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A W71 JEHATE F2 IR eEy
o AQe sk, WIAD] BAYL Wy
FEsger &, ALY H4P8A (F,
<5, ZU2HE, ¥ S #Evn, 1 9¥s
Ao} B #HejE B3 U A AH] WY F
€ A2AZAN (Marmot, 1984; Burke, 1989).
gy, A HAES A8 w2 AuE
Holz Qlth. o), 2E¢ AFHATA 25 w3
7 flgale] Awubyel AR S MHuY & Qe
wok ohe} FE 8 AL Azhel] whek Al&H o
2 Hzlgitde AFdE 73 S-S Jekdoh
A T APl Ao Wit KA
AFe YA RAAAS ol =S
Z gk olda}, dizl g R FRAEEHE o
Aget WA gete AdE /AL Yo &
&, A FéE%e ARAE A n Ao
£ Ro] AWdAL 9% dezde d + o=
FE21S 2 & ot 2ez, SHAAAMRYS
71 & olglay] fsiMe 4gATE B 834
AEaAH fFAstelM vl fFHe] g A
< 7 ol8slm, o] ¥7iAY A3 FEAA] 1y
stejol & Aol zejuv, AR AHEA 9
HR Aol vzt {HAA AFrE 28 ol
o] Fo x| ¥gt7] o] oo gt ool @
g A7 Bastin B

JAHo g 2 of Hg3 FAHE FEoke M=
2RFY FAAGE o] geon 24 H2 NEE

X Mot

AMcistn wivishd A8 g Ay el oo

SEEolR Uehd o] fAdsteln), 1978l
Mortan® Chungel &2 #3923 (genetic
epidemiology) ©l2ke 801& Alg% vl 9len o
F fAggel Fojet Wl sl FAREZ e o
&2F Aolg Heolx itk WA fFAAg)H AT
g g AW AU {FAH
82le] EYPHQ Ay AFage dFee Bof
24 Fodrh fddgte Mg e g s
9] A 71ag v AFAGAA Fuday
2 JdWstnat ste BEE AT ok §A9E
fofe] whA 2 HZ RaH(molecular) F+EAA A3
Aol ol Al &), A, A® F& 7}
84 ¥ AP B2 (molecular biology) 9 34
@ Al ol HEEE ) AlFE . Aaye
2 fFReEore BAFEAA fazidole) A7
o} AgtEokel e A&HAHA AFgagl gaAT}
AAN goz wHARAY S olFstn, F o
BEsA DARAEE Fotled Ar1Hy dES
g Ao 7ivdr,

2 nddNe FHARA Aol AnkEl
ojge} aFME ¥ FAGAG RN sp
ol Al e FAAR R EM S EA] Ay
oyt AWl g acle diFd KA A
(genetic mechanism)& =elst= WP ol olsj ot

% of pekafol tiaja] Yolus| g},

1. SEUSE 7uYE

7k REge &4
=}
]

— 95 —



— A3 FAGER A7y —

F4 % (population genetics), ez FA2)F}
(medical genetics)Zhe & Al7FA] §4of Uch
AA, F2 BHEHLAE /A1 A7 AT
o #A890% ¥Idhe el QA7) o)
Aol R, EA, vAEeY FEo] ohd A7t
AR E gz AFIGHENA AFHEFA g
tan, Wl e FAHTe] ofd AFHEE o
Aoz grhe HoA A% th2r.

