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Y chromosomal short tandem repeat (Y-STR) markers have been developed continuously to complement forensic
DNA analyses and population genetic studies. Initially, we collected data from previously reported Korean population
Y-STR haplotype studies on 1133 individuals. We then conducted a marker expansion analysis using a dataset from the
Y-STR Haplotype Reference Database (YHRD), covering up to 29 Y-STRs, referred to as Ymax. Additionally, we
examined the impact of rapidly mutating (RM) Y-STRs included in this expanded marker set on the discrimination
capacity. We observed that marker expansions both with (0.9896), and without (0.9510), RM Y-STR improved the
discrimination capacity. Subsequently, we focused on 16 individuals belonging to seven distinct groups sharing identical
haplotypes. These particular haplotypes had been previously identified among 476 unrelated males using 23 Y-STR
markers from the PowerPlex® Y23 System. We expanded the marker panel up to Ymax to explore how discrimination
improved with an expansion of Y-STR markers for these 16 individuals. Among the expanded markers, DYS627, which
had high discriminatory power, had a high mutation rate (1.10 X< 107) and high gene diversity (0.83). In contrast,
DYF387S1 displayed high gene diversity (0.95) but a relatively low mutation rate (2.80 < 10™*). We propose that these
findings will be valuable in the selection of suitable Y-STR markers, depending on the objectives of forensic analyses.
Additionally, the presence of frequently observed Y-haplotypes in Korean population will facilitate statistical interpretation
in Y-STR DNA profiling.

Key Words: Y chromosomal short tandem repeat (Y-STR), Haplotype, Marker expansion, Gene diversity, Mutation
rate, Discrimination capacity
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Y $GAA g2 3)9H5(Y chromosomal short tandem
repeat, ©]3} Y-STR)= WA@Y THE &4, 74 &
A ol g &85 vk 53] AHE Ao =3

A= Aol A AFFe] Fd DNA ol o7 DNA el
7}2] o % (masking effect) AEHA] &= A5 F&3siA &
£5= Ao th(Lee et al, 2015; Cho et al., 2016). =3¢
Y-STR "FAES Y XA Aol A Alzgte] Aol dojut
A gk F-9lell &8t EdAwiolrt wAskH] ks Y-

Aot FaskAl s U3 skE =B (haplotype)©] %1€
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‘jr(Yang et al, 2012). Wb FLFA o 75 A

285 (Lee et al., 2014), T2 ¥ 3}& 2 15 (haplogroup)
= A QT A o e Tl AHE 5 v
(Zhang et al., 2012). ©]23F Y-STR Z 25 o]-8-3l H}s}
A el o] At NS FENTIV] HEiAM EAA
Axte] T ottt dd dWAE gl ' A HdelA
% sFEEEY ol drht BEEEA] W% FeAbel Al
o] EdWlols 54 5 A4 dA97F oS THPark
etal., 2007; Yang et al., 2012).

el Ik di o g Y-STR SHERES]H &4
WHol& AG7F A2 072 HAE I Th(Park et al., 2005;
Lee et al., 2007; Yoo et al., 2014; Oh et al., 2015; Jung et al.,
2016). F <+ Bty A3 Aol A E(Lee et al,, 2023), 620
Aol Fa AlmE o] &3 Edwo] Aot AR A
N 476192 O = PowerPlex” Y23 System (Promega,
Madison, WI, USA)°l ¥4 237]2] YSTR vHAE 7|5
o7 shERES] Aol FEHA 1 Ay Me Ay
ol §li= tid tellA -+ H ool 4T =R
THE AlElEe] BT o] AHEE v oR, & A
TolE FLT SEREYS 7K 1678 R Y-
STR "] 5 S7MAEH] Shomm 2rdo] of
DA A AT tEo], ool Bard g
¢ A Y-STR S==2ES] A7 vlo]H=7E FHu)
113375tz w7 ggol o3 AHge] Wals &
AelaL, g=lol Al Bo] yehis shE=EslS AlX
SRt

