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Abstract

Various methods of analysis have been proposed to understand the gene-disease relation and gene-gene
interaction effect for a disease through comparison of genotype in case-control study. In this study, we
proposed the method to detect a genetic association and gene-gene interaction through the use of a network
graph and centrality measures that are used in social network analysis. The applicability of the proposed

method was studied through an analysis of real genetic data.
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1. M2

A2 Aol 54 FA0) B K44 Je 2Aske] A AT oY B NEE AU AR
A7t s AW T Gk KAH ABEAL AWNATI AZNATE e 5 Yok P
APATE F2 A-TE AAZ ool An, Al g WS T B WP AT =AY
ol A APSA AEE T BAD el g hEFAAY PP Lot AP NEE vas) |

Q

t}. o]yt AAE= 715 A v vl8o] FA £3 CDCV(common disease, common variants) ¢

FRAAE T Y] AAE 53H7] A 144 AFEA (association analysis) o] uF FAAZES] A
TAgo] Aol vAe FFE Tty AT FAA-FHAAL FET -84 (gene-gene interaction
analysis) S $]3}9] CMH(Cochran-Mantel-Haenszel) 7oy ZAAE S FAEA, MDR(multidimen
sional reduction), random forest 52 o8] B4 wWHo] &5 It} (Lee 5, 2010; Jung 5,
2011; Balding, 2006; Cordell, 2009; Ritchie 5, 2001). B AT A= YEYTHAE o]&5te] AH
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o] BA B A G AW ARES B e EAST oy A o
HES A2 der 349 ¥, S ST vEAI: A e HAFEF S vxste] AETA A
2] Awshed AHE & Ak A8 ZopllA s HEYRIE o] &8 B4 o] TF Al=d vt Aot
Snel®} Huynen (2002)= ©AE Ato]o] 43 a82] A3t o8, @il 4oz8 vEHIE A4
SHL AT 7|+ HEANZ BA4S FaliA AESA A <ol =FFAJYE A AN E, &
7% RES 239 0E Yanai®l DeLisi (2002)= 7153 AZ2E o] &3 YEHT EA4S vuF24
o] o o]g, §AA ARAFE BA39irt. Lindlofe} Olsson (2002)2 4AA} 2Ha t]o]E o)
A fFEEYet A, g ARAS 81 S AAATE 7INe R S UERIE F5, 74 VES
IE BT AFAE vlasklth. 2 Fortes & (2010)2 29 #2322t P4 HolEE FAlo ©]§3t

HWENIE Bdst] 4% v Qi
o371 = AU EY I E A (social network analysis; SNA)OJA ALEE = 7|HES 724 dlo]g o
Ageto] FAA Y} A A F FAANY AT AL AP ABAE sttt AR U E
HA3E o] 7ol 3] dAll 3 AZE=AE stetshe AT RA, B9} T2 F5
5/3& A9she o] Eo|th (Sohn, 2002). A3 EolA] E1et o] B4 AA A, F§, §AE HXT}
of AL FoprhA] giE o] de] 385 AUt
AU E ZEA 9 1L UEIWS E4 =29 $8E Tt JFHE FIF33517] s A=2X 5
A4 (centrality) A& ARE3HH, o] & o] &3te] VEY AW thkdt A&y} 273l tigt R E A
o 2, A8 AsA, 3P Sl Uek AR o) 1ge] EAsn 1 189 74
To)L, AFY FAL FFAAE gotkE 4 Qvk. TS o] H 3 AA o thet A AA B4 7Hs
75]"‘/} 011’46]' E40= A3, FARS} A&z dAdEA el o ofd {FAAT} o]H s GTS 5
, 28I fA Fe2aEHY AT FAL ofd FAAIA dotr ) 9 e r A
]’X] %3124 UEHIEHL F2 ‘4““7‘]2} A}% 22 (PPI; protein-protein interaction), - A}
d U E JE(GRN gene regulatory network), THA} Y| E$] = (metabolic network) 5o 285 o
Zhu %, 2007), VEHZS 74 sjdAae] 284S 55A =& 497 gttt 2 dFodA+=
H 2% ERYZE B8l FREHE A, AT dxes 49 243 ES=
TR A5 AES A 7 AZellA] dFH ol JL FAlo
A WokS AAIEFATE 280 E ARFVIEY T S 2
betl o 3o X FAANE AAISHATE 4- oA Y] {837 Aol of
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2. UEYIDE 0125 RH 01z U ASHR S A
2 AFNME JE 7Nk d A 71tk A (Single Nucleotide Poly-
morphism; SNP)9] §-1A3& o] 83t FAA-AW 2 FAA-FAARL FE28-2 gt U ES

