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Cluster Analysis of SNPs with Entropy Distance and Prediction of
Asthma Type Using SVM

Jungseob Lee" - Kiseob Shin™ - Kyubum Wee'™

ABSTRACT

Single nucleotide polymorphisms (SNPs) are a very important tool for the study of human genome structure. Cluster analysis of the
large amount of gene expression data is useful for identifying biologically relevant groups of genes and for generating networks of
gene-gene interactions, In this paper we compared the clusters of SNPs within asthma group and normal control group obtained by using
hierarchical cluster analysis method with entropy distance. It appears that the 5-cluster collections of the two groups are significantly
different. We searched the best set of SNPs that are useful for diagnosing the two types of asthma using representative SNPs of the
clusters of the asthma group. Here support vector machines are used to evaluate the prediction accuracy of the selected combinations. The
best combination model turns out to be the five-locus SNPs including one on the gene ALOXI2 and their accuracy in predicting aspirin
tolerant asthma disease risk among asthmatic patients is 66.41%.

Keywords : Asthma, Single Nucleotide Polymorphism, Entropy Distance, Cluster Analysis
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D SNP symbol
SNPI1 ALOX5_pl_1708 G>A
SNP2 ALOX5_q3_1728_A>G
SNP3 ALOX12 pl_822C>G
SNP4 ALOX12_p2 540G>A
SNP5 ALOX12_ql_261_G>A
SNP6 ALOX12_q2_322_A>G
SNP7 ALOX15_P_272_C>A
SNP8 B2ADR_ql_46_A>G
SNP9 B2ADR_q2_79_C>G
SNP10 CCR3_p2_520_T>G
SNP11 CCR3_p3_174_C>T
SNP12 CCR3_pl_22557_G>A
SNP13 FCERIA_pl_344_ C>T
SNP14 FCERIA _p2 95T>C
SNP15 FCERIB_pl_109_T>C
SNP16 FCERIB_gl_237_A>G
SNP17 FCERIG_pl_237A>G
SNP18 FCERIG_p2_H4G>T
SNP19 IL10_pl_1082_A>G
SNP20 IL10_p2 819 T>C
SNP21 IL13_pl_1510_A>C
SNPZ22 IL13_p2_1055_C>T
SNP23 IL13.q 110 G_A
SNP24 IL18_p2_607_A>C
SNP25 IL18_p3_137_G>C
SNP26 IL18_gb_13881_A>C
SNP27 LTCAS p2_444_A>C
SNP28 TBXAZR ql_795_T>C
SNP29 TGFB_pl_509_C>T
SNP30 TNFA_pl_1031_T>C
SNP31 TNFA_p2_863_C>A
SNP32 TNFA_p3_857_C>T
SNP33 TNFA_p5_308_G>A
SNP34 TNFA_p6_238 G>A

2 =89 F8 &g a%dt AA, AT A
dulza el ZE SNP Atol9] dERS AE Altstd
A+ & (similarity matrix)& HE3L 72 83 (average
linkage clustering) W& o|&3le] SNP Alo]e] /45 z4
FYEEE Addd. FA@ATY FAAERTAA FAH
SNP T3¢ ztel& wmgtc), 4 AT o3t &+

AEHe ARE ol &3}, A9 F /M4 FEY(ok2A™
W A4 olxvd B A4S Adse #E%
SNPZHS Zeth 22 T4 43 SNPE FARR
A¥4¢ Zena A48 5 genz, AHAATINA 3
AE Z+ #3& dEsE SNPES ZAUL. o2 74
¥© SNP 2§ of2ud U4 M4 e FHFEE A
AHE 71 ACVM) B ol 8dte] FARUL. viAHoR
AW SNP Alele] Q@A BF 7€ A7 WYPEH
€ =E g vug

2. Hio|E

t 2444 deg2r-Fuig2dg e g
3 256%'—4 ANPAEY 14599 AAREE g
saen, AT WHY ofAnd AT FE HA
AiE vigoz 9799 ofauyd Bul4 H4 (AlA)R
159 ] ofAuA WA HA(ATA) T2 EFach 2
Ao FHef3 EE das wWde dAANEAYSN9s
(RB)oIA 1@ vho] we} 17 § FoE AAss1
AR ARE F=dEe PAo &85 B4 ALE
g SNPE2 Uwt Az #de] Qon Uz 34709
SNPE dlgo2 3sHAnH2, 6. <E 1> AHol Alsd
SNPo| tig A Eo|t}

