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e fAAE 27 A A2 By F9 st Awe #4
Al EA st @99 7193 A (single nucleotide polymorphism; ©] 3} SNP)& o]
&ste Aotk 28y Be AW Eo] 54 E d(complex trait)] 22 @Y SNPS
ol-gst= WA= Aol At ol FAE FHSH7] Hlal o2 SNPES
o]-&&te] Uuj A (haplotype)E FZ3atE Wyo] AT 53] SNPEC] 593
o]A 3 ABETF Y (linkage disequilibrium)FENd ZH$ dujA 2 FHststo
AW e FALS e Ao a7Fd Wyolt.
duAE FATA JoAA M Fag FAe AT o8 A FAES
=AE & F dv= AMdolt. gEpA dujA NEE FAsr] 91 WHol A
Atk 218 EM LaEE

o Al AEox B BL SNPEo] EAFE ALdE Ao s

S, b4 EAQ WHoE EM 2uES

Tl
&

sitbs ©io] EAlste] olE &% G FEC] AAEHJL ECM L,
EE ¢ EE]ZO] 3_740]1*4.

T=d dujAet Ao BEAYS BHY] Yt B =RdAe AdRF

22 UJyolxd musgon 8742908 wyd A9
sttt vl 7HA WS AAAEE ol &std 4 AR oY SHES B F
AJEE WA E FASE SNPE7E Bolbd45 2t Wzte] dsatolrt #3y

Ath. HTR(haplotype trend regression)®] -9+ SNPF<} AJ#gle] d#HA X
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A7 WA

A7t FAAAE(Human Genome Map)e A4S X2E {3 A (post
Genome) ool st AT A|ZE 9] v] 5% o 1 (International Human Genome
Sequencing Consortium, 2001), 9 AFEZ 7t 771U W o](variation)2]

S DNA ¢7] A<Ee wWold 7l o F B FiEo] 7] A&
(substitution)ol] &gk A Pe] FHHT ol Fd FUFAXNY A7l A=
SNPeleta &tm <1zt fFHAAANA 10%c]de] WEE Rol= SNPY HFE
5,300,0007] 2 374 = 3l th(Kruglyak and Nickerson, 2001).

AWy #4E e FAAE Fe P debE] B e STy A9 A
AE B3 AFA7 gle 7N (unrelated individuals) EZ2HE @Y E4FH A
(marker)$} AW FRE S5t AW SNPY #AAZES EXste AJdd, &Y
SNP R E o]&3t Zzte] SNP# AW ZHHZAQ #HALES EAAY 49
7Hel SNPE=E Luj Al (haplotype)E T-Adste] o] dnjAlel A3ty AAE £
sh= WRel o

@Y SNPE o] &3 A HI dufAE o] &3 EAUHS FdHol EA%
o AR #-o] Qv deF SNPEY F AA7F Aoha sopdH BE JujA
Z%S A3 E4RY & SNPS o] &3 £40] Ho afz ol dHA 3
o a8y SNPEo| A#AETE A JS e, uiAE o] &3 #EA 4
o] @& SNPE ©°]&% E4EY aHRHYPol LA Ao
2001), Fd2=(locus)oll o2l W thHFdA(allele)’t A& A5 ©GL SNP9

&

WAE o83 B4 EF AAYEHE A Huy, IuiAE o] &3 EXHo] & U4
Hh(Slager et al, 2000). =3 LA E o] &g EH2 AFEI Ttk A S
93l HA AU (dimension)S Y F A THEAY BEHES T o AAHAHES =9
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A 277 dujA = =3 O

21 18

A& sho] AAA FelA A d#EH e HEFAREY 29
2 go® 4 Ed A ZH(recombination)o]t} HHEH = 1w o] (recurrent
mutation)7} oA Fevd FHe o) H-fdA A (bi-allele)ol] EA3t= SNPY
F7F N o o) fAgHozg F4E F de duiAY FE N+H1ETD 34 &S
Ao dZ=H, o]2Ho2E SNPTHY] AHES AXxFS 7Hgdgd 2V o
(Patil et al., 2001).

A S o] &3 Aol ojA ZHE Z A dujATE oJ"A T H o

AeEAE &3] & + A= ZolH o] F phases & 5 fUthety AT &
Y 23] A (single-molecule dilution)™ " ©] L} (Stephens et al., 1990), 21 HS & ©]
&35t g -F A PCR(long-range allele-specific PCR)Z< " (Micahlatos-Beloin

et al, 1996), ©]u]A]-vt5=4] =% (diploid-to-haploid conversion)® ¥ (Douglas et
22 Qe duiAle A 2] A AFHA AT
Eolth. 2y o WHELS HI&o] BWol 51 FaT V&H EAEC W
2 ZdEolofd 28 AbgHo AL IA etk whebA FAAA WResE dufA
o Wxg FASE oy FnyFEol AAHAZL A AFHA G HlE
ST BARHQl AR Yol A Qi
dABATE fle M AN A REE FHd= A PHeze
o 2 7HA daEFe] EAgT 3 WA P duiAE FEIe €1
5 FoAA Z7)d AdHAE WHozA HdAoFde A (principle of
maximum parsimony)dll 7]8tS F3 = 8 &aelF(Clark, 1990)°]t}. Clark
EE GHiAZE HddoRd e Ao wet FgH Agw gEgd s

al., 2001)°] A F71A ¢
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3 g F oA UEHe EM €38 F(EM algorithm)g o] &3 "
ol dujA HEE Hd $=(maximum likelihood)ol A 3dle] F3 3
o ot = FAF7 22313 7] (pseudo-Gibbs sampler)E ©]83F &38| & (Stephens
et al, 2001)= %1 W9 dujAYg FAHS €7 Y5t £ F-FE(divide and
conquer)?] ¢ 8]F S A& 3= PL(partition-ligation) R o] At} o] Wy 21
A S Fe @9 AFolgta sy W] B2 o FHdv EAG
o &ttt A SES SA EFC Adste dujA HIEE FASE W ol A
QF Y (Bayesian method)® At 5| 31t} (Stephens et al., 2001). Al 2% ox = o
WA Me=s Fgete dads T EM s 19 SE8WHS ECM &

a2, EE ¢agl gl el =572 .