ATl e = whA o] 3 rapidly mutating
(RM) Y-STRo] 2= wistol] o3l a3 m|x]=A|
215199t} PowerPlex® Y23 System (Promega)oll ¥ 3te
DYS5703} DYS576, —L2]aL Yfiler™ Plus PCR Amplification
Kit (Applied Biosystems, Foster City, CA)oll 323 571 <]
w7 (DYS449, DYS518, DYS627, DYF387S1)= E¢Hol&
o] =& RM Y-STR "}A & <A THRalf et al,, 2020).
RM Y-STR 3 =dRiold witol &4 4o ue}
A= b o] QlthHenry et al, 2015). SdSAE
A olA el Aol lolA Y-STRE] dHAl= R d 4l
A 71&9 Y-STR DNA 6301 v] oz} Fdstrietie, o]
= Solxe] $A ABAE FAY Aol Ak 2

oIt} olw) RM Y-STR:% AHgA vk BRs o
e g ko) AR Ve 4 iTH(Henry et al, 2015;
Turrina et al., 2016; Ralf et al., 2020). H&D&, EHARAL 2
SlFAE A AT o] A N ghe] HHER

m il
M

o

o

7h ol A Aol ek B2
T % glol AHgel HHs 22 5 9
2015; Ambers et al., 2018).

Wepd 2 Qv dd AT 2 49 g
Y-STR v} 2] ki34 4=X|(gene diversity 2
Hol£)et gh=lell Al Wol ¥ = Y-STR sh==E
ANE Fal, Wt 24 B mE niAe] Aae
Aol =35 T3, Y-STRO| SA% 7]ZA5 54 DNA
240l A Aa AHAS Boltv B8-S E A

olc}.

ERLTIT
330l Yt BEREY 2

B Ao A= 20079 Lee 5 (Lee et al., 2007), 201513
Oh % (Oh et al,, 2015)°] ¢J3] ®i1¥ 35199 Y-STR 3}
Z2E}]], 2016 Jung 5 (Jung et al, 2016)°] 2]3] 2%
306 7} 2023 Lee 5 (Lee et al., 2023)°] 2j&] #-2]%
4769 °] Y-STR 3IZE=EFY-S 338t & 1133719 Y-
STR SFZ=2EFYS ghHsto] Y-STR 4] nhA <] &g
upe} A o] dupt PE =R EAEHIT

=4 FHE|ne| 2%

ulA SPge oAl 9 71u YSTR SE=ES) ol
EfH]o]2~ Y-STR haplotype reference database (YHRD; https:/
yhrdorg)el EASHE HOlEAES 71F02 BAFI,
YHRD®] Hlo]E| 4= Y-STR 4H83} 7]22] Walol
e 7128 PSR v 471 S71HS wedste] YSTR
e 9w 8 lzew TAHC U H4 97
o] mAR A% minimal 32 ZEF]HE PowerPlex” Y
System (Promega, Madison, WI, USA)2] 127]] v}AZE T+
239 Y12; AmpFLSTR™ Yfiler™ PCR Amplification Kit
(Applied Biosystems, Foster City, CA)] Y17; PowerPlex”
Y23 System (PPY23, Promega)®] Y23; Yfiler™ Plus PCR
Amplification Kit (Yfiler Plus, Applied Biosystems)2] Y27;
HEAQ 83t 7|ES wiAE S99 2970 viAR
3% Ymax7H4| o] 7hssltt o] & 3HaLste] Table 1
7} Zo] Fhe| e (minimal, Y12, Y17, Y21, Y21(RM), Y22,
Y23, Y27(1), Y27(2), Ymax)E ¥-F3kaL, 224 9712 vlA
(minimal) & F o 29719] FA(Ymax)7HA 4S8
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Table 1. Expansion of Y-STRs with and without RM Y-STR

