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We reviewed past studies on the identification of familial relationships using 22
short tandem repeat markers. As a result, we can obtain a high discrimination
power and a relatively accurate cut-off value in parent-child and full sibling
relationships. However, in the case of pairs of uncle-nephew or cousin, we
found a limit of low discrimination power of the likelihood ratio (LR) method.
Therefore, we compare the LR ranking method and data mining techniques (e.g.,
logistic regression, linear discriminant analysis, diagonal linear discriminant
analysis, diagonal quadratic discriminant analysis, K-nearest neighbor,
classification and regression trees, support vector machines, random forest [RF],
and penalized multivariate analysis) that can be applied to identify familial
relationships, and provide a guideline for choosing the most appropriate model
under a given situation. RF, one of the data mining techniques, was found to be
more accurate than other methods. The accuracy of RF is 99.99% for parent-
child, 99.44% for full siblings, 90.34% for uncle-nephew, and 79.69% for first
cousins.

Key Words: Short tandem repeats; Kinship testing; Relationships;
Likelihood ratio; Data mining
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SAMEE olo] tie ZgHel AZHIL[4] Be FtolA
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FA7HAE 11 AN WSlol glolA] Aol om wat A
Forsti 71z0] BEste] 1 A g0l o2l gelrh5,6].
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g3 H8e 4 Ut dolentoly MES Fohry, |
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A9] 739 1&(parents-child) L TA= 7784, 2&(full
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Aot T3 GATATL e AEE £HE 7HE 7Hed
NZ FABA7 Qe AHEEY 2FCE F 1,0008S &
Ao} At F FHA RS AT AP AEThE}
A ool At on, 34 AARol= HHEE
(allele)3} 5428 (genotype) Bl=o] #st JH7} B L

glof it}

B0 Ab2-¥ short tandem repeat (STR) W7& m| =+
AWpaAbZo| A ARSI Q1= CODIS 13 117 (D3S1358,
D58818, D75820, D8S1179, D13S317, D16S539, D18S51,
D21S11, CSF1PO, FGA, THO1, TPOX, vWA)oll 443t &
Mo|lA] &3] AH&3h 97) uh7] (D2S1338, D19S433, Penta_
E, Penta D, D151656, D25441, D10S1248, D125391,
D2251045)2 Z3Hshe] 2 2274 ATH7-10].

-

2. SAHEA F7E

34 YA fol 7 xete] 02T Belsht WL
Evette} Weir (1998) [7]7F AIASE 7H 7124 Q1 &
2 27 el siget, §4 2719 22Nl vlole
Wol29) 7 24 Z2ne wmste] A2 F3He o
HeAAe] 5 ALtstal, o] fof 7]xt] EABA ] 7}
Aol e TR 7IE big) LAeHE st U
(matching allele counting ranking method)©o]t}h{11]. ¢]
W2 A8et7] 4a Alhtol ZrastAYh U 99 B2
7FEE0| EAH Ho 7MY ZAFE QR A H A,
T3 By A gy /A4S Facte AAe 9 7S

= AN 7HsAd ol QT

(1) &7 HEISE 01 7|=510 PL=?IE Rof5h= &
¥
<)

>

—_

(2) RzH|0of 7|=8t LM22] 2of BH(likelihood ratio
ranking method)
=H](likelihood ratio, LR)o] 7] %3t X499 Ho HH
(LR ranking method)& #A7}A] 744 Ho| AMEE = W
HOE o]d9] I tHBAY Fo 71 %3 W] Alst
A& 2 4 9o, Bieber 5(2006) [2]2} Cowen}
Thomson (2008) [11]¢] AFellA thE WHEET 34
¢ A o' A Qle W olth[2,11]. HAE I} 2
< FAA ZA o) AHRE = AR DA FAME S dF
HHEE = A71ME BYoltt. BE olst A7 MEs /4
Ao = v et REL o= HoJElH|o| A9 7t &
Az ZEatdol s 82 SAE)e BFSADE 119
Sl u), dABAR A A Zz2udo] #EdE gE
PH, | E, )&t EATA7 §l= B¢ 42 Z20tdo] #=
P(E|H, D
P(E[H, 1)

I

N

2 & P(H, | E, DY H<d LR £ Atstal, 2
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LR gholl tisl Fstal &9 E Foishe WHioltt2,12].