2Py vesgn. Adsht 2R st 2
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(DA 1] Y EYZ dlole A
SNP7te] #Ae] =& AHosl= 715 W EY I (weight network)E FA 3t ZF 9424 A2
ol 48] A PP A (risk allele)®] (0/1/2)F ©]-&3te] F SNPZF v|RpAAAAS Adighe 73
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o). n7le] SNPo] 912 uf ol T}e} 2& nx n FHw HAAT,

0 S g1 ot Gin
G= 0
gi1 - gij 0 - Gin
Lgn1 -+ Gnj -+ --+ 0 |

371X gij (> 0)& AR SNP3} jH A SNP7Fe] W] BRpAFdA =] Aok o vl it

[ 2 §AH QB B

FA7 AT BAS JAAE 75 MEAZS] APKTALE FA5 (n+1) x (n+1) AFUE

A3 E AYAs} force-directed €318]5 (Fruchtermany} Reingold, 1991) ]y Kamada-Kawai &
18)% (Kamada®} Kawai, 1989) 59 A3} GiuglEs o]&ste] 2= 2 st o] 53 &
ol thet FEIE g AEIFS gA S 2 Aol A ©]83t force-directed FiE]F-E =
= ZFAdAe AdolE 7hsst vsHA el AFAY wAE HASE 4 JEE O9S BHEY 7
o B Azsle] oA E Hes(Re] FR)SH BHOR eg $20] AWASE AL 7eA
e R S gt A7A AR T == 7 AA Age 2z FolA F == 2 A4 ol
Apo) 2 X E] AAHET}. force-directed L E]|ZoA] L9} AAML A7A JAAY A4 4 Q=T
7t =g W3 B o] Fojdnt k=0 91 B e WA =7t B thrks wrt
A APH T} (Fruchtermany} Reingold, 1991).

7 SNP2) 5414 A58 Tt AY-HAA ¥ FAA-FAAN BAS FANT. A5,
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AN Ae2A o2 22 23 F44 A9 (closeness centrality index) Ceo(i)2} F7] 4144

(betweenness centrality index) Cp(v)E ARE-3tt} (Hanneman} Riddle, 2005). SAdA|4=2] 7

HalAE 2 SNPZE] A7t dost o 7| A& SNPZF 43Al4=2] A4+ ARZ 0|83t
A |

P Ao Hr

o

. i=1,...,n, (2.1)
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3714 d(i,j)& F SNPZH] gt g ot}

=> > iv =1,...,n, (2.2)
hij’
1#v jFEU,F
o714 hijx= SNP oA j (# i) 2 7h= DA R 0], hiv; = SNP oA j(#£i,# v) & 7 A
AZ 7F2H SNP v (# )& AX+= AR Folt}. olvto|x= AZAXA 4(degree centrality), =] 11
|3k B E o] &3 1-RHE F 44 (eigenevector centrality) & 7N 7 S48 A=E e

t A== 83 4 gk

(@A 5] tiAl 7} SNP &4
FEH B WANAG olgshe] YEAZS rol TARE RIF(ubgrow) & AV T
Hog A3 ARNEL 4T thAl] 71567 WRo] eI =4, thal SNPe sjete] o]g3t
shek. 2AbS SAd= Eiﬁm g5te] the s} 2ol AA i9} j7 Hamming #2]E A3} (Huh,
2010).

