagag [AAAG]13 - 0.020 -
DYS518 34 d [AAAG]3 GAAG [AAAG]11 GGAG [AAAGI4 gaagag [AAAG]14 - 0.010 -
DYS518 35 a [AAAGI]3 GAAG [AAAG]14 GGAG [AAAGI4 gaagag [AAAG]12 - 0.082 -
DYS518 35 b [AAAG]3 GAAG [AAAG]13 GGAG [AAAG]4 gaagag [AAAG]13 0.031 0.071 -
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Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l:?ii t?:fion NP Frei/tllsncy PJ
DYS518 35 c [AAAG]3 GAAG [AAAG]12 GGAG [AAAG]4 gaagag [AAAG]14 - 0.031 -
DYS518 36 a [AAAG]3 GAAG [AAAG]15 GGAG [AAAG]4 gaagag [AAAG]12 0.015 - 0.020
DYS518 36 b [AAAG]3 GAAG [AAAG]14 GGAG [AAAG]4 gaagag [AAAG]13 0.062 0.051 0.041
DYS518 36 c [AAAG]3 GAAG [AAAG]13 GGAG [AAAG]4 gaagag [AAAG]14 0.062 0.071 0.010
DYS518 37 a [AAAG]3 GAAG [AAAG]17 GGAG [AAAG]4 gaagag [AAAG]11 0.015 - -
DYS518 37 b [AAAG]3 GAAG [AAAG]16 GGAG [AAAGI]4 gaagag [AAAG]12 - - 0.020
DYS518 37 c [AAAG]3 GAAG [AAAG]15 GGAG [AAAG]4 gaagag [AAAG]13 0.015 0.041 0.071
DYS518 37 d [AAAG]3 GAAG [AAAG]14 GGAG [AAAG]4 gaagag [AAAG]14 0.031 0.071 0.031
DYS518 37 e [AAAG]3 GAAG [AAAG]13 GGAG [AAAG]4 gaagag [AAAG]15 - 0.020 0.010
DYS518 37 f [AAAG]3 GAAG [AAAG]12 GGAG [AAAG]4 gaagag [AAAG]17 - 0.010 -
DYS518 38 a [AAAG]3 GAAG [AAAG]16 GGAG [AAAG]4 gaagag [AAAG]13 0.031  0.020 0.031
DYS518 38 b [AAAG]3 GAAG [AAAG]15 GGAG [AAAG]4 gaagag [AAAG]14 0.031 0.020 0.092
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Locus aICI:eEie i\ﬁZISe Repeat structure Flar‘lii?ii tlfffion NP Frei/tllsncy PJ
DYS518 38 c [AAAG]3 GAAG [AAAG]15 GGAG [AAAGIS gaagag [AAAG]15 - - 0.020
DYS518 38 d [AAAG]3 GAAG [AAAG]14 GGAG [AAAG]4 gaagag [AAAG]15 0.015 0.010 0.031
DYS518 38 e [AAAG]3 GAAG [AAAG]13 GGAG [AAAG]4 gaagag [AAAG]16 0.015  0.020 -
DYS518 38 f [AAAG]3 GAAG [AAAG]12 GGAG [AAAG]4 gaagag [AAAG]17 - 0.010 -
DYS518 39 a [AAAG]3 GAAG [AAAG]18 GGAG [AAAG]4 gaagag [AAAG]12 - 0.010 -
DYS518 39 b [AAAG]3 GAAG [AAAG]17 GGAG [AAAG]4 gaagag [AAAG]13 0.015 0.020 0.010
DYS518 39 c [AAAG]3 GAAG [AAAG]16 GGAG [AAAG]4 gaagag [AAAG]14 0.077  0.051 0.082
DYS518 39 d [AAAG]3 GAAG [AAAG]15 GGAG [AAAG]4 gaagag [AAAG]15 0.062 0.031 0.082
DYS518 39 o {iﬁigﬁfAAG [AAAG]14 GAAG GGAG [AAAG]4 gaagag B B 0.010
DYS518 39 f [AAAG]3 GAAG [AAAG]14 GGAG [AAAG]4 gaagag [AAAG]16 - 0.010 0.010
DYS518 40 a [AAAG]3 GAAG [AAAG]18 GGAG [AAAG]4 gaagag [AAAG]13 - 0.010 -
DYS518 40 b [AAAG]3 GAAG [AAAG]17 GGAG [AAAG]4 gaagag [AAAG]14 0.031 0.020 0.031
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Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l:?ii t?:fion NP Frei/tllsncy PJ
DYS518 40 c [AAAG]3 GAAG [AAAG]16 GGAG [AAAG]4 gaagag [AAAG]15 0.077  0.020 0.071