(3) 2X|AE] 3|72 (logistic regression)

A2 ALY dutHQA M3y Ed(generalized
linear model)8] E4:3F 92 59 WP MY AgS o
g3to] A WY 7/ (odds ratio) S H&de BFH O
2 ARgHE B WHeIt13]. o] wWl, 2=(odds)= ply
1102 ply =0 | )2 UHE golH, ALY Fape

T
e

ply=11x =~ % OTH13,14]. AA=9] At/doldt + 1

27} §9sths 4ol BasA) gon, 1
HEA (linear discriminant analysis, LDA)
I3 et QukAQ) ol 488 4 .

(4) clo/E{oto| g BHE
2 AFA a38E FATA F7F BAS B3, 38 ©
Ao EAWA Hrte HEATA JoT EABA
o] Bx ot ME HA 7|E0 thrtpol| A ARE-3FaL
W o ® st AL g4 EAVAE FE717F
Aol fAolt}, uehr] IHHH o 2 o] gt 3& o]t AT
A B7HE M e BEFREAS st st BAHE Uy
& A -gatofof St

Ao 89 4 Qe FAEY W oEE LDA [15], o
g b B4 (diagonal linear discriminant analysis,
DLDA) [16], tiZtolx& &M (diagonal quadratic
discriminant analysis, DQDA) [16] 5¢] B4% W}
MEEHE WA (support vector machines, SVM) [17], &
235U (classification and regression trees, CART)
[18]9] HE 44 W, 23 mpA|gto g K-FIH o2
(K-nearest neighbor, KNN) [19], Y ZHAE (random
forest, RF) [20], B ATHAFEA (penalized multivariate
analysis, PMA) [21] 3¢ @& dHo] lth

r
A T ox

B2 &2
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g o IF o
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or rx

) M EHHEM(linear discriminant analysis, LDA)

7hedt SHAtY ARE HUist fASHA SHA EYE
Fuistety LS Fhsthe Ao HHo|th P A BE
glolg] W X={x", x? .., x"}o] FARE ), 1, Fef20]
&3t= Zo] N7ola, u, EeAc] &3t Zo| NAY o,

xE 9Jole) A weha Agate] Agety =Wt B, 7

s BE A 7 A7 gEY 29E HUST=
ZA02 MEE o ATHI5]. o] wi, oj2fet Eej= SAT &

AH(between-class scatter)¥} S A U EAH(within-class
scatter) 9] H| &S H A7 = A2 HESH15]. F,
| Efﬁz | = |WT(I~‘1 “Haly ’.‘Sd?: ) (v- ﬁj)zz 2 (v- ﬁi)(y_ ﬁi)T

YEW; YEW;
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2) MZEHE{HA(support vector machine, SVM)

SVMe Ao} #}3taF Vapnik (1979)e] A¢tatel om,
200049d] o] E&F< 39 £4& A8 gy QA 7
Asts Bopo| A IA ELEcH17]. A¥ SVMe Ae =
o1 o] o] Sl AFIA MZE toE7} o=
AFol A ddste HIFES o] HY 27 B
geteHi17].

D ={(x; y) | X,€R", y,&{-1, 1}

loll,y - xb)zlforall 1<j<n

& U7 = WE 2= Ao|tH15].

arg
x = pAH Y A4 WE, vy x7 23E 0] & A A
(-1, Do, o] uf) - & WA AdAo|H, wis 2HHY At
HEf (normal vector)o|H, TP S U FO R o= X0 =

A 17

3) 27 3| HLIR(classification and regression trees,
CART)
Breiman 5(1984)& 0|7 ZFET T4 7|43 CARTE
A|QFstdTt18]. CARTY L&A £&7|&9] HEn &
A 22O BeojRE dwdsll, Hud =EE AR E A
dsto] A5 FAs= ASE o|FojAHYLt A L&
oA of" EeELrt AeE A7 AREM AH9E =
oA E-EE AYsto] A LEOF A LB E4E
9] Fr& HUZ o & FAA = BRYHSE dggtt £
AE=ZTY AY Al4(gini index)E o]-&35tH F
oY A5E 7P & FEE £ e diE T3 2 EF
£ Wheksht(18].

