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Generating Rank—-Comparison Decision Rules with Variable Number of
Genes for Cancer Classification

Youngmi Yoon' - Sangjay Bien™ - Sanghyun Park™

ABSTRACT

Microarray technology is extensively being used in experimental molecular biology field. Microarray experiments generate quantitative
expression measurements for thousands of genes simultaneously, which is useful for the phenotype classification of many diseases. One of
the two major problems in microarray data classification is that the number of genes exceeds the number of tissue samples. The other
problem is that current methods generate classifiers that are accurate but difficult to interpret.

Our paper addresses these two problems. We performed a direct integration of individual microarrays with same biological objectives by
transforming an expression value into a rank value within a sample and generated rank-comparison decision rules with variable number of
genes for cancer classification. Our classifier is an ensemble method which has k top scoring decision rules, Each rule contains a number of
genes, a relationship among involved genes, and a class label. Current classifiers which are also ensemble methods consist of k top scoring
decision rules. However these classifiers fix the number of genes in each rule as a pair or a triple. In this paper we generalized the number
of genes involved in each rule. The number of genes in each rule is in the range of 2 to N respectively. Generalizing the number of genes
increases the robustness and the reliability of the classifier for the class prediction of an independent sample. Also our classifier is readily
interpretable, accurate with small number of genes, and shed a possibility of the use in a clinical setting.

Keywords : Data Mining, Classification, Knowledge-Based Data Mining, Microarray Data Analysis, Microarray Data Classification
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o] FellME T FHA MFE ojFol o 7 2
AT A4 dnEL 293 F dxnelF k-TSN
otmel (2% 5)& MakePairRule()$} Join() €i2FS
%%}, MakePairRule()& 25 7399 % 79 +4#
ol dial A-E At dY dneEd Join (28 6)
& AEA zgstAx s 7 FHY He ¥HAE A%
dto], A& Ao A4t ARE ARG A3 HE A

k TSN Algorithm

Input: a Learning DatasetiLS), k
Output: k  Rule List

L PairRule «— MakePairRule(L5).
2 Initialize 2 Empty Arravs: NormalPairRules and
TumorPairRules.

Repeat for each rule R in PairRule

3
4, If R is Normal Rule Then insert R into NormalPairRules.
5. Else insert I into TumorPairRules.
End
6. NormalRules=—Join{NormalPairRules k/2,Normal).
7. TumorRules=—Join{ TumorPairRules k/2, Tumor),

8 Return the result of 6 and 7.

(12! 5) k-TSN g12|&

Join Algorithm

Input: PairRuleList, kinumber of rules to be selected),
Rule TypelNormal or Tumor)
Output: k-Rule List

1 k-Rule List «— Initialize an Empty Aray,
2 Repeat for k times
3 Select the best (High Score) Pair Rule.
4 Insert the Rule into k-Rule List.
5. Remove the Rule from PairRuleList.

End
6, minScore «— the lowest Score from k-Rule List.
7. If Rule Type = Normal then PrimaryScore «— NS,
SecondaryScore «— TS,

8 Else PrimaryScore «— TS, SecondaryScore < NS,

9, ElementList «— Sort PairRuleList by PrimaryScore.

10. While ElementList is not empty

11. Remove Rules from ElementList that have lower PrimaryScore
than minScore.

12, If ElementList is empty then return k-Rule List

13. HighRules +— Select the Rules

(possibly multiple) that have highest
PrimaryScore from ElementList.

14. LowRules +— Select all Rules from ElementList except the
rules in HighRules.
15. Delete Rules in 13 from ElementList.
16. For each HR in HighRules
17. For each LR in LowRules
15, If ChkAddable(HR LR}=false then gotol7
19. UpperBound = mintHR . PrimaryScore,
LR PrimaryScore).
20. LowerBound = max(HR.SecondaryScore +
LR SecondaryScore-1, (),
21 If UpperBound-LowerBound < minScore
then  goto 17,
22, JoinR + Combine(HR, LR).
23, If JoinR.Score > minScore then
. Insert JoinR into k-Rule List.
5. Erase a rule that has the lowest Score from k-Rule List.
26. Update minScore.
End
27. If JoinR.PrimaryScore > minScore
2, Insert JoinR into ElementList,

End
End // For each LR in LowRules
End // For each HR in HighRules
End // While ElementList is not empty
2. Returmn k-Rule List.

