1. REUAEA AIBHE JI2 018

Jt. Hardy—-Weinberg Equilibrium

Bt QIRACA SEX-EHEH NS At M(association)8 HFPE O JrE HAY HHOIGHOE &t
= 20l KA 2BEQ GIC-2ACIH I HEOICH STEANS SH0-2A2H 1 BEo|g, oy
Ol AxFL U0 HEGHA H=0EH SENS RKEXNE Bic= BGHA G0 BEHE OI2H S 2
OlStCt, MO UPEHN HIJMMA JHE ROl AIBoleE HRAAHC SXN-UXZ AR WE
SO OS2l 20 fAEoR HEZZ20MA REXS SIC-2ACIH] HEEZ 0F=XNE Tt2atAH
st

Male gametes
Allele A a
Allele  Freq. p q
AA Aa
A o} 2

Female P pa

gametes aA aa
a q )
ap q

PO Y HEREX AQ HESAI BICE pat 61D ESAEX a2 UESAX YT
€ qch ot®, p + g =1 0l EC SICI-2A2HT] HEMEMAE AA STEXE BT p?, Aa
o EBl&= 2pq, aal ElTE g%t =0, M MO LIEE &5 100 S0t
(p*+2pq+q?=1).

POl AFES FAR IS = MZAZS UEHHE UHYSIXC A= ZHIEZS UEIUS a0l O
ol LEOICE =, AAQL Aal!l AIZ2 HAMZ2 XILIXIS aa8 XY A2 2HIL-Z0ICH 2HIL
S 20,0000 & ¥ B2 LIEICH Ol248t AN HASIEXS SR HITE =

HES JIFSOM, aaQ PlTE 20122 q%=1/20000 OICt. matA
WEREXL AY BIcE p=1-—q=140/141 Ot ECh.
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s OlCI-2HQIH ] HH2 XA

® WHle PEAAEZ 0|RI MO 8L SQBOl= MK (=0 @ 0L 0IFE0l AU
o{of &

@ Hesdds dge gy et 2als

Ol= =01 HEotX Felh

® Test Algorithm
HO : HWE , P(AA)=p?, P(Aa)=2pq, P(aa)=q>
BEEg -7 2
IR G L AL

-

UNRE = (REEY M) - (FEE 229 W) - 1

OF 8tCt. ® E=&HS 320t ACH ® MM

= Off A
N5 gl T
CHEFgL 7| CH &k 2HEgL 7|cH gt
AA 298 294.3063 @ 0.2980 0.2943 ®
Aa 489 496.3875 0.4890 0.4964
aa 213 209.3063 0.2130 0.2093
total 1000 1000 1 1

e g & gz (allele frequency)
= (2x298 + 489)/(2x1000)
= (489 + 2x213)/(2%x1000)

HE2 BlS(gene frequency)

p(AA) = p%?=(0.5425)2 =0.2943 —-———-- ®

p(Aa) = 2pq = 2x(0.5425)x (0.4575) = 0.4964

plaa) = q=(0.4575)% =0.2093

JIthgt(expected freqeuncy)

AA = p(AA)x1000 = 294.3064 -————- @
Aa = p(Aa)x 1000 = 496.3875
aa = p(aa)x1000 = 209.3063

0.5425
0.4575

10

> SYSAY

2 _ 2
298 —294. 3063 +J489 496. 3875) + 213 —209. 3063)* =0.2215

294.3063 496.3875 209.3063
ARz =3-1-1=1
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Lt. Linkage Disequilibrium

HEOR HI8Z UA2H HMTE(linkage equilibrium, LE) AtEiet otn, I
HI & & (linkage disequilibrium, LD)0I2 8T HMEE AEHHIME A2 T

REXC HEEE (alele)2 NZ SEXHSE EBUUN &2 Mt haplotype2

Py

B 2 Y8R PIEo J0| 90 0l O, SRS HWE &S JHEEHCH

FAMEBYE JEHAM & FEX A BY haplotype BlE= Otel EDb 200] LIEFHCEH

Alleles of A gene

Allele A a
Allele  Freq. P4 p2
AB : aB
B ai
Alleles P1ds P20
of B gene Ab ab
b a2
P1d2 P2Q2
FRAEL A HEEE {A al2 249D SAX BIF A {B, b} RATNAS M, CH
Sgd g% PIEE 0.09, HEHE b BIEE 0.122+ S0 MBS AENSISY HEE a9 b=
SAU XD AE ERE 0.09x0.12=0.0108 I+ ECh J2L &K ARESS XAlst 2
HEIRZE a2 bE SAM XD Us PRI 0.07 2 =X UEGDD SHCHY, LDAENZID &
%= QUCtH.
® Test Algorithm
(1) AITEHS A2 Jocus 11 201 CHaH XAISHY CI2D 22 H2 Xg|g 4 UL & 8

AL 2% hetero 2 HLR, 4589 haplotypeOl MATN S}
§, k5= kSAB +kSaB +k5Ab +k5 ab -

Locus Locus 1
2 AA Aa aa
BB k1 k2 k3
Bb k4 k5 k6
bb k7 k8 k9
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(2) 2&E haplotypell 48 B1&= CiS1 20 dai=

A a
B 2k1+k2+k4+k5x8 k2+2k3+k6+k5as
b k4+k6+2Kk7+k5ap k6+k8+2k9+k5ap

(3) K545, k5.5, k5ap, kK5, O BIEE OHCIDY, LDOI CHEH 2ES JOIRNS2EN 2HGH £
SEICH OIJIM D= ZEHTE LIEFUCE.

