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T Rule)e] & cleavage site® E @t EG VATl 58 A4 (Knowledge)S o] &5t &
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Z3v)o} AF e 9 nf=2 3 vie} ¥a) 9 AFYL
71€ Coronavirus®} #83 Fzo] A zo|E e W
% Coronavirus& SARSY HdAFdo=z RAE31T SARS
ulo} 8 2 & SARS Coronavirus (£-€ SARS-CoV)atE= A
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2% 1. SARS Coronavirus®t ©& Coronavirus

GRAGUP 4

SARS-CoVE #83 A7 + & wHe& SARS-CoV
o] A4 el A 7+&d) 3lu¢l protease (3CLA0)9 AL
AAste] wpolgix F2g Wk slolth CoVe F4
23 A 7] proteases ©E 79 CoV proteased A&
H| %o, & proteases] 2d EsHE 9xE el
= CoV 179 cleavage site® ©T& 2~339]

cleavage site®} FAstcle Aot} wralr] 1~379)
CoV cleavage site #4] ZAd+= 472 SARS-CoV
cleavage site® dEF3AIstn, FF Covea WEH u
olg{x AW HEA & Aolti[2].

¥ AFdME JASE ¢aelFAAM bio-datad] B
F71(Classifier)2 25 A14-=HE FAEY(C5.0), A%
o, fAA dueEE olfdod FA(Rule)e AAFT,
AAE F3Ho] 98l SARS-CoV cleavage siteE d
&%t} 28l Feed-forward neural networkolA &
#¥ A2 (Knowledge)E o] 83ld HEZA HAx &
neFol A vdelde ZAHE fdsts A7 &4
7 ¢3u2]l&(Knowledge-Base Genetic Algorithm)<
Aok, A7 FAA 208gEKBGAIS AHLstd
AHd BF 732 o= gugFaAa 2Ad=ER e
S A5 N2 FEE 29

2. 4% dlo]e 9} cleavage sited) TFAFZE wy

2.1 29 dlo]g

Agol Al2% cleavage sites 3 protease] 93|
vpolgj~ ¢l dWAo] BaHE 9 (Position)E 23}n,
GenBank databaseo]A 127]1¢] SARS-CoVe} Tl &+
9] Coronavirus 1271, & 24717} ALL=EQT}H3).

Zt CoV genome A gwltt 11719 cleavage site7}
EgH F 264(=24x11D7, 2 F FEF MEL A9
82 70719 cleavage site (Positive data)E A}&3+
o}, :

Ag dojg AFE FAHEE cleavage A EL P4,
P3, P2, P1, P1', P2', P3', P4 (8xtz)z2 YetUln 20
Aol olmxAtoz T ZE P19 Yo oin
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w4 Q2 THstm 97] WEol Non-cleavage sitel

Kiemer 9|(Kiemer et al., 2004)ol4 Al-&3F s &
o] coronavirus genome A QoA P1gl A ‘Q7t
£0)7} non-cleavage site (Negative data)g 4 €&}
zEg gL ALEtn 12670 AH&E 4]

A Aol & (training)e A8 YFEH= 8749 ofv
A& 7} 20bit o)W FE WE(encoding) T} AE &
Alanine(A)=  “10000000000000000000“% A &3}
, % 160(=8x20)719] YH(input) ==& zZETH5]
2, 4, 6, 89 &Y(hidden) == AY FollA,
e A#4Z 19 2749 &Y =9 cleavage
*(cleavage site! 1, non-cleavage site: 0)&
1719 Z49(output) ==& &t
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2.2 Cleavage site?] TEF& Y
= Sequence logoE CoV genomed AEEHE 7]
oz, d9 AA Fol: AL s A1 e
R % FAsn A Ivle FRAHL 24
=2 Jgic[ag 2], gz REze 2 uuz
#He Ndo) f&3t1, FojF Mdo] deolg HAE W
qstA #& B3¢ AL positiong <IF3t7] YT
Suquence logo® %3] #9d" 371¢] Consensus
Patterne ‘LQ’, ‘LQIS/AYL, ‘[T/S/AIXIL/FIQIS/A/GYT
oJt}[4].
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cleavage site
13 2. SARS-CoV cleavage site2] Sequence logo

. AAREIHDODE 5 AEF (information gain)ol
Adge 7 E JY Y=g BF PR 3o Eg 2

ol FAL 9EA HE Aoz BFE Z2HE HA4 o
s 4 Yok APl AEF C5.0 g FAAE I
L@P2 ~ [A/C/G/N/S]@P1, then cleavage site”?l I
Ho] A Ach

s AFPNN)LS T dold] AL wEHo2 A
A A& Y e i dEFHATA cleavage
site el g vmatAEA e Aold wiF HEA
FOAMSEVF Ha7t HEE £H T

