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Analysis of Kinship Index Distributions in Koreans Using
Simulated Autosomal STR Profiles

In Seok Yang*, Hwan Young Lee*, Su Jeong Park?, Woo Ick Yang?,
Kyoung-Jin Shin*

Department of Forensic Medicine, Yonsei University College of Medicine, Seoul, Korea
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Kinship testing in forensic casework is largely based on a likelihood ratio (LR)
approach with short tandem repeat (STR) markers; however, in order to efficiently
identify potential relatives in a specific population, the threshold values for kinship pre-
diction should be determined by analyzing the kinship index distributions of the popu-
lation in question. In this study, 250,000 DNA profiles were simulated using allele fre-
guencies at 20 autosomal STR loci in Koreans, then the LRs were calculated for true
close relatives and unrelated pairs. The LR distributions in related and unrelated pairs
under a given relationship were compared in 2 sets of 13 Combined DNA Index
System (CODIS) and 20 STR profiles. Using 13 CODIS STRs, true relatives in par-
ent/child and full-sibling relationships were sufficiently discriminated from unrelated
pairs with LR thresholds of 1,000 and 100, respectively. However, the CODIS STRs
lacked the discriminatory power to differentiate between related and unrelated pairs in
uncle/nephew and first cousin relationships due to high false-positive and false-nega-
tive rates with a LR threshold of 10. Increasing the number of STR loci to 20 increased
discrimination of close relatives, but high false results remained in uncle/nephew and
first cousin relationships. The kinship index data from this study will help make deci-
sions on various kinship testing and familial searching in Koreans.

Key Words : STR, Kinship index, Simulation, Familial searching, Koreans
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Grandmothero Grandfather
Mother  Father Uncle Aunt
Child First cousin

Fig. 1. Virtual pedigree constructed by simulated autosomal STR
profiles in this study.
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Fig. 2. Likelihood ratio distributions for parent/child relationship with 13 (a) and 20 autosomal STR loci (b). Red and orange lines
represent related distributions. Blue and skyblue lines indicate unrelated distributions.
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Fig. 3. Likelihood ratio distributions for full-siblings relationship with 13 (a) and 20 autosomal STR loci (b). Red and orange lines
represent related distributions. Blue and skyblue lines indicate unrelated distributions.
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Fig. 4. Likelihood ratio distributions for uncle/nephew relationship with 13 (a) and 20 autosomal STR loci (b). Red and orange lines
represent related distributions. Blue and skyblue lines indicate unrelated distributions.
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Fig. 5. Likelihood ratio distributions for first cousins relationship with 13 (a) and 20 autosomal STR loci (b). Red and orange lines
represent related distributions. Blue and skyblue lines indicate unrelated distributions.
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o 11 FUHS —2.76°]tH(Table 1). ALFA4A STR
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Bye EE-’ME olF3 o, 18X ok H9 &
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kS 3.300114 53007

iEmloﬁ
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Z7H 3, ol AAIE = Aol E —2.76904 —4.34
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H) 9] 277 FUE A2 IA 7 AN woll= 0.86914] 1.41
2 AR, ofFd #AZF Oib 7A%oll= —0.83014 —1.32
2 oAt (Table 1). 52 SAITE A2 A7} AREQl
Aol Fet 9 TRt AR EATOE §-
TH] o] 10,000 0140 7 o= 9% 2 4= Qi)
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A3] 7 0] =] E27AEE] FA L YUk (Fig. 5b).
TH9 271 FARE M Z BAZE AMEQ o= 0.209]
A 0.35% oFzE SR o, ot #AZ} gl Aol
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2 IA7F AP 9o 951 ko] 1,000 o] o® o=