3. 4y

31 dEZT AHel
frd A% Sol g
Xo eI E

8 X={X,, X, X,} o thste]

x| Ix)
H(X) = 31 BIo9TsT

ol 71N AAR 71z Agel Wzl AFE Uehd
':}- Q% ﬂﬂ' Soﬂ I:H'Q_l‘ E}% %&JY: {Yl' er'"g}/m} 0}
ol
nom X NY]  IXNY,

33 e Liog

B(%,¥) = ST %78l

i=lj=1

2 X9 Yo A% dE=Z¥E 3o ¥ X9 Ve JER
7 Ae)(Entropy Distance)&

ED(X.Y) =2H(X,Y)— H(X) - H(Y)

2 Ao#cH7). 2 ED(X, V)& ZE(metric)d] 38
nEL ZHS S Ut F X, Y, Z7H AR S Y9 &
Sold thgo] A Yk

(a) ED(X, Y) = 0;

(b) ED(X, Y)=0¢ 2 FE2AL X=Y,



(¢) ED(X. Y)=ED(Y. X);
(d) ED(X. Y) < ED(X, Z)+ED(Z Y).
oA ED(X, Y)7} A#AQ A Mdz dAFE B
=
ERAME AAAY S VAT T AYUE
o8 AdAsy 7 SNP fA¥e g RS 44T
F 7§e] SNPell 9§ #& Alole] dERS Al:e F
SNPY| #AME EA4ste FeaA, dEZY A7t e
5 Aol AR AAGGe] Az Y o 34719
SNP Atele] dEZT AE BF Atsti, AAAZ]
AA@ATY e} vlwsta, FFdzRdelA fFAHdol =
& SNPE9 33 #A3aolA FAM o =& SNPE
o #7<& #Fed AHg "

dEzI Age A4E (d)F 9HEFHAF|EZ SNP Alo9
BAE 2o 983 & & ke FHo] U 4F &R
SNP1# SNP2¢] Agle} SNP28t SNP3e]l A2lE ¢tdd
SNP13} SNP3¢] A2l SNP1#} SNP2¢] # 2|9} SNP2¢}
SNP39] A9 fFrt ZAAY 2o AMS ¢ F Aok

4
i FN

oA

—
70 -
60 -
< 50 4
ul 40 -
= 30 +
20 4
10
e
010203040.5060.70809 1 1.11.2131415161.71819 2 21
TP otof A2 snp ALO]2] F2|
(HE Az 1 1424, REDA : 0477)
80 -
70 -
60 4
1
W 40 -
3 3 -
20 -
10 1
5l
0.10.20.30.40.50.60.70.809 11112131 415161.71 819 2 212223
Hygz2otojaiol sne Atoj2] 22|

(B Ag : 1419, BFH3L : 0482)

(32 1) HMASXED HAHEFLoIMS] SNP Atole] 42|
¥ Hlm

32 A3H 2% 24 wd

THEN O E g 54 A dFES FA 7]
Zole 2 Fdoz FHshed ol8sHE 7IME ¢
it B E=FdAdE AFH 24 4 ¥¥(hierarchical
clustering) % 8¢l H++ A% o8 W(average linkage
clustering method)[8]& A8-8te] A §ahtat AAdET

YGEZN 7eI2 SVME 0I8T SNP ZEEAMD B4 7 O

i

69

of tigte] Moz FHEAE A

TAAA BRe dAE oed 2o 94 AERH A
2 & AMgstel 7 FellM UMY SNP Alele] Ag
uC,=561718 74tsta o] & utgo 2 SNPo| dig {4}
g2 wED ¥A 1719 SNPR o] Foi7 34719
A Ewstel Azt AR ke F TS Ajste 3BA
o #AE AR} M) EHAN A= AR ke
F RS 2%sd R £f4E 21, o FAHLS AL
o 1709 2R(F, AA Dol ol WA s o7
A F 23 Atole] Azl A4 £HUe EE SNPE 3
o] FAAE gt F, thd 22 Ao #HA.