22 EM ¢ d8 &

221 EM €33 F e

At ESHAE (incomplete data)E o777 93 WHOoZ EAAATAAN &
AA & (complete data)ES TFE 7S &9 BEE FAHS Fojd mdo
SAStY AFFE dAS= Aotk EM ¢iElE2  E-step(estimation-step) 3}
M-step(maximization-step)°] 2til E&+= 2712 @AE wHEFHOZ FPFozH
B¢+ H 4} & (incomplete data)E o+ A4 H}.

Excoffier®} Slatkin® EM ¥ilE]ES o83 dujA F4 WS 22 At
3t 9=l (Excoffier and  Slatkin, 1995), SNP=% HWE(Hardy-Weinbug
equilibrium)& 7H88tH HSEE ol &ste] #FHE v olHY FES HHF e}
= 4uAY gEs FAHTH.



222 EM ¢33 = A

EM &g EolA =34 (likelihood function)&
Le)=r@e)=11 ¥ 44,

oA G nle AlEolA #HZE phased & F Yl 33
Azola g (A AZol A #ZE phases ¢ F JE F313 A8, 0 AA
duj A W=, 0,9 6,5 247 A a9} b duiA WxE, abb=g,= LA B
Fl

(a,0)7} tAA #38 FAF A8 g5 FATdE AL vt HWE 7H4

=

< Fga. g7 oW e QA Wz #A FA A (estimate)o] I, n,E GOl
A A a9 Aoltk. EM EagFolA Fo F2 AAY RG] nE
A8 dufA e Wme] e 27)gs Fske Aol Fastre Folth
EM @x2jF9 F3e EM 1859 Adsol HWE 7F89 Sl ZA
Fo A Feve Aot 53 F& A dH(homozygosity)e Bo] Hol= %ol
T EM €18F9 45 BRYHPAS FalA HWE 79 Sfuf oo 24
Aoz AT AT v HTH(Niu et al, 2002). EM &¢1# &9 &4
< EM ¢ag]FY Asol 7% 09 dFS Bol wrerge Aotk B w4i
Z Hd gk(local maxima)e] EAdt= A T2 HAH Ao = F74 g(locally
optimal maximum likelihood estimates)©. 2 @ato] dujA1e AF7t B A$

A7 € 5 d
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(maximum likelihood estimates)
S FoA QRES AT 9L 0 UrA B4E 2YeE AL A B5EE §
2
©

Aol FAFE ARTE A8 Dol @ Aol o

e BE4E F4Y%= WS CM(conditional Maximization) €3 Folgta gk
H(Meng and Rubin, 1993).

ECM ¢18F2 EM 18 Fd CM ¢85 F3e 233 ot
(Meng and Rubin, 1993). ECM €318 52 EM €18 59 M-step(maximization
step)& F 7H9 CM-step(conditional maximization step) 2.2 tjx] g WHld, o]
A Foezn AA EFE ] FAseHA Vs EM daudgEe EAF
Aoz o] FAss WHo=E sfdsta Ut

‘j_
ECM duelZe $=9 gxsgyoleis SWel4 EM daelFo] 2

tlo
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fr

QHg A (stability) = 23l Utk ECM €igl+9 FAZA A W2 ohaoA
BC=

232 ECM 38 Z Az

Estepdl HE Fo1d 24 g #39 448 A85 53 2349 Id&

dujAE dixst. A WHA CM-stepll M= 5 7l (update)dtil F WA

CM-stepol = pE ZBAdH. EM LaugFoM = g9} pE & A8t



ECM &1 e]Fel A phase’t €84 e B¢ FE8e ot 2o

(H (X5:8) dyy H mh

Gy (hB)
Lprr = H T Pry =

) (I *p,By )"
(h.1)

Ao AelA ¢ dye DA Z(h,H)E VAL Je eI EA4T

ojustar, my,= dujAl hel HFE v

E-step

(k+1)9A @AS Azs] Bx pAs dAA g9 poll Hd F43%<
g pe dgomz (+)eA A duA (b E)E FAT e HEL
E FAY 4 don 4L ofye 2o

(1) = S, P H{(h,0) € S(g)}

chh
k), (k
’ 2 Piy P,
(hu hy) € S(g)

T (k) ,
a0 = s, A ) € S())
9

T j(l\) k k
/ Z }zlh)/ p;zl )pgz))
(h1.h2) € S(g)
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%

Aem, 9 HelA dujA go] #FAII Te
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H(hH) € S(g)}=1 ol %A & Asole 00t
CM-step : update 3

(dlFV ek (P12 olgstd 299 HAYste a4 gErUe AT & 9
o 2a9TE go] oZam AL oo o).

log (L") )ec 3 iV X,58 — dlog (3 ™ pj i)

(h,1") (h, 1)

7| F-F7E(quasi-Newton) €iE]F LS o] &3l 292 s HAYsd = e
Y, #-5E QRFL o §5Y gel s:ol A2
e
X, e (k) (k)
dlog (14} o)y gl
d dhh Xhh' d<
ﬂ (1) wa (k). (k)

Pn Dy

of Zo] xdT 4 At 99 Hulg WHE A2y FAATG [FAdo] 7]
o] 9o WHS FXFHoE MFHYS & F U TS gE AAE |, 7
E-#<(Newton-Raphon) & ag]Foly 34 2] 235 0] g (Fisher's Scoring) & ile]
e 28 F-wE duFL At E(Hessian matrix)o] W R P H