Expansion with RM Y-STR

Expansion without RM Y-STR

Y21(RM)" Y23 Y27(1) Y27(2)  Ymax Minimal Y12 Y17 Y212 v22?
Locus Powerplex Argus Yfiler Powerplex  Yfiler
Y23 Y-28 QS Plus Y
n=1133 n=1133 n=673 n=673  1=673 n=1133  n=1133  n=1133  n=1133 n=673
DYS19 v v/ v/ v v/ v v/ v/ v/ v
DYS3891 v/ v/ v/ v/ v/ v/ v/ v/ v/ v/
DYS389 11 v v/ v/ v v/ v v/ v/ v/ v
DYS390 v v/ v/ v v/ v v/ v/ v/ v
DYS391 v v/ v/ v v/ v v/ v/ v/ v
DYS392 v/ v/ v/ v/ v/ v/ v/ v/ v/ v/
DYS393 v/ v/ v/ v/ v/ v/ v/ v/ v/ v/
DYS385a/b" v/ v/ v/ v/ v/ v/ v/ v/ v/ v/
DYS437 v v/ v/ v v/ - v/ v/ v/ v
DYS438 v v/ v/ v v/ - v/ v/ v/ v
DYS439 v v/ v/ v v/ - v/ v/ v/ v
DYS448 v/ v/ v/ v/ v/ - - v/ v/ v/
DYS456 v/ v/ v/ v/ v/ - - v/ v/ v/
DYS458 v/ v/ v/ v/ v/ - - v/ v/ v/
DYS635 v v/ v/ v v/ - - v/ v/ v
YGATAH4 v v/ v/ v v/ - - v/ v/ v
DYS481 v v/ v/ v v/ - - - v/ v
DYS533 v/ v/ v/ v/ v/ - - - v/ v/
DYS570 v/ v/ v/ v/ v/ - - - - -
DYS576 v/ v/ v/ v/ v/ - - - - -
DYS549 - v/ v/ - v/ - - - v/ v
DYS643 - v/ v/ - v/ - - - v/ v
DYS449° - - v/ v v/ - - - - -
DYS460 - - v/ v/ v/ - - - - v/
DYS518" - - v/ v/ v/ - - - - -
DYS627" - - v/ v/ v/ - - - - -
DYF387Sla/b™" - - - v v/ - - - - -

Y Common loci of Y23, Y27(1) and Y27(2)

Y Loci except RM Y-STR in PPY23 kit

% Loci except RM Y-STR in QSY-28 kit

“Duplicated loci are counted twice as they provide two alleles
TRM Y-STR

3FATE Y27(1)2 Investigator® Argus Y-28 QS (QSY-28,
Qiagen, Hilden, Germany)2] 277l v}AE 2Ju|slH, Y27(2)
+ Yfiler Plus®] 277] v}AE o] gtc) QSY-28-2 571
(DYS570, DYS576, DYS449, DYS518, DYS627)2] RM Y-
STRsE ¥383}al, Yfiler Plust A 9153 5719 RM
Y-STRsoll DYF387S1<S F7}= 3238k 4] non RM

Y-STRS! DYS549¢} DYS6430] E§=A] ¢k= 54L& 7}
ZTh Y21RM)S Y23, Y27(1), Y27Q2) 71E2] F5% nlA
2170% 9wt} Y21 PPY230l E3He 2170¢] non RM
Y-STRs= &Jw|3}ar, Y22+= QSY-289 ZgHe 22712 non
RM Y-STRsS ]| g},
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Table 19]4] 7} Fle|me|da B4 A8 2 A5}
Atk RM Y-STRS ¥3}at np] g B0l A Y2374
= % F 1,133709] SERES BAEIT) o] %

Ymax7H4] 2412 2007\ Lee %5 (Lee et al., 2007), 20151

h 5 (Oh et al, 2015)°] 2]l 21 3517 2] SFEEERS),
201651 Jung 5 (Jung et al, 2016)°l <J&l] H-21% 30652
SZ2EFY T} 20231 Lee 5 (Lee et al, 2023)°] o&f &
AE 1690 SHEERES] HolHE skl T 67399
HZREF]S BT 20231 Lee 5 (Lee et al., 2023)
of ofsf A 169 9] FEREY] HolE= 29 o]/l

Ol ol M A wst 24

telEMES] nA7} eSS haplotype diversity
(HD)$} discrimination capacity (DC) #2] #3}E #2313
t} Neiz} A48 2ol whel HD = n(1-Epi’yn-102 7|
Aba1l o o 7] A n population size®] I pit= haplotype
frequencys UERITE HESH DC = Wnlo 2 AXFSI o,
o171 hi= different haplotypes] & =il n< 41 7|4
o] F &5 YEPATK(Nei, 1987).
Lee et al. (Lee et al, 2023) 48] AFA A2 A& ¢l

