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Mitochondrial DNA (mt DNA) and the non-recombining region of the Y chromosome
are passed down, unaltered, from generation to generation, matrilineally and patrilin-
eally, respectively. Therefore, the Y-chromosome DNA and mtDNA are known as lin-
eage markers, and they play important roles in studies based on human migration and
evolutionary history. Y-chromosome DNA is used in forensic analysis to identify indi-
viduals involved in cases of sexual assault. In this paper, we review the methods of
statistical evaluation of lineage markers used in forensic identification. We also review
the combined approach of autosomal and lineage marker evidence.
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Hlo] 2o Al #E5H 4= (‘count’ ) & 7]F0] Hi= Ho|EHo] A
o] A712 v #0838kl Y STR dujA el ojet 44
B7HE A Aok olg g WS AA W (‘counting
method’) ©]2}aL S},
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H, 53 2ol AAtE F31E 100(1-a) % Al F3F
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&, 2 BTA TR (standard normal distribution) &)
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Table 1. Example for 17-locus Yfiler Profile and Calculation of Y-STR Haplotype Frequency Estimates

17-locus Yfiler Profile

DYS456 DYS389 DYS390 DYS389ll DYS458 DYS19 DYS385a/b DYS393 DYS391
17 13 24 29 14 11,15 13 7
DYS439 DYS635 DYS392 GATA-H4 DYS437 DYS438 DYS448
13 23 13 12 12 19
YHRD N X D ucL? “1in us N X b ucLt “1in
(%) (%) Every Y-STR (%) (%) Every
17-locus | 10243 0 0 0.029 3420 17-locus 4163 0 0 0.072 1390
12-locus | 13751 3 0.022 0.047 2150 12-locus | 10865 7 0.064 0.112 892
11-locus | 36174 18 0.050 0.073 1375 11-locus 13906 19 0.137 0.198 505
9-locus 63369 307 0.484 0.539 186 9-locus 13906 128 0.920 1.079 93
7-locus | 65165 2099 3.221 3.357 30 7-locus 13906 846 6.084 6.481 15

*17-locus Yfiler, 12-locus Powerplex Y, 11-locus SWGDAM recommended, 9-locus european minimal haplotype, and 7-locus minimal

haplotype minus DYS385a/b
TUpper bound confidence interval
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off thgk A7]ef sl 7FE3te Fatol HH, Var(p)= ol
b Rio] e} opxih off Wol 9] §F 0w ATk

(2) 2% X} CFEY (gene diversity or power of
discrimination)
TR F | ek A HE 2 [§-12F Yok (gene diversity)
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A2 theA & A2 ¥ E (power of discrimination) &
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01714, p= FAREeA g 2 lu ARl et
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& SHES e, 5, of shidlol 1o /174 ho

£ X 74 (bias

(1) Z=2+E (match probability) & 2 ZH] (likelihood ratio)
Al

AJAAE AAbe A F82F SA gt 34 #EE
(match probability) =+ %] (likelihood ratio, LR) ¢l 7]%
SHA =1, ol= A3 Ael o8l A EE 82 A (suspect) 9]
FAXE 2 M (criminal) &) AOR FAE = E7 o FAA}
g A IS v aste] dXsh= 750l AXtetAl k. B}
o REATA HAE FAAg el sl 82 &) Helo]
opdol| = E7tstal -915] YA FE SEE, mtDNASHY 94
AE ol gste] BEES AXtets 5ol oA W=
ARE-SHAl Ek, A Aol chgt ‘115—} & T3} 2ol 74]’&
g g glom, o)= Al A ZxTkY RIEe} dA|EH

EE

H

P(4,4) Py

GMP= P(AlA) = —5e =~ i

$-5=1] (likelihood ratio, LR) = #8-5-2] 94221 1/GMPE %
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oM A FAA GRS SR BEE 7 Sl 7t 9l
o shAIRE o & S8 A2l el A4 B A7k A
BEA ZPom, o] s TRA e AHgshe A9
st @ gl

TEA Aol tell H J3E AT Ades AvR,

Sinha?& 4+ A STRE) ﬂ%%%x_x}a} Y STR thg-32k
7ro) AT S AL, 30 7 A o] AR EAEHA
A= RS ERIElh o] TAR A STRE 229k
U9} Y-STRY UufAsd Wxe] F07 HrleE= F3H4
A AR ol o] st i BaAo)ehs wd