(information matrix)®] J&Ho] o glvt= FHE 7HAL AT

CM-step : update p

#19] CM-stepoll Al g5 AT wote 2 pE BAY doe B g GAE



AAA A=, 2a%=e pol wEh 2HEH 42 ofef o} Lo

X . T 1)
log (L ™1 )oc S ymiVlog () — dlog ( 3 €™ pypy)
h

(h, 1)

9 2a5Ee) Hsss] Ad 20 4 Y, —1o)gE =4
h

T alk+1)
(k+1) Z eXhhﬂ( Pr
h 94 7
DPn E eXthhzﬂ(kH)ph D
n72) i

ol®, 2c, 2d, 2ne 27 PEE, BAE, AA Holge] dujA Aol

9 Ae

01_:]_ Eq]l

_ my,
2¢ + 2du (p, 1))

Py

&t

—p,=2n—2d = 2c

my

p(k) = p(k’“)gi s pgfﬁ,s+l)oc
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olgatd p e @ & Q. myst wrb FF S5t ok s WEe] Lae

=5 T8l pE FHT @GS FF HHd 45 T (proper density function)E 7t

24 EE €38 &

241 EE €38 & Ma

AN =5 o8& o8 WHE Tol EM dagFo] /M go] 2ol WH

°l7l= @t SNP 7} 2078 ©]4<Ql A9 EM &dagF2 dujAE FAs=H

of

it

o go] Ji, JrRPHAo] HAZ (singularn)¥d AT ET 2 A (standard error)E F
FatA FE&7) wEol  Excoffiere EFLAE FHIY] M H2EFH
(bootstrap) WH & AFE-3} 9 T (Schneider et al.,, 2000).

EE(estimating equation) ¥ 8]|F2 9 Al 7FA] WA EM &g FS 7
AstA=d, AA, EE ¢18F2 SNP +7F B2 3% A&
=7, A5 At F1F ARE aRHo=

= 3
A YHE AHESHA @3 49 dujA HxoA EFAE AT F Atk
242 EE ¢33 = AR

EE ¢12]Fe dujA| 9] phase’t €8x UA 7] @E] phase FAIA
(indicator)& AW < (latent variable)® A Zat=d nB8e A A=7F A& o,
9i = (90 9o+ 9;)7F iA MAS] SNPeleta 7HFSE g, =0,1,200 =@
pys A R A 329 phase EAAERAL MW p; =0 2 g;°] skt

o] A (chromosome)ol| A k& 9ush= Fola pij =12 9,7t 02 1y o



AA NN e gulsts olth p; = (P, P 5Py ) B BEL Fol AujA W
5t g9 BEFFe Fol Ak A8 AF7)

FdeE opef o} 2o

L) =111 (9:0) M)

ol 7]e] phaseBE AHeH p o AIEE(oint distribution)® FHEE

(marginal distribution)24 g ¢ ¥X& T & 4 Qo
f(g::0) Zf(g“pﬂ = Zf(gf, | pi:0)f (p;) )

9o Ao A f(p,)
AR wFo] B3] EASA HEZ phase EAA So] A= 7t = o|g)
q

3 sk el Fas =, f(p) = [1r ()l

Jj=1

rlr

HE X (prior distribution)E V] st=H dHjA o] E I g

phase R} FoHLS W, g A B(H':H)E 8T 4 ) HWE 7}

A Bl A dujAle FFAAZE AE ol FA HE=E
flg; | pi9) = f(H H0) = f(H0)f (H0) €)

o|t}.
T=27F BE 7bsst Al Mg & o, {h,h, - hy e ZE 7t5d o

T
WAE WA A2 Y36 = s, f(H5)E
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T
F(HRe) = TTe =m0 @)

o ge ggRzz ged + gl
A @@l 9dal A (1) o $EFFE ol 2ol A 2 % Tk

L) = H2tcl|:z H H1 h,)+I(H, hi)):|

pi t=1

A9 AelA = iR MAe o] FH F(heterozygous) FHA A2 E (loci)e] 7)ol A
12 W Stk 919 SEFST AW EM TueZAe 5
02 FEFE & F A, ¥ 2aE AT PES SHE oY A& A

A Ao

n

:_;j;lvg(a) I (F g0 = SNEf (5, | 9:0) =0

1= 1=1p,

‘OA }Q]Oﬂ}ﬂ E:(EDE%JET),O]E EjZI(H;lzhj)—i_[(H;Q:hj)_er"E‘ ]t\ﬂ

A dujA o AN E9 VWl =9 XZo]o]a

i i) ; 0..0,,

Zf (gq: | qu;e)f @7) Z HHL-IQHF
Pi [0 =

(H', H?)

= g7V FoIRE W p Y AF$E E(posterior distribution)©] T}
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4 OF 0= VIV [ g:0)2 B4 2 & o8 WA wAE B 0

1=1p;

o FAHARE 4g & A

EE 18 &3 EM &g FL SNPY 757t 100149 A5 dujae Hes
FAsted Alztol ol AA Hu, 207] o] SNPo] EAstE AS EM ¢
1 EL FAAAI BV $5 vt 28y EE ¢ugEe olgld At
FAE e 2Py ge WHoE Basta gl

————————
Last step

.,
| [
.

A
]

—_D Step 3

- e .

L | E— .-
- &

T — — - Step 1

19 2.1 Forward-block-computational algorithm

= SNPS A4 ARE ke SNPOZ o]Fold ZH(block)e2 i Thg, 3
WA dAdAE A T E-8AA dujA REE FHES st T £¥
= ¥ (oined) F HA FAHS Tk Az @A A WMEFTE S

Ae AAgdH. FAHA E9(joined block)? 1 t2 stpe] £ A FHst=
4L i Eo] FHA wrA wESA =W wA T GAo A ul A
IE FHUL AA SNP AzdA WIEE 383 gkt wszstA €

II.