Table 2. The forensic parameters evaluated for each haplotype set

Expansion with RM Y-STRs

Expansion without RM Y-STRs

No. of identical

haplotype Y2IRM) Y23 Y27(1) Y272) Ymax Minimal Y12 Y17 Y21 Y22
n=1133 n=1133 n=673 n=673 n=673 n=1133 n=1133 n=1133 n=1133 1n=673

1 (unique haplotype) 1067 1083 656 659 660 591 734 973 1042 620
2 2 18 7 5 5 89 80 45 31 17
3 1 2 1 1 28 2 8 3 1
4 1 1 9 12 3 1
5 7 1
6 1 4 2 1 1
7 2 1
8 1 1 2
9 1 1
10 1 1 1 1
11 3 1 2
12 1
14 1
18 1
19 1 1
20 1
2 1
27 1
36 1
Different haplotype 1093 1104 664 665 666 741 859 1032 1079 640
HMP? 0.0010  0.0010  0.0015 0.0015 0.0015 0.0040  0.0026 0.0013 0.0010  0.0018
HD” 0.9999 09999  1.0000  1.0000  1.0000 09969 09983 09996 0.9998  0.9996
DC? 09647 09744 09866 09881  0.9896 0.6540 07582 09109 09523 09510

)The count of individuals with an identical haplotype
2 Haplotype match probability

3 Haplotype diversity

* Discrimination capacity
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g 4767 F 2 oldo] £ Y23 A ERES  (GD)Sh EAMOEL Aol AAegIL.

A= 16 e] RS AESYIE, Viler PusE AFEE  TlEol, SEelol Wo] $RN: SBREYS B

Z71491 DNA %8 Ad8je] Ymahd vl 88 & Fhelaee) vz ANgglow, 2t sEEge) 3
=

28 A Y3IATE FE AHES 3500 xL Genetic Analyzers 2 JlA|Q] 5 A|A STk
(Applied Biosystems)E AR&-3to] KA %17]%3-5(Capillary

Electrophoresis, CE)S A| 83}%1 31, GeneMapper ID-X soft- 4 1
1.4 (Applied Biosystems)S AH&-3 =R i o=
ware v.1.4 (Applied Blosystems) & AF&2e] HEHAME gy ma et wap 2
1Atk 1690 gk Alwo] g3 o8-8 =y}
FAFAT919] IRB %-91(IRB 906-210118-BR-007-01)2 3+ 2 ATE viAYE &E A BiskskE HD #k2 DC

o ATt B3 29712] mhAOl thE gene diversity @k ¥ESE7] 918 YHRD tlo|HAES A8 A5

Table 3. Marker expansion from 23 Y-STRs to 29 Y-STRs

Classification  Group No. 1 2 3 4 5 !
7(1) 7(2)
DYS19 15 16 16 15 16 15 15
DYS3891 14 14 14 12 14 12 12
DYS389 I 29 29 29 29 29 29 29
DYS390 23 23 23 23 23 24 23
DYS391 10 10 10 10 10 10 10
DYS392 11 13 13 12 13 12 12
DYS393 14 13 13 12 13 12 12
DYS385a/b 11,16 10,18 10, 19 11,19 10, 18 12,12 11,19
DYS437 14 14 14 15 14 15 15
DYS438 10 13 13 10 13 10 10
DYS439 12 12 12 11 12 11 11
DYS448 21 18 18 19 18 19 19
DYS456 15 15 15 16 15 15 16
DYS458 17 17 17 18 17 19 18
DYS635 24 21 21 21 21 20 21
Y GATA H4 11 11 11 11 11 12 11
DYS481 24 23 23 20 24 22 20
DYS533 12 11 11 11 11 10 11
DYS570 16 18 18 18 16 18 18
DYS576 16 17 17 20 18 20 19
DYS549 12 12 12 14 12 12 14
Y23 DYS643 9 13 13 11 13 11 11
DYS449" 30" 29 31 32 31 31 32 32 31 31 34 34 32 32 32 32
DYS460 10 10 11 11 11 11 11 11 11 11 10 10 11 11 11 11
DYS518" 36 36 40 42 42 42 37 37 39 39 35 35 37 37 37 37
DYS627 21 20 21 21 21 22 24 24 22 22 21 21 23 23 24 24