L, SAssiolM e FEugslol

71E0] ddde AW TYLAE F2 F
@, SF, WA F 84 893 WYy vgBe)
1} nfelzael e A4 acle] FHE FUAG 2
et FAG Sl E AEale] HAE uS gyt
o DNA®A 3htel FApulelA (molecular base)
7t AZEHS Jed $ de 9Y FAA(single
gene) ¢t 0 W& W9le] A wlojsl 22 fA
289 nelm #4325 fAyagle] §AUe
o1¥ (multifactorial) o] itk tild& {212k
7} AAgke v gel wet m Fd&(high heri-
tability) % # #%d&(low heritability) 2 75
1 glth(Table 1). #3&L EHY ®olF /4
QAzjoll 2lg) sl ¥ele] Eg2 A9
At Helol My

Fig. 12 f#A93ATdA F2 AHESHE A2
HoR, AWAMFE FHAAT o2y 3
(top down) ¥ FAAATREE F o2&
38 (bottom up) el Utk frAGsrATe) |

ct

Table 1. Etiology spectrum from a genetic viewpoint

TR AL B2 AW B RE F
Fol AE 8RS0l 1 thdel @ F Urk olw) A

Human disease

=
i

It's risk factors

Top down

Familial
aggregation

Etiology of
familial aggregation

Genetic

Segregation Analysis

- Mode of Inheritance
© Major gene
@ Polygenic

-

Linkage Analysis

location(s) of susceptibility
locus in genome

? Molecular base

Bottom up

Interaction
between
genetic and
environmental
factor

Genetic
Counselling

Fig. 1. Steps of Genetic Epidemiology

Category

Examples

Molecular (single gene)

Inborn errors of metabolism (PKU),

AT at 6th codon leads to Glu-Val substitution

Chromosomal
Multifactorial
High heritability
Low heritability
Infectious
Environmental

Trisomy 21 Down syndrome

Isolated birth defects (Cleft lip and palate)
Coronary heart disease, COPD
Bacterial, viral, and fungal infection
Radiation, smoking, alcohol

Source: Khoury et al., 1993
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olu Auel fidaclel /ERNHAEE Y W /A
getdTe AlRED. YA BY Al $-
A M5 908 Wile do) Fasith &
X9 9Ueg #3134 a2l (cultural inheri-
tance) 3 #4389l (genetic inheritance) & &
4 otk d g W gl E Yol ¥ 9o} 7}
Zoll A} o Aol ol vehed 4 Jlenz Huz
M= AAEHAAGo]l B 4 Aok 75 (fami-
ly history)3} 44 7ke] BAE £ A4 (Ferkins,
1986) ol Edis2A 844 89g SAsA &
F% 71589 9u|7t Ha AlRE Bgrh ole
#7475 aqle] AR NEHALE Hole Esht
9} doje}, ey #AA 8Q& BAF Folx 7t
ZR AN AL ol de A4S #17 714 (genet-
ic mechanism) & @oh7] gl faz £EY
B4 (segregation analysis) & 37 ®ch

FAz ReRy ¥4 %22 §HY (pheno-
type) & AE7F GUHHA} (single gene) & ©
/A2 polygene) ol o8]l BEFE W=AF 93|
32} sk Aolth oW E@HL) Ago tisiA
3 FAAHQA BRI glE A9 FruAge ey
e 712HQ FAF fRA A o ARE
AFs doh g Y, dd-HdAr £8¥9
Hole} @] & S ¥94% (dominant), 4
¥ (recessive), &3 (codominant) & AF T 4
gem, oldutd A7tAl fHBAEY (mating F&
genotype) 2] B#E AAlEHA €t

4dY FAREYRYEA o] B FAA QAR
A (linkage analysis) & F3j4 AWa Ad3le
FH{A2candidate gene)'t DNA marker®
AFE & A gk &, Aw3 g€ e /A
2o} QAo AAE FetEA He Aol
olgid Axe Zulz AW Addte dHom AR
HA g AP EEEQ AolA FaAle] S x
ARAQ RS AFsA =He ok, AFAA
AEg o]l Aol {FHARNARR ol2e F4
Hgte] s34 AF(top down)oliL HITRZ X&)
= 3o AreRA (bottom up) @Folth 2 I
ol FAARARY S T B n /A
A 7140 tishy FAH ez golrr)R o)