25 YA N F34 Wy vl

Y A AX FRPEES YA WMEFFL e dolN MuHez
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gt Aol AstHA deve Aol dua dHA AT W dwjAE 74
st SNPY F7F @olpAAY fde F7b BopA™ FAo] Erbsdite @4
= EAR ol @S 58] 98l ECM, EE daF| S 22 Wi sl
AFHANL B FAGAE L8 st EM dargFo @3S Headith
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A 3F AY 2 7123 A 4 By

31 18

A3 dujA o #FEAAS B9 2719 AIHY T9 stve JtolAlE A
= ol&ste Aot Ty FejAEHA 2 49 &oldolte Sl
FHE AR dujAl e £ B2 FFele AFIHEE T =2
HHx g el 8R40 2ds5S BHEF XL F glde EHol
At ol FHe Hasty] Hste] AFRFE o] &7 Lol AdHANL A
ARl WE2 thaelA =935t712 gk

N
ek
]
o

i
9
R
X

3.2 HTR(haplotype trend regression) ¥

321 HTR ¥ 718

HTR W2 dABA7 gl Qe ARG S ol &t dujAler 43
of #APS EHste WHlE EM ¢SS Fite duiAY W=EE F35)

3348 guAe) AFSES dAe BAE HeAIRIL B BA B

=
W5tk F 9 AYRTE dehin LAY Pe AR AA Ao
WA 58 guistn golBoAe 2 Ao EM dueEL T FHY LA
9 2 AYAD F AAF FAY AT AAE2 A NEES FIE 5
ONAHZF Bk weF dwpAsl REsA SoE BA-EEAEANA BHHAA
ME Aol AAsE AelAFEYY HEeA AHE F dom SEH PPl
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U Foj&e] AP =7g 5 A F(Pearson’s goodness-of-fit statistic)S ©] & F=

ATt
322 HTR 29
Y7h 345 Uetla D7F fd89s A2 283 Bolgt sd HTRWH &
Y=D(+e¢
2 REY F e NALY A¥rFo|th o7 A WA sl FAdL Yelx

Y7 = (¥, Yo, Vi),
TZ(Dpo' ) ( il 727‘ DqL)

olty. D, —1,;,0% 24zt A Alelo] AujAl ol WA EFAT, olFAT

(heterozygous), L ¥te] A4 @2 on @t FAPEATE

SSA/(L-1)

=SS5/ IN=1)

2 78 5 9on 949 SSEE 77 gew 2o
554 = YT (D(DTD)"'DT - %JNXN) Y, 5SE= YT (Iy— D(DTD)"'DT) ¥

HTR W& A¥st7] flste] 2103 o & Azts) 24 399 7Rl 247 4
A VLY, YVid JHAS Qs AZe AMAE hyhy, hy/hg hy/hgol P 2 E A



ortha AgeE E(Y)=Dge obelsh 2ol Jehd 4 gloh

H h1h2h3
Y1 ri1 o o 7lh
E(Y)=EY, :{1 0 1/21/2} 51
Y, 112 0 12 ﬂ2
3

29 QA mEaw de] Y DE fddc] TR W AujAe =3
wegol foh F Fol AuMAl bt ke F+E Az mu, Ao

W Qe A A(hy, hy)ol JEE 2AREE

£
e

flo

P( G;ZthJ h3 )ph._,ph3

ZP( C;? |h117 hv )phuph,,

w, v

P(h27 h3|G'7 ) =

olm, p, o p = WAL NEE Jedch By 25 dujAdAE Fd D

E o oA 0, 1/2, 19 #S 7HARA & Aotk
33 2350 W

331 23] WY AL

2zo] Wi duiAY NEE FA87] A8 EM ZuEe AsstEa

18} 3 2.3 (generalized linear models ; GLMs)& AF&3te] T4 ¢Fst Jejo 2
8

of tald LA By EAo] A5aEs sgon, FAad] FAo wA
= Jge 189 FAFE 78 + AY



332 ¥t AR

Z=(X, | X,), y=(a[B)2 3" Z7t FolHE W yo $== AFFH
(exponential family data)ell gt Uwtst dPRFo =z

s i},

ofl

Ly | 2) =exp[%ﬂ +C(y,¢)}

A A a,b,ce X Wt AdFHI ¢v AHEFE S (dispersion parameter),

n=2y 9 AFAZTS(canonical link function)o]t}. E¥xo] e dutsldg =

_19_



3 3.1 A= (exponential family)oll A o] ARSI HFRFo x5 54
AFEE TolEEE PR E AR Ag 2R T
EE N(p.0?) P(u) B(m,T)/m G(p,v) 1G(p,0”)
ERT (— o0, 00) 0(1)e0 2Ll (0,0) (0,00)
RERS o 1 1/m y! o
FARE b(n) /2 exp () log (1+¢”) —log(—0) — (—20)"”
c(y.0) - % (}5 +log (27¢)) — logy! 10%(%) vlog (vy ) — logy — logl'(v) —% {log (2my® ) + ¢_1y }
p(0): E(Y0) 0 exp (9) e /(1+¢") — 1/ (—260) 12
HEa4 0(p) identity log logit reciprocal 1/u?
B Vip) 1 p p(l—p) s w
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333 230l 2§

flo

FAge] REekA i rpgety Wy 2o i ~5o] SAF

olx ye FWF WE o s AT H(fted value)olW yE I AAF, N
Are Agolth 2mel Wye FHRAS AT F gled WA FHALA
e 57 A% 022 3% aE F4 OF U =00 HES 3T 24 @
329e Aod Feol e fALAY FAY BAZ B & ok

o] Wl X0 FAFS

o) AFAA soln Upe) #are

Vs= Vag— VoaVoo1Vap

_ b'{g):| J . XX,
= o s )
o)t
2 AZsd B4 AoH

25d AuAc] olHE o e wgo
3

BRI A9 FHecld A3 AAE B 5 U=,

[
K
9
ol
X
o
flo
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E(X)= Y X0Q(g)
yEG
2 7% 5 A #9899 ARG Qg) = Plg)/ Y] Plg)ol, #113
ge G
olgdtel FRAE.  Tpo BAE