lo

4) K—z|ZE 0|R(K—nearest neighbor, KNN)
717 g5 dagFol ojM KNNS E74Y 3] AHg
g B2 BA 0 dFoltH(19]. 54 I3 We] ke 7t
&7k Aol FUaE AYE £ A EHEE Aot
[19]. KNNL &% &4 o] 2(condensed nearest neighbor,
CNN)E o]&ste] Hlojg Fehes FaFH(19]. o= &
tlolE (training data)& 3 Z2E Y9 S Adst
A olE B8 AHA ZH o](one-nearest neighbor,
INN)& &5ctH, of2{et #7428 CNNS A& Wi 5
H3eH19].

a) =lxyll/lxyl

ol w, | x-yll= x& 71 717k y7HAl 9] A2 E UE]
W, Ix"-yll= y& 7 77k X 749 A S verdt
[19].
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5) #iE =3 AE(random forest, RF)

Aol Slold G S WHel dFel RFE B9 3}
oA ] ZHEDZRE 7 £ IR
3 == g W oltH20]. o]= ST
o LEZ Sojot HolE5o| 42
st A g E%F(information gain)

9] N % (confidence) & H)s}st= 7;1
1=16) - 5, 5L HE), HO= - 2 p ©log ((0)

714 Ce AA 2eA IFLS e, pO)E 2 E7o
gt 35 A k40t 20].

o _Ll.,
19
|
FE

6) HELCHHZFE M(penalized multivariate analysis, PMA)
PMA+ Eolgt £3l(singular value decomposition)& &
3 AAF ZAF Alof| 24 M- (Lasso penalty)S F 35t

H e B (penalized matrix decomposition) WH<S

FEE 4 A YL o],

X = duy;

o] W, u,, v,= R", RP9] ©¢] ¥ (unit vector)o|H, d, =
S5} ojd J—r(non negative constant)o|™, X= ¥4

=

3. A B 7IE

of s &4 ZAToME EAHAT} gtk HEd
ojmjstt}, w3t FATRA Prto A AEE (accuracy)= HA|
ol AgetA E7E M4 E U o= ALE AT w2t
A AR Bo|evt 7MY =& A3 e+ AEE 4
Sk (cut-off value) 2.2 A 2J3FATH5].

3 HlojE mho|ld 7ol AHEH BAS 7|EFom B
2 9luj A (randomization) & S8 £ (training set) U
H7Hd G (testing set)oll AHEE Hlo|EE 1112 Y] FE3}
of THHTORE 3 £A4S Sl REF S ot UmA F
THgs 37lste BH o g L35t aig g2 1009
E’l—“i.—s}?iJ— BE A3 Prh= 1009 ¥HEE Aate] HHdo

m°1'
Ir ot
i
tlo

3 2AS SAS 9.4 (SAS Institute Inc., Cary, NC, USA)
R3.5.3 (https://cran.r-project.org) E4 2P0
wAstlen, sy B4 £4& A% R packageZE