DYS518 40 d [AAAG]3 GAAG [AAAG]15 GGAG [AAAG]4 gaagag [AAAG]16 0.046  0.031 0.092
DYS518 40 e [AAAG]3 GAAG [AAAG]14 GGAG [AAAG]4 gaagag [AAAG]17 0.015 - 0.031
DYS518 41 a [AAAG]3 GAAG [AAAG]17 GGAG [AAAG]4 gaagag [AAAG]15 0.015 0.020 0.020
DYS518 41 b [AAAG]3 GAAG [AAAG]16 GGAG [AAAG]4 gaagag [AAAG]16 0.062 0.020 0.071
DYS518 41 c [AAAG]3 GAAG [AAAG]15 GGAG [AAAG]4 gaagag [AAAG]17 0.062 - 0.010
DYS518 42 a [AAAG]3 GAAG [AAAG]18 GGAG [AAAG]4 gaagag [AAAG]15 - 0.020  0.020
DYS518 12 b {iﬁgﬁg)GAAG [AAAG]17 GAAG GGAG [AAAG]4 gaagag _ _ 0.010
DYS518 42 c [AAAG]3 GAAG [AAAG]17 GGAG [AAAG]4 gaagag [AAAG]16 0.108 0.010 0.010
DYS518 42 d [AAAG]3 GAAG [AAAG]16 GGAG [AAAG]4 gaagag [AAAG]17 0.031 0.010 0.031
DYS518 43 a [AAAG]3 GAAG [AAAG]19 GGAG [AAAG]4 gaagag [AAAG]15 0.015 - -
DYS518 43 b [AAAG]3 GAAG [AAAG]18 GGAG [AAAG]4 gaagag [AAAG]16 - 0.051 -
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Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l:?ii t?:fion NP Frei/tllsncy PJ
DYS518 43 c [AAAG]3 GAAG [AAAG]17 GGAG [AAAG]4 gaagag [AAAG]17 0.015 0.010 0.010
DYS518 43 d [AAAG]3 GAAG [AAAG]16 GGAG [AAAG]4 gaagag [AAAG]18 - - 0.020
DYS518 44 a [AAAG]3 GAAG [AAAG]19 GGAG [AAAGI]4 gaagag [AAAG]16 - 0.031 -
DYS518 44 b [AAAG]3 GAAG [AAAG]18 GGAG [AAAG]4 gaagag [AAAG]17 0.015 - -
DYS518 45 a [AAAG]3 GAAG [AAAG]20 GGAG [AAAG]4 gaagag [AAAG]16 - 0.031 -
DYS518 45 b [AAAG]3 GAAG [AAAG]18 GGAG [AAAGI4 gaagag [AAAG]18 0.015 - -
DYS518 1.000  1.000  1.000
DYS526a 12 CTCT [CCTTI11 0.123 0.082 0.071
DYS526a 13 CTCT [CCTTI]12 0.169 0.306 0.276
DYS526a 14 a CTCT [CCTTI113 0.108 0.133 0.122
DYS526a 14 b CTCT [CCTT]12 CGTT - 0.010 -
DYS526a 15 CTCT [CCTT]14 0.508 0.429 0.490
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Locus aI(I:eEie i\ﬁZISe Repeat structure Flaréj;li tlf:fion NP Frei/tllsncy PJ
DYS526a 16 CTCT [CCTTI]15 0.092 0.041 0.041
DYS526a 1.000 1.000 1.000
DYS533 8 [TATC]8 - - 0.010
DYS533 9 [TATC]9 - - 0.010
DYS533 10 [TATC]10 0.046  0.265 0.041
DYS533 11 [TATC]11 0.354 0.388 0.286
DYS533 12 [TATC]12 0.523 0.306 0.602
DYS533 13 [TATCI]13 0.062 0.031 0.051
DYS533 14 [TATC]14 0.015 0.010 -
DYS533 1.000  1.000  1.000
DYS549 10 [GATA]10 - - 0.020
DYS549 11 [GATA]11 0.062 0.163 0.194
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Locus aI(I:eEie i\ﬁZISe Repeat structure Flaréj;li tlf:fion NP Frei/tllsncy PJ
DYS549 12 [GATA]12 0.662 0.612 0.531
DYS549 13 [GATA]13 0.231 0.224 0.204
DYS549 14 [GATA]14 0.046 - 0.051
DYS549 1.000 1.000 1.000
DYS570 0 - - - 0.010
DYS570 15 [TTTCI15 0.062 0.051 0.102