Vo= Vs~ VoaVau Vap™ HEHE 5 3

T3 & i

V,f,z Z[Z((%)) o (yi_yi) :|E;)(Xqum)

P AHLal a(e)?
Lt 8,01

zzo] WPe AA YAAE AT A9 AEAA AMAE DA 4
Zzte) zzmol EARE TE & AE Aol

(global score statistic)-<

_22_

o
-+

7

Je=d AA A 230 SAF



S=U,V;'U

B

>
K

ol LY W AF=7F Vo A (rank)Ql FlolAFEEE Edh E=d

T

of BAHFLE F=8HA 5 A HF(likelihood-ratio test statistic)¥} TALH O Z Z o

B WE AWSEFIGE PEHA GolE HEE AW mErhs

ol
2
H

L

ZFA A itk A iAol e 23 FAFE X9 kAl AR (component)

o

-

T A=d 2 = %,k/ I/ﬂ,k,ki 24 & o A{F=y
1?1 FtlAFREE B2u YRBANE FAHOEZ  EFAH I E(standard
normal distribution)E W&t}

T 5S4 pAA dwjAle] EdvF e ZE diAERED AnW e
Hojstd Flola HA A 230 TAZFS AHEIS ARG HBYo aA =
Aotk a2y Ed 3 LD(linkage disequillibrium)ul] o] dtibe] 54 dujAxn
= 2 A9 A7 A ZA&ete] A #AHAYES Hole Aol A
Zog Hu UARkAHQ wEo] HAZF 230 FAFS AHEst= Aol nwpEAHG

87t B

3.4 Chaplin "}

34.1 Chaplin ¥ /MQ

Chaplin {2 & Wydes 28 AW #do] UASs o= RHole 54
duj A 9] - (dominant), &7 (recessive), 3557 (codominant)®] &% &5 &
i Aol HWE JEi7h olyeol= €k %3 EM ¢18FS $83% ECM
daglES At AFA S & F AW Chaplin RS ECM €idFs
o]-g3sto] dujAle] RNEE F73 2E S ARYE S o] &t AW} dujA

e

o

[EU



Lo
r 2|
M
oX,
filo
M
2
rob

.

342 Chaplin oA dujx] NI=FH

dAHAT e nEY ANRAeRE olFold FEol HET ¢, FAT dHS
2 o]FolA v s D7 AWFFE vEdga sd D=0,19 #&<= 7t
AL G=ge MNAY BF SNPmulti-SNP)S, H= (h,h)E AN dujA 2S
gujgtta &b o714 Qo] 27F o] 48] SNPolA ol FHFel At A ol
o] SNP7} A=Hd dujAl % H=(h,h)e & F 8o S(g)E duiA %
{H=(n)Ed AFelgtx s h=hel A&l (LK) € S(g)E
(W.h) € S(g)9 &< 9us A "o

o

Chaplin "<& 29 $EE oj&aE W, #2d

%
g AW FOIAS Wel QWA FEE dehhu 4o e arh

Lops = 11[1P(G=glD=0)]" [P(G=gID=1)]"

g

P(G=glD=0)% P(G=glD=1)& 22z} dzxs B4FNA FAP] g
d oW ¢,% dE AR FHF g2 AT Je d2EH DALY Fol
o

P(G=glD=0)% P(G=g|lD=1)% 9w 39 nxgu sa [,E
Qe e FgrEE dgd & At 7,

puc = PIH= (h.1)|ID=1]e12k3 88 m % pi= 212 dz2s BAZoIA

I
!
X
I
=
=
S
]
=

o] dujAl & H=(h,h)o HEE JudtA =Hu
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PlG=yglD=0]= ; T
(h,h) € S(g)

P[GZ g|D= 1] = ;] P’
(.0 )€ S(g)

c, d
Lops = H ( ;} T ) ( ; Py )
g (hE)ES(g) (h.h') € S(g)

(hy, hy)
eh BT i

E ehlhzﬂ-hlhz

(b hy)

_25_

8 04 2 4 A 54 duAe 54
o _ PID=1[H=(h})]
" PID=0H= (h,1)]
H
ph,h,’ = P[H: (h7 h‘,)|-D: 1]
PlH= (h,I),D=1]
E P hl:hZ) D= 1]
(Fyhs)
ehh [ (h‘ h‘,)7D: O]
E 9}1 hy h17h2) O]



oty ARHOE 7, 0,5 BFOEA p, B AT F A Bk 99 42

NEHY FEFF Lo T & & 9lom e thed g

¢ d,
H( ; T )( ; O T )
g (hE)€E S(g) (h,h') € S(g)
E Hh h,y 7Th h

(hy, Ry

Lops =

T GelN T LyE olEsE AL LA REF Ao BAS A
4 % Qled Fod sNPoERE QWA FAT @ AT YEd +
o AuAlY 47 8 AR AdEe] gAY s F7 Augt 9 At
S(g)e Aol 57k BolAA A% APF QAT FAL 5 9 H31 AHH

o2 1,y 6,5 FAT F A Ak

facs

99 F9ge) BAT A@str] Askel RTAA AuA ol HWES wE

g JHgstd prb s ETelAe Al pe) iz @ A,
Ty = PlH= (h,})ID=0] =pyp,°lth. =3 g7} d¥e] #84S Hehle

2

24 "gola R-AAE 7HAM, X,= A WE(design vector)gtil 3}

Oy = Yidolm g¢) sl o5

¢ x5 d
11 ;} Py ) ;} e pppy )
_ g (hN)E S) (h,1') € 8(g)

Lops = / ‘ ‘ (6)

(3 ey )
(};;)

on REF WEAL FYS ANAE A9 4 AgeA Dok
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3.4.3 Chaplin 23