o3} Zt}. 22 2€ AEML ‘glm’, LDAE ‘MASS 9}
1da’, DLDA, DQDA% ‘WGCNA’, SVM-& ‘1071, CART

KNN2 ‘class’, RF= ‘randomForest’
‘pamr’& A-&3to] LAt

= ‘caret’Q} ‘tree’,
9} ‘varSelRF’, PAM

z4 El‘
BN A= U S (sensitivity) @k Eo| = (specificity) S o]
43to] Wrlstgint, WAEE AAR FABA Yt F A 1. HEFE 0l 7IEE RUE 701 8
ol sl 24 ZdoM = FA[ATL Y= AeE Add
FEL Iusiy, BolEE AR AFA ¢l T A & WHIY ol 7123 A4S Fofsts WHoR
Table 1. TNSA for common relationships
Familial relationship Parents-child Full siblings Uncle-nephew First cousins Unrelated
(n=778) (n=522) (n=859) (n=468) (n=1,000)
TNSA
Mean+SD 26.66+1.89 27.55+4.17 19.45+3.51 17.16+3.16 14.55+2.75
Range 22—-33 9—44 7—29 7—30 6—24
No. of shared alleles=0
Mean+SD 0.06x0.27 2.68+1.93 5.56+2.62 7.28+2.34 9.26+2.20
Range 0—2 0-13 0—16 1-16 3-17
No. of shared alleles=1
Mean+SD 17.21+£1.91 11.08+2.65 13.43+£2.60 12.27+2.32 10.93+2.29
Range 11-22 0—18 4-20 5—-19 4-18
No. of shared alleles=2
Mean+SD 4.72+1.88 8.24+2.91 3.01+1.63 2.44+1.48 1.81£1.25
Range 0—1 0—22 0—8 0—9 0—8

TNSA, total number of shared alleles; SD, standard deviation.

http://www.kjlm.or.kr

https://doi.org/10.7580/kjlm.2019.43.3.97



A Genetic Classification of Common Relationships | 4% 2] 101

L QAU 9k F ool AZ B3 gt BEYY 5 ) BE 299 A4E L81s1257heltk o] o, % 4
| 7 AU BARASL A5l Gl T GE e SIS R0 R STR ] 92 71 12
HSIL E Lol BABAS AW & e AWF AR 4202 253 AW 27H07.28)30], v BABA9.26)
& Fohe A BHOR st Ytk o 12 B o] L}E}uumable ).

YA BABAE( - 42)2 22709 STR ThAQ) 447} ol@ AUE HFOR TH NP £2 0014 FH 44
oYYy A

7ted A2 F6 g FA S(total number 744 VA SE7HE go‘jt} A B2o| o] ulgEs E
of shared alleles, TNSA)E A48t A3} parents-child O|E7} 7P =2 4% HHEE £ AT A4t A}
(26.66%1.897), full siblings (27.55+4.177}), uncle- parents-child2 237H(F& X, 99.71%), full siblings2 227}
nephew (19.45+3.517}), first cousins (17.16+3.1671)Q1 7 (BEZE, 97.63%), uncle-nephew 1870 (FE =, 80.63%),
L2 120 M 4202 ZA45E HiE TNSAE IH Lolx ATt first cousins2 167H(HE =, 66.83%)9] 3|FEHTHTable 2).
HE A (14.55+2.7571) Q1 -l HlsiA = =4 Uetst
(Table 1). 2. LRO|| 7| =3t M&2 £of 2w
o L84 B3lo] v st A3 parents-child (1
F)olAM = -rrdx]' 5’6]' 7]'7':]:'“ SPUE Fa3tA ¢ STR vt LRo| 7]&3 2 7|29 tig@d g9 fof 7|25 iR
7] 7l4>(numbers of shared alleles=0)& 0.06+0.277Y, 3t .} dATA 9 AHE 3E o] Eo}X]
N 263 u}# 7l4(numbers of shared alleles=1)= 17.21 A A (rare allele)o] A E Ago] I8 4 Ut &

$1.91, & 7| B%E 283 o}# 714 (numbers of shared AA Gl A AAE LRo| ‘EATA A 4=(Relativeness

alleles=2)+= 4.72+1.88¢]t}. T8t full siblings (2&)¢] 4%, Index)’o|H, T 7§A|e] AR} o] H=2 At FE7 &

—s}u(z:L T B e 2.6851.937H, 8 A TS A ATATE Yl ALoAM SR o] B A FEQ H]
= 11.0842.6570, T 7 BE 243 A4k 8244291700 2 AAEILH2,11,13,22).