Ymax  DYF387Slab” 36,36 36,37 35,40 35,40 39,39 35.40 39,40 38,39 35,40 35,40 37,38 37,38 38,40 38,40 38,40 38,40

D Differences in alleles are bolded and underlined.
"RM Y-STR
Unidentified groups are marked
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a8} AL, PPY23 3} Yfiler Plus 71 Eol] 8¢ Fuj
A 4721 2970714 A8 B3k RM Y-STR #FA 7}
e gt wjAlE v 2ol A WSk
A183ATE Table 2014 AAJE A3} 2ol RM Y-STR<
et mpA7E BN TS SHERERS FHshE
WA =7F AAF A4l e, HD #43 DC 32 A 5
7FFATE Y2394 Y27(1) B Y27(2) E3-& HD s
0.9999¢11 4] 1.0000°.% Z7FX# 21, E3] non RM Y-STR
9] DYS549, DYS643 thal RM Y-STRS! DYF387S1 v}
= F718F Y27(2) (0.9881)7} Y27(1) (0.9866)° H]3] DC

HlOAT b

#e = ] 27AT Ymaxoll A= HD 39 DC 3k =
T 7P =S e B
oIWo|= 12 3le] RM Y-STRS HHxﬂffP
g #AS Fste]l HD9F DC #tell mX= d3s
25190t} Table 200141 AAE 217} z;omeamm HD
£ 09969% =& FLS BIA|RF DC # 0.65400.% T}
2 W9JTh Non RM Y-STR vFA 9] 4% HD %2 DC
el "RA] ool 7]olskgion, Y175-E] DC #tol
0.9109% 0.90 °©]’de] e Hlrh
A $7F FAdE dolHAE 3 vl A& F3

O
oo
o
i
¥ i

Table 4. Gene diversity (GD) and mutation rate for each locus

Korean population Worldwide population
Locus GD (Ranking) Mutation rate (Ranking) GD (Ranking) Mutation rate (Ranking)
DYS19 0.70 7 (13) 3.03 < 10°M 11 0.70 B (11) 2.20 < 10°H (20)
DYS3891 0.68 1 (14) 3.03 <1071 (11) 0.63 ¥ (16) 243 % 10°M (18)
DYS389 II 0.721(12) 4.04 < 1031 (9) 0.63 1 (16) 4.99 < 103H(8)
DYS390 0.66 ! (16) 1.01 < 1071 20) 0.75 B (6) 2.00 < 10°H# 21)
DYS391 0281 27) 1.01 < 10717 20) 0.52 51 22) 226 < 10°# (19)
DYS392 0.66 11 (16) 0.00 % 10717 (24) 0.66 1 (15) 0.44 % 10 (26)
DYS393 0.63 1 (19) 2.02 % 10717 (18) 0.53 81 21) 127 X 107" (22)
DYS385 0.96" M (1) 2.02 < 1071 (18) 0.92 81 (1) 2.78 X 10 (15)
DYS437 0.41 1 26) 1.01 < 1071 20) 0.6251(18) 1.19 < 10°# (23)
DYS438 0.62 11 20) 0.00 < 10717 (24) 0.71 B (9) 0.39 < 10°H 27)
DYS439 0.61 121 3.03 < 10°M 11 0.69 %1 (12) 446 < 103M(10)
DYS448 0751 (11) 0.00 < 1071 (24) 0.69 ¥ (12) 1.19 < 103" (23)
DYS456 0.51 1 (24) 3.03 < 1071 (11) 0.71 %1 (9) 4.06 < 10°(12)
DYS458 0.78 11 (8) 7.08 < 1071 (4) 0.79 1 4) 6.52 % 101 (6)
DYS635 0.67 1 (15) 7.08 X 10701 (4) 0.74 B (7 436 < 103M(11)
Y GATA H4 0.59 11 22) 1.01 < 10717 20) 0.61 1 20) 255 < 10°# (17)
DYS481 0.78 11 (8) 4.07 < 1031 (8) 0.83P1(2) 3.75 < 10°# (13)
DYS533 0.50 1 (25) 2.03 %1071 (17) 0.62 21 (18) 2.73 < 10° ¥ (16)
DYS570° 0.79 1 (6) 6.10 < 10711 (6) 0.80 1 (3) 8.01 X< 1071 (5)
DYS576 0.78 11 (8) 1.12 < 1021 (2) 0.79 1 4) 1.16 X 102#(2)
DYS549 0.58 11 (23) 3.05 < 10°M1 (10) 0.67 % (14) 3.03 X 1071 (14)
DYS643 0.79 1 (6) 0.00 < 1031 (24) 0.72B1(8) 1.00 < 10°M (25)
DYS449° 0.86 4 (3) 1.93 < 1073 (1) - 9.64 < 10714 (4)
DYS460 0.65 21 (18) 2.80 < 107 (15) - 4.55 < 107" (9)
DYS518" 0.86 2 (3) 5.50 < 1073 (7) - 1.06 < 102M(3)
DYS627 0.83 21 (5) 1.10 X 10212 (3) - 139 < 102M (1)
DYF387S1" 0.95 2 (2) 2.80 < 103 (15) - 6.47 < 1074 (7)