(28 6) Join 12|E
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33 Exo Ay dolHZA, =§9 AHAE Falo s
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ojct, HE 95te] AHEE vlojaRojd o] HolHE 7zt A
7] A(Singh [14], Welsh [16] and LaTulippe [111)2.2 <
Feich ALgE who]laRolg o] dlolEe WY& of <E
5> Akt

fr e

32. LOOCVE ol &3t 2X2| kM&y
A kit Edold dloly ¥2 f20<E 6>, kitd

(& 5) ey ojo|3=0{|o] Hlo|E

dolel | #Aa 4| A AEels |4 AEAF| F HET

Welsh 12626 9 24 33
LaTulippe | 12626 3 23 26

Singh 12600 50 52 102

(E 6> #H k g2t LOOCVEE=

Edoly tlo]E AE #74 k A8 (%)
Welsh 9 100
Latulippe 13 100
Singh 9 92.16
Welsh+Latulippe 7 98.31
Welsh+Singh 5 91.85
Latulippe+5Singh 9 90.63

5elA 152 Z7HAA YrbdA 71239 LOOCV(Leave One
Out Cross Validation)2 o]-83te] #H Ao kgte =t}
k-TSP%} k-TSTE #13 A4 9] kate [18]% A3}

33 A#AIZE 2y

o] Aol A= k-TSP, k-TST, k-TSNe] A 8A|7+e |3
4%k k-TST9 k-TSNS 3 A2 AA {Hx2 B
B 1%9] °IED1EJH-ﬁ-x-lx]-§- WA 223549 o OIE[)«!E_]H
BF At AAo ALgE o
oA o 504 10071 [6] Alelel QEME R
AbEEHE Aoz dgsEo] gt} & %}‘fﬁl“ﬂlﬂ“
AAE F8 12070(1%)8] QEHEE FHAE 253
FiAe g4319c)

<E & AYPHY vlelaRoly o] dolHe APA|ZHE
HojFrh k-TSNe| th2 F /e ZxelE nr} AsA|zte]
Hol Ft} k-TSNZ 12| &4 A9 k-2
Y2Ee FHLEE Efoly dolg MEJ e gitd
t}h. Latulippeze] A 4E9 471 H3, FAUE 49}
FAEL] 7 v A Edold dolHdME, 49
=i HE AAshs d 70 Algte] 289} Latulippe ©l
ol 26708 F AIEZolA 3709 HAAE, 2379 A=
2 olFolx gt &A% Singhu}t €°l MES] 71 A,
75’*“3-%—4 HAEY 571 THE ol FE FPoe A9 B

THE *M?SF g A& Azte] Aﬂ-%‘,q A9 <E 5>

°ﬂ’~1 B3 Singh dlelH e FAE9 £ 1027 olx
BAHEY -’r-?} 50, HA1Ee] 7} 5272 ?*JEM Aet.
Edo]yd dole{24 Singhe] AH&-¥ 77} Latulippee] E
doldrlelH 2 Alggl ZA$nc Ayrzie] HA ALHY
th. Singholl tidte] 237829} 24.063%7F 4~ 8% ¥HA Latulippe
o 79& 1065159 10671827} 425Ut E3 <E >&
A E ol &% 3 Edeld HolHd g APAINE By
#t}h k-TSTe] 34 mlo]lazejgo] dloje|e] Fqtol] 2)a}e],
AE 71 F7Hd A5 AgARE F7HE v k-TSNe| %
el Bl AESFY Frle AAAER S5 oF
7}749.% EN} BA F Qorve waA Fe dEF
Z] ZAER £dshs 78S welr) k-TSPS} vlws] 2
k-TSN2 7} £ = 2080, 7 4 & A9 4
ol A% w2c) k-TST9 vlas) & o, k-TSNS 7H3 £&
A5 208, 73 A ¥ A= 124 X w2}