E}. Uncle-nephew (3&)9] 3¢, st 834 &= 7 1 A3}, parents-child®] ¢ 271 £ZH](LoglOLR)=
= 5.56+2.627), 3 7 F-G-3 e 13.43+2.6071, T 74 734114702 H|EATAFES w 21 $=H|Ql 2.15+0.93

B& /% 7lee 3.0181.637] 0|tk First cousins (4%)  HU} =7 YES o™ (Table 3), o] wj H|E@A#A 2 FL&3}
o] A%, '6M¢ FTHOHA B M 7.2842.3470, & 7 3 &l Yo MRS BoleUt Hurt He REQ B &%
T3 AN 1227823270, F ) BE F5% iee 244 H|9 AUghe 4.43(132*5, 98.76%)°]tH(Table 4). &, °]
1.48 7H°lt} Ao 2 HIFARA M stue FRatA ¢ u gutFor 1& FATVA B B, T*WOE~ 2
+ N 9.2622.2070, 8 7 78 7i4= 10.9312.297H, & STR WA oA 1dent1ty by descent (IBD)7} A& 3}t

Table 2. Classification of common relationships according to TNSA

Familial relationship Cut-off value of TNSA NF NU Sensitivity (%)  Specificity (%) Accuracy (%)
Parents-child 23 776/778 997/1,000 99.74 99.70 99.71
Full siblings 22 492/522 994/1,000 94.25 99.40 97.63
Uncle-nephew 18 637/859 862/1,000 74.16 86.20 80.63
First cousins 16 337/468 644/1,000 72.01 64.40 66.83

TNSA, total number of shared alleles; NF, number of family relationships (true/total); NU, number of unrelated (true/total).

Table 3. LR for common relationships

Log, LR Parents-child Full siblings Uncle-nephew First cousins
Relative Unrelative Relative Unrelative Relative Unrelative Relative Unrelative
Mean 734 2.15 5.84 -4.76 1.08 -1.42 0.31 -0.35
SD 1.47 0.93 343 1.79 1.70 1.07 0.71 0.54
Min 3.77 —-0.47 -8.24 -10.10 -4.20 -4.71 -1.84 -1.86
Max 12.33 5.53 20.62 2.01 6.24 2.36 3.41 1.73

LR, likelihood ratio; SD, standard deviation; Min, minimum; Max, maximum.
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of 3tAI T FAAF 2o F9] o]FE H|E ATA Y
E8tal BE STR v oA IBD7} A E3HA] Y= %
Rom, ofA7tA] sh=le] FEst EAWolES AT
Pong Bl W og 3 A7 WA B 7
g w1 9] paternity index (P)=02.2 Fi1 AASIY
th[6]. Full siblings®] 74-¢, 211 $EH|= 584134302
HEARAGRE o 21 S50 -4.7621.79H T £A Y
B}t om(Table 3), o] w), 21 £=H]9] A 0.15 (4
%, 98.29%)0|tH Table 4). Uncle-nephew® 4%, 211
S ZHE= 1.08+1. 7002 HIEATANS w 21 $=H|Y
-1.42+1.072t} =74 JEFS O H(Table 3), o] W 21 £ &
H]o] Athzre -0.03 (B %, 84.19%)°|tH(Table 4). First
cousins®] A%, 211 £&H|= 03150712 HEABA NS
o) 271 5H¢l -0.35+0.541 0} &4 JEFGE O (Table
3), ol W 1 $EH|Y] g2 -0.11 (BEE, 70.57%)°]
t}H(Table 4).

0|23t LRE 7|F 02 3h= &7 WL 120/ U=
98.59%, E0]E 98.90%, 2&o|| A9 Wzt =
9950%% =& WL, Eo|eE YEIRAT Ao = 3
Z(WZAE 76.72%, EO|% 90.60%), 4= (A% 73.93%, &
O|% 69.00%)0A = thd @& wZt
(Table 4).

do >t 1

ki

3. ZXIAE 57N

A7 24 I dE3E +
29 LR SAH| 13 st HES T3 &t
O FEEE FAsh= ol o2 ¥ FE€

)
r
ot

i o
N
o
N

e AN

Table 4. Classification of common relationships according to Log LR

2 Aol wet hE2A U& 4 YJOoBE oo tigt gxtatE
AsliA = o 1L B0 Qs Aot O WHo=E
© 94 BEXAH JARNE B3l EATA oRE FHE
5 Qlth B A IARN LS 59 WY MY dFE ol &
sto] @ ZH|(odds ratio)& 53t HHOE AMREHE
Al Hgolt). o]= TNSA, £ =H|(Log LR)ol| wat & #A
of 23d g3} 2IEA G FES AT T AT
o RE 273 "tH(Table 5).

