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nAE SHE 2908 ol Aolth fAAHT 4
o

g wols B $AAF BALZE oleld BEE DAY oJHSEE, FAN-FHAL AEAE
ol §AX-SFA AR F5AEEAS v et k. A ARRE+E MDR(multifactor dimensionality
reduction) P FSIEE 29 B2 ANBLOE A2 Feskel AL 54 FAAYANA Hol7} e 7

Soll= o2 Fohj7] ojrh.
AYEE o §3ke] fAA-FA

AL HANES GG 2PN haTH 282 4
48 =
ozRY YT moARY $AS T3 P 7

WS Alkettt. MDR /v o] e{ 2} 87H4] R

FREN: RUALRIA 228, HUREE, #82d, MDR

1. M2

ojd Aol 9= vAe 44 2¢e e AL FU FH%e 8 Hx F shuoltt. 23k skt
o] FAAZE ARl wAle TS Gk G FAAR (single locus) S0l Wel A8 o] go
U, Ad gy gt 22 B3 A3} (complex disease) ol Al= 0|23l W o] AAEA] S A2}
Wt} (Heidema 5, 2006). olufoll= of2] FAARF 43 argolut F32ke}t 87 aeke] 4z akgol
osf Aol AE 4 glon, ofg] 2% 4T AgS ol A ske FAF Wiol dasitt. oY
& A 2] A BHoer =AY 3FRAG Zo] 3T ZAT W olu FH o2l

]t v, MDR (multifactor dimensionality reduction) 59 2545, machine learning®H 5
o] A= lt} (Cordell, 2009).
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e B H= dide] otk MDRYW ol thdt thafet S0 5557} oloj it} Chung 5
Aol e Mz HE2A MDREA] F7h8 0z @ =n|eh AZ 3k F-8to] A3
& T2 %715k ORMDR¥S A|¢sH3iTh Lee 5 (2007)S uadog 242 6l Ao
U RIE7 H2 Aol H87F53% LM MDRS A|¢+stlow, Lou 5 (2007)3% Lou 5 (2008)-2 7+z¢
= A= A7l A87Fse GMDRY} o] & 715 A5 2 244171 PGMDRE 2astgirt. 34
Namkung 5 (2009)2 Z&xt5¢f gt RAS s MDRYE S whagsh vf

B AZoME ZF AN ARG E 2 AT F & (relative risk) S #3112, Z2of| thal AAL E3)
B A=

SF 9 IS oIt KARY ZE AT PATE TASACE, 2894 MDRY
WHe AR, 38A oA HlolElsh 8714 AR Ge) h2ES AYE LA g
MDR3} )i 3to] 842 SHelsglar, 484 o %*91 A2 =elahadry.

Y EE

Ritchie 5 (2001)¢] &3] A|o+H MDR(multifactor dimensionality reduction)®H-2 Alej-tj2 A+
ANAY FAA-FRAAZLT FE2ES A= oty €ugFS o3 2t}

(FA 1) ARE 10523 9HE EAA

[m

(training set) A3t, YA 1715 ASHE(test

(DA 2) k-2 T8-S H7) AslAe AA SNPoﬂf‘ﬂ kﬂH SNPE desto] kxtel

(&7 3) BE $84 23] ool HolA £FD 2709 AFTH 29§72 2x2 BIRS 24D
t}. 3 AHE X (training accuracy)” 7¢ £ 23S AEH3to] HHrngPoz AME i}
(A 4) 99 2y ASAE AEAA A5 BE=(testing accuracy) & A4Hsch

(A 5) 9 HELS 109 waste] wxASS B3 HARY] AEd AsE AN oF
CVC(cross validation consistency)2} sl o]& g}l ZY S zH=t)

o] W2 7 %—;—% AT RLS Hol: e §AARIS 2 Hn, Go] Aol
s oA el A2 bz v vl J9FFS AASH 2

Abe 1’4153%94 H] 7} A dlolElolAe] nle} vl AL Al 2 thR2e] £ AL Ao &
= ]

S
QL-
mé

29 A8 7HA 27 fh
Chung 5 (2007)2 13?‘& e Bebety] S AHAIEY MER HEEA MDRER | 7142
2 =08} AFFE 7ot 9B Y F25E Frleke ORMDRYEE Alekstaitt. A1 A A