Mol

II. REXIE2|24 (Segregation Analysis)

FAAEI RN L RAHCR AztAMe wHde)
A 1¥A, &, fde 2EREE ASshe Rl
o AEEY, ASolMe FHEFe] dde] F4
WAE B2 E Doty Aoz AARERR
B FAAL] fAAEAYHE dobd & ek o}
e A #ANE FEYe 2L F 5 2
 FAAEG1EE gdite fAE Wz ¥
7b =52 3k

I} 25

e RS FHP BXo} WHolrt vy
272 (locus) ol 93 FFE LEAE Yolie R
olth. 714 2F 2 FHAE AAEn Ue X
224 AT, 2FAE AL F3 2e AN
o2 AMEHR gtk 71N Sahs REAE fA
A (genetic inheritance) ¥ % U3 T 72
Q1 94 (cultural inheritance)ol 23 ZAAY 5=
5 itk gekr gk dd2F o] o) dge] ©
ohH o)l AR FHAL 2AF AJAXE o}
gk, ofw) fAztel 93 AA A4 FYRAAY
A, ohd HrkA #AAHQ 89 Ay AR
o1 ¥ (multifactorial) 282 {4 (mixed) =
YA g ga|A ok

L, §Y 2™ (genetic mechanism) 2| &7

RGN HF uelaz se A TAY9)
Wol7} AdFAY2 o] o dUHAA(single
gene) 9l S BeA, oliwW e {FAR
(polygene) ol ol8 F&Fg Wexolt), ol& 3
A oltte] BE 7ted fAUE s Fe
WS AMRT &, bR fAdEHRe S0 B
32 $4¥ (cultural inheritance)d & 4 &
o &3 $AHA agiqloix Bdty FHAo)
whA] fde] o A FAHP Mol Zgoir}
YA AFR us} o] FA, &F, F, @
Fo 2oz Qs Axdado) FAH S Jehte
Zgoltt, e fHddze dUdY #AY
{multifactorial inheritance) &2 te] f4
A% (polygene)ellth £3XfH3ol Axd ey
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olk, dAE W& WgAPo] o] &yt v}
Aoz Y FHYE (mixed model of
inheritance) 7} Ed ©AdFAAFH A BAY
#A¥o| §H Yok,

cl FARZERYHAM ABEH= 2% (model
parameter)

A Benge A} F88 g R¥Y
Wol7} fAzte] o8] dE ¥a Aotz s E
olwf fAAte] WIE(g), mating@eiel =& A
(/t), ), fAAke Aol (), 7tEF AT

52 2Yoxe] B2 AlEshs AeoltHKhoury,
1993).

SEXel IERS (frequency parameters): &
AFAAY A AFHDAN FARY WEE
Hardy-Weinberg equilibrium (Hardy, 1908)$

w2 goh dEEW dYAAZ A%k B UE
A HERee o o) Atdr o7
q=1-pelch

f (AA) =

f (AB) = 2pg

f (BB =¢

SHRHENH HF (mean): TR JHE
2 4% 29 F44 ABY 2ol #48a AB7F ¥4
A A% e # dv 7H5F mating T2
AA, AB, BBeli o]zle] dide] fay3e nE
7S zhztel FEPe HHE pm(AA), #K(AB), m
BB & 7FE + Aok oW 1 (AA) S #(AB)E
2o JHow ¥& A% AFH (dominant) B8
o] 911, 1 (AB) % (BB & 22 HHoR & 3
° AN $A8 (recessive) ZHol M, 1(AA), »
(AB), 4(BB) &7o] A2 g Hig By 4%
Z%3 548 (codominant)°] ®c}
Fo|24(transmission parameters)
ol & Al7HA] mating®] wHE :r"iﬂli F212H3
gyt Rraie A Mol 8§& ofv|vith
Z P2 (allele) AE —rS’.i—rEi A2}l Al
Hold ste& (3)(1)&,}3 T2 E*I% ] A el 7h
g e e #Ee o 2o

dde} »

=
A= (=3 3
T el R

Parental genotype P (transmitting allele A)