4 (69 FEFFE olgdt] AWy BUHL Yl 25 g9 ARE
AT F Yed ATAD H: =0 DA A9 BEgo g AL

ougtt. AFIHE S HASHY] flste] 2ol E(asymptotic theory)oll <7 38}
F 7R AR S 18d & e, stve =4 $ 7 (likelihood-ratio
statistic)©] 1L Th2 sib= ZWHAE 2~ 350] FA Z(robust score statistic)©] TF.

vmnl BARE LR=2og(L,/L;)o% R8T & Aed Ly Lyt 2

_1

72 AFAAT YA Aol Lyyedkelth AT sl N $EH B Fe

oo ANAFLEES a2 AFEE AP ASE FAAAFY Soh 2

pel a3E HAS] A AHeE F de OE WHE EWMAE &5 F
AFE AE3t= Aolth. Chaplin WH <2 Boos(1992)7} At A HFS AMEsIS
ow g ppol date 747t 2aeEE vliEske #A o] Hasit. go wg =

olx X, X 7tz thew gk,

X0
prpoye ‘X;LIL'
_ (n0)E S)

g s

Z PLPwE X3
(h.W )€ S(g)

ol
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X3
pppre " Xy

\g|

-

(h,l)

<
I

X

)php €

~

(h,

s o},

3.5 H-plus ¥

3.5.1 H-plus ¥ 7/H&

Heplus W& 2310 3Hs} 3442 474 993 874 999 mdd ¥
FT 5 ged WA BEoE b Sl EE G3eE S olgdte] LujA
o BEE 2 e AWT T 8o of@ #UYL HolEAE 2A2YY

ARNE ) £43 0. Chaplin W3 nfA7tAZ 54 dujA o a3=2 $4,
24, TFFA Al THA FHAdA 4 4 den dujA e #d o<l
55 THHoE IS W, AWHe #AEAH S I F I (penetrance function)E

A% 5 ZEALHIAYES o] &ste] A dujA, FH29S EAHAH. T

3.5.2 H-plus 23

I(hf, bz, )7y QuiAl (Al h}), BHF (z;), A5 pe T & 24

28 PRYFE G 2o

P(dL = 1|h/}} h?; Z; ) =

I+ exp |l a— (WL 1,2, 3)] 7

_28_



L

Fae 094 1Abold e 2w, AW AR FEL FHo=
I(hi b}, @, B) AFIHE] ot dd@d. (- )& ddss 72
oheat 2

AA, QuA Y wFE BRiA T A

4

flo

[(hzl; h?7 wwﬁ) = ﬂll [K(hzl) + K(h? )] + ﬂ?lxi

#i & F Aok AN K(-)e deiAE dHE 29T Acla (WA A
7h A #de] fles Hed AFIHE g, =08 A Ao

A, oAl EAE HuA & Afolnh dwbHl A dwiAel Er}
EAsnA she BANE 97t Boy Anse #Agol dujAt opz
AR oA ek & F ATk Aot olHF opAlete] AAFL AT
= (penetrance mode)o] @l $-4(dominant), DX (recessive), T4

(codominant)d] 37} 2 ®EFEG. A7l A5 A st duiAl g M- EE 37

b

A ARREsd wet g 2ol [(hi ki, 5)9 A€o Gk
dominant mode :

[(h117 h:?7 mi}ﬁ) = ﬁllK(h}7 h:?) + ﬁQ,xi

1 2 _ i
K (B, h2) 2{1 hi =h or hi=h
o 0 otherwise

_29_



recessive mode :

[(hzlih;zisz )zﬂI,K(hzlfhz)—i_B?,z
k(! h2)_{1 hi=h andh?=h

)
v 0 otherwise

codominant mode :

I(hi, hi,x;, B) = B 'K (hi,hi)+ B K(hl,h]) + B,z

1 2
hl,h2 1h—h andh—h,-_12
K (hi, i) = { 0 otherwise J

AR, dujA et FHFe] wsAES B & WE ;= (G5, Py, ...) ©lEt

I & o,
I(hi bz, B) = B [K(h) + K(h})] + B,z + By [K (b)) + K (R} )]z,

A9 Rde Al & i EE FHE AujA S} sty it usdds
A7 x8L + Uk

A @) A AT pe EA-
g g5 e 2ol 28 4 Utk

= f(d, =1|h, K z,) = 1
i = S =l ) = S T R )]

—0)1 ZA A% (logit scale)oll &l o] H HHHol

(A=0)n o
6(1—n)
3 v FATY HE, ne AA EIDAAMY AR Ad FES UeEdY

71 HH =+ log

_30_



(Prentice and Pyke, 1979). A<

i

248 o o8 A 7 GujAEG shtel

A7 EASERZ HIE7E 2 Yo A (common haplotype)d] 7} BE&+E F

Aol & AFe 5 ZolATE Ho|t).

36 AR 7|23 2HIFAA dujAe] &4 TH v

oA EF Ul A e B} FAFES aofstel wwstd o

Eiae

oo
b

s}

332 dufAlE ol &3 EANHEY ¥ FAE v

Method Linear Model Statistic

e SSA/(L—1)

HTR Simple Regression  SSE/(N—L)

Score Generalized Linear Model S= Uﬂ VEI U

Likelihood Statistic LR = 2log (Ly/Ly, )
Chaplin Logistic Regression

Robust Score Statistic {/; = qu (}q — })
g

H-plus Logistic Regression LR = 2log (LH(/LHO)

_31_



A2 Age FF AA(designZHAME ®EF=0] AW F79 22
7|1Eo® o] Fojthes WA FFHOo = &3l H (retrospectively ascertained) A

soly B =FdAe BEAWMHY AolE 7|FoE HFH (prospective), F3FF

HTR, &30}, H-plus S W F5u dWF #do] e FHI4
o] ¥k-§-® 4= (response variable)=, Yulj A= AW WS (explanatory variable)Z T-F
doll A A& mdolgta & 4 91om Chaplin ¥ AW #FF7F
) JujAY BEEXES AFRE B AR FES Figes Hox T
A 2dolgta AA4d ¢ vk ¥l 74A WS hEs] Wt % 3.33% 2T

