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Discovering Sequence Association Rules for Protein Structure Prediction

Jungja Kim'- Doheon Lee'!- Yunju Baek'""

ABSTRACT

Bioinformatics is a discipline to support biological experiment projects by storing, managing and analyzing data arising from genome research.
It can also lead the experimental design for genomic function prediction and regulation, Among various approaches of the genome research, the
proteomics have been drawing increasing attention since it deals with the final product of genomes, i.e., proteins, directly. This paper proposes
a data mining technique to predict the structural characteristic of a given protein group, one of dominant factors of the functions of them. After
explains associations among amino acid subsequences in the primary structures of proteins, which can provide important clues for determining
secondary or tertiary structures of them, it defines a sequence association rule to represent the inter-subsequence associations. It also provides
support and confidence measures, newly designed to evaluate the usefulness of sequence association rules. After it proposes a method to discover
useful sequence association rules from a given protein group, it evaluates the performance of the proposed method with protein sequence data
from the SWISS-PROT protein database.
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Fola 7159 g o 928 FAHY BE 7}
T M(sequence)d) AL vetu & ), NI
A T H(sequence association rule)& ©e&3 7
o] Fejgc}.
{s1, s2, =, Sm1} => sm

& 1<ismel BE id tsld, s € ¥, o] w,
sig AT ME d¥ w#HY FE MA(tem
sequence)ol gt &1}, [

GELE 207HA FH ol AER o]FojA 2o
o A€ 5o ofrl:Ate] ¥ T={A, C, D EF G H,
LKLMNPQRSTV WY od guld 4o
S={A, AA, -, B, BB, AB, ABC, BAC, CAB, -} 7} ®th
(28 37 2L 10F 9¥F Mdo] FojHL o
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P6 : ELDDW INRFSP ISSSDNCQEDFDGVP

P7: MFKLKLHF IVYRETLTKMN IKYPYERLRSLLAFPV
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Swoein = A CCDEFGHLKLMNPQRS TV,
W, Y} Input ' P = (PP Zpoun Y259 2%, 0 <i £ nl,
support /* RAAZ #/
FrequencySet MakeCandidateSequence( FrequentSequence FS,
FrequencySet cFS_Set){
NewFS = @
Each fs € cFS_set
/x FS;& FSolA idA g +/
ifl FSy=/fsy AFS;=fsy N\ AFS,=fs, ;) {
NewFS = { FS,FS,--FS,f,} U NewFS ; }
end Each
return NewFS ; }

FrequencySequenceExtraction() {
FS_Set: = Zproan »
/* FrequencyCount(fs): @¥ad HEENA fs9 24 S5 */
(D Each fs € FS_Set;
if( FrequencyCount(fs) < support )
FS_Set; = FS_Set; - fs;
end Each
if ( FS_Sety = @ ) return ;
m=2;
while (1) {
FS_ Setm = @ ; /* Zol7} mel ¥t MAE] AY »/
Each fs € FS_Set i
(2) /*  MakeCandidateSequence(fs, FS_Setm1) : 7}5 @
F5 A9 44«
new_fs = MakeCandidateSequence(fs, FS_Sety-1)
FS_Setn = FS_Setm U new_fs