Y Markers with high gene diversity and low mutation rate are bolded and underlined

"RM Y-STR

U (Lee et al., 2023), & (Oh et al., 2015), ¥ (Purps et al., 2014), ¥ YHRD was referenced
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RM Y-STR % <13t DC W3} 2 DC 3ol 7]o]8}
= AL 540 tis dolr gkt wA F7F FUE
Y27(1)2 Y27(2)E W] SkS W non RM Y-STRS!
DYS549, DYS643& 33k Y27(1)EtH RM Y-STRS!
DYF387S1& 3313k Y27(2)°] DC #kel B =4THY27(1):
0.9866, Y27(2): 0.9881). 3 Y217} Y21(RM)S H] a3l H
2 W non RM Y-STRS! DYS549, DYS643-2 ¥313F Y21
Y RM Y-STRS! DYS570, DYS576< X835 Y21(RM)2]
DC #ko] E=kthY21: 0.9523, Y21(RM): 0.9647). Y21 A]
Y222 non RM Y-STRS! DYS460 24> DC ol 3k
S v XA FEEAA R Y21RM)O A Y23 FEE Y27(2)00
4] YmaxZ non RM Y-STRS! DYS5499} DYS6432] & A
42 DC ol Fas vt

o &2 2M

=

B oA pake] M3 A (Lee et al, 2023)014] =il Fok

o] M= A i B 47618 U o R Y23 S EE
] BA8 A3 AL, Table 394 o] 16Ho] 7152

FUT FEREYS Ik sHEEESlo] sUsid
1685 2% Table 39 #°] Ymax7HA vk 24 &
g Al BEE 5709 ulA 2l DYS449, DYS460,

DYS518, DYS627 2 DYF387Sla/b (multi-locus marker, ©]
sl DYF387S1)ell thsl] A o] 3= AvsE 48}
Qo z} v gene diversity (GD) 2 SHol &S =
AFste] A A 8FSTH Table 4).

Table 30llA] &7 5709] WA 5 16704 2ol tigh
A e L DYSE27(41E AH)7F 7H =9kal, DYF387S1
(B A1), DYS4492 1 21'8), DYS518(1 1w A1),
DYS460(™ E7he] A= HEEHAT 1715 o=
2193k DYS627, DYF387S1, DYS449 2 DYS518 mhA =
5% RM Y-STR "HAR, 1255 2¥H&HA] 53 DYS460
vl non RM Y-STR vFA R 24ed4] du}h v 4715
(CLF 5, 6, 7(1), 72))2] 878 v}AZE 29 Y-STRs7HA] &7+
Feoll HFHAF 2po]7h A eFA] kK Table 3).

28] AH(Oh et al., 2015)l14] 7 570<] mpA | o
gt GD #ts ZARIE A g9l I Jl GD #h
DYF387S1 (0.95), DYS518 (0.86), DYS449 (0.86), DYS627
(0.83), DYS460 (0.65) <=2, RM Y-STR w7 B5 GD
% 0.8 o] =& t1EAS HATKTable 4). ©] WIS
o] EoIWol &S DYS449 (1.93 X 107%), DYS627 (1.10 X
107), DYS518 (5.50 > 10°), DYF387S1 (2.80 > 107), DYS460
(2.80 X 10°) =2 & LEFGTHTable 4).