1
d(z. y)
m; m; rec,yec,

g, g)=

4714 de AdE 9uista % CE A4 27 m%
mZ 7HE dfot.

4 BT FYUEZ ZHEY H

3d9] WS o]faty HARATI AEITAA 2zt
7t PAE 48t vug AnE AEdch U, JA#
At A ET o] BE SNP Alele] dEZI AE
Adsieltt. JERY] Ao FF% EFEHA & F A
9 FelA & Aol7} glov, EEE thag A7l gl
ol F 9 A FAo 9Fe F AR HAIH
1). o4 dERI AZE FAHE FAPEE UER, T
A3 +3 HE L8879 AAAREH 1783 e
FAA gAsEd o] =3 49 de= F £9 SNP
59 43a44 FYER YepdtH(aY 2). g F Pl
A g4g FAEY A7t 25 dE vasy.

T8 A7 172749 b= on)zt g, #3739 AS7)
TN ol Af= #A Mt 67 BS- At 2
Al d24 gernz 1 Axg Ak 7 9 3, 4, 5
6713 3 84 ATE <F 2>9 <& 3>o AAEATH
<E 2>9 <E 3>o]M9 E=AE <E 1> AAF SNP &
29| [DE 97| Fch,

HAUSIAIEHMSI SNP LS NE SUE

bl =

2526 21434331817 93 727 41315162122 10N 02310111224 8 3 5 6292018



70 HFEM2SS=EXIB M18-BE M2z=(Q011. 4)

BUHUEIANAML swe SBXE SHS

7]

Hal

| I

4l - L
TBB IUNDBIVRATRINT 15BN RBANNR2ISEMBANE
SNPID

(O3 2) HASRZT HUUTZY| SNP 4358 7859
Clim]

T 29 3 R TS vl 1y, AN
£ SNP 182 o|Fo]a #3o] vehts e Add=d
oA SNP 82 o]Foja #3o| yehji ok F 9
ol 5, 674A2] FHE FAE | 7HF A Yepdrh
AN AT 5 67K £F Fole, AdUERTAE e
UA] ¢t SNP 3, SNP 5, SNP 622 FA€ F3o| &<
) 3, 4, 5 6718 FHAM F Fo ol M 2 A
o]g HolEZ 7|4 F {39 HA zdd #8&F SNP
g 2L FE 7 AT A45E F A

SNP 3, SNP 5, SNP 6& 55 & faztd flx8e
SNP2A AAYEFM R AAfATAM o 2§ A8
e wo] F3 Qe olo) g oy, Y2FAQ HH
33 A7 48§ Yol

(& 2) HAEXKZOMS 3, 4, 5 674%2] &
(CHE SNPE ZISHH EAl)

R 24 | 0% 24 | 5704 23 | 621%8 23
SNP 18 SNP 18 SNP 18 SNP 18
SNP 28 SNP 28 SNP 28 SNP 28

SNP 29 SNP 29 SNP 29
SNP 13%& SNP 3,5 6 | SNP 3,5, 6
v SIE’%Z;%‘ SNP 138 SNP 8
A SN g e snp | MEE 279 TSNP 138
SNP P
27712] SNP

(E 3) HAEZIMS 3, 4, 5, o7ime| 2

e 24 | 45E &8 | oA 23 | 6#eE 23
SNP 8 SNP 8 SNP 8 SNP 8
SNP 29 SNP 28 SNP 28 SNP 28

SNP 29 SNP 29 SNP 29
SNP 148 SNP 18 SNP 18
H £ SNP 198 g
32749 vl 28 31709 | sSNp 258
SNP SNP nER SNP 258
3070¢] SNP o 2§
2971¢] SNP

5. M4 REY TE

51 =z 2 diF3t= SNPe| E3H

2e 7 = SNPES HAHE 498 REE 21
g2, 7t FAS thESE SNPE AR} AW Atk
Bgahe ol WA Aot ZAE Aole AU A%
A FYsks SNPES 249 UEE Faks Aol AAxY
o khe 2 G, Gy -y Gt FOIFE W, 2 239
9E SNPE oldle 4 (D& BEHE 2,€0, 2,E0,