3 A}, parents-child®] 39 ZAAH 3|fEHOZ 2
et At =7t 99.94% = 7129 ¥4 HHEE T4
(99.71%), LR ¥'H(98.76%) Kt} =4 Jehdr) o]&= 9zt
T 7202 npHVIA R BAAEH FARN 24 A=

100.00%=& 7]&9] 24 HE3d 714(99.71%), LR FH
(98.76%)Htt =A UEFTHTable 5). Full siblings®] 7
& AT E 98.62%2 7122 T4 AP 7H4(97.63%),
LR % (98.29%) 2t} A Uegt) o] WUgE 7]&0

= TRVHAR 2L SFRA 34 A3 97.89%=
71E9 35 HEEE 714(94.25%), LR R (95.98%) 1
t} =4 YEstth(Table 5). Uncle-nephew?] ¢ A=
= 84.99%= 7|&9] 7 dHBZ 7H4(80.63%), LR
(84.19%)ETt =4 YEHTE o= ¥R 7|F0RE np
T2 BAAE RN 24 A= 86.96%= 7|EY ¥
5+ ¥ 75 (74.16%), LR B (76.72%) 20t =4 Y
Elt}(Table 5). vfA 2O 2 first cousins®] A A=
£ 7548%E 7129 35 dHIE 714(66.83%), LR ¥
(70.57%) BTt WA Uelgth oj= WA E 7|Eo2 % uht
M2 BAAY ARY 24 A= 66.67%E 7|22 ¥
f+ HH @ 7H4(72.01%), LR ¥R (73.93%) Bt @A U

Familial relationship Cut-off value of Log,,LR NF NU Sensitivity (%)  Specificity (%) Accuracy (%)
Parents-child 4.43 767/778 989/1,000 98.59 98.90 98.76
Full siblings 0.15 501/522 995/1,000 95.98 99.50 98.29
Uncle-nephew -0.03 659/859 906/1,000 76.72 90.60 84.19
First cousins -0.11 346/468 690/1,000 73.93 69.00 70.57

LR, likelihood ratio; NF, number of family relationships (true/total); NU, number of unrelated (true/total).

Table 5. Logistic regression of TNSA and Log LR for common relationships
Familial relationship ~ Cut-off value of probability score NF NU Sensitivity (%)  Specificity (%)  Accuracy (%)
Parents-child 0.34 778/778 999/1,000 100.00 99.90 99.94
Full siblings 0.38 511/522 990/1,000 97.89 99.00 98.62
Uncle-nephew 0.42 747/859 833/1,000 86.96 83.30 84.99
First cousins 0.38 312/468 796/1,000 66.67 79.60 75.48

TNSA, total number of shared alleles; LR, likelihood ratio; NF, number of family relationships (true/total); NU, number of unrelated (true/total).
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E5tTH(Table 5). 7| Ee HHEo 2 o] Ro)Zl STR WA E &3 LR
Z HEAUA Y} BABAE AT 4 e EAY

4. H|o|E{Oto|L! 7| value)& &213519ith Jeong 5(2016) [6]9] WEH 23 &
SH| 9] AL 3.77 o), 2&(full siblings) 271 &%

o Ao
&

228 WMo 2l DA DLDA, DQDA, KNN, CART,  H] 1.94 o]40|9S o 928< Ha2 st Augtor 1

SVM, RF, PMAE &3t WA 25 WiE 1dstel 133t} kAT 32 (uncle-nephew) ©]/¢e] EAHA Y] 7

t}(Table 6). 9, HEATA Y Q= ARET 21 SEH| 9 BX7} AT
1 A3, parents-child, full siblings, uncle-nephew,  F&2 XA 7|2 Wi 2 AgstA L2 £ e &

first cousins BE 790 WAL} Eo|wr} 7P =8 7 S Atsted SHARE A AASHATH6].