djj = Z Z(|gzk = ikl + |gri — grsl)- (2.3)
ki kot
ol 7|Ho 2 FHEAS @1\16}04 FI3F 2 Al 7k SNP& gAgtt o714 gijv 2400 o&
o

G2l g jE Yotk

3.1. HI0|g & 248t

Ao AHEH dlolEl= e 43319 olE 3] IR AR} 47459 AAARAE WG R Fto] 5719
4 A=H(IL5, IL8, IL5R, ILSRA, ILSRB)Z R 177]2] SNPLS E}o] ﬁﬁ Aot} o= SNPS o= g
t-2aE P =5t o] SNPE-S Tagger programe 53] LD(linkage disequilibrium) bin
HhAl O 2 tagging SNP FollA ZA=E gon, Z+ binolAl 73 LD(r? > 0.8)F Hol SNPE oA
3pte] SNPYHS A 83k Wl o g HAE tt (Namkung 5, 2007). o7]A& o] oAl 243 o
o|E1E 717l 38579 3o} 4407 ] A gl gt 27) §-7 AL, 157) SNPo| th st §- AR A5 7 AF
45t

71X VEH T diole 4 98l vES AdAT 5 shudl A2 ehe-vl(n) e Edigks 7HA
7re] BA Y T AE AN T U E T 24E AAESITH &,
P-Q

wowr’

A71A P} Qv 742 AT AR FolH, wot AE ThE 29 A9 §, wpe AR THE §
o] o] froltk. ABASTEO] 0.05H T 22 A9 7hE 022 v HENZ a2 187] 9
A R sna LZAIAE o] &34} (Butts, 2008).

(3.1)

Ty =

FAA- A7 ABAS BB A AelRE e W4 (Group)E Es] 2 HA%
2 AR AW G ESABASE o oto] MEND RHE & 23 Figure 3.1} 2ok §8%
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rs2200 B
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" rs334809
‘ rs340830
rs17882210
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rs2706400
Figure 3.1. Network for analyzing gene-disease association
Table 3.1. Result of the trend test for gene-disease association

SNP Z p-value
rs2522411 3.0531 0.0023
rs2706400 1.2316 0.2181
rs17026903 0.2622 0.7932
rs3806681 —0.2867 0.7743
KN0002001 0.5512 0.5815
rs17881144 1.4041 0.1603
rs6771148 —0.1188 0.9054
rs9831572 0.6479 0.517
rs2290610 —0.3935 0.694
rs334809 —1.8676 0.0618
rs3804797 —0.7689 0.4419
rs17882210 —2.1574 0.031
rs340808 —0.3711 0.7105
rs340830 —0.6823 0.495

A A 4707 (1715252241, 1s2706400; 27-1s340808, rs17882210, rs340830; 3--rs3804797,
rs334809; 47-7|Ehoz BERdES B 4 Qy. Awusel AFHoz JdZ4H FARE 1s252241,
rs17882210, 153348092] 37] SNPolw, &9 7gzde= AAZA dAFo] gt Aoz HoL)
rs27064002 1s2522411S EajA 9 tf2 SNP % AWz dAZdgE= 13HAdS & 4+ ok 2
FHAE 93te] Armitage®] FAIAAL o]t AHW-{FAAZLF AAENES & FAF rs2522415%
rs178822100] o] 2122 Yehgth(p = 0.002, p = 0.031). 3 Ayl A5 AZs o] Jdd
SNP % 1s334809%& p = 0.062& L}EFT} (Table 3.1).