DYS570 16 [TTTC]16 0.062 0.245 0.082
DYS570 17 [TTTCI17 0.200 0.235 0.173
DYS570 18 a [TTTC]18 0.308 0.255 0.235
DYS570 18 b [TTTC]15 CTTC [TTTC]J2 - 0.010 -
DYS570 19 [TTTCI19 0.277 0.122 0.204
DYS570 20 [TTTCI]20 0.046 0.051 0.122
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Locus aI(I:eEie i\ﬁZISe Repeat structure Flaréj;li tlf:fion NP Frei/tllsncy PJ
DYS570 21 [TTTC]21 0.046 0.020 0.071
DYS570 23 [TTTC]23 - 0.010 -
DYS570 1.000  1.000  1.000
DYS576 0 - - 0.020  0.020
DYS576 15 [AAAG]15 0.062 0.031 0.051
DYS576 16 [AAAG]16 0.092 0.051 0.082
DYS576 17 [AAAG]17 0.231 0.163 0.265
DYS576 18 [AAAG]18 0.385 0.398 0.296
DYS576 19 [AAAG]19 0.154 0.265 0.245
DYS576 20 [AAAG]20 0.062 0.061 0.031
DYS576 21 [AAAG]21 0.015 0.010 -
DYS576 22 [AAAG]22 - - 0.010
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Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l}jﬂli tlf:fion NP Frei/tllsncy PJ
DYS576 1.000 1.000 1.000
DYS612 30  a  [CCTI5CTT [TCT]4 CCT [TCTI19 - - 0010
DYS612 30 b [CCTI5CTT [TCTI3 TTT CCT [TCT]19 - 0010 -
DYS612 31 [CCTI5 CTT [TCT14 CCT [TCTI120 - - 0.020
DYS612 32 [CCTI5 CTT [TCT14 CCT [TCTI21 - - 0031
DYS612 33 a  [CCTI5CTT [TCT]4 CCT [TCT]22 0.031  0.020 0.041
DYS612 33 b [CCTI5 CTT [TCTI3 TTT CCT [TCT]22 - 0010 -
DYS612 34  a  [CCTI5CTT [TCT]4 CCT [TCTI23 0.062 0.051 0.041
DYS612 34 b [CCTI5 CTT [TCTI3 TTT CCT [TCT123 0015 0010 -
DYS612 35 a  [CCTI5 CTT [TCTI4 CCT [TCT]24 2;5;58095027 0015 - 0010
DYS612 35 b [CCTI5CTT [TCT]4 CCT [TCT]24 0.108 0.143 0.204
DYS612 36 a  [CCTI5 CTT [TCT]4 CCT [TCTI25 25;5(:5)095027 0015 0020 -
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Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l}jﬂli tlf:fion NP Frei/tllsncy PJ
DYS612 36 b [CCTI5CTT [TCT]4 CCT [TCT125 0.246  0.184 0.235
DYS612 36 ¢ [CCTI5CTT [TCTI3 TTT CCT [TCT125 - 0010 -
DYS612 37 a  [CCTI5CTT [TCTI]4 CCT [TCT]26 E;i‘r)c‘r))og‘r’ow 0.031 0.020 0.010
DYS612 37 b [CCTI5CTT [TCT]4 CCT [TCT126 0.169 0.245 0.204
DYS612 37 ¢ [CCTI5CTT [TCT]4 CCT [TCT]22 TAT [TCTI3 - 0010 -
DYS612 37 d  [CCTI5CTT [TCTI3 TTT CCT [TCTI26 0.015 0010 -
DYS612 38 a  [CCT]5 CTT [TCTJ4 CCT [TCT]27 E’Sr5>5c5)095027 0.015 - -
DYS612 38 b [CCTI5CTT [TCT]4 CCT [TCT]27 0.185 0.163 0.122
DYS612 38 ¢ [CCTI5CTT [TCTI3 TTT CCT [TCTI27 0.015 - -
DYS612 39 a  [CCTI5CTT [TCT]4 CCT [TCT]28 0.031 0.071 0.061
DYS612 39 b [CCTI5CTT [TCT]3 TTT CCT [TCTI]27 0.015 - -
DYS612 40 [CCT15 CTT [TCT]4 CCT [TCT]29 0.031 0.020 0.010
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CE MPS Flanking Region Frequency
Locus allele allele Repeat structure Variation NP MY PJ

