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T 22 BRAY(complex diseases)S] A-¢ W@ FAPAEL F w2 7] Wi =Y

b EA eSS ART Ry FE BA PWE Aeaks Ao 3
(Collins £} Morton, 1995; Kruglyak %5, 1996; Olson %, 1999).

29 2 24 whie 24 9t 340 td S99 #4729 5, 399 438 ¥4 (mode of in-
heritance), THE-FAA}e] NE (allele frequency), IF-&(penetrance rate), AZEE (recombination
fraction) 5o FoUA T BHT + YTk FAL AT Aok oleis By B 24 PEe ¥
A A(sib-pair) ARE o1 §ote] B PUE T AZZ 3ol HAR AZ Yol I U] S
32 gowA 88t A7 HollA] A ] B&A o3 HA (ASP: affected sib-pair) AEE o|-&
= o g AE AT} (Penrose 1935; Suarez 5, 1978; Thomson, 1986; Holmans, 1998). o]
& YA B ARE o8 B4 S A 4 9] 134 YA vE(proportion of identity by de-
scent) g 71EO R FH3L Y= Y AR BEE 0)83k= ALE I proportion test, mean
test, minmax test® JEE 4 Qul. o|#d AEL 23 0|3 FA| H A5 BL 753 by
o2 olg PAIF7E 3% ol FAAIAIE (sibship data)7t EAsHe Aol FAAE & s 47
o] A % vk 7HEXE LElF o} sk, 7HEAE nedt A B4 SR mean testol] 7]&
32 7R PHEE =, 59 715 9 (All possible method), Suarez (Hodge2} Suarez, 1979)2} ',
Hodge (Hodge, 1984)94, Sham (Sham 5, 1997)2) W Sof AAANHYTE o} o) PHEY A
S vashke theRdt 77k AW gUE. 21AY), mean testE FF FAof DA dFL L=
HogA 7HEAE nestets S48 4 P48 wat F¢ 943" AR AT + d= WA
71t T}t (Whittemore$} Tu, 1998).

B =R olF A & A5l ol HAxr) 39 ol4kel FAAURER 4 BF, )% 3
A G ARE ol8she B4 Wy 5 A1 P4 AAjle] EH2ES e R ¢# 3 minmax test
(Whittemores} Tu, 1998)0] 7| Z3te] 9A] B9] 71EAE DT 4 9o PSS =3k v)ws}n
Zp gtk ojaf, 7HEXE FE Wiz FY 7 W, Suarez?] W, Hodged] Y, Sham 52
PHe AEAUT ol4e) Wl AR PUL vmas] F5l AR Bol /2% R JYARE 4
Agste] Frbetal =3 AA 1Y FAADIAEE 0] 83t Frhgh
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A A= FAo) W] FAYAE gathy, IBDS /AR 71 0, 1, 29 o] AR BE2 po =
1/4, pr = 1/2, po = 1/47} "k 28, o] dide) fAYAE #F maA g+ F9ole IBDE
FERZE FA8oF 2}
IBD% FEEZE 2337 A8 2 7MY 71EAQA 7S o Z2e] AAstof drh. WA,
A de Bdl F AN dyRAA(diallelic, (D,d))E Z+ed), old A A+ FH NAEE
ol WERFAAE D, 21¥A % FAAE defr FH3y F HERARE RIE (frequency) &
2t p,g(1 — p)B 372 Tk =3, ST AL T e ), 2ol IAY FE, 5 A
F&2 38 (genotype)©] DDY ul fo, Dt fi, dd= forkm Aot} okgd B & 3
FAAS} BAFAALL] KA} ARFEL ozt et webA, o] 1A waw fAF 23
< 5719 R (parameter)E A B ) R4EL v = (fo, f1, f2,p,0) % HE (vector) 2 UERS 4
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o= el [=R=]