AAE o3 2o

(24 1) MDRE] ©AI1)-2A5)E A sto] A2 SNPRIE =t

(G 2) HZHe SNPRFANA 2 FAAE 9] 23 2 2 =H|(odds ratio) & A4S}
<l

(DA 3) Z2EF tlolHE AAste] exmvle] FRAH x5 Fotal A7 Aitsto] 243
Raschelie )

tlo
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o] e e=uE AwToan AR AxE AL FI4 AS5S T 5 Athke HelA 7)Ee
MDRET} 24L& 7HA 1 9ot 28y 1348 02 MDRS $3ste] B3 SNPxF o tisjAw 2 &
AgE Ade Hxst folde Al Huz, BE Ao et aAFT /AN Ere] 2Rt 2
Foll w2 5o o8l 34@4 SNPz o] B4= & XF— avg mzA Aok fFAdTe oA
SEWE wo] A frelgdol ohet 54 FAAPG2FeAM T wl> frol A vebs A9t
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A, o2l e i;}% srohie dl kAol sk o adoAe FAAE JHAFEE o8
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714 ORMDRZo| ARE Eqsle] SNPZES A€ ¥ faA9uEz fol4e BAs:
top-down o] ohlel, k3t SNPEFe] 2 §AAYEE folat Mo] 9t SNPEYS Hohft

bottom-up™¥41& a8t dagEe vkt 2k

(A 1) k-2 AT ZES B7] YA AA| SNPoA k7§e] SNPE Meste] kx1e] 23S v,
77te] FRAAGel wet Al REsle] YRS vhETh

(A 2) EEx 7 it} 223 AT 5 AL, ol& AAY dz22 Aty £2 v
H, o= 2ol A oA A FE (relative risk) RR; & 73ttt 93714 n &} m+= 22
/%] Zoﬂ/“]gl /\]'Eﬂ“‘f_fﬂ]' EHE—‘E i,“_O]U:‘{, ntotal:‘z]' mtotal‘% ZﬂLZ‘I}- }\I_E:“%jjr EH£%‘°’] %_EZ’\_O] D]'

Ni/MNtotal ﬁ
Mi/Mtotal T2

(B4 3) AU PEo] AAZTE A% log RRS 2O AFRES :
AL ket ol AN 4 Atk olF Aol Z42e] A BE 19140) et
4 713 A4E 2t Al sl SR @.

1
1—m " 177r2>2.

T1Ntotal T2Ntotal

5(log RR) = (

o] W& RRIE(relative risk interaction explorer)2tal 312} RRIEE= & Alof tste] A2 AA
% E3 ]-o:] oxq;q__o;q;}ﬂ- /\PEX]-_Q_& zl—}i Ho]—\ﬂ-] OE ;qx]_ lgi .?./HQ _,_UI—_LO 7_11. "é’oﬂ/{‘] EH§—EL
I A3re] o)zt v Aol A3 AEE Fe ¢ Yrk ¥ 212 k=2 w Ak vlolE FH
£ CE HojErh o] wf 7 Ao iz} 3] 571 091 Afoll= 0.52 thAste] ALt

o) WS Bal £o)3 Ao} he FAA-$ 7 23] s AL B917) bl SNPRESIE WA ¢
A= wj7]z Aohd 9A 204 242 AAE AU EEE o237} Zo] £33k OlE(overall interaction

explorer) #t& A& 4= QT
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m A a AL Az aa
o il RR, | RR
" - ; (= 12/100730) (=042) | (=1.14) hh
{ e T o4/100 Rl
1H e 0 «
25
2 ]
o 2 4 RR, RE, | RR,
b > ﬂ - (=0.75) (=30) | (=2.67) A
N 0| Eo
25
2
15 ] — RR; RRy RRq
M ' H 1 (=093 (=120) | (=05 |
& 1 = =12 = (.54
case control case control case control
(a) 2419 data(th 2, A3 2 1008 4) (b) AHAF= ALt €
I 2.1, 2K AS2ES DeE (e 2Exet Athfla =2l of
I 3.1. RRIEY S S5t 28 AMEin MDR2tC| Ul
RRIE A1
L O [e] o) ‘3/\ = aj ‘J
24 T3 2y HA503 RR(-5-2] 3 8) MDR # A 23 (CVC)
C)
X1(aa) 0.54(0.01)
1 3 1 X6(aa) 0.46(0.01) X1(9/10)
X1(AA) 1.34(0.02)
X5 x X7(aa x Aa) 3.44(0.00)
2 50 7 X1 x X8(aa x Aa) 0.05(0.00) X1 x X8(8/10)
X1 x X7(AA x Aa) 1.96(0.00)
X1 x X6 x X8(AA x Aa x Aa) 4.00(0.00)
3 548 40 X1 x X6 x X8(Aa x AA x Aa) 3.36(0.00) X1 x X6 x X8(10/10)
X1x X6 x X8(Aa x Aa x Aa) 0.13(0.00)