HO : Linkage Equilibrium : P(AB) —P(A)P(B)=D=0
> (B&zk— 7o gh)?

7] o &k
AsS& = (haplotype M%) - (FEHYE 249 i) - 1

2
~ Xugs

Ct. Haplotype2l 20iQ ERH

SNP(sing—nucleotide polymorphism)e 2I12tH =0 A 250 7 350bpIt A
SN SHHOIF HDI| Eﬂéml FUE i SB56tC. =20
(complex—trait gene)® LI ASLS0 FSS F= RKEXAFUA 222D ACH DL
o SNPlteE RIXZH0N oSS =C. @2 SNPIF XY HEI AR e XD, O
il SNPII AN U FBXHgene)2 FR & SNP= UGHXI SNPEHSl LD(linkage
disequilibrium)® 2Jt RAI%3] ME0ICt. 1222 QI¥S SNPES HEE A§ S haplotype2
Ol8s RAXN2AH0l RFAEL. X2 LHE =20 AS haplotypeOl SNPOI HIdH 220 &
LOEESE Z&otd AN haplotypelll 28t REX 2401 HS 2Hst) 2HAESES &0l
QUCHAkey et al., 2001; Daly et al., 2001; Pritchard 2001).

x
=2
o =

e
+ K

J
ot

® Haplotyped =&

SNPE0I LISt E2J =TS WM, haplotypeEHEHE N6t HUHS2 3N 4HKNZ Clark &1
., EM(expectation maximization) Z1elE, c>MtHIOIE(pseudo Bayesian) 12|80 M=
BISIEZ E22Y(hew MC)Ol ULH Clark €12IE2 haplotype? EFIF H8 M Jisdt

SEtl(phase)dt S HOLEH AMEGIO haplotypel S22 MALIZICH EM LDe

£ Sl haplotype2l BIE2ES FHole LHOZ T2 SNPXIZ 0|l XEH5tCH S AHH

clE2 EBEHQ #EHE HHOl pseudo Gibbs sampler(PGS)E £&&HCt. PGSE &2

=

0l E85H0 2N F LD2IESL20U S2H0ICHStephens et al., 2001b).
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2. Association A3

Association Studies

fpailr Analyis)

Contrasts between linkage
analysis and association studies

Association studies

1Based on concepts of linkage disequilibrium

13 Exploit consequences of recombination that has
occurred between a mutation and a marker
some generations ago

1Work on unrelated individuals

1 More powerful statistically for modest genetic
effects

Source: Risch ef al. Science 1996

implications of possible association

The targeted allele is a cause of the
diseases, or

The targeted allele is in linkage
disequilibrium with the disease locus,
or

Artifact of population admixture
“Population Stratification”

Nothing to do for disease

Contrasts between linkage
analysis and association studies

Linkage analysis

{1Based on concepts of cross- over

1Recpiire family data to assess recombination in
observed data

C1Need large sample size for diseases with modest
eereral effects

Source: Risch et ai, Science, 1996

Association Studies

Case-control studies based on the
comparison of allele frequency of
candidate genes from affected
individuals (cases) and unaffected
individuals (controls)

Candidate genes:

r1Genes known to have “close biological
relation” to the disease (“putative
susceptibility genes”)

Some pbssib!e modifications

Perform in populations that are
relatively “homogenous”

" Use Unaffected sibling as controls
Use “internal” controls
Cicase-parental design
0 Trio design (TDT)
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G X E Interaction

Designs for detecting GxE
interaction

Interaction is deviation from the
expected combined effects of
genes (G) and environmental (E)
risk factors

G X E Interaction

Gene x Environmental Interaction

Genotype Genotype

Exposure loo

Exposure o
+

G X E Interaction
Testing for G x E Interaction

Multiplicative
Ul =" g,

OR,; =0R,, * ORy,

Test Ho:
ZIOR int = OR,/(OR,* OR,)=1

G X E Interaction

Different concepts for interaction

Biological (Ottman, 1996)

11G alone increases risk & E increases that

131G alone has no effect, but E changes that

1E alone has no effect, but G changes that

1 Together G & E increases risk but not alone
Uindividually G & E increase risk, but together

itis far worse
Statistical
“iAny deviation from predicted effects of G& E

G X E Interaction

Testing for G x E Interaction

Express |, as a function of the other
rates & adjust for baseline incidence |,

" Additive Model
tHgg = lgo * hoo - foo
DTOR, =0R,; + ORy, -1

Test Ho:
;JOR int = OR, HOR, 4+ OR,,-1}=1

G X E interaction

G x E in case-control design

Genot Expos Case Cont OR  Informatio
ype ure rol n

Yes Yes b ahibg .Jointeffect
of GxE

Yes No d chidg EffectofG
alone

No ehify EffectofE
alone

"No 1 Reference
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G X E interaction & : i G X E Interaction

Designs to detect G x E interaction Case-parental trio design

Case only designs “pseudo-sib” serves as control
i tests for linkage & linkage disequilibrium
Case-{unrelated) control d.e =igns between markger & unobgerved susceptibility
Case-(related) control designs locus
Case-(parental) trio designs * Avoids problems with population
_stratification since pseudo-sibs are matched
for allele frequencies

Andrieu et al. Epi Rev. 1998: Glodstein et al. JNCI. 1999 Can incorporate G x E and G x G interaction

Family-Based Studies Family-Based Studies

lysis
{Haseman and Elston's Linear Maodel)
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