H
& Wsith Walsh” 9] Aol = ofejgt &84 HHs A
Aot U89 =S eItk Sinha? o) W 2 FL s
7FAAA STRY} Y STR 7+2] A& AR O W, s
A 7 Aol obd AR A STRE 54443} Y STRE]
Al A 7he] A& ZARBIRITE A3 el dist A
W2 Sinha” 9} @334 A9 Al e B2 Ay
2 w1tk w3l Walsh”= NRC oA A4 s 3534
462 0.01~0.03°] thall Y STR 237} A2 dA3hh= =
Astell A 2] 07ke AAATEITE 1 A3} ozko] 0.01] vis]A]
+ 0.013~0.022, 0.03¢] thalA= 0.032~0.0409] #h= K
RO, Y STRe] YA|3h= -0l & 6= kit 7ttt A
< Rl olgf st ARES SAR A STRAA Alat
2l LQEJJrYSTRoﬂH ARRE A5 e ofa) Antd 4
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o] dAet= 7ol gl I A STR) Z&HE At Al 67k
& 7P BEAQ 219 0.045 AHEEH S AT

o]4 ¥ Sinha” ¢} Walsh”+= &34 A el tjal] A A|8h=
g9 =58 U7hek wbd, Amorim'’-2 - @4 2] 34
AT AMEEEA] ghotok stk A=S U3, o]dl tist
AHFEE lineage marker7t YAek= 45 22 59| A
o o] & Q7] witol A A STRNA AMEH = &
AA 7P thEA] A gs ook stk Zlolth 5k A9
Aot Y A= FAA A2 o] o]d Aol H34 A
o2 e | AnE V) Aok A2 ol E AASI
T A DA, F QA ol i $t faAk S A<
A A3E A7 Bushs S Akl o, dAdA7t
Ach= 7S HastA gl 4= ol Aol el 14
A} A AL 7Fe e Aol 27 AlAlEHh

oo} Zo] FEA HLH 2 Abgel disl] AFArit o
ol A7) dorng, AAMA FAxke Y A 4
Ag Fato] sl SRR A TAE B flEiA
A A R uist 1A AT e Ao
ek

rr

o

Mol

(3) R&& &9 72! (source attribution)

A2 AL A -2 SA ] gt a4 f-a4F SA
5 & 5 e #YE A AEE £ S|
(likelihood ratio, LR) ol 71%38}7] HA| 4k, o]g] gt gho] 8-2]%}
7h R &5 e §oA} Hijlo] ofd SES Y=
AL ofuth wEhA] AR Agel A BaE fA SA] &
A} A= RS 7H G2t HAE S o), o] £
J&Ap7}F 11 EA S F7) ARFolEta w5 9l 7ol 2
Q3HA Hrt ofd 7] o) 1 S4E @l Abdo] §-2#t
o] Ao FgHtia My o o]ye Ade [FHH T

)

712] 7)€ (source attribution, ©]8}F SA)’ o] g} st}

Lineage Markers= 0| 23+ S| It 9t | o|&X ¢ 43

n| 3ul<=ALE (Federal bureau of Investigation, FBI) 2] 73
G- ddAA e dist 54 Frazr 22 akdo] yEepd 7sAd o]
)= Q1 A2719] 1000887} & kel A Vb 7k Bok

& 795 SAY Bt V)Fo R Ay © a9tk £ 1)
=9 B Aol = i 220k o) RIET} ARl A
9= #3-5-9] 3A X] (match probability threshold) S Z¥}s}
= 7390l SAe] digt MAES ARgst BEE 2 $HAA|
7l el EEA 54 FAA Z231do] 100(1-a) %2] A
B ER gk s WA oS o EASH Eck w2 %
oA F42F L2 uplo] & W w HHAIEHA] S FES (1-
prol i, o] gho] 1—e ol A, Sp=1-(1-0"A
S-ol FA42 A7 He 229 HiboA Fdsitia
100(1-a) %2 A= =2 F7}sA| ¥= Zlo]th. Table 2= v
et EFD 7N theFst AR mE SAE A%

fe o

getul=S o2 S9 QT 719 1,0008] 715S 243t
= A5 tE = 4= oF SRk ol B E A 21
o) o] gEo] 5ule] F9o] 1 (5.00x1079) B} 2-& 739 o]
elgh < skl ae A fUst AoE A&
99% A F| Lol gt AeE A X <]
ZAgolli= 299 72 1 (201x10™) K
o} 2k 9o §-94S Ak Ui S Q1S ot
= 132 Atk Bt B 2
dE 5 ol SAQ iAo igt sk o 2, 99% AlE| e st
& A o] 7S 483 F 9otk

“oJ gty Aol (identical twins) H+= 7F7R& & #H7)] (close
relatives) 2] 71S viAsl= -2 100(1—2) %2 ==
(reasonable scientific certainty) Z Q (questioned source, @

sample) 2} K (known reference sample, K sample) 2] -7}
= Y3l AFglox] 7]9lel Ao AE Y 4 QIrf E=

Table 2. Match Probability Threshold for Source Attribution at Various Population Size and Confidence Levels

Confidence levels

Sample Size (n)