9l ojme] §3E (population prevalence of the disease) K, = p’f2 + 2pqf1 + o2 A9
v, 7} &2 additive variance)3} X #]EAHdominance variance)& Vp = p’¢*(fa — 2f1 + fo)?,
Va = 2pg{p(fa— f1) +q(f1 — fo) }2 & R A} (Suarez 5, 1978; Payami 5, 1984; Knapp#} Strauch,
2004). $E9| 4% 28 (mating type) & mep, T4 9 WLFAAS] BD AL 5
£ k2} 319, kA E IBD 3 U842k & AR3E (conditional probability)-2

P(k7Ae) $UE hA4HAHE 2= $E|ASP)
S Pk7Ae) S9% UFARE 2 B, ASP|mtp)P(mtp)

_ mip (21)
> P(ASP|mtp)P(mtp)
mip
Z2 A"y &,
. ) Ki4+Va+Vp
o] T3 O YSHRS 2= BE =L L
P(2719] TY3 E/AAE 7 FE|ASP) 4K12>+2VA +Vp’
i . K3+ Va
o] X0 }_ (] 4 2 7i =2 = —P—'_
P(17H-4 ST NHRAAE 2= FE|ASP) 4K%_,-|—2VA‘|‘VD’
. K?
P(07}] U UG HAE 2 BBASP) = — b (22)

TUKZ +2Va+ Vo

LU =6%+(1-0)>*2 v ¢ 9o (Haseman}
ix

£
Elston, 1972), ©] 3¢ #8x A2¢E 183 IBDY 2R FE8E+ 4 (2.3)34 &tk

z(v) P(2719) TU% Y RARE Ze ZE|ASP)
zw) | =T-| POAY 43 dgfAAE 2= &E[ASP) |,
z0(v) PO7Y 593 dyFA2E 2 BE[ASP)
2 2¥(1 - ) (1-%)?
T=120(1-9) 201-2¥-9%) 20(1-9) |. (2.3)
2(1 — ¥)? 20(1 — W) 2

AsH oz BAFAA 3 ARE @3 Y& W), 2o et B2 4 (24)% 2 (Suarez 3,
1978; Payami 5, 1984; Knapp%} Strauch, 2004).

() = K3 4+ UVa+¥°Vp

BT UK v 2Va + VD

() = 2K3 4+ Va+2¥(1 - 9)Vp

WO TR YoV, + V)
2 _ —“\IJQ/

o) = KB+ 0Va+ (1 - 0)'Vp

(2.4)
4K123 +2Va+ Vb

2.2. AAY M LY

o VA H ARE ol$F AW BAL AT 0 R /X el Auslolor sHerl, A WAz

24 g Fhol ® A9l UUKAR(D, OB AW, I F Y Y FIY VPEE Fol: o

BRAANE D 2RI, F WAz 2re 49 $874 594 (polymorphic) & WEH ok 3
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O, M WA, REZe 239 Aftrandom mating)& DEFAcof e, ul WA SHrighelH
% (Hardy-Weinbug equilibruim: HWE)AE|S wrEdobsln, npx|ge 2 AFAE 73 (linkage dise-
quilibrium) &, HPFAATF DY 349 FEL put T o), dd A9 HEL 1-p7t Bk 73
3t} (Payami 5, 1984; Blackwelder$} Elston, 1985; Knapp %, 1994a, 1994b; Knapp$} Strauch,
2004).

2.2.1. Mean test SYA o|F YA 4 A=t n7) 2R S, 2 FA) Ao) IBDE A2
A} 47k 24240, 1, 29 o) 2o th3h idRS] PA A g FBREL S, bu, 22i7F BT mean
test£ IBDE ) F-H AR 2 FEEE F, 0.55,;+42F L oz B4 + 2 {FAA e of
ARAA7L dBslol IR grke AR ol o] ABAY 1RFFL B(mi) = 052 + 27 B
o &, AR5AZ

Z (05215 + Z95) — Z E(0.5215 + z2:)
i=1 i=1

T=1
J > Var (0551 + £2)

(2.5)

i=1

2 ARFE n - 19 tEEE 27 50, 94 42 (dominant inheritance)¢) 3¢ A3 (power)°]
Hojurta <A 9t} (Blackwelder®} Elston, 1985; Olson 5, 1999).