AA 1
AB [ 1/2} =
BB 0
Z, 2dfaAst A ddel fFHyAE
mEchd MolgE2 r,(1.0), 7,(0.5), 7{0.0)7F
dch(Elston, 1980). °]2g Aojnse fFaizte]
FHEL 22 ez M He 3 FHAE

RN EPPe B e 25 5
sdch

BEY wolol BM (variance): fAd 2%
Az BFAQ 2900 elg Fite] FHA AME
2*(@%) ol 31’:@/"\ E3}oj AT}, ol gt BAke

Foll FRES ANE o E22A AHSE
7|—‘-3 | A22A (familial correlation): ¥-$-

A5 ARBVAEZE veplle 2547 xRy

ol E‘Z}% dch F2 #FAAA JeE vehle

w]-¢Rp2E AR (e, spouse) BT FAHQA
FEFE dAdhe F2-2 AEBA (g, parent-
offspring), 1213 A4 E3zte] ABFA (o, sib-
ship)7b 1€ & Atk o PRz Fo A4
W, 2 2R (o, )2te ABBANAE FEEIA
& 4 ik

aL RuA 22128 EF
{(mode of inheritance)

1) et 2@ (general model)
FHFe A0l Y ¥& o vhdy 22
A 1% du wgolaly 3o}

Y = p*/ﬁ*/‘z*/‘s“‘z*'fﬁfz”aﬁ"s o Po0 P Al

2] 18 9 AEE FANEE RN ALEE e
B2E 7Het 24 XgEojn JuzA xd¥
WolE 7 & A9E 4 e AHgn Be 3o)
th oS HARAM o 7HR] BFE FoA B
wa} AgE T3 (restricted model) & THEo]
ubA wya vlg AEste B Aolch oW EE
LRl °éﬁ% ul sk} flsted 1ot AeHATF

AaolA] ZHEYel BEWUS (confounding vari-
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able) 2t Y27 A4, <1289, 43, FQ, Hw
&, & 5% BANE 2EyYe Tr%i?{h:ﬂ!?_*%ﬂl
A ol &, YZ ARSI

2) cERUREY (polygene model)

FAANEN R F s AaP Z¥Fo shio)
. &, % 7|29 g BHEAL Mt
MEZQ F@AFH Bilozwt o] 2]z dARPHRY
(unimodel) ©] 3+ ojlo|th, ZF o7 fHAe =
2 @gEe] ¥t o s RN vlx shute] YiEe

olFe AAY Hole Zfoldh EE olRe #A
A7d e APl adHEE 2Y 4 de Re
o, g2t 71EF A8 248 vAdes ¥
FAAGCEA BAHA AFI FAHY JFgE
gotd £ Slh olw) RE-xpAS) FBHA 0, T
o] g3la] §H& (heritability) & thaat e F
2ol o8 A3 4 thH(Demenais, 1989).

(heritability, h%) =2 * g, * (&*/o)

4 2

(<]
1

714 oy EAYe] DAYl =, HH807
A adlel g B4 ovlgi) e B B4
€ TYHe 71T 22 B4 9ol o wjeA
2 BEAsh FAo A% To ANk FuBA
€ TYF mYPolMe] BAolth, Table 29} 2

w—ﬁ-z'-?-"fﬁ

FRAGY APy —

9] AfollA BR-zRRYe] FAWA 0,188 o) &3t
A oF 36%° KHE&E E2¥ 4 U} (Coresh,
1993). TDURTFEHS UAutd 2y vlmsiy A
AP A3 BASHoE folshd v wUdHw

B A 23D Alelr)t Uk &, fEAEH
ellX o} EEY S TUARIRPo 2 Aushes A
€ $7 4tk ATE A "ot

3) chARHEXY 28 (major gene model)