DYS612 1.000  1.000 1.000

DYS626 93 AGAA AQGA AGAA [AAAG]11 [AGAA]2 AGAG [GAAG]3 0015 B _
[AAAG]3

DYS626 95 AGAA AQGA AGAA [AAAG]13 [AGAA]2 AGAG [GAAG]3 _ 0010  0.010
[AAAG]3

DYS626 26 AGAA AGGA AGAA [AAAG]14 [AGAA]2 AGAG [GAAGI3 0031 0010 0041
[AAAG]3

DYSE26 97 AGAA AQGA AGAA [AAAG]15 [AGAA]2 AGAG [GAAG]3 0015 0080 0.010
[AAAG]3

DYS626 28 AGAA AGGA AGAA [AAAG]16 [AGAA]2 AGAG [GAAGI3 0123 0190 0.031
[AAAGI]3

DYS626 929 AGAA AGGA AGAA [AAAG]17 [AGAA]2 AGAG [GAAG]3 0.108 0.200 0.122
[AAAG]3

DYS626 30 AGAA AGGA AGAA [AAAG]18 [AGAA]2 AGAG [GAAG]3 0169 0120 0.122
[AAAG]3

DYS626 31 a AGAA AGGA AGAA [AAAG]19 [AGAA]2 AGAG [GAAG]3 0.169 0.110  0.204
[AAAG]3
AGAA AGGA AGAA [AAAG]9 AAGG [AAAG]9 [AGAA]2 AGAG _ _

DY5626 31 b [GAAGI]3 [AAAG]3 0.010

DYS626 39 a AGAA AGGA AGAA [AAAG]20 [AGAA]2 AGAG [GAAG]3 0.169 0.110 0.163
[AAAG]3

DYS626 39 b AGAA AGGA AGAA [AAAG]9 AAGG [AAAG]10 [AGAA]2 AGAG B 0.010 B

[GAAG]3 [AAAGI3
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Continued)