2.2.2. Proportion test proportion test:= IBD3} th @/ A=A} 2709 BEEE 5, 2,9+ 1H
Fopgos B4 gt FARAAS HURRAA QB A Qrke AFIH Sl o] HYAY
NNFFL E(mi) = 227t Aok &, AASAZL

n
§ 22i -
T = i=1 k5

n N

Z Var (22:)

i=1

E(Z21;)

n

[y

(2.6)

2 ALEN -1 22X E WeA 5o, 94 &3 (recessive inheritance) ¢l 3¢ FAAH o] Hojuth
32 48 A Ut} (Blackwelder3} Elston, 1985; Olson 5, 2002).

2.2.3. Minmax test minmax testol] T3} 4% 3sl7)0] ¢4}, IBDT t)F-R/AAe FEREE

Fo=|z(A):z=X0,a,1—a)+(1—}) <i,%,%) ;0<A<L 1] (2.7)
2 AR 3t o7)A, Ax A (scalar), a= TRE A4 (fixed constant) 2} & o, IBDF o Y-H-A
4o BEEEY N HYAH, vozo +viz1 + 12229 AF F, v {(1/2)a}/(1-a)(0<a<1/2)2
et d ¢ 9lon, o] oo ARFATS 4 (2.8)2 FHr).

o Vi{4(a—1)% + (6a — 4)% +3 — 4a}

2.8
/3 = 8a + 6a2 ’ (28
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o371 A Q= P9 AA IBD tig Az BEEEE w2t 3¢ ZATAZE A (2.9)°]
o}

T— V{3 —4a+4(a — 1)z + (6a — 4)z1}

V3= 8a + 6a2

oldl, E 3H &4 ool h3 a. ] BE4(convex function)E f(a,a.) 2 T} o] 25T
E4(end point)©] mean test-Z YEFHE Zt a. = 0.59} proportion testE YENE a. = 02 3%,
& o3 9 €] (maximum penalty) maxp<a, <0.25 f(a, ax) ©JTh.
o] & 719 BEF5E o = (3~ v6)/(4 —6) = 0.3559]4 whdth & minmax testd] o'3E 2
e -2 maxo<a, <0.25 f(a/ ax) = Ming<q<0.25[MaX0<a, <0.25 £(a, a«)] Zh. 714, HAf )
dE] gro] 7bg FolR &= e = B2 L vthils o = 0.3558 o] 2h2 oA B g $4]0 o3
v = 0.2757} Etl
2%, IBDE HERFAA) BB that AP AR @y = 0.27521 + 2 01H, olwle] ZREA LS

(2.9)

D 0 (0.27551 + 22) — Y, E(0.27521: + 22:)
T = i=1 =1

(2.10)

J D" Var (0.27521; + 1)
i=1

2 AFEn— 10 t22E m=A A}

minmax test $A4FANA AAEol Hold mean teste} VAP FAHo] FHold propor-
tion testo] &3] ol & Aow RAFAo| ABglo] ZHAES PPOE 3FAAE oY minmax
testE 7122 o] WA5T) 3% o4l FAARAEE BAF= Pl tha w2t

1- = O 3
o|# YAz} 31 oA HAFIAEANA WA J1EY A £E nie} 3, F {ni(ni - 1)}/2 =
N#ol "t oA Y, 54 715 WHe BE 73 A A9 2F/ES %%Zﬂ% #oz wes Wy
o5 AABAHL
N N
Zm — ZE(m)
T=2= = (3.1)
N
ZVar(m)
i=1
Z ASEFN - 19 t22E =7 "l o7)A minmax testol] 7123 g eng IBD3S thH-7A%}
o] EHEo 3t AFAFTL m; = 0.27521; + 22,01t o] BPEE LT 715 el 448 FA
HELS A 97 A A3AE FoA thh dFH 288 T+ vke dES 7T vk