$E ¥ 5 9

__JI}L

—10 2 e
2
ol

ANES ZARIA E]-(Table 2). A
N2 S7THAE

Table 1. Log;y (Median Likelihood Ratio) Values for Each Relationship in Koreans

Relationship
No. of STRs - " . :
Parent/Child Full-siblings Uncle/Nephew First cousins
Related 13 3.90 £ 0.01 3.30 £0.00 0.86 = 0.00 0.20 £ 0.00
20 6.31 £ 0.01 5.30 £ 0.01 1.41 £ 0.01 0.35 £ 0.00
Unrelated 13 -0.83 = 0.06 -2.76 £ 0.01 -0.83 £ 0.00 -0.23 £ 0.00
20 0.36 = 0.48 -4.34 £ 0.01 -1.32 £ 0.00 -0.36 = 0.00
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Table 2. False-positive and False-negative Rates on Kinship Index (KI) Distributions for Each Relationship

Threshold False-positive rate (%)
No. of STRs - — , -

KI Parent/Child Full-siblings Uncle/Nephew First cousins
13 1 0.213 £ 0.005 2.951 £ 0.040 15.656 = 0.137 28.455 £ 0.189
10 0.126 = 0.016 0.562 + 0.029 1.457 = 0.039 0.392 = 0.027
100 0.071 = 0.013 0.090 + 0.008 0.056 = 0.014 0.002 *+ 0.002
1,000 0.019 *+ 0.008 0.010 *+ 0.006 0.000 % 0.000 0.000 % 0.000
10,000 0.002 %+ 0.003 0.000 % 0.001 0.000 % 0.000 0.000 % 0.000
100,000 0.000 % 0.000 0.000 % 0.000 0.000 % 0.000 0.000 % 0.000
20 1 0.015 = 0.004 0.856 + 0.047 10.176 = 0.114 24.248 £ 0.157
10 0.006 + 0.004 0.166 = 0.017 1.348 = 0.077 0.757 = 0.047
100 0.002 % 0.001 0.025 % 0.009 0.084 = 0.013 0.006 = 0.004
1,000 0.001 %= 0.001 0.003 %= 0.002 0.002 £ 0.002 0.000 % 0.000
10,000 0.000 %= 0.001 0.001 = 0.001 0.000 £ 0.000 0.000 % 0.000
100,000 0.000 = 0.000 0.000 = 0.000 0.000 £ 0.000 0.000 % 0.000

Threshold False-negative rate (%)
No. of STRs - — : -

KI Parent/Child Full-siblings Uncle/Nephew First cousins
13 1 0.000 % 0.000 3.374 = 0.045 16.865 * 0.067 33.170 = 0.211
10 0.059 = 0.010 10.496 £ 0.069 56.012 = 0.106 92.333 = 0.103
100 2.193 £ 0.037 24.353 = 0.273 87.720 = 0.187 99.374 £ 0.012
1,000 18.428 = 0.095 43.853 = 0.139 97.750 £ 0.091 99.950 £ 0.010
10,000 53.511 = 0.264 64.384 £ 0.189 99.684 = 0.028 99.998 * 0.002
100,000 82.622 * 0.166 81.030 = 0.134 99.973 *+ 0.006 100.000 = 0.000
20 1 0.000 + 0.000 1.026 = 0.025 10.933 * 0.117 27.921 + 0.303
10 0.000 = 0.001 3.116 = 0.115 36.296 £ 0.204 83.170 £ 0.096
100 0.008 = 0.004 7.870 = 0.114 68.610 £ 0.175 98.028 £ 0.044
1,000 0.265 + 0.028 16.444 + 0.123 89.549 + 0.104 99.787 *+ 0.022
10,000 3.084 = 0.082 29.145 + 0.121 97.460 * 0.058 99.984 + 0.002
100,000 15.639 £ 0.133 44950 £ 0.206 99.484 + 0.012 99.999 * 0.001
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Table 3. Log; (Median Likelihood Ratio) Values for Each Relationship in US Caucasian®

Relationship
No. of STRs : — —
Parent/Child* Full-siblings Half-siblings"
Related 13 4.00 3.38 0.84
20 6.95 5.83 1.51
Unrelated 13 -16.57 -2.82 -0.85
20 - -4.62 -1.44

* Possible mutation in unrelated pairs identified as parent/child was differently treated on kinship index calculation compared with the case of

this study (see http://dna-view.com/mudisc.htm).