% 33 YHiAIE o] &3 EAWY vl

Global
Method Trait Likelihood HWE  Covariates Reference
test
Binary/
HTR T prospective Pool No Yes Zaykin et al., 2002
quantitative
Binary/ .
Score T prospective Pool Yes Yes Schaid et al., 2002
quantitative
Epstein and Satten
Chaplin Binary retrospective Controls No Yes
et al.,, 2003
H-plus Binary prospective Controls Yes No Zaho et al., 2003

Prentice and Pyke(1979)= ¥4 A xzt &A= HEgFH o=z FAste
Aol FESTHE A% AFH BA PHol FFH B4 PHI oAAAR EE
e Bt a8y ol#Hd AYE LWyt ¥3kd
non-parametric distribution)s WEt = 7} Sto|l Tt A& F U3, weF T

Mol ¥xo] olw @ Aok Abge] Jbld Aol AFH BH gye T4

=
o
r
)
Me
H:l
@
2
c
I~
o
T
Q.
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4 WHEG a9do]x gth(Carroll et al., 1995). Carrolle] #4] ZAZE Ay

A EAel HEs) EH HWE 7FgAt@o] Aok Abgdo]l & < 9l& Aotk thi&

ES
o 2o mhejA AFH A -5 250 WY H-plus WH-52 HWE 7H4

of @ WstthrobusE FHol Atk b FAME A 3FAM =T WEE
& AAARE o §3te] Mms) B2 Brh
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A 43 AAASEE ol &3 #AAA

M
&

41 N8

AAAEZ 4 49 JABAAY FAADTAHAA R FAARR(E

4.1)% ol g3tel & AN =@ o] X PHo A LAY BAA
g BAsdt RAAAEE BABAT 9E AAEL HEoR

o) sNPo] EAstel LAAE TAT & A= 104 FAAAEE ol &5t drh

HAAFREL 33440l MQlvitt d5dE fFAAARS $7F 222 duA vt
BAHE 2857 g2 A7 EAEA de dAAE ASAE AT

383 BdAAge AT Ry v #2429 2o AAENd oA
BAARRT Y ¢ SNPF7F 370 o)<l A vk o] &3+ SNPF7F 270 Y of
AzA7} A8 shvte] SNPRto 2 dujAlE FASdTE AL on7t g7 W

AR EA A Z FAA T SNPo] HWE FEjlA] gelsf Hokoh ¢4
Az AS, FAFFE 0.05904 APME  G276T(p-value=0.046)¢} APOA1]

N,

G-75A7} AFHEE 7128 9t (p-value<0.0001). EL4AARE 9 F$E FoF
0.0591 4 APOA19 G-75A7} AX-71AE 71zt A

FN

o2 SNPE©] A#EF F(linkage disequilibrium)@A o] YA A B
gt ABFHAA Y o YE SAANALEE SNPFY dA#AAo] Q7] wWEd T+
2 dujAe) ousk ¢17) wEolg. AFIHAS SNPEO| ATT P T
dota e W, AEAE 0 HA4AL FA$olE LIPCE T4 SNPEO]
FHAE 1 ASA R YT (p-value=0984), XX E 1 HEAE FFol= LIPC
AFINEE 71748 A EJ h(p-value=0.982). wetA LIPCE &2 A A< stw
U 9o FAAARWS AAE A ALE-s AT

=
=

=2

rr
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41 AEBAEE FAAATAH FAAAE A%

Gene name SNP4 Description

A2400T(A-240T), C2547T(C-93T),
Angiotensin I converting enzyme ACE 6 14094(ALU 1/D), G14480C,
A14519G, A22982G,

G-217T, A-20C,

Angiotensinogen AGT 4

G-6A, M235T(T/C)
Arachidonate ALOX5A 5 T-1414G, TVS1+18C/ A,
5-lipoxygenase-activating protein p IV52+105C/T
Adiponectin APM 2 T45G, G276T
Apolipoprotein Al APOA1 2 XMNI, G-75A

C-1390T, T-1131C,
Apolipoprotein A5 APOA5 5 G-1020A, G-3A,

1259T/C

. C-629A,TAQ1B(G/ A),

Cholesteryl ester transfer protein CETP 3

1405V(A/G)

5128R(A/C),H468Y(C/T),
Endothelial adhesion molecule 1 ESEL 2

L575F(C/T)
Hepatic lipase LIPC 2 C-514T, VI5M(G/A)
Microsomal  triglyceride  transfer

MTP 2 5A/6A,C-1562T

protein
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A+ —

A

n

XA

X

]

n

XA

X

ol

3

hs
M

as
X
B
i
28

hs
M

as
i
B
i
28

61

509
515
86

823
867
35
35
795
25
857

1332
1382
121
121
1266
86
1373
568

485
511
80

786
839
35

ACE 1271

AGT
ALOX5AP

32

1350
115
119
631

86

APM 34 85

APOA1
APOA5

635

471
61

445
59
412

186
23

82
1169
449
659
298

204
119
648
803

516
281

757

CETP

227
833

252
469
248

197
190
50

ESEL
LIPC
MTP

474
476

1307
1101

625

A 3 A

=
=

At Aol BAA el

W7 Q)

toll A A 4?1 7 (global test)E

o

o
=

b2 ork

9|

o}

Rtk 7%

421 SAASAA

3

= 717

57k

o] fltt=

4

4

EELERSEEE

H o

o

Alo g wHla

=
-3
9

=
=

o, ACE7} #dAo] Jd& ASFE gkt SNP

o
=

FFES 0.052 3

ki3

]

7

SNP<poll w2} 10 A w]aLs)