CE MPS Flanking Region Frequency
Locus allele allele Repeat structure Variation NP MY PJ
DYS626 32 . AGAA AGGA AGAA [AAAG]9 AAGG [AGAA]10 AGAG [GAAG]3 _ _ 0.041
[AAAG]3
DYS626 33 a AGAA ArGGA AGAA [AAAG]21 [AGAA]2 AGAG [GAAG]3 0.092 0090 0.112
[AAAG]3
e AGAA AGGA AGAA [AAAG]9 AAGG [AAAG]11 [AGAA]2 AGAG . . B
DYS626 33 b [GAAG]3 [AAAG]3 0.031 0.030
DYS626 33 o AGAA AGGA AGAA [AAAG]9 AAGG [AGAA]11 AGAG [GAAG]3 _ _ 0.041
[AAAG]3
DYS626 34 a AGAA ArGGA AGAA [AAAG]22 [AGAA]2 AGAG [GAAG]3 0046 0020 0041
[AAAG]3
p AGAA AGGA AGAA [AAAG]18 AAGG [AAAG]2 [AGAA]2 AGAG N _
DYS626 34 b [GAAGI3 [AAAG]3 0.010
AGAA AGGA AGAA [AAAG]10 AAGG [AGAA]11 AGAG B _
DYS626 34 ¢ [GAAGI3 [AAAGI3 0.010
DYS626 34 d AGAA AGGA AGAA [AAAG]9 AAGG [AGAA]12 AGAG [GAAG]3 _ _ 0.020
[AAAG]3
DYS626 35 AGAA AGGA AGAA [AAAG]23 [AGAA]2 AGAG [GAAG]3 0.031 B 0.031
[AAAG]3
DYS626 1.000 1.000  1.000
DYS627 0 - - - 0.010
DYS627 13 [AGAGI]3 [AAAG]10 - - 0.010
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CE MPS Flanking Region Frequency
Locus  ele  allele Repeat structure Variation NP MY PJ
DYS627 15 [AGAG]3 [AAAG]12 0015 0010 -
DYS627 16 [AGAG]3 [AAAG]13 0015 0020 0.041
DYS627 17 [AGAG]3 [AAAG]14 0.246 0.071 0.255
DYS627  17.2 [AGAG]2 AG [AAAG]15 - 0020 -
DYS627 18 a  [AGAGI2 [AAAGI16 0015 - -
DYS627 18 b [AGAGI3 [AAAG]15 0.262 0.204 0.184
DYS627  18.2 [AGAG]3 [AAAGI8 AA [AAAG]7 - - 0010
DYS627 19 a  [AGAGI3 [AAAG]16 0077 0.143 0.153
DYS627 19 b [AGAGI3 [AAAGI16 rsd71126660 - o010 -
(A>G)
DYS627 20 a  [AGAGI3 [AAAG]17 0231 0235 0.122
DYS627 20 b [AGAGI3 [AAAGI13 AAAA AGAG [AAAG]2 0015 - -
DYS627 21 [AGAG]3 [AAAG]18 0046 0133 0.143
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Locus aI(I:eEie i\ﬁZISe Repeat structure Flar‘l:?ii t?:fion NP Frei/tllsncy PJ
DYS627 22 [AGAGI]3 [AAAG]19 0.077  0.102 0.061
DYS627 23 [AGAG]3 [AAAG]20 - 0.051 0.010
DYS627 1.000  1.000  1.000
DYS635 17 [TAGA]11 [TACA]2 [TAGA]4 0.015 - -
DYS635 18 [TAGA]8 [TACA]2 [TAGA]2 [TACA]Z2 [TAGA]4 - 0.010 0.010
DYS635 19 a [TAGA]8 TACA TAGA TACA [TAGA]2 [TACA]2 [TAGAl4 - 0.010 -
DYS635 19 b [TAGA]9 [TACA]2 [TAGA]2 [TACA]Z2 [TAGA4 0.015  0.031 -
DYS635 20 [TAGA]10 [TACA]2 [TAGA]2 [TACA]2 [TAGA]4 0.138 0.255 0.031
DYS635 21 a gigiﬁ [TACA]2 [TAGA]2 [TACA]2 [TAGA]2 [TACA]2 0.031 B _
DYS635 21 b [TAGA]10 [TACA]3 [TAGA]2 [TACA]2 [TAGA]4 - 0.051 -
DYS635 21 c [TAGA]11 [TACA]2 [TAGA]2 [TACA]2 [TAGA]4 0.108 0.357 0.194
DYS635 99 a [TAGAI8 [TACA]2 [TAGA]2 [TACA]2 [TAGA]2 [TACA]2 0.031 B 0.020

[TAGA]4
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CE MPS Flanking Region Frequency