Al
©

J_(ﬁ
o
C
s
%
lo
o

EELT
ghel W fetelA] 24 shelaelel vzt 3

=
T W= SRR TRk WEChA) 5
= T

Jm

Aol TR o™ Ho 97t SFEEER] 0] FU3
. vl AV} e s AEEE sERE Y SR W
T 7 o593, o B Ymaxll A E 6572

ZERRle] s glor A 374A17} sHERERY

2
Y-STR 242 283} 71E9] #|&49] /a2 <l v}
Aol F7F SVl o] Qs Ade o] Al&aA
o] gtk FH=l WAl 3068 tho R 3 e A
o A 23 Y-STRs 4] 7|52 2= #U3H(unique) 3HE=
EFlo] 29671 A HHD: 0.9999; DC: 0.9837), 27 Y-STRs
A Vo RE s sEREIC] 304 E STt
(HD: 1.0000; DC: 0.9935), "} 47} S7}&<= 2 e o)
FE AL 3918 thJung et al, 2016). & U2 3=
WA 351 S oo R g A AFolA 23 Y-STRs
BA J)EoRE fAd 31 RERS] ] 34371 9IA| HHHD:
0.9999; DC: 0.9886), 27 Y-STRs 4] 7|F0 2+ HA|
3517 skEEERS) o] A 7Fs3slltHOhetal., 2015).
thekslk ol kol A 29 Y-STRs 3HEZERQIol thak
AF7F A& o m MR E AL ity FelAE o B9
1E Ak diites 33 29 Y-STRs SFE=ZERS] <
T AIE W33} (Zhou et al., 2018; Zhang et al., 2019; Li
et al,, 2020; Song et al., 2020), A 7Ist 29719] Y-STRs
AS tF FE5ke] B4 4= 9l Microreader™ 29Y
Prime ID system (Song et al., 2020)3} DNA TyperTM Y29 PCR
Amplification kit (Zhang et al,, 2019)& AF&-3 AFE Hal
skelth 1 & dsto]l T g ek o] A (= 2
83 S tdo s S35 Ao A, 23 Y-STRs (HD:
1.0000, DC: 0.9917)°1141 29 Y-STRs (HD: 1.0000, DC: 0.9976)
2 8B4 ubA 7F S ujet AdEe] s
235}t Zhou et al., 2018).
agjste] A9t wA7E gEEA Wstels HD
#3 DC 3k #Eel7] 9l YHRD Ho|E|AES} A3
ATE Faste] Hd v FQl 2970704 A STk
RM Y-STRS 235 vh7] g 404 43t sk==

oot

jupyees
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A5 ZFe] Abol(bias)7t U1Y 7HsAde] Ak Ao
2 Y2114 HD #3} DC #kel 7P #9koH, o= RM
Y-STR viAE 23t g EA oA wpA 7t 71 2
< Y21RM)2] HD #3} DC FtEUth= WdA% HD 3
0.99 ©)d, DC #h& 095 oo = FAst7el A= 2l
2|2 by e RM Y-STRS wijAlgh 2H
2 HolE FHAaslelHA] WHES Y ¢ glong
AL 9l oA G At Al gl A S UF-A 9
B oA 7S Eoled Eeo] 2 Ao® Al
(Ambers et al,, 2018). “3-83}%H Y-STR 7|1E 4] w}A
T4 S A=, QSY-28 7| E7}F DYS460S ¥3Hs F
o 22712] non RM Y-STRS FAlo] 48 4= gloma
AT AR 78 sow AlmETh

Y2341 RM Y-STR (DYS627, DYF387S1, DYS449, DYS-
518)0] 23e g 24 AEEs A 5 A,
Ads7E Aol vg- F-8 Ao AlmErh AT
PPY23 71E ¢} Yfiler Plus 7|ES x}t4] 3oF Ymax
MR s = glom g ARSAE AR U4H
E aEEte] sl 9= AEa g &A1 o] da
sith oA oleldk A Y-S agste] A e
Microreader™ 29Y Prime ID system 71EQ A, 29719
WHAE b SEete] g ¥lo] HAF RN s
H]-8-2 ZHA G545 =9tk T3 Scientific Working
Group on DNA Analysis Methods (SWGDAM)2] "Validation
Guidelines for DNA Analysis Methods (2016)"ol] w2} =1
#(validation)©] 5ol A=A de ARE A
(Zhao et al.,, 2020). 2971 wkAel et 4] A= gt
GHg § 4] HAo] el RM Y-STRE| ©] & o
defdtom A3 g8o] 7hsd AoR ARt