(1): «=0.05, (2): a=0.01

3. 21

3.1. UI0|gf&A

oA Aot ¥S MDR &70AFE (http://www.multifactordimensionalityreduction.org) o] 2-&
3to] MDRZFe} vl w3kt o] dlo]E+ 2008 27 200 Mo 2 o|F o7 AF 2 A
20712] SNPZ /4= of 3t

7k SNPE2 3719 3128 2=dl AAE 0, Aag 1, aad 22 YEHUYJ L, d27L 0, 372
12 JERIgth & 312 1, 2, 33999 RRIEWES Soto] 48 §44% 283 MDR 2342

w3 ®olt}.

RRIE 419 B3 $-5 §5% 0059 00104 o8 202 pubsls F448 289 Folth.
A MDReIN 48 HARgsiel Wig $15to] RRIEWHOIN fol88o]l 71 e mgeoz
3702 Mgste] MDR3} ¥lmstsith. RRIESHS sihel SNPx ol thalq 2 Aoj wjet Hze] 2
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i 3.2. OIEYHY S Sot 23 MEiy MDRYtO| H|W
24 Z3t OIE MDR
X1 10.5147
1 X1
X6 6.6800
X1x X8 25.7541
9 X1x X8
X1x X6 24.8533
3 X1x X6 x X8 143.7531 X1x X6x X8
1%} OIE 2%} OIE
12 ! 30 1
1 |
10 | 25
8 \ 20 1
6 | 15 :
4 ! 0 !
! 1
2 1 5 1
0 ! 0 !
1234567 8 91011121314151617181920 12324567 8 910111213141516171819 20
(a) 12 (b) 23}

3%} OIE

200 I
1

150 |1

1

100 |}
1

50 |1

1234567 8 91011121314151617 1819 20

(c) 3

0™ 3.1, &9l 20009 RAAY =0l e 1, 2, 3%+ OIE A&

N

e AT A3, 7] Ad AP ES S5k Anitt tizxe A8 v7t o= AE Apol7t
YA tigh AEE 4& 4 ok 1399 ¢ MDRolAME X1o] HAmg oz W3|nj, RRIEY
AE X19] aaft AA, X69] aa7} §of8 210 g Uehdth X19 aat AT =7} 0.542 A4 tiz7
of vlsf AkEle] =47F wron AAY] Aol 1.342A4 tizrY =57t A}al%ﬂ HE w32 2e
& 4= gtk 220X RRIES] 39 X58F X7, X137} X892 A& argo] uj¢ 23t o= el
ou, MDRO|A & X137} X89] 45 2H8o] HH oz Me= ity 344 %Eé‘%oﬂﬂi% o BT
X1, X6, X89] 43 2go] 714 & Ao vrepth

% 32% RRIEPHS 53 29d 2852 thgon OIEES Sl 488 048 2ol
OIEWHE 2t ASL FHAOE Nel% Yol BE MDRE] 234} fASIH: A€ & 4 ek
7% 3.1 OIE] the scree plotolth. o] 28 53 ojn] & =gl +8 A9 4 rk

3.2. |:|o| 154
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Model1 SRS Model2 i Model3 SNP 2 Modeld SNP 2
(RR) | gg | Bb | bb (RD) | gg | Bb | bb (1R |Be | Bb | bb (M |ee|8b | bb
s|mliL|lo|oelslmaalr|oiefls|m|leic|e|]ls|miL|L L
N N N N
am|L|L|L ma|L|L|L s L |L
P P P P
oo (Hen |k
Model5 SHPZ Model6 SNPE Model7 Model8 SNP 2
(Mod) | gg | gp | bb (OD) | gg | @b |bb || (XOR) (Diagonal) | gp | pp, | pp
slmlLlo|lolsmlo|e]|]s
N N N
aa| L |L pa | L
P p P
1 aa 1 aa L 1
02 3.2, 200X RM2H
7 3.3. Q=Ul0 M2 DoE2D Mesno| Aysts
xltﬂs?_:]—e
= 03 Sk o1& e BEE
573 TP o= AEE o= FCLED PEEE
A 1.2 1 6/11 1/2
B 15 1 3/5 1/2
C 2.0 1 2/3 1/2
D 6.0 1 6/7 1/2

87k oA Z+ Ag IHAFT(H), AAdw(L)ez EF ¥2 IHeth 23 12 jointly
recessive-recessive 28 (RR), 23 2+ jointly recessive-dominant®3(RD), 238 32 single gene
recessive 2 (1R), 28 4+ threshold23(T), 28 5+ modifying effective 23 (Mod), 28 6
jointly dominant-dominant 2% (DD), 23 72 exclusive ORE ¥ (XOR), 23 82 diagonal®
3] (Diagonal) ©]t} (Dong 5, 2008).