Locus allele allele Repeat structure Variation NP MY PJ

DYS635 22 b [TAGA]12 [TACA]2 [TAGA]2 [TACA]2 [TAGA]4 0.046  0.133 0.082

DYS635 93 a [TAGA]9 [TACA]J2 [TAGA]2 [TACA]2 [TAGA]2 [TACA]2 0292 0061 0378
[TAGA]4

DYS635 23 b [TAGA]13 [TACA]2 [TAGA]2 [TACA]2 [TAGA]4 - 0.020 0.082

DYS635 94 a [TAGA]10 [TACA]2 [TAGA]2 [TACA]2 [TAGA]2 [TACA]2 0169 0020 0020
[TAGAT4

DYS635 24 b [TAGA]14 [TACA]2 [TAGA]2 [TACA]2 [TAGAl4 0.062 0.020 0.071

DYS635 25 a [TAGA]11 [TACA]2 [TAGA]2 [TACA]2 [TAGA]2 [TACA]2 0077 0.010 0.082
[TAGAT4

DYS635 25 b [TAGA]15 [TACA]2 [TAGA]2 [TACA]2 [TAGA]4 - 0.010 -

DYS635 26 [TAGA]12 [TACA]2 [TAGA]2 [TACA]2 [TAGA]2 [TACA]2 _ 0010 0031
[TAGA]4

DYS635 3 [TAGA]14 [TACA]2 [TAGA]2 [TACA]2 [TAGA]2 [TACA]2 0.015 B B
[TAGA]4

DYS635 1.000 1.000 1.000

DYS643 8 [CTTTTI8 0.031 0.031 0.010

DYS643 9 [CTTTTI9 0.092 0.122 0.163
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Locus aI(I:eEie i\ﬁZISe Repeat structure Flaréj;li tlf:fion NP Frei/tllsncy PJ
DYS643 10 [CTTTTI10 0.615 0.194 0.551
DYS643 11 [CTTTTI11 0.138 0.163 0.153
DYS643 12 [CTTTTI12 0.123  0.337 0.092
DYS643 13 [CTTTT]13 - 0.133  0.031
DYS643 14 [CTTTTI]14 - 0.020 -
DYS643 1.000  1.000  1.000
GATAH4 10 [TCTA]10 0.015 0.010 0.041
GATAH4 11 [TCTA]11 0.215 0.408 0.235
GATAH4 12 [TCTA]12 0.385  0.449 0.490
GATAH4 13 [TCTA]13 0.338 0.122 0.235
GATAH4 14 [TCTA]14 0.046  0.010 -
GATAH4 1.000  1.000  1.000
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CE MPS Flanking Region Frequency
L o
ocus allele allele Repeat structure Variation NP MY PJ
Y-M175 Del TTCTC AC TTCTC 0.138 0.633 -
Y-M175 Ins TTCTC AC [TTCTC]2 0.862 0.367 1.000

Y-M175 1.000  1.000  1.000

Abbreviations: CE, Capillary Electrophoresis; MPS, Massively Parallel Sequencing; NP, Nepal;, MY,

Myanmar; PJ, Pakistan (Punjab).

The repeat sequences of each allele were indicated with a square bracket and arranged with the forward

strand direction.

*Alleles with the same size but different repeat structure in the MPS analysis were tentatively classified

as sub—alleles and indicated with lowercase letters.

"Segments that were not counted for the allele designation were indicated with lowercase letters.
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“The DYF399S1 marker contains the sequence written as N7: AAGAAAA or N8: AAGAAAAG. N7 sequence
was defined as 2 repeats and N8 as 2.1 repeats.

“The DYS389I1 marker contains the conservative sequence written as N48:
TACATAGATAATACAGATGAGAGTTGGATACAGAAGTAGGTATAATGA.

“The DYS448 contains the conservative sequence written as N42:
ATAGAGATAGAGAGATAGAGATAGAGATAGATAGATAGAGAA.

“The DYS449 contains the conservative sequence written as N50:

TCTCTCTCCTCCTCTTTCTTTCCTTCTTTCTTTCTTTTCCTCTTTCCTTC.
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) el 18 kel

DYF399S1
DYS518
DYS449

DYF387S1
DYS612
DYS626
DYS627

DYF404S1
DYS570
DYS576

RM Y-STRs

DYS38911
DYS481
DYS635
DYS458
DYS390
DYS385
DYS448
DYS437
DYS393
DYS392
DYS438
DYS643
DYS456
DYS533
DYS439

DYS19
DYS3891
DYS549
YGATAH4
DYS460
DYS391

Blength by CE
BRepeat variation by MPS

OFlanking variation by MPS

0 10 20 30 40 50 60

a9 4. Comparison of the number of observed alleles by CE and MPS of 33 Y-STRs
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Abbreviations: CE, capillary electrophoresis; MPS, massively parallel sequencing; STR, short tandem

repeat.