Table 3.2 Figure 3.12] WEY I th3t T44 &4 2oty 24 SHAALL b B MAST
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Table 3.2. Result of centrality analysis(top 5 SNPs)

rank closeness centrality betweenness centrality
1 rs334809 6.63 rs334809 87
2 rs3806681 6.15 Group 65
3 rs340808 6.00 rs3806681 63
4 Group 5.94 rs17026903 44
5 rs17026903 5.91 rs340808 43

Hamming based clustering

Height

rs17881144

rs6771148
rs9831572
rs17026903
rs3806681
rs334809

rs17882210 ——

rs3804797
rs2706400

KN0002001
rs2290610
rs340808
rs340830

rs2522411
Group

as.dist(equiv.dist)
hclust (*, "complete")

Figure 3.2. Result of clustering for structural equivalence

o Ag7F HARQL, A VEHZ A A TN AXs= NAE Fopd £ otk A4 FA
4 A o AAEY AT Al Atolol A sk A £EA, 53 A7 MEHDI HollA F
7 (hub)®] H&E wo] st=tkE 31E ¢ Q. T A F3] 1s3348097F FAHAEE st S U
ERdT M=z ZAHZA QA Aol gl SNPEo] 57 SNPS 534 A= o] 9 4 Aot uebA F7)
SNPL2 27 2 AckAjo] A o] & 4= 9Jom, o]E ®A 3l A (targeted intervention)$ro 2N =
AR ENE B 5 Uk
Figure 3.2 Hamming 72| & ©]83t] 724 FA4S 7|€22 & THEN 9 Aot #H
20 AAAAH 93 ARA ZAYHLS o] &3t I —.—31- r32706400 rs25224110] 3+ 1
2 59} =3 rs3408083} rs340830, KN0020113} rs2290610°] 272y 7W7ko] BoA U ELIY
to] ARSI A thAl 7lss SNPYIS & 4= k. F2AF SR FXQ SNPEE 3goaH
Aol gldete -,OTA}%P JEE s SNPTE sHbd 4 glon], SNPO| £71 @ o o]
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Cases' Network
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Figure 3.3. Gene network(case)

Controls’ Network
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Figure 3.4. Gene network(control)
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Table 3.3. Result of gene-gene interaction analysis using MDR

dimension selected model CcvC
1-way (rs2522411) 7.0
2-way (rs2522411, rs340808) 5.9
3-way (rs2290610, rs17882210, rs340808) 3.5
90 7.00
80 5.00
. s00 |
50 4.00
a0 maz | 300 AR E
=0 Bg=EZ | 200 BOEE
20 i |————
10 'l 1.00
LI E .
& o DD WD £ I (v > Qo 0 S & O 4
@6"@ Wg? %,Q"‘%.\"\}@QG‘Q,LQ@@@ n?q? & @q?)@';\q b@’/(\,;s‘lé\ ”‘;&\'\.@%O&@”&@“Q ",}u":;bu& a;p“ & & @1‘3@%@’;\'&";@0
STEFFST T ETETTSS SELFFFFFTEEEFFTS S

(a) (b)

Figure 3.5. Centrality measure: (a) closeness centrality, (b) betweenness centrality

A AFo] geS AA3 4 ok T rs27064009] A 2ol A 15252241177 Ao H
o] o1} Ao A= 1s25224119) 9] 13408085 A AE U2 & 4 Ut
Table 3.3-2 MDRE o]§3to] FAA-FAANL Ho2-88 B4 Aoty 23 Ae289 7
© (rs2522411, rs340808)¢] XAl Hozm MAELE 33 AFTALL (rs2290610, rs17882210,
rs340808) 2oz AMA= o}, CVC(Cross-validation consistency)= 3.5 &4 %t} CVCE
MDR AeA| tlol8|E 10583t w4713 wf 103] 5 A Byor W3 AF+E ou|siy,
q71ME 103 WEAY FHFS AAIS ot (Namkung 5, 2009). 139 4328, & FE39
745 1s25224110] A=Y ol UMEQJITENAN AR 7¢ #-o] Ud SNPOZ UEH
rs252241, rs17882210, rs334809 & 3litoltt. m 3k 2a1do Ao HA =gl (rs522411 rs340808) #+
9] A VEYIEAA Hol& 1739 279 28T S ¢ & itk 32kd J5zge] ¢ F &
A REOA FE S & 4 qlvta @dEch. MDRE A4-¢ 34 49 Z?J“*— T3HA ==,
AARE FHo] ot ets Hld ABG ¢ FSAEE Hole 2FE0] J& A7 Bk vES
RN A= o]H S HAE ] TefZ oA AT