P

(o3

. o

34 Heg
o] FolME Edoly HolElE o] &t} ozl i

3 g, EdolddolHoe E]H HAEHHoE Fga}d]
k-TSP, k-TST¢t 45 & vlmdch FEFES 23 3o 4
o] =lof 9k Welsh, Latulippe, 53 Welsh+Latulippe#o] 4
E7F H1, 43 BFAEY 7 vf§ Aolrt ge] U=
dlolEl= Egold dlolHE H§g dlo]g7} ofuth Welsh
o] F A& v 33, Latulipe®] F4EF 4+ 26|t

ol dHolEl7} EdeldulelHZ AlEH H$ k-TSP,
k-TST, k-TSN9| AEFEL (29 99 o] YAFHoz



TF HIDE 7|922 o= LIS SEL} 2 O|F03 & 28 #X 7o MM 773
(B 7) MM 010|320{|0[H|0|E{E 0|88 k-TSN, K-TST, k-TSN2| AISHA|ZF BA(CH: %)
k=TSN k-TST k-TSP
HaE Eoly
dle|E o] HE ; ivi i
tel® el } ..lnmrr‘natn‘e Classification Total .Infm'rnauv? Classification Total Total
Gene Selection Gene Selection
Welsh 3.437 52672 56.109 3.422 156,641 160.063 242156
Singh Latulippe 2718 102.297 106515 2.765 133.891 136.656 459.422
Welsh + Latulippe 5.797 12.703 18500 6.203 287578 293.781 318.703
Singh 984 13.938 23782 9516 442,469 451.985 SI1L21R
Welsh Latulippe 2750 102.968 106,718 2.828 134.093 136.921 455.015
Singh + Latulippe 12.219 14.406 26625 11953 561.75 573.703 614.797
Singh 9.782 14.281 24.063 9.656 442.171 451.827 510515
Latulippe Welsh 3.453 52.922 56.375 3672 156.750 160.422 241.047
Singh + Welsh 13.047 13.704 26.751 12.937 584.703 59764 628968
Test Dataset : Welsh
100 —
90
A 30
¢
& 70
u 60
r 50
¥ 40
; 30
b
v 20
10
0] : .
Singh Latulippe+Singh
|mi TSP 7576 | 7576 87.88 :
BK-TST 697 | 96.97 96.97
Ok-TSN 81.82 [ 84.85 96.97
Training Dataset
(38 7) Welsh E|AEG|0lE{e] XHER
54 %tk Singh, &% Singh+Welsh, % % Singh+Latulippe} oo #AY 598 AEFRE A2
2ol H4F $7b 2 dolEs} Edlo]y dolHz ALY A%
( ¥ 7, 8), k-TSNe|] AEFE&E k-TSPrL} ¥, k-TST 4.8 B
o FEFE LA} AHE walr
2 A 271000714 E 713 EdolddolEel st € =M E vlo]lazolgo] dlo]HE o] fdld, RE
°f k-TSN& k-TSPe} vlaste] Ak 11%9] WFah&, k-TST  Fao] Fojshs S04 28 Awshss Aze o ¥
of BHst= ZWE BTk AYHY vlo]aRolz o] dlo|E] e Adstn, 288 St 71&9 w9l k-TSP
& o8& 9o 49 F, 709 2¥olA k-TSNe|] k-TST k-TSTo} A FEFSL w3} B =Ry
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Test Dataset : Latulippe
100 ——
90
A 4
v !
¢ 70 |
u 60
r 50
40 -
C
.30
i
v 20
> B
0 : :
Singh Welsh+Singh |
‘-k-TSP 6538 100 ]
ak-TST 84 62 100 |
Ok-TSN 8846 | 100 |
Training Dataset
(132! 8) Latulippe EHIZEHOIE2| HERE
Test Dataset : Singh
100 S—Se————
90
A g0
C
c 10
u 60
r 50 |
40
€ {
v 30 |
A~
o 20
10
0 + . -l . _.__...
Latulippe | Welsh+Latulippe
llk.TSP : 66.67 68.61 B
Bk-TST 64.71 47.06 85.29
Ok-TSN 75.49 3 51.96 - 66.67
Training Dataset

(38 9) Singh HAECG0|Ee| HERE
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22lERe FoF
2 =gAE ©5 vojazejde] dolg AES ¢9)
% §4 vjolazolelel dolg AEZ 25 Edold o

HEZ AHEIAch 71&e] st AN} FEF
&2 v R 71E9] WU k-TSPe} ¥nsge W 9
el AE FolA 7HF F& A4 20w, HE FA 2B
ASolE 4ul7 w2k 7]ES] WU k-TSTS Hlwe s
< o 97je] A FolAM 7HF F& F5E 200, M FA
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