end Each
if ( FS_Sety, == @ ) break ;
(3) Each fs € FS_Setp

if( FrequencyCount(fs) < SS )
i FS_Setm = FS_Setm - fs ;
end Each
if ( FS_Setn, == @ ) break ;
m = m+l;
FS_Set = FS_Set U FS_Setm ;
}
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{[{ 1°’s Frequence Setl]]
A( 9),C( 3),D( 9,E( 9)F( 8),G{ 6),H( 8),1( 10),K( 9),
( 10,M( T)N( 9),P( 9.Q( 6),R( 9,S( 10}, T( 9,V( 9),
W( 6).Y( 6),
[[ 2 s Frequence Setll]
AE( 3),AL( 3),AP( 6),DK 5).EL( 3),FK( 3),FS( 3),HS( 3),
HT( 5),JL( 5 KA( 4,KL( 4KY( 3),LA( 5)LK( 7),LN( 4),
LS( 4,LT( 3,MD( 5,MM( 5 NR( 4 NT( 3),PH( 5),QL( 3),
RL( 3),RS( 5),SD( 4),SL{ 3),SR( 3),S5( 3),TN( 3),
[{l 3 s Frequence Set]]]
APH( 5),DIL( 5),LKA( 3),LSR( 3)MDI( 5 ,MMD( 5),
MMM( 5),PHT( 5),SRS( 3),
[l 4 s Frequence Setll}
APHT( 5),LSRS( 3)MDIL( 5),MMDI( 5),MMMIX 5),
{ll 5 's Frequence Setll]
MMDIL( 5 MMMDI( 5),
{I[[ 6 's Frequence Setll]
MMMDIL( 5), J
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= #HME J_?‘Ja BT F23 dAolth 1949 W
g 2REL (A A ID, 98 D, offset) 2 EFFE
ozM Wl M 23S wral A HEow WAFAAC
249 28E F52F W, Ad dolee S48 e 20
AAE EAdztel 3 BAE 2ol @b (29 8
2eAS] gnEFeltt. QdXe 4 A FR #FF 5
A Al FH #AE JHAE EES ZYdt HE=2
& FE5 AR £ AA #E HAE L@He A%
FAdde F5E AARe2A AgsA FHE AA
= FREWS A9 QA 32AAA YAA ol
gl du FHE —?—%3} | A8 74 g8 =3 283
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Input : Database = {Pid, Pidrs_set = {Pidrs setm | Pidrs sem™ 9 219] Pid
oy Yo &A= RE 8 M9 FE 2
)
/* k-itemset : k FEE 2 YEAY
/+ Gyt ¥FE k $EJEEY JF «

SubsetAndOverlapFiltering() {
L, = {Large 1-itemsets) ;
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(N For (k=2 L= ; k++) {
/% Gen(Lu): MEE FR A +/
« = Gen(Lyx 1) ;
Each FID_Set € C
(2) Forall pairs fID;, ﬂD,,EFID Set, i#j {
/* IsOverlap(fID;, fIDy) 5 &7} overlap A4}

IsSubset(fID;, fID,)‘ J 7F subset HAL »/
if(IsOQverlap(fID;, fID;) !I IsSubset(fID;, fID;)) {
Cy = C-FID_Set ;
break ; }
end Forall
end Each
3 Forall proteins P& Database
/* subset(Cy, P) 1 Poll EFHAUE 8 73 FEZHE «/
C, = subset(Cy, P) ;
Forall candidates ¢ € C,
ccount++ ;
end Forall

end Forall}

(O3 8) Yy Mg =g ¢ ¥2E

33 A 3ctA - MY A 7H TE

ol @A 2dAe] HF HYd FH 7 xgozRH
2F AAEG dHAEE L3 BHIY AE AL I
17‘ AL g (29 9 3949 dagFelan (29

0 ME d# 73 AAR 0%, AT 0%E &8
i‘i—% o Az e THe deoln

Input : # of read records /* QWA F x/,
ceount /* TFEH FB &5 2T o«
SEQsupp /* A4 da7A AAE ¥,
SEQconf /* Ag¥ A A JgHE #/
/o Gt FE T 3 2f o/
For each c€Cx do
if(c =2 SEQsupp and ¢ = SEQconf) then
/* Gen_Rules(c) : ¥8B Z¥& o] &3 <& 73 A
I
Ass_Rules = Gen_Rules(c)
end

(72 9) & 74 YT2IE

G <- LA SD (30.0%, 100.0%)
APHT <- W MMMDIL (30.0%, 100.0%)
MMMDIL <- LA APHT (30.0%, 100.0%)
MMMDIL <- APHT LSRS (30.0%, 100.0%)
MMMDIL <- APHT LKA (30.0%, 100.0%)