2o A% Aol A4S theF k. WA SNP1F SNP2E 3ht)-9belw 1 33 (Hardy-Weinberg
equilibrium)ol] 35 AA FAAPH aa FHAAFY v]&2 0.252, Aa AR H|E2 059 &
ES A AT EEE HEEF 100089 A5 A3t SNP13 SNP2 23te] axdd 22
NN Z+ AE 4 | =5 uAdTH AN EToR TR B 7 AojA i 3.39] A

I“U‘P
(fé;

5o wet 1B AN YRS 4Tt F3 A 19 e=2nvt 128 W
Ao, 3 B 1.5, #3 C& 2, 3D+ L2071 622 vl =& ztg oty 2] SNP3ejA
SNP10-& Ztzbell thafl AA AP} aa FAAP ] vlE-L 0.25%, Aa A v&2 0.59 &
§5 72 A E2E masE A4St o] S el 7 2y 1007149 A8E THEITh
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D ASFIEE Al 7] HolA HARFor SNP1Y
RRIE: #98Eo] 7P 22 AS e 282, OlE+
grygor sto] MDR¥ vl stgich
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H 3.4. Y (SNP1, SNP2)AS X2 o2 MEISH 314
P FHA 3B ®3C 3D
e R O M R O M R O M R 0 M
1 4 3 1 12 3 2 18 6 2 97 19 15
2 5 4 1 14 8 6 42 25 24 92 38 63
3 7 4 1 11 5 5 12 8 10 12 12 22
4 7 3 4 15 25 27 47 79 85 937 100 100
5 5 3 3 18 25 27 31 75 82 44 100 100
6 2 5 6 9 28 37 16 8 91 20 100 100
7 12 6 6 21 35 35 50 95 95 98 100 100
8 8 6 8 34 42 46 79 93 96 100 100 100

R: RRIE, O: OIE, M: MDR

T

4 (SNP1, SNP2)4to| Mel 514

I 3.5. RRIEOIA RoleEd
P A 9B #aC 9D

O ® 0 © 0@ 0@
1 45 45 56 56 82 82 100 100
2 48 48 79 79 99 99 100 100
3 47 47 84 84 97 97 100 100
4 53 53 88 88 99 99 100 100
5 51 51 90 90 99 99 100 100
6 53 53 92 92 100 100 100 100
7 54 54 87 87 99 99 100 100
8 55 55 89 89 100 100 100 100

(1): a=0.05, (2): a=0.01

3 AU 7B} Zo] AAPTY] L2nE e Gl Al Y ZF AARYES & A Ko,

S 207t AAY ARSF ZE FAEFPIA RRIE, OIE, MDRY %‘ BE HARYPO R JEshs 3
F7h Bopdth. HARY 1, 29} o] E&x9] A2 0 Aol vzt o] A7 e A5
ol A As AR He MDRYNY2 JA2gs & 24 Xoke v RRIEWH S 4 2Y
o2 et A7t %2111 LZH7E 295 o) AL FElo] YEhde & & Slrh sAW a9 F
2] Ao] Lojupyl RRIEWH Bt MDR®W o] 2 A 232 SNP17} SNP29] 23He MElshs 34
bl g9e € 5 %lv}. 22 ar ] fé%% o] 43 F¥A A WP OIE+ MDRIF} v|s:d &
e HolAwk 13} 29 FARY go] A 0] oA Apo]7} v Af-ol= MDRETH 93t

A3k 057} golAn,
% 855 RRIEYUS 229 452 Sl SNPLS} SNP2 2ol RS Hehie 2
@ Folth. WAGEH AABEY 22078 Aol7} Qi 19 {FIAE SNPL, SNP2 =
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Sy T

APEE AT EE A4sks RRIEWH S Albetgity. E3E o]8] HRE 7y fAxxgER
3= OIES S & Aot RJAF AT H Ao fAAPY shvnks e Zes

AR Bz He Aol nFEC] WS Fo= RRIEHES ARS8 Zlo] v
Aot wWElA jointly recessive-recessive ™3 (RR)¥} jointly recessive-dominant 23 (RD)2]
RRIEWH o] o f83itta 49t 2839 oy doA] =2 =47} &4