3.2. Suarez?2| 2t

% AL 3% ol FANBARAN i8R A5 BA £ niet Y, B {nilni — 1)}/2
N#o] B, 0)% n, - 14wro] SASACR So] Ak W, BE /Y ¥4 B 2F 7

off ||
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R(1,3)

2 1 0

R(1,2) R(2,3) R(2,3) R(2,3)
2 1/16 (1) 2 0 (0) 2 0 (0)
2 1 0 (0) 1 2/16 (1) 1 0 (0)
0 0 (0) 0 0 (0) 0 1/16 (1)
2 0 (0) 2 2/16 (1/2) 2 0 (0)
1 1 2/16 (1) 1 0 (0 1 2/16 (1)
0 0 (0) 0 2/16 (1/2) 0 0 (0)
2 0 (0) 2 0 (0) 2 1/16 (1)
0 1 0 (0) 1 2/16 (1) 1 0 (0)
0 1/16 (1) 0 0 (0) 0 0 (0)

ARHoZ SYU n - 14T TAVTY, BA Ao e R2F
{ni(ns — 1)}/280 9 2/n;8] AABAE DB o P AHAOR n, - 1AW Dok 3
24284 grk 2%, $ 5 8 /0,8 ASAE TS PR A BATL

=1 (3.2)

2 AHEZF N - 19 1228 a4 9ot 974 IBD3 h4Axe) L2 oig 484%
& m = 0.27521; + 22: 0| T},

3.3. Hodge2} 2t

Hodge9] ¥ri& £29| {239 2F0) ab x cdZ AH4°] M 4= Y= FAH ) ac, ad, be, bd 3
& 7H%. ol tid o8 FAI57) 39 FARDWARE R(1,2), R(1,3), R(2,3)9] Al 7HA] ¥
A & 7HAH, A A FA AL acet 3H F AR, Al 9K A A2 W 79 {FAZL T 5
e, Al WA FA g9 FeE & 3.144AF Eo| o)

A AR} T A4 FA) B A2 Sholn], A WA A B2 o2 F Ao 29 o8 2RI
F83 AMS E 318 55 9 T 5 vk oo tis) o1& AL 4 o4 AAREARY B
2= o2 P57} 32 PA AAREAY A AR A A, T AR FA A o AR FA F A
ni —1 B4 L R(1,2),R(1,3),...,R(1,n:) 01, T AR A 2%, Al A4 FA BA n, AR FA
yc‘}?_]. n; — 2 36]}“ y&}‘% R(2, 3), .. ,R(2,n1~) O]E]'

A3, ni(ni —1)/2958 A B n; — 1, n, AR A L bl Aot _
ke HF3E 7MAY, 4 WFE7L gy, ..., 0 EEE 2= 49 o1 X (multinomial distribution) &
E u, dEZ ) (entropy) = MeNA HH (selective information)= H = 3, p;log,(p:) & A9
"ok 2ok, X, Y $9 §ER4E 1, pyv P(X =4, = 5)9 2 FE0|L pid
P(X =1)9 9 &-E(marginal probability), Zj piie Pyl 2% g ot}

2=, X7F FFE o) Yo 2AF A H (conditional information)E H(Y|X) = —>7,pi. 32, pjis
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log, (p;ji) 01tk olwl, o|3 Y57l 39 o)Akl YAFGHAES & A K (total information), Shan-
non®| A¥E H,, =2n; — 3+ 05" '2 AAH Y, £AH 5 me} 0|3 FAS7 3P ~1078 < FA
AGRABE 5 ARE 3/28 g, H = {2(2n; —3+0.5™71)}/30] SHQ A ol st 53 FuF

ol dtt. A= & FAT P FAYIAESY A$ H, = {4(2711-—3—4—0.5”@'_1)}{371,1-(77,1-—1)}9]
7FeAE 1A "tk 23A 0 R Hodgeo] W] AR EAZFS