FAAEI R Y Fad BHe F¥Y
AgoM GdfAR el 9F Gkl Ao °1r
£ WolE dolth BURAHRY AL A 7bs
g mating Fele) A7te] B (4 (AA), 5(AB),
% (BB)E Yehle 248 Tgadn sloda] 4
el Hdez FAE 28 (three distribution) )
2nz gk =3 gUfAArE Ade) §Ax A
ol#ES WETa 7Hgste Hol 24 (transmis-
sion parameter) 7,(1.0), 7,(0.5), 7;{0.0)&
I =3 AEF B ALE T89S 5 3l
ot 2%, dUdfAAE nyeMe A8 A
ol &fnj7} giAl Vg = ek

HH 2% (environmental mode\)
of R¥e #ZHAE tEfHARgolens ahw

23 gEd e |4 Mol #8528

7,(1.0), 7,(0.5), 7,(0.0)cl#) u]

=
()
R

Table 2. Results of REGC analysis of apoB data on 116 families ascertained through the Johns Hopkins

CAD family study

Model qL ML MM H ¢ L TLH THH A, Poo 2ln{L) X
1. Unimodel (.o 150.3 1,324 €0 0) 83421 46.1**
2. Unimodel (1.0)  150.4 1,323 0.22 {0 83331 53.1*
3. Unimodel (1.o) 150.7 1,328 0.24 0.18 8,299.3 13.3*
4. Major gene 68% 129.0 161.8 199.9 813 (1.0) (0.5) (0.0) 0.3¢ (0 82933 7.3
5. Major gene 69% 130.1 162.2 200.0 851 (1.0} (0.5) (0.0} 0.34 0.02 82932 7.2
6. Sporadic 71% 127.6 166.9 208.4 671 =qL =qL =q.. 0.46 0 83204 34.4*
7. Sporadic 47% 136.9 137.0 1850 930 =qL =qL =qL  0.37 0.18 8,290.9 4.9
8. General 74% 126.4 1680 209.7 706 0.80 0.60 0.42 0.50 0.12 8286.0

ApoB adjusted for: age, sex, age’, sex’age, sex’age’, body mass index, alcohol

consumption, and ciga

rette smoking. ( ) indicates the parameter was fixed, *p<0.05 **p<0.001

1993

Source: Coresh et al,,
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A2 HolBEY AR HE (g e Mol
E& olgdke Aotk o] BF dA A7EA] sk
mating BE19) 429 HFE$ vehle 25E X
gacn X A e HEor FAHE 23
(three distribution) °lg}2% ¥k,

ot fFAxEEizgel got

A de 2 e RRARRY FoA dF
stnzt she FFFe WHold Y AR{Y YL
Fe d& P Fad HFFe Friolth. HI
Case Western Reserve UniversityollAl 723t
SAGE (statistical analysis of genetic epi-
demiology, 1996)8= 24#712& AHESHE 4
A FAARARY Fo] 7heaiA "ok EFHE
A3 wigol A9 REGCE AHgsta, ol&3 2
£ REGDE ol&%t), dwrangste] A2
Aol HEFE 98l E maximum likelihood
ratio®} Akaike s information criteria (AIC)E
o] &gttt (Snieder, 1997). AICE JolAsdt - 2

FHRE &, B¥el ZFEZ By H2 At
Ho], 23y Hi=9 FIFHLH (parsimony) &
Agfsted ez A" BE ojd BMHe
A8 7HAIALE (pedigree data)7} "eslm 7}t
ZHAITAERe] EdFe g Eajo] fadsjoiziol
ok Z|EHos AN AEHE AR
Feio} AU WYL Fig. 29 2k

ol BASUIE Ayeele FURE2IEA A

WEeNAge) Jgaes W YR FHY
o tigh 1geke] frEAEE ¥A¢ @ d7dFHe
29818 Table 33 Rk +E71¥8g, THA A
U3t 8, A2, 1813 Apo Alle)
A¥e v FAREP oF JEe v o
o, % Z#2HE, LDL, ApoAl, ApoBel #A$
Gz tefAztRg] od g e