The blue bar presents the number of alleles by size-based method and the red bar presents the number
of alleles observed by repeat region variations resulted from MPS method. The green bar presents the

number of alleles observed by flanking region SNP resulted from MPS method.
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X 6. Sequence variations observed in flanking region of Y-STRs

rs number Position on Chr Y Frequency
Marker Type Wild  Mutant
(dbSNP build 155) (GRCh38.p13) NP MY PJ
DYF399S51 rs4306075 A G 22,950,382 0.319 0.331 0.276
DYF399S1 rs878949651 A G 22,950,401 0.304  0.307 0.340
DYS437 rs9786886 C T 12,346,264 - - 0.010
DYS481 o rs368663163 G A 8,558,321 0.123 0.010 0.112
DYS612 rsb55095027 T C 13,640,861 0.077  0.041 0.020
DYS627 rs571126660 A G 8,782,059 - 0.010 -
DYF399S1 rs2090175785 GA - 24,584,125-24,584,127 - 0.003  0.013
DYF404S1 rs34228393 TTCT - 23,807,934-23,807,998 - - 0.006
DYS385ab el rs1248860842 CCTT - 18,639,757-18,639,780  0.008  0.005 -
DYS481 rs2015234517 GCT - 8,558,332-8,558,338 - 0.041 -

Abbreviations: NP, Nepal; MY, Myanmar; PJ, Pakistan (Punjab).
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Marker Southern Asia Southeast Asia
Nepal (N=65) Pakistan (N=98) Myanmar (N=98)
0.015 0.010 0.102

y

‘
0.369
0.469
0.531
DYS635 ’) 0.615

0.888
B [TAGAIn [TACA]2 [TAGA]2 [TACA]2 [TAGA]2 [TACA]2 [TAGAl4
B [TAGAIn [TACA]2 [TAGA]2 [TACA]2 [TAGAl4

0.082

0431 0.374 ’ ‘
DYS393 0569 0.626
0.918

B [AGATIn

O CGAT [AGATIn

a3 5. Difference in allele distribution patterns observed across Asian population groups
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The distribution of sequence structures was presented in circle graphs by classifying population groups
into Southern Asia and Southeast Asia groups. The number next to the graph indicates the frequency of

each sequence structure.
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350
300
250
200
150
100

50

The number of observed alleles

159
81
147 140
22 Y-STRs 11 RM Y-STRs

OSequence variation by MPS

ELength by CE

1% 6. The number of alleles observed by each length-,

sequence—based analysis between conventional STR and RM Y-

STR set

Abbreviations:

STR, Short

tandem

repeat; CE, Capillary

electrophoresis; MPS, Massively parallel sequencing.

The blue box below is the number of alleles obtained through the

CE method and the yellow box is the number of alleles obtained

by the MPS method.
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AfAm (N=17) Cauc(N=50) Hisp(N=48) Kor(N=105)
Repeat region

DYF38751 600 DyF387S1 O Dyr3s7S1 113 DYS449 2N
DYS518 B DyS518 ISR DYS518 13 DYF38751 22l

Dys449 B DYS449 MO DYS449 11 DYS3891 Rl

DYS3890 4 DYS3891 [ DYS3891 10 DYS518 9

Flanking region

DYF39951 71 DYR399S1 I DYF39951 1 DYF399S1 1§

DYS481 DYS481 |1

1% 7-1. The number of increased alleles by sequence variations

for each population in Moon et al.’s study?’

Abbreviations: AfAm, African Americans; Cauc, Caucasians; Hisp,

Hispanics; Kor, Koreans.

The top several markers with a large increase in the number of

alleles by repeat region and flanking region variations were listed.