THalf-siblings relationship is genetically identical with uncle/nephew relationship.
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10& 7]FolX % 27; 36.296%%} 83.170%% o1 A3] =&
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713 &4 88 BT Table 2). A5, 207)] STR 74
A2 A SR o8] A2 B ARE B9 shele]

uj
Al A& R/ 0] A 9] A
obd Folgtal oidE & ¢ Q)
SIEH] G A
A ves e B 4 At (Figs. 2, 3). 137] CODIS STRe
o) 3 9-5H] B-F o)M= oF 56.1%7F 1,000 ©]4He] $-%H] 7k
S 7Hom, 207) STR FA3-E AFg-st Aol 2F 55.1%
7} 100,000 oo 2 FA vgkeh(Table 2). 5/ 9 &
A BAAA T A2 F12H Abolo A ekt A
(Identity—By—State; IBS) 9] =l tjst &2 & ZAIS ),
B /zpa d G| #AleA IBS F4gko] 137) STRE 71%
o7 7}7F 167019} 17719104, 207 STRel| A= 2+t 2470 9}
26702 VEFTHRER AA] §l5). £ 8] A dA A = &
Frobe 327 ole 494 STR 437 v 7hs
o] Qo= /A o] AA KL HEH 07 FHdhe
HedAre] 4271 o Btk ol st o] FA BA A9
EH] gho] FR/AR A9 ARt A U 5tk
< AsiEeh

2 ATl E 20709] FG A STRE AR laoll e 3&
g 4E9] FAWAE ZHe AT} o IAIZE Sl Al
o] o] FEA| ks S geld 4 QIS ol e A&
=Eab] g o R thea 22 2 /A E 9 adaEE
= 9lth A HAE O Connor 5% 2 Phillips 5%2] ¢17tof|A]
A oS B 59 STR FA#E AHE-ah= Uilo)u), ot
STR fFH#E F7F2 AMEsh= -0l STRE] E<lRo)&
°] 10°~10" A== =7] widl], FaaAA e o] &5+
STR F4#e] 471 S7H45 EdRio] & Qs &3k
HAAE 27 Ealis 445 Bolbd = 3lths 18 1
of g Zolt}, F M2 STR FA# K} HodHo
single nucleotide polymorphism (SNP) »}#?& o

&
N
-
ko
~
>
1
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)
to
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>
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)
°
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o
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ojty. STR 43¢} g7 SNP viAE F7t=2 AHEE o =M
218 ¥ (discrimination power) ©] 5718k 4= 918 Aot} t}
Tk ok ] RS 2 STRe) Bl8jA SNPE thit5 2
o] RS 2] wlfol], STRI} T e 2| H S 1
7] fleiA e Ad e g B 42] SNP vl 7} E Q.3
Aok e o 2 Y GAA| STRoIU v EZ =20} DNA 4
7149 1o} 2 lineage PHAE AHEStE Aol ol & nf
Ae w0l 7FeA S viAIBHE gt Aol A the A=
FA3 FAA R} A5 mj ol o] vl = F ARG
Atol o] AdAZ} Wty SA b A st FA 2A 2
£ gelsl=d -85 @%% = Qltt.

STR 32l A1) tf -2t 22 9 o] 59] RIEE vl
= Al o2 ehdeh? o)) dk W 719] E4o] 9
EH] o= A st FFE v A E Gopry] 8 2 A
Toll Al ZARE Sharlel A o] 9-mn] RS} ulte] AFsh
wolo] tfall O’ Connor 50| A x| £¥ ZA395 vy
3l B 3cH(Tables 1, 3). =22 A7} AFEQl Af-ol= v]=
el oo A S-En]e] 21 Folgke] 2o % | vhgko,

o i

R A} e BRA R/ AE AN 0
= Q) Aol 27 S vhie ma, S Hela
5% Q) Ae) v Wel A mEe SEne] 21
ok 749) Aol B ZolEAh oIAE Bl F A 19
STR the 474 W27} o QPe vehita o) o) e
Aol 7k S-izn] FE vlAi= ake T80 24 Sbrhe 2E
o 4 glgie.