90% 95% 99% 99.9%
10 1.05x107 5.12x10? 1.00x107 1.00x10*
50 2.10x10° 1.03x10° 2.01x10* 2.00x10°
100 1.05x107 5.13x10* 1.00x10* 1.00x 10"
1,000 1.05x10* 5.13x10° 1.01x10° 1.00x10°
100,000 1.05x10° 5.13x107 1.01x107 1.00x10°®
1,000,000 1.05x107 5.13x10% 1.01x10° 1.00x10°
10,000,000 1.05x10°% 5.13x10° 1.01x10° 1.00x 107
Korea (2011) 50,000,000 2.11x10° 1.03x10° 2.01x10™ 2.00x10™
U.S. (1999) 260,000,000 4.05x 107 1.97x107 3.87x10™ 3.85x10™
U.S. (2005) 300,000,000 3.51x10™ 1.71x107 3.35x10™ 3.33x10™
1,000,000,000 1.05x10" 5.13x10™ 1.01x10™ 1.00x 10"
World pop. 6,000,000,000 1.76 x10™ 8.55x 10" 1.68x10™" 1.67x10™"
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o7 749
<
148 A4 At
oA
O] A

o7 Urn, el
TOoR T
G W=k A At g2 A el
HiEiAl E= Aol webA fr3dak 55 71
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Table 3. Example for 17-locus Yfiler Profile
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2 updel| gk o] 7hEsitt. EMPOP (European DNA
Profiling Group mitochondrial DNA population database
project) = A2 mtDNA do]E|H|o] A F5S 9]3F =32 4
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Database, http://www.YHRD.org) 7} 2.2, SWGDAMPO]|A]
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"R SAH 7t oAl

2 Aol M= A AA B Y A Al thEk 24 Al E o]

F3fol BAH 21 2 e el A2 ek
2w AL Y GAAE ol gatel a4 FAS B}
S A PAE FFA, T UA AR 39
AAT}Y GUAE ol g3l A4 FAE Pk WS
AL B AT #4 AN A BE fad A
9 Ashe BN S 99 M AR A

2o,
XS I 0A & ol 4

Table 39 32 714 A8+ Yfiler STR (Applied
Biosystems) & ©]&38F A} A3}l tfgt 714e] o #o]t), 7
AL L] T atell ] NS Eejsto] HQle] Aow F4H]
© WAkl gt Y QA ] RS A dakE, 2 AL
A & 2}= Y= AL R 7RGl

FARF FA st H7HE sh)ell A f%
B Y A

AR S A

R e T o [ e e e A R i

DYS456 DYS389 DYS390 DYS389ll DYS458 DYS19 DYS385a/b DYS393 DYS391
15 14 23 29 17 16 10,18 13 10
DYS439 DYS635 DYS392 GATA-H4 DYS437 DYS438 DYs448
12 21 13 11 14 13 18
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Table 49] §42F A} AT AR 67 GAxE 2
Yfiler (Applied Biosystems) & ©]4-3t Y GAA| AAF Z2}o|
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T2 0.03& AH8-SITE AA g2 Apsl wiclo] &

o opl kel &3l olow] Y A STR o7k A= A
Tk 7Pgskint Y A 4A] STR A7k OW 8= 231 sl A
obgltell tit w7k At A4, FEATE 0.03 dil
0.04% Agato] 714 REHoz %7}6}9;1@. Table 4= 7}
71 stoll A fr-id2k SAN gt B7h AR, vt ol

48 5 I,

(@ o] Aol §oI79} £
Ushe o) o9} 2e
7.6269x 10 "ot}

A7 07 F the Aol
FAA BAEANE Q) F B

(b) o] % Yo] g-ojxtel FA e of el &3k 31 ATA T}
§li= o ARlAIA Ur%i ) o] o} 22 A7 A

AN A7 @ FEL 1.9647 %10 %0t}
(c) o] JHo] g-2|x}9} FUst oplche] &3k AFAA 7}
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Table 4. Example for Combined Approach of Autosomal and Lineage Marker Evidence

Crime Not Likelihood ratio
Locus Suspect
sample excluded [a]* [b]* [
D8S1179 14-15 14-15 0 18.48 15.19 14.33
D21511 30-31 30-31 0 13.74 11.26 10.65
D75820 11-11 11-11 0 8.40 6.51 6.05
D351358 15-17 15-17 0 6.51 6.05 5.92
D55818 10-11 10-11 0 7.74 7.11 6.92
FGA 22-23 22-23 0 12.20 10.63 10.20
Cumulative Identity Index 1.3111 X 10° 508994 385970
Cumulative Match Probability 7.6269 X 107 1.9647 x 10°® 2.5909 x 10°®
15,14,23,28, 15,14,23,28,
Yfiler 18,16,10-20, 18,16,10-20,
STR 12,10,14,20, 12,10,14,20, 0 MP = 1/2000
haplotype 14,12,14,12, 14,12,14,12,
19 19

*Suspect and offender are not related.

TSuspect and offender are the members of the same subpopulation (0 = 0.03).
fSuspect and offender are the members of the same subpopulation and suspect and offender have same Y-STR profile (9 = 0.04).
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