Figure 3.5 AT tiRFoA 9 SAAAFE HoEth. ZHTAHEY 4% 2Tl e 1s178
81144 71 =2 A& UEIA T AlEZoA = dE o2 woldl ks ZEth th4l rs38047979]
=2 HE AX BT ek 2HTAAR FEAA AT iRy F UEY IS S M3
= A& < 5 o

FNFARY B F T 28] 1s38047970] 7HF on tRToA L e Eﬂ: rs17881144}
rs178822100] Al#|Zo| A= olA T rs170269037} rs3806681-2 Ald|ZolA =& FHEAA 3
Zhett o]E AFE FHE = ul SHSAAEY] BN 1838047972 FE BFAA FHAEES I
a1, rs170269033} 153806681 0] A2 EA0l|, rs178822107} rs17881144 0] thx o] Ao EX A
o2 A sitia A 4= 9t

2 930N 2 SAxe o] Yokt LeHEAE Fetelr] A5 2 FAR B2 F AR
930149 FAASES Aolg Ttk AR AGolN Wsle Zo| Atk AT FAAE 5
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Table 3.4. Difference of centrality measure between case and control(top 5 SNPs)

rank closeness betweenness
SNP difference SNP difference
1 rs334809 6.63 rs334809 87
2 rs3806681 6.15 Group 65
3 rs340808 6.00 rs3806681 63
4 Group 5.94 rs17026903 44
5 rs17026903 5.91 rs340808 43
mean(n = 15) —0.40 0.14
standard deviation(n = 15) 0.93 23.92

Hamming based clustering in Cases' Network

)
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rs9831572

n
s

g 2 o
g g I35 o =
o - R & g 2 53 © & 8 3 8 R
? 2 g g 2 3 R 8 8 o 3
g 3 e 2t g g3 § ¢ 3
=3 N = = N © =
- 4] N O
< SN
as.dist(equiv.dist)
hclust (*, "complete”)
Figure 3.6. Result of clustering for structural equivalence(case)
Ao B FAAE AEAG] A9 Belo] YL A0w F5F 4 Uk Table 3.4% F UES
oA 2 A ZHSAAT SASAAE A5 W3} Fo] Z SNPES HolEr}h 117882210374
1s178811449) WBL7E S e 22 & 5 Utk S04 A5 WalFe] $AH f94L Fobi] I
A} 55 S 3 HAL -7 Fol /= k. T} A5 use] FFol 07 93
Zpol 7k Qe Aeo] Aersrt flvke w7t A Zetrg o3 B4 HAsHA Y. o|HrTth=
o]59] x}olo] thet BEHXE 7|4t Zlo] Bl AAs}t) Table 3.49) 157] SNP2] 2|4 3}eko]
BT BEAAT) TE 2HSAALY ZEAAE 22X 2 9, S BEAA = AN T

30
2y

A4S A5HsIL 20k A & 5
Figure 3.63} Figure 3.7 ti273 AREIZANA WA 3] ZHEHS 43 dFolct. tif
= 1567711483 1
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Hamming based clustering in Controls' Network
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hclust (*, "complete")

Figure 3.7. Result of clustering for structural equivalence(control)
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Po] THY =g

sto] 4Bk B AT A8 as
o zae ATAEL Aol Bl 3k

Aol gk, o] Wy
Folgtal & 4= 9tk
71MEe UEHZA tolHE AT u] FAXFANAY A D v LA HHZ AN 5
Kendall®] tau-b 3& %12, IBS(identical by state) D 52 thgst 723 = 3t
Aolth. VEYPIE 53 24 J2& B3 5T vt SNP ¢ JES AEsta 5 o]

Hom she AU AF 2 B4 S0z 4 Y2 Aotk

A
_{
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