=

N
=4,

 #lY daM DAY deRAaa
o] FAl EAldke Zor HriHe Afoe B

1

1 2 3 4
,,,,,,, 1 -
I 10 30 49
1 2
o [ @
L]
/ 1
i 60
Study Family Ind'ID DadID Mom'ID Sex Height SBP DBP  Cholesterol
KMICFS 00001 100 10 20 M 170 122 80 170
KMICFS 00001 50 30 40 F 159 120 78 170
KMICFS 00001 10 M 167 120 70 142
KMICFS 00001 20 F 150 120 88 200
KMICFS 00001 30 M 169 140 85 212
KMICFS 00001 40 F 161 120 98 245
KMICFS 00001 60 100 50 N . . . .

Fig. 2. Example of pedigree data used in segregation analysis
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Table 3. Evidence for the segregation of a single
gene with major effects from selected
pedegree studies

Significant
contribution of
Trait

Single Polygene

Locus Factors
Systolic blood pressure No Yes
Fasting insulin No Yes
Fasting glucose No Yes
Uric acid No Yes
Trigiycerides No Yes
Total cholesterol Yes Yes
Low density lipoprotein-C Yes Yes
High density lipoprotein C Yes Yes
Apolipoprotein Al Yes Yes
Apolipoprotein AIl No Yes
Apolipoprotein B Yes Yes

Source: Sing et al., 1990

o Ahg€ mlz}a% 5 gAY B2} 27
% Atk ol A2 BE 1A AdE e )
w3} %amohu JAYE BE A, 293 Y
FHoz AWPAE od Aol7t UeAE o}
BE e gom AUARARNN Fig AT

HAz de Aoz 47Ec
V. 2% ¥ #E

FRgEge AFGA Audgel 873289
3 faA aQle] d¥y 43eE AFehe Fok

o}, fAAERAL Aot AWH ANE
Agacle] wWdel FHAYH o HolsleAld
W FASH FAE AFsta Ak o] P #
Azl w©F Preh A olFold wf a4
Agaclel fHA sldel g B} 2A g ojalE
& 4 AEt 2%t ATHEE e AA
A ddTE B3 AHENT At we
{] AP LAE2 "ol glont fAA AR
A7E o] e Aeelrt. webr ojeid W
olut Awidalel i edEe] fAate o8] G

S gAY AFwd —

= $4Men weHFE s
e g PANEHA AdolNe 44
HATNE AZT P2E AP He Roloh
53 Hao BAMERe 58 BAY W £2
a2l AAE A9 st guelgtelael
relwy ¥Ae tg WE 2% e ag
o, EAldl fAQA e} FAQAAE ¥FHE FAg8
A Hae DA w4e ¥BACE dsat

i =5% £ ez 47dd,
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=Abstract=

Segregation Analysis in
Genetic Epidemiology

Sun Ha Jee

Department of Epidemiology and Disease Control,
Graduate School of Health Science and
Management, Yonsei University

Genetic epidemiology is an emerging field with
diverse interests, one that represents an important

interaction between the two parent disciplines:
genetics and epidemiology. Segregation analysis
was originally designed to test whether or not an
observed mixture of phenotypes among offspring is
compatible with Mendelian inheritance. Over the
years, segregation analysis has broadened to
encompass, but the ultimate goal is the same: to
test for compatibility with Mendelian expectations
by estimating parameters of a given model of
inheritance.

Segregation analysis tests explicit models of
inheritance on family data. The analytic strategy
relies heavily on fitting genetic models, along
with a few arbitrary nongenetic models, and
selecting the model that best explains the data.
While showing an adequate fit to a genetic model
of inheritance in a single data set does not consti
tute proof that a trait or disease is in truth under
genetic control, it may be considered strong sta-
tistical evidence. Even though segregation analy
sis has its limitations, it remains a powerful tool
for identifying genetic mechanisms that may con-
trol traits associated with disease or contribute to
disease risk.
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