NP(N=65) MY (N=98) PJ(N=98)
Repeat region

DYS449 16 DYS518 24N DyS449 21
DYS518 H6 T Dyr3s7sl BOMMN Dyss518 121
DYF387S1 M6 DYS449 MO  DYF387S1 18
DYS389n @AY pys3gon HERN  Dys3s9n 15

Flanking region

DYF399S1 80 DYF399S1 o DYF399S1 11
DYs4s1 4] Dys4s1 B DYS481 3

1% 7-2. The number of increased alleles by sequence variations

for each population in this study
Abbreviations: NP, Nepal; MY, Myanmar; PJ, Pakistan (Punjab).
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The top several markers with a large increase in the number of

alleles by repeat region and flanking region variations were listed.
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13.8

86.2

B Deletion Southern Asia
[ Insertion

18 8. The distributions of deletion and insertion in the Y-M175 marker for Asian populations on Moon et

al.?® and this study
Abbreviations: Kor, Koreans; NP, Nepal; MY, Myanmar; PJ, Pakistan (Punjab).

The blue portion indicates deletion and orange one indicates insertion, and each frequency is shown next

to the circle graph.
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18 9-1. Example of CE genotyping results for DYS576 in the

MYO028 sample with genotype discordance

The electropherogram obtained from Euplex-Y17N is shown.

5 Flanking region  Repeat region 3’ Flanking region

CTGAATAAAAG [AAAGIn AAAAAGCCAAGACAAATACGCTTATTACT | Ref

Primer binding region

CTGAATAAAAG [AAAGIn AAAAAGCCAAGACAAATARIGCTTATTACT

\ rs757752030 (C>T)

13 9-2. Flanking region SNP observed within the 3" MPS
primer binding site leading to genotype discordance in DYS576

marker

The 3’ primer binding region where the SNP was observed was

marked only (yellow box).
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ABSTRACT

Sequence variation analysis of Y chromosomal STRs using

massively parallel sequencing in three Asian populations

Mi Hyeon Moon

Department of Medical Science

The Graduate School, Yonser University

(Directed by Professor Kyoung-Jin Shin)

Y-chromosomal short tandem repeats (Y-STRs) are useful
for male identification in sexual crimes and paternal lineage
testing because of male-specific and non-recombinant
characteristics. Recent studies have demonstrated that
rapidly mutating (RM) Y-STRs have higher diversity and
possibility of male individualization than conventional Y-
STRs. Massively parallel sequencing (MPS) can identify
sequence variants in repeat and flanking regions of targeted

STRs and analyze a lot of markers simultaneously, so can
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lead in much more increased diversity of alleles and
increased discrimination power. In this study, sequence
variations of 33 Y-STRs including 11 RM Y-STRs
(DYF387S1, DYF399S1, DYF404S1, DYS449, DYS518,
DYS526, DYS570, DYS576, DYS612, DYS626 and DYS627)
were investigated using MPS method for 261 males in
Myanmar, Nepal, and Pakistan populations. We presented
sequence—based allele frequencies, distributions, and gain in
the number of alleles across Asian populations. Three
samples showed genotype discordance between CE and MPS
data by MPS primer binding site mutation. There were 240
alleles increases by MPS compared to CE-based alleles (287
to 527). The DYS449 marker showed the largest increase in
the number of alleles by repeat region variation (a 4.17-
foled increase) followed by the DYS518 marker. The highest
increase 1n the number of alleles by single nucleotide
polymorphisms in flanking region showed in the DYF399S1
marker followed by the DYS481 marker. Compared to 22

conventional Y-STRs, 11 RM Y-STRs were distinguished in
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much more diverse sequence. Relative difference in alleles’
distribution among populations showed in the DYS393 and
DYS635 marker, which divided into South Asian (Nepal and
Pakistan) and Southeast Asian (Myanmar) population groups.
The flanking region polymorphisms in specific population
groups were also observed. The usefulness of sequence
analysis for Y-STRs was demonstrated in Asian populations.
The increase in the number of alleles and distributions of
alleles obtained by MPS of RM Y-STR was presented,
suggesting the possibility of male individualization and
biogeographic inference. It is expected that sequence
variation of Y-STR in the Asian populations through this
study will be used as the reference database for solving

Asian male-related forensic cases.

Key words: Y chromosomal STR, RM Y-STR, massively

parallel sequencing, sequence variations, Asian populations
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