=
El
;g:(l
flo
2

-
a
g

¢

o]
o) B 8% 2o uehhth shAw MDRo| 49 & 42 AH3 3 RRIEW
I AES BE FohhA HE2, A4 PP 289 vl Rl fAAES AEske 9
T BelshA otk mE fAGEE BN ANE JUNFES A9 T ol o3 27
+ ERE 7 EE 7 o) Ui BEe] Fuel AolE Ferks FRol Aok et B3RS

LA BET 5 Al Holwst wobAd HlBe folsze] uAo] Basitt

RRIEWS doz 428 4 gt 21 shel faxpgel tisia 2aie] 2 o) js) 22 =
82 slof Shme ANASTL Soluthe Rolth 53] thedl KAARE A Lesok e 4,
W A ek S 28T 3409 AN PES oS Teislof she BAFol Yok, B
7 0]9] A4to] Ml wstul, MDROIAE 38709 42 IARZ/ANGTOL B the BRL
FE AT o IS A 109 WEHF(10-6old W49 A9)3A HE2 MDREC 840 2
ATKEL & 4 gtk Wb fAA-FAALG YL BT glolA RRIESHS] AHgo]
8¢ o= A7ach

Agresti, A. (1992). A survey if exact inference for contingency tables, Statistical Science, 7, 131-153.

Chung, Y., Lee, S. Y., Elston, R. C. and Park, T. (2007). Odds ratio based multifactor-dimensionality
reduction method for detecting gene-gene interactions, Bioninformatics, 23, 71-76.

Cordell, H. J. (2009). Detecting gene-gene interactions that underlie human diseases, Nature Reviews Ge-
netics, 10, 392-404.

Dong, C., Chu, X., Wang, Y., Jin, L., Shi, T., Huang, W. and Li, Y. (2008). Exploration of gene-gene
interaction effects using entropy-based methods, European Journal of Human Genetics, 16, 229-235.

Heidema, A. G., Boer, J. M. A., Nagelkerke, N., Mariman, E. C. M., Van der, A, D. L. and Feskens, E. J. M.
(2006). The challenge for genetic epidemiologists: How to analyze large numbers of SNPs in relation
to complex diseases, BMC Genetics, 7, 1-15.
Lee, S. Y., Chung, Y., Elston, R. C., Kim, Y. and Park, T. (2007). Log-linear model-based multifactor
dimensionality reduction method to detect gene-gene interactions, Bioinformatics, 23, 2589-2595.
Lou, X. Y., Chen, G. B,, Yan, L., Ma, J. Z., Zhu, J., Elston, R. C. and Li, M. D. (2007). A generalized com-
binatorial approach for detecting gene-by-gene and gene-by-environment interactions with application
to nicotine dependence, The American Journal of Human Genetics, 80, 1125-1137.

Lou, X. Y., Chen, G. B, Yan, L., Ma, J. Z., Mangold, J. E., Zhu, J., Elston, R. C. and Li, M. D. (2008). A
combinatorial approach to detecting gene-gene and gene-environment interactions in family studies,
The American Journal of Human Genetics, 83, 457-467.

Namkung, J., Elston, R. C., Yang, J. M. and Park, T. (2009). Identification of gene-gene interactions in the
presence of missing data using the multifactor dimensionality reduction method, Genetic Epidemiology,
33, 646-656.

Ritchie, M. D., Hahn, L. W., Roodi, N., Bailey, L. R., Dupont, W. D., Parl, F. F. and Moore, J. H. (2001).
Multifactor-dimensionality reduction reveals high-order interactions among estrogen-metabolism genes
in sporadic breast cancer, The American Society of Human Genetics, 69, 138-147.

Zelen, M. (1971). The analysis of several 2 x 2 contingency tables, Biometrika, 58, 129-137.



869

30
>
Pal
g
g
0z
o
)
il
H
i
g
0l
ror
30
2]
>
30
>
Pl
™
0z
fol
k)
)
oo
Z

Exploration of the Gene-Gene Interactions Using
the Relative Risks in Distinct Genotypes
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Abstract

One of the main objects of recent genetic studies is to understand genetic factors that induce complex dis-
eases. If there are interactions between loci, it is difficult to find such associations through a single-locus
analysis strategy. Thus we need to consider the gene-gene interactions and/or gene-environment interac-
tions. The MDR(multifactor dimensionality reduction) method is being used frequently; however, it is not
appropriate to detect interactions caused by a small fraction of the possible genotype pairs. In this study, we
propose a relative risk interaction explorer that detects interactions through the calculation of the relative
risks between the control and disease groups from each genetic combinations. For illustration, we apply
this method to MDR open source data. We also compare the MDR and the proposed method using the
simulated data eight genetic models.

Keywords: Gene-gene interaction, relative risk, genetic model, MDR.
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