L BECE AR

k
min, e s.ec, - ned E ld(z;, z;)—d(C, C;)| (1)

=1
4714 d(C;, )& A BEAL I

52 MEHH&ET

ol2ud WAl we HAe F 7HA /¥ A &
4% SNPY =§< 37| Sistd, AA@ATAAM P44
Tho A 4 (D& AHEste diE SNPES FE3%
tH<E 2>0 AsHA FA). ol& A AAFAT A%
2] #7¢ d¥A= zZHzh SNP 13, SNP 18, SNP 280]9,
o]5 SNP Z%9] #4 8o U 3T Ee 57.42%9
O<E 4> o714 &A= WA 714 $4(RBF
Radial Basis Function)& A3 AR ¥E 7] ASVM)I]
WS Eato A48 leave-one-out MAFHFS A L5t
ek

7)o A AAHE 7| AE 94 HEAEA FHHLE
Aggct 73 4 A3 s SNP 13, SNP 18, SNP
280] dojFeng o|a o|& SNP9 HA¥o| we} oty
d Buld A4 oladE YA A4S Adsiof k. 256
go] HAsA] g dolHE thgd #E Wy v
gk F 439 AL FESY] Y8 okxdY B A
A g 18 oAy g HARAe #Bd —12
ARG} §21e] SNP FA8 0] major alleleo]™ 1] &
minor alleleo]® —19] & @93l SNP 139] major
allele2 Co]i minor alleled Tolc}, uwlebr] Fxte] SNP
13¢] f#@8e] CCold (1,1), CTel® (1,—1), TTe¥
(—1,—1) ¢ #HEd) e olHF WyoR e
SNP 13, SNP 18, SNP 289] #48g FAlol iejsd 63
A FHuEol gt oA W3E dblojee AAHH|AE
Hggrt

FYE wHez 4 5 67148 29 dE SNPE ZF
3t olg %9 dF AFEE ANIAHEY). 5/4AE
T3 2 ¥ SNP 3, SNP 13, SNP 18, SNP 28, SNP 29
2 A9 28A H19 dFFFE 6641%E LU

Ao 2L FAHs= SNPEC] A 579 HAA
Zo| 4 ALOX12, TBXAZR, TGFB: 4] #7|de] 3



A€ 9% o) 2o 9% wAH 93 F8Y N5
@932, FCERIAS FCERIGE Y922 E8dg F3 A
Wg F7h) $28 7S FUST Yok B A7 ¥
4 Asg Fo 42E 1 KA FEAg] O
#7449 477 Basan,

53 C2 g atel v|@

FnFd [BlolA AAE wor N7 SNPERH 2
do] BEg SNPE Zow 2V7]¢] RE SNPZEl o
dto] A ARBEE Absol gl B =9 WydAE

N(f\;-_ﬂ Aol AESI) AYE Adsn £ B4S o

of gt FAEYY ANBFEE O(N?)olgke o] &
A4 oH11)l mebd SNPF 3 & o8 dlolg 44
£ #FREE [BlA AN R B =gdA A
o] o A&A o)

AAR FREL [Blo1A4 AAE EHE AHERE 5l
wC:Me BE5AEZ Al A85HE CPU-AZHE
6.1214 x 10° 23] WhAd B E=FA A BHE A
£3ko] 347] SNP Aloje] dE=Z¥ Az A 2 FHEA
o] 289 CPU-AZH 1.0075%0|t}, CPU-AIZHS #4bst
=4 Algg #8742 Intel Core2 CPU 2.13GHS] CPUS
2GB¢] DDR2¥& Z&¢ #HiFHo|n Matlablz FdH
el=d

9% SNPE ol &8l Fu&d [5ldAM AAE At
AdzAR dyor ol ndo] ofZALEE 64.84%
olit FHnFH [2, 10]914 AA¥ MDR (Multifactor
Dimensionality Reduction) ¥ o2 Zolll wdo] o4
et MAAB%EA, ¥ =FlA AN Hie dFAEE
7} o4 Erh

(& 4 SNP =8| o|55 8z Hln

=89 A% SNP 2% o2 A (%)

, SNP ,

3 ks 57.42%
SNP )

4 R 62.10%
SNP

5 313,18, 66.41%
2829
SNP

6 3813182820 G0

h (TP+TN)