N N
Z Hﬂri — Z HzE(ﬂ‘-L)
_ i=1

7o =l -
N
Z H; Var(m;)
=1

2 AKET N - 19 tEZE WA 9. 97|A5 IBD3 thydgaxte] g8z i3 43a%
’1__‘ m; = 0.27521; + z2; ]E]'

(3.3)

Sham £9| B¢ Aol o2E WAL 13X ¥ WAS BF VS FAPDL esher,
n7hel BARDAA ar,..., 0088 1B FAS u,...,u B OB A G FA EAGTT 7

Ao} oY o3 FAE 7}{1 AR AR A O]E} GA| AL ai(a; — 1)/27H07F 24 4 9
ooz Ax AsolM FA A £ ¥ ai(a — 1)/27M7 Bk Vi § o3A FADe ojda F
Al jek k24e] IBDE ARk eka ahd A FARD WA IBD g2 Vi = ZYWE 9%
F ok AR JHdSelAl Yo} BaF B4k A7 mash soleta B AREAR vt 20l
verd = Ao

E wiY; — E WM,
2 2
v/ W; 84

o] FARL AR REAFEEE w2+, o] W) wik A FAFD AE THEARM the
W22 e Fevh 70N we Y 7HEstelA Yool Ede B

/lz —m;
_\ s
= p .

T =

(3.4)

(3.5)

o
o
o
2
N
w
ol
o
o

o
o,

290 A2 e minmax test-S 7|ZRE T 5L 715 Y, Suarez
", Hodged] ¥, Sham 52 ¥hE9] A3 & B71eh7] A8 RALAASE A3ttt
ZAAHARE AZTEL 0= 0012 B4 & FAFARS} TAFAA7} dBs ) vk 7H3 0}
#, FEE Kp = 2245% 2 3209 18 H#3&L A L3ch (AT, 2003). =3,
¥l 0.1, 0.3, 0.5 Bis) frd FAE 94 33 94 AR -Er‘}oq 1d 4.13% 7‘01
BBt olE 3t 712 AQ 1A ol ol FA|7} 3, 4, 5o R T IS A7 10004 whE
ste] F 1,80071%, 7,200 2] A FLARE BT
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AR P AR WE HE A
k=3
e
) 5
B sy
&
3
4
g
0-3
=
a
5
B
a
s
B8
8
=3
&
I8 4.1, 2o@xzel 2y
H 4.1, 2948 2y
Marker Dominant(mean, SD) Recessive (mean, SD)
All Suarez Hodge Sham All Suarez Hodge Sham
20 48 47 48 14 29 28 29
(0.18,0.13) (0.12,0.13) (0.13,0.13) (0.11,0.12) (0.25,0.15) (0.19,0.16) (0.20,0.16) (0.20,0.17)
0.1 4 31 75 69 73 14 49 44 44
' (0.16,0.15) (0.08,0.14) (0.09,0.14) (0.08,0.13) (0.23,0.16) (0.14,0.16) (0.15,0.16) (0.15,0.16)
5 33 89 82 84 11 57 50 53
(0.12,0.09) (0.02,0.03) (0.03,0.04) (0.02,0.03) (0.23,0.14) (0.10,0.13) (0.12,0.14) (0.11,0.12)
3 19 49 43 44 11 33 30 31
(0.18,0.12) (0.11,0.11) (0.12,0.11) (0.11,0.12) (0.22,0.13) (0.15,0.13) (0.16,0.13) (0.15,0.13)
35 79 72 77 15 54 46 49
0.3 4
(0.12,0.11) (0.03,0.06) (0.05,0.07) (0.03,0.07) (0.20,0.12) (0.08,0.09) (0.10,0.10) (0.08,0.09)
5 47 100 97 99 16 63 54 60
(0.08,0.07) (0.01,0.01) (0.01,0.02) (0.01,0.01) (0.21,0.13) (0.07,0.10) (0.09,0.11) (0.08,0.10)
3 20 49 46 48 17 37 34 33
(0.17,0.13) (0.11,0.13) (0.12,0.13) (0.12,0.12) (0.21,0.14) (0.15,0.14) (0.16,0.14) (0.15,0.15)
0.5 4 36 89 86 88 14 59 50 55
' (0.11,0.11) (0.03,0.09) (0.04,0.09) (0.03,0.08) (0.21,0.13) (0.10,0.14) (0.12,0.14) (0.11,0.13)
5 50 100 100 100 17 82 71 76