(28 10) ¢ & o

34 H 4t 1 B8 3 HA

o] @Al A= 3BANA dojd NE AF HE e FA
Fol AREE BA3o FEHE L AAFezA F3
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Aste 2z W FE 280 FERE SAE AARA
o 3gAle A HHAE fHde FHEDN FERTE @A
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o dE & 9 w3 TF EA4FY g 9 73
S AEHR oY BRE ALY F£E HYoEM o
7 #HoR AT ¢ AAAY, By ¥XFgHE Fe
mg FAEL u A= FEAY guE g3 ¥ 5= 9
o AR A E guH o g FEHE FAHLE JJehgo g

THES FASeh ¥ =84M ALsls ahude g
A gof W ZAFY b2 F3AL Eshs g IE
% o NEE 2 73 FEEFos g%t 48 &
of, (¥ 109 A A FE AL 2 o]Ho] MMM <~
LA, APHTS MMMDIL <-LA %¥ MMMD<-L, PHT
9 FEEC] BF AdH Sk o)l MMMDIL <- LA,
APHT 3o AAR9} 208 RF7F TER = #A
ojmg MMMDIL <- LA, APHTY dA5x2 Jmz 73
& AAGY EdHE B FEE0] M HoE wolx ¥
Hale gudozs gERFHORZRE F58 & ot o
o] ¢ngEe (29 1D 2}

Input : SAR = {SARi| SARi : {s, sz, == , Sm1) =P $m Vi, SES)
& HE

RedundencyRulesFiltering() {
FileteredSAR = @

while( SAR = @) {
/* tRule_Set : CAA ¥, AE%)7 HF o, 5§ & SAR
LB

sRule_Set : tRule_Sete] &l E§=oi#= SAR 4 +/
tSAR = SAR - tRule_Set ;
Each sRule_Set € tSAR
/* Antecedent(Rule_Set) : #3258 AR F
Consequence(Rule_Set) : #3287 AR 3% +/
if(Antecedent(tRule_Set)C Antecedent(sRule_Set) A
Consequence(tRule_Set)C Consequence(sRule_Set) ) {
SAR = SAR-tRule_Set ;
break ; }
if(Antecedent(tRule_Set) D Antecedent(sRule_Set) A
Consequence(tRule_Set) DConsequence(sRule_Set)) {
SAR = SAR - sRule_Set ;
continue ; }
}
end Each
FilteredSAR = FilteredSAR U tRule_Set ; }

(28 1) 55 73 HMA

4 45 B4

oir

B Ao M A dundFY 4% 4 ARE AA
gt g Ee CHo2 FEsges A4d #7432 RAM
512M, HDD 40G, Pentium 933 Z2AHAE ®A$ Linux
serverdl A Ag3gct. dHolHe 7MY B Ad HRE
HHaa 9 SWISS-PROT HolH Hlo| 22 8E F&3
1059 9dd NY dolgE AL A xe NFEE
walaaA 4gE F8FAY. <E > AT 8
w2 A E o EX¥oloh YwkrHoR 10% vvhE

AAE JAgeR Fodst= EJAN d@ F29 499
B 2y MY 48 739 Ffels Folz v¥d FHdd
Sote A3 W o DA FFA ] vehvergt
AggdHos Fo¥ BF Adoldn HFE 4 g o
g 2 dYelMe H& AAE JARE 0% ojdez
AREn (29 129 ZA3E By 73 N5t 60014

ofAel A e F 39A Fr FASY A o
e 2 Aol HolAw, 4uAc B U= B 7
e A S R

o] A B BN TIHEE B FH HEZ Hol ¢

¢ ¢ F Ak
dueEel 58 olA tpESY que oy By
oz HYY & Uu AR mEE w4 #4599
dEe e AAE 4 2 We Fu %o Agoz Q
9498 FAE AT 9 we BP9 HES de4E

Helth, MAEAe F¢ 4dd vyl HA gugs 7
< 43 29E Bdud §d Folu #e Vg 439
Aojet dFgct oj2d FHoz grid @} A7}
g 3 23 BAEET s WES Home
T2 gug Hd = ok A AA9 dA MEe 7t
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