=2 -

X AFBRE = o v ) < L0

TP : A%A4(True Positive)
TN @ A4 (True Negative)
FP : §1%%(False Positive)
FN @ 95/ (False Negative)

HEZT 7|2 SYME O0I2T SNP ZEEMI &4 [ 0

i3

71

6.8 &

E3A8e] HAE SNPE ZobA g vz 883k
g Wy Ee] AEs R gt £ =fdAe HZE2 dE
29 Aeg ol&3te] M4 A" SNPo| dE AT LHE
AL AAEAG 225 Fold 459 dE SNPE 74
H x§o] 28 £8 Add AHEE ¢ AEE BT
e Aol B SNPE] 2§32 AF = el v
3 AN ERE7 RouME FY 4F FPEE 2 A0
2 yepich, & =EelA AAE e q8Fe 74 d
ol & #Ast=d 89 4 U AR J|ddr

#1F8#

[1] D. H. Kim, K. B. Ham, J. Kim, "Effective Analysis of Related
Chronic Hepatitis Using SNP", Proc. of the KIISE Korea
Computer Congress 2006, Vol.33, No.1(A), pp.19-21, 2006. (in
Korean)

[2] S. H. Kim, H. H. Jeong, B. Y. Cho, et al, "Association of
four-locus gene interaction with aspirin-intolerant asthma
in Korean asthmatics”, J. Clin. Immunol, Vol4, Nod,
pp.336-342, 2008,

[3] E. G. Julie, E. M. Leah, T. L. Brian, et al, "Exploring SNP-SNP
interactions and colon cancer risk using polymorphism
interaction analysis”, Int. J. Cancer, Voll18, No.J7,
pp.1790-1797, 2006.

[4] A. ]. Butte, and I. S. Kohane, "Mutual information relevance
networks! Functional genomic clustering using pairwise
entropy measurements”, Pac. Symp. Biocomput., Vol5,
pp.415-426, 2000.

[5] J. S. Lee, S. H. Kim, K. S. Shin, et al, “Analysis of Asthma
Related SNP Genotype Data Using Normalized Mutual
Information and Support Vector Machines”, Journal of KIISE
. Software and Applications, Vol.36, No.9, pp.691-696, 2009.
(in Korean)

[6] S. H. Kim, H. S. Park, J. W. Holloway, et al. "Association
between a TGF 3, promoter polymorphism and rhinosinusitis
in aspirin intolerant asthmatic patients”, Respir Med. Vol.101,
pp.490 - 495, 2007.

[71 T. M. Cover, and J. A. Thomas, Elements of Information
Theory, 2nd Ed., Wiley, 2006.

[8] M. B. Eisen, T. P. Spellman, P. O. Brown, et al, "Cluster
analysis and display of genome-wide expression patterns”,
Proc. Natl, Acad. Sci.,, Vol.95, No.25, pp.14863-14868, 1998.

[9] http://svmlight.joachims.org/.

[10] J. H. Moore, J. C. Gilbert, C. T. Tsai, et al, "A flexible
computational framework for detecting, characterizing, and
interpreting statistical patterns of epistasis in genetic studied
of human disease susceptibility”, J. Theor. Biol., Vol.241,
pp.252-261, 2006,

[11] P. N. Tan, M. Steinbach and V. Kumar, "Introduction to Data
Mining”, Pearson Education, 2006.



72 EMESS=2X B H18-BR M2=(2011. 4)

o & o
e-mail ! jslee@ajou.ac.kr
197613 M -gofstar 8kup(Eha})
1982 M &ufstin S=3hah(A A}

A
e-mail : kbwee@ajou.kr
1978 A&ojstar 3fah(EhA}
19859 University of Wisconsin

1989 University of Michigan(¥}AH AArekap(A AL
199246 ~8 A obFhsta Aelsery | 1992 Indiana University(#A})

2% 19939 ~@ A obEuista JuAFE
Aok FY8 Fop g

Aok AFHOIE, BEA U}

o2 A
e-mail : k1430@ajou.ac kr
2000 gl ek ek
2002 Qspofga 8kak(4Ah)
2003 ~d A ol =shuf uba}
3}4
BALck: A8, YEFRE