(0.07,0.06) (0.01,0.01) (0.01,0.01) (0.01,0.01)

(0.16,0.09) (0.03,0.04) (0.04,0.06) (0.04,0.05)

187FA] 7ol th sk R o] A H 15 9] A A2 SIMLA (SIMulation of Linkage and Association) 3.1(http:
[/ /wwwchg.duhs.duke.edu)E o] &3t SIMLA: #4] Y+ VA TAGARS] A=2TE, B4
e B FHE, T4 Y& FZY 732 ¥4, BARARY UE, 715 U9 A £E ARNE
W, 2 QYARE 44T & Y& Z2aYolnt

£ 2odARtEe] IBDE ddfARe] SEEZE 257 984 2 AdFo)ME S.A.GE.(Sta-
tistical Analysis for Genetic Epidemiology) 5.1(http://darwin.cwru.edu)®} ANEZH ZF 3}l
GENIBD< ©]$-3}9 IBD FA3AT. o)HT HEES o835 Z e AAEAT TS
TF3k= 212 R(http://www.r-project.org)< o]-&3t4ic}.

L= viR=1
XS
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5.1, FAREA gE
Chromosome Marker Allele(frequency)
AGTS A(0.22)
G(0.78)
A(0.96)
. AGTS C(0.04)
AGT4 A(0.71)
G(0.29)
C(0.73)
AGT5 T(0.27)
17 ACES6 D(0:30)
1(0.70)
ApoEl112 ©(0.22)
" L T(0.78)
ApoE158 ©(0.96)
po T(0.04)

18744 A9 tgk ZoABAEE 1009 HHEsle] BASAE o, Al 7HA el thst A&
£ (p-value) S F3GT o}2# o] RABE ] 32 5F(significance level) 0.050]37F He &, AF
7Hd o) A2 = (%) S F5to] v)wstgch

EAFARY izt YA ol whed Al 7hA] whgell ik fel e
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P-value(Power)

Marker

All Suarez Hodge Sham
AGT?2 0.124(0.472) 0.221(0.345) 0.202(0.365) 0.198(0.370)
AGT3 0.696(0.109) 0.713(0.105) 0.710(0.106) 0.701(0.108)
AGT4 0.058(0.621) 0.101(0.514) 0.092(0.533) 0.097(0.522)
AGTS 0.089(0.541) 0.150(0.431) 0.138(0.449) 0.123(0.473)
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ApoE158 0.747(0.097) 0.806(0.085) 0.799(0.087) 0.768(0.093)
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Abstract

For complex diseases such as diabetes, hypertension, it is believed that model-free methods might work
better because they do not require a precise knowledge of the mode of inheritance controlling the disease
trait. This is done by estimating the sharing probabilities that a pair shares zero, one, or two alleles identical
by descent(IBD) and has some specific branches of test procedure, i.e., the mean test, the proportion test,
and the minmax test. Among them, the minmax test is known to be more robust than others regardless of
genetic mode of inheritance in current use. In this study, we compared the power of the methods which are
based on minmax test and considering weighting schemes for sib-pairs to analyze sibship data. In simulation
result, we found that the method based on Suarez’ was more powerful than any others without respect to
marker allele frequency, genetic mode of inheritance, sibship size. Also, The power of both Suarez- and
Hodge-based methods was higher when marker allele frequency and sibship size were higher, and this result
was remarkable in dominant mode of inheritance especially.
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