=
=

43¢ A3}

-
3t

3

otx7] 9]

o}
=

£4¢

)

w}

A
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HAph(ad 41 - 29 44). &34 vuE 93t FoAFE —log,, S A
i —logy,(0.05) = 13010122 —log,, 5 HT o] 1.301HT ZW adYo

duj Aok #EAge] g 2 5 o

¥ 43 gHAFAAN FHLAS 1

o
i

a4 24 27

HWE p-value HWE p-value
SNP+

pool HTR Score controls Chaplin H-plus
ACE 6 Yes 0.19 0.015 No 0.029 0.043
AGT 4 Yes 0.62 0.470 Yes 0.486 0.465
ALOX5AP 3 Yes 0.84 0.841 No 0.891 0.886
APM 2 No 0.70 0.709 Yes 0.878 0.636
APOA1 2 No 0.39 0.488 No 0.583 0.456
APOA5 5 Yes 0.07 0.068 Yes 0.141 0.247
CETP 3 Yes 0.21 0.210 No 0.287 0.214
ESEL 2 Yes 0.87 0.930 Yes 0.932 0.826
MTP 2 Yes 0.98 0.812 Yes 0.935 0.928
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-LOG(p-value)

=
o o N

=
N A

Wz

Comparison of Method for Haplotype(Total)

888
ESEL(2) MTP(2) ALOXSAP(3) CETP(3)

‘DHTR OScore EChaplin BH-plus ‘

a9 41 FHAEANAN ndAI dujA e #EY £4 A
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-LOG(p-value)

Comparison of Method for Haplotype (SNP humber=2)

2 -
1.8 r
1.6 -
1.4 -
12 F OHTR
1k OScore
[ Chaplin
0.8 r
MH-plus
0.6 r
0.4 r -
0.2 - '
APM APOA1 ESEL MTP
a9 42 FAAFNA 2709 SNPE o] &3 #HAA B4 dx
Comparison of Method for Haplotype (SNP number=3)
2 —
1.8
1.6 1
~1.4
(]
212t OHTR
7 1k EScore
£ B Chaplin
U 0 8 |-
oY [MH-plus
| —
''0.6
0.4 r
0.2 r
[T emm
0
ALOX5AP CETP
a9 43 ghHAEAA 3709 SNPE o] &3 #Hg B4 A
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Comparison of Method for Haplotype (SNP number>=4)

2 —
1.8
R 1.6
R OHTR
Ig l'i : OScore
% 0.8 EIChaplin
S o6 - mH-plus
" 0.4 |
02 |
0

AGT (4) APOAS5(5)

3E 44 FHAARAA 474 o]} SNPS o] &5 #HAd 4 A

Y 41 - 7 44904 & 4 d%0] SNPF7F 34Y wf mE Wy o] Hls:d
AIHE HAFAT. SNPF7F 20| A 4017491 7 A
o7 Hol=dH, HTRYH O] 7 dd#HA X3 A3}E HJIL SNPF7E Bopd s
E o0& WA Aot AejAe AR B

o
9
rr
o%
i
Y
Lo
)
L
N
X
¥2,
rr

o
|
ol
>
@)
[ws]
m

o
ot
o
O
i

g ke e Held 71 BEEe gel Aoz Helt,
APOA1, CETPS AGTY ZAFHE vlws] EW, HWE 713 AME S m=2x &S
o= 230 WHI H-plus WH-2 WUt &2 o2 ®oly Chaplin W

e 9Fe wol W AL B 5 Ak ok YIAE AFAR FFH wa
o)

®
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EdHAFNA 370 o]4de] SNPE 7Hd FHAAE o8t ndGH dujA
o HHEAS EANsYr e ¥ 437 2o SGAABNAMG wIAIIAE {9
G5 —log, & AstAA THZE G ATHZE 4.5).

¥ 43 ESA AN FHLRNS 2 #dd 24 23

HWE p-value HWE p-value
SNPS=
pool HTR Score  controls Chaplin  H-plus
ACE 6 Yes 0.22 0.149 No 0.094 0.129
AGT 4 Yes 0.63 0.479 Yes 0.493 0.463
ALOX5A
P Yes 0.83 0.797 No 0.857 0.900
APOA5 5 Yes 0.03 0.071 Yes 0.537 0.220
CETP 3 Yes 0.38 0.378 No 0.384 0.629
Comparison of Method for Haplotype (SNP number>=3)
2 -
1.8
. 1.6 - -
ERS A OHTR
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ABSTRACT

A Comparison of Association Analysis using Linear Model

between Qualitative trait and Haplotype

Han, Hae Ree
Dept. of Biostatistics and Computing
The Graduate School

Yonsei University

One of the recent methods for evaluating associations between genes and
diseases is using SNP(single nucleotide polymorphism). Since most of diseases
such as cancer, diabetes, schizophrenia, and coronary heart diseases are
complex traits, methods of using single SNP have many restrictions, so the
construction of haplotype which is composed of multiple SNPs within
candidate genes is suggested for overcoming these restrictions. Especially, when
SNPs are not independent and these are in linkage disequilibrium,
haplotype-based analysis is useful in association studies.

Since phase of haplotype is not unknown, we need methods which estimate
haplotype frequency to resolve this haplotype ambiguity. Nevertheless EM
algorithm is most popular because of stable performance, estimation using EM
algorithm may be failed when there are number of SNPs. Furthermore, ECM
algorithm and EE algorithm which are applying EM algorithm are suggested.

For haplotype-based analysis we compared HTR, Score, Chaplin and H-plus
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method based linear model. In addition, we considered incomplete data set
which has missing data and chose models which included genetic factors and
environmental factors.

In order to compare results of four methods, we used Cardiovascular
genomic center data and hypertension as qualitative trait and observed some
interesting results that the performance difference of four methods increased
when the number of SNP was small or large. Moreover, HTR showed
inconsistent results and Chaplin was considered most conservative method.
When SNPs is not in HWE, Score method or H-plus method are
recommended. Moreover, when we considered environmental factors, we knew
environmental factors affected association of haplotype and disease and the

difference of Score method and H-plus method was not showed.

Key Words : Haplotype, Association Analysis, Linear Model, HTR method,

Score method, Chaplin method, H-plus method
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