S+ O£ gloguto]d 7| H]?FH RF H#iolch RF #H mekA 2 As S fst 2270¢] STR WA E 7]

& §3% parents-child 37 EFEE UHE 99.99%, §¢]  £o& tgst IHES Fgato] ABAE BEFsted A

= 99.98%, A% 99, 99%9310D1 full siblings A &% o] A4 ¢ o] RAQIRE QlstaA; st} iy W
2= T 99.11%, E0]%E 99.62%, AE T 99.44%0|tt, o2& b 7hds A S LR 7|22 sho] Aot
%3 uncle-nephew ¥4 £72& UL 89.04%, Eol= & Astil E/ste AS 7|1RoE ¢ &4t td3dd &
91.54%, &= 90.34%°|H, HFA L O & first cousins A U LR& F ZXAE 3|AEA Wi A otk dlolH
RE2l U4% 61.41%, E0|% 88.25%, &% 79.69%0]  wlo|yd HHH(LDA, DLDA, DQDA, KNN, CART, SVM, RF,

th(Table 6). PMA)o]| th&t E*d 2 @%6}921:}.
TNSAE o] &3 e 77 £&H](Log LR)S &
n 7 E8A BERE A‘H A}J‘lﬂ S ®H ol thekst 2tz &

8317] Q43 Aste] 2DHAW, 3& o/ AUAL 7

AG7HA BABA Aol F2 ASHYE P 59 4 S und He dYILS TS B e B 7}
Table 6. Classification of common relationships according to various classification methods
Method Parents-child Full siblings Uncle-nephew First cousins
etho
Sen (%) Spe(%) Acc(%) Sen (%) Spe(%) Acc(%) Sen(%) Spe(%) Acc(%) Sen(%) Spe(%) Acc(%)
LDL 99.90 99.61 99.74 95.48 99.45 98.08 84.31 84.87 84.57 68.65 7347 71.94

DLDA 100.00 99.35 99.63 96.93 99.23 98.44 83.65 84.91 84.28 71.79 71.90 71.87
DQDA 97.38 99.66 98.66 93.72 96.63 95.63 54.93 94.15 75.99 36.24 89.87 72.77

KNN 99.66 99.16 99.38 94.20 98.98 97.34 76.73 89.01 83.29 45.32 82.06 70.35
CART 99.97 99.98 99.98 99.16 99.43 99.34 88.54 90.86 89.74 52.63 88.91 77.35
SVM 100.00 99.18 99.54 97.79 98.55 98.29 85.83 88.25 87.09 51.00 90.08 77.62
RF 99.99 99.98 99.99 99.11 99.62 99.44 89.04 91.54 90.34 61.41 88.25 79.69
PMA 99.98 99.80 99.88 92.18 99.89 97.25 82.11 85.07 83.66 54.08 83.20 73.92

Sen, sensitivity; Spe, specificity; Acc, accuracy; LDL, linear discriminant analysis; DLDA, diagonal linear discriminant analysis; DQDA, diagonal
quadratic discriminant analysis; KNN, K-nearest neighbor; CART, classification and regression trees; SVM, support vector machines; RF, random
forest; PMA, penalized multivariate analysis.

Table 7. Summary classification of common relationships according to various classification methods

Method Parents-child (n=778) Full siblings (n=522) Uncle-nephew (n=859) First cousins (n=468)
Sen Spe Acc Sen Spe Acc Sen Spe Acc Sen Spe Acc
TNSA 99.74  99.70  99.71 94.25 99.40  97.63 7416 8620  80.63  72.01 6440  66.83
LR 9859 9890 9876 9598 9950 9829 7672 9060 8419 7393 69.00 70.57
logistic regression ~ 100.00 9990  99.94  97.89  99.00 9862 8696 8330 8499 66.67 79.60 7548
RF 99.99 9998  99.99  99.11 99.62 9944  89.04 9154 9034 6141 88.25 79.69

Sen, sensitivity; Spe, specificity; Acc, accuracy; TNSA, total number of shared alleles; LR, likelihood ratio; RF, random forest.
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