AAA| Aol A T e AR AR 7 A AR Aol
© Azl st ARl fo] dojur] off7] witel &
# 5+ (linkage disequilibrium) ©] Yebd 4= STt ol
Ne] dAAA STR el st 18] Alitel A 2] 7%
(product rule) & ©]&-3l= A2 A% STR -3 5<Jr7]- =237

o7 fhEte Ae AAR stk oA o 7 fAEt
Azl &gk SR 21 frHo] 7hsabr] Sl A= 7He
A7} 50 megabase (Mb) o]/ "oj#] glofof st
AN FAAAA] A= European Standard Set9)
STRE 77HelA 12702 &4sti o, m=eq = CODIS
STRZ 13700l 20702 gsto] ARE-3F A1 Aarstal Q)
o) o]5 STR 43 FellA vWAS} D12S391 7+e] Al
6.3 Mb gloll =] o=t} & AT-ellA] 2070¢] A A STR
S o] 48 $mH| B oA vWASE D12S3910] 3
AHEE| QO o] & Thol] EAShs A %?‘5‘3% A ok
I FEH[E ALTeEGITE o] o] Aol Be dAwA o o
A A FAISHL FEHE AAbehs 73*‘%01]% P o
B HA7LEE @S HolAuk, dF- Solgh A felA &
H 7} 3~7u) A e rtE 7] e s, Al ek A-g-oll= 25~
3081 7kA] YeRY | = ik wheba] FAdA ] 7ol A
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0% e Se9) A R ofjzh el B STR #
Azt 7t = AE divlste] §45 2ke] A el
st 17k olofop & Ao s Ert

A = (A 2o}, FReE, Z2ET, 78, gAkA Y
w2 Yo}, =, Md@E, A A= 4= DNA Hlo|EfH]o]
25 P OE 7E A Mo] Al E I gtk Syt =
2010155 M=z} DNA dlo]ejuo] A7} 755 a1 glow
FgAkell A DNA dlolefrlo] ~9] a-84d5 FHhstr] 9lsto]
745 Akl ol st =27F X3 ] = wAlel| Al 7 A A
ARG 8 FAZFE P> DNA profiles DNA
dlo]guo] oA HAste] o ‘];]'h Aig 97 X3 A5
o] DNA dlo|EHo] Aol A 1A 07 FAFE DNA profile
7 AFEE oo Z*er AdA ol = 5AH<lo] A
e 7hed S Akste]l ME Al &8k ol
DNA tojejuo] 2 7]9ke] 7} A A3} 7ol A= - 2H]
o} IBSell 713 7 7k FAA ol ARgd 4 ikt

IBSE o] &ahz W2 7 719 fd43 Alolof| a3kt
HAAAE bk o] 59 4 E= ol5S ¥k 3
o] =& Alaksk= Aolth T Ge 592 13 CODIS STRe]| o

3|4 o] 8t F 74 WS o] g3te] B AIES v Wt
0|55 Agsto] AME3l= o] 715 Aol S =Y
4= Qlthar B skt oo g} shelo A FAA el
93t Hro| = $EH]of IBSE HEato] Algel= A% 11

gall = 27t ols Zlolt

AEAOZ B Ao A 1E~4F A Q= St
QL A AlololA] vk &= Gl $mH] ) Ryt 14 8
1S Hl%she] HWZHWOM Zﬂéﬂi 15 3|42} AF At
tjst A9 JJfol, FAZ 5L 918 4AL 123 DNA o] H)
SIAF PFOR 74 B4 B3t g Tl BelAe
RS SIst FARAL A el F7tel] Zhol =elele] v 2}
S5 48" 7 o Al
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