A AollA F 2271 1T FJEo R FAdE ofA
of Q19" ol A= 3458719 23 Y-STRs SHEEES] &
16590] FU3 SFEREFYS T8kalaL F 12971 Q15+
Aoz A HAAA 1T 2FelAE 18237709] 23
Y-STRs 3FZZ2EF]] & 1,393 0] 53 ZZEFY S
&3 CHPurps et al., 2014). 391 Fth(Lee et al,, 2023)
A= AE AR = A 47682 23 Y-STRs &=

BHS] 5 16'80] 7m0 R AR ShERESS Fet

RO

A1 O (A v

32

A

L O

puaye:)

=

ALk o)AH A7 2 AT Feeoly 54 A+
A1 23 Y-STRs StEEEFYIRIO 2= A= A gle
Zre] Aol SAIZE Stk whebA Sl HeelA] a)
ZERQIO] FL3ARE 16WES WIS ZE Ymax7hA] v
$F S AW, TR R $UE SRR IR
S ek 16704 Aol sk A=, GD @ 2 59
ol&S vl WA F9E vl A, DYS627
1671A] 2] 2= (197} EAMl&29)°] GD 7@l
H)&) =943, DYF387S1S 1670419 A €29))3 GD %
(1shel Edel&@ehel nlsl =tk o= 35 il
APE B2 0= Y-STR vl A7 Al GD @t AWl
o] TA urt Bod § JSS Rtk oE
of, AIA 17+ Fea} vlaste] gl el A DYS635
9 DYS449 wA] FARol&o] 2 AoE FAHS
S Hl(Table 4), o] =2lo] 23S 9% Y-STR 7]1E A}
Al 7P Al aefd Fart Aok

g9l ek W] 418 9A5(Oh et al, 2015)°14] DYF387S1
< RM Y-STR "FAQJol| ke HaA] whe Elol g &
3, YHRDO| 55 AAA <14 Heoll A% non RM
Y-STRS] DYS458 (6.52 % 107)2] EdAo]l &3} FAe+S
TH(Table 4). DYF387S1%} -f-AFSHAl multi-locus Y-STR
71?1 DYS385% gF=<l 1 kel A 23 Y-STRs "}
% 7P =2 GD (0.96) w2 2He Wb, SdolE&2.02
X 10%) 139A ER vla v o, dA
o1 Hehol M & GD (0.92) #3 He Edldol&
(278 X 107) FAS HATHTable 4). DYS4483} DYS643
58k 89l 1 FwellAl GD Fhol Zhzt 0.75¢F 0.79%
H WA =2 7 BN Elmo]= HAshA] ghoke
W, AAA QI Hee A= GD #hel 2+ 0.699F 0.72
2 AR e ghs BANE Fdvel&S 7M7) 119
X 1079} 1.00 < 1072 H| 7] & Ho|ATHTable 4). ¥
A ate] A3 AT (Lee et al., 2023)04 = =& thaA
F2 GD e 7HYEE Edel &2 v ke vl
A7 EABIA AL, o]9F o] GD #h} EAH] &2 v
ghal 2 4 glith GD k2 =AIRE EdWol o] vt
< WSS S9-S5 Al 789 A
on, 4] B wle} GD #h BNl AU
185 B vAE AAshs Zlo] Fasith

AT Sl WA FwelA A gt are] ] wf
A7} FFETE A FERERY S TR W
SONA) FE AAlEAL, AT SFE s S REE

o FHok WNE F7h Fojui A% AL,

Lot g

Mo oox 2

[

-311-



H&2o], 2771 L viA & 7}%1 Y27(1)7} Y27(2)
SHEERENYS vt A7 vl Fe 27R s
2L 9l vk RM o5 )01 Hnon RM Y-
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