Kiemer, 9][4]%= SARS-CoV cleavage site ¥4&
9lsl NN& Al&39th. 252 Consensus patterng
=7tale Als e Jehggou, 33 A Ao sited
2Mate Aol ol ©A cleavage sitedA 9 HA¥E
& 33l

gy el ‘9 cleavage site" o2 dEPEA Tt

2% Aoz, &P AARAAN FEG “If-Then” T
g 23 ¢uz stE RAolth AR FAE FF
871 A% 2o Agdrrt AR eH (6], & 2R
A= 0AS (Ordered-Attribute Search) ¥ EE ]
g8te] FAL FEAT(7]

s FAR g SGA)L A FHpopulation) & ¥
2 (classifier) &9 #2(o}n] A3} ‘+". don't cares)
o2 EHA3lT SARS-CoV Positive dlolE 9} A&
%A A (gene)’t B (chromosome) string positiond]]
zA48 79 A HAFE(itness)E EGFLEA
JEEst 2 AAE Ags Uid[8]. 28t GAY
EE componentEe] WYL 7Putoz AYP= s &
A3 Td8E F UE TEAA JedozA, A48 7
Aol AFA}E consensus pattern BT © #& A% &
w9t} welA GAE bio-data?l #ATH o8 S4ES
B35 93, GA AR AEoER AEAHY A
Ag 43 g g Axrt Basit(9].

(=]

n A7 FAA 22 FKBGA)S GAY 45
AN717) S8 A8 FAAAA HET F dE olgR A

2g o] 43 Yoz AAHY

2 dFME SGE NNy F&EF AHUF 45
and 1150 then cleavage site)d o|&8td] GAS %7]
(initial) AH FFE 2Y 33 o] AAZMY. olAHL
SRR o4 yAL FrgozA, HAH FE £E
Hoz SAMEA Tl NNolA =28 2 7t oy
wAtel EFR 94 ARE EFstm Yol, AFHY
GA Rt} ¢ We A8 £52 £Y3le= ARE €A &
et

Knowledge

L@P2 ~ S@P1°
Extract L@P2 " E@P3 | —
L@P2 "~ R@P3 ~ A@P1'

{=*LQS**+}
{"'LQ"‘E"']
[*RLOAw*+}

o
{48,123},
{49.34,80}.

Trained NN

tnitial Population of GA
19 3. KBGAY 38%

Agr 4= FHo Auksl(generalization)? &
S(accuracy)® BAld RF ©EA7E U0 HA
o s P}

An) = num of positive
nzem of bosttive + num of negative + 1

x100 +d

d = ‘¥(don't care symbol)d] /MFZ 739 4yl
2 gEaA ek e Adig ARLE AEME EF
2 Ndi one-point & 2Hcrossover), 0.012] E@ o
(mutation) ¥4+& AL33
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3. 4843 4 F&d 739 4%

Z 2angFodA F&28® 7H HSL coveragest
accuracy® g o] Al4kgit,
_ TP+ FP
Coverage = o INT FPTFN

Acczmzcy=—7—P—
i TP+ FP

TP 4AA cleavage site9t A == F2 o o],
FP¥ non-cleavage sites} "3 == 739 4ol

X E(positive + negative) cleavage sited]= P19
AR ‘QE E¥ET glomz 258 FAAA Qe
AL G FHoE AL Prjh

Consensus &3 DT 732 & coveraged #&
accuracy® WEM =, E 1949 Zo] o]A-& NNoj
U KBGAY A A4d 7352 ¥ ¢to e}

NNZ Kiemer, 2l[4]9] A¥3 FLsA 3-fold
cross validation®}'#-& AMEEETH d8xE 1607, &
HxE 270, &8x= 149 F22, 97.9%9 43 A4
T3 99.6%9 & AF/EL Vel

GAdlM A" HHL 7|F(coverage 17% ©|%,
accuracy 60% ool viE=Eo] ¥ 1o TIEA £3}
%ot KBGAS vlms] & o 5o oj¢ 2 Ao]g E
T ded, oRE 27 e MM $5EAL Fn
FeA e R Ao 2 JdFE EoiE Foz g
g Q.

KBGA®|, NNellA &g #ae AlE oo Fzd
F AE 2 %9 consensus 7 DT 7FEE A143
o ¥ AR, NN9 24& ojfste] AHE 739
5ol 718 484

Zt daEdA A" 739 Adsy T FAE
“DT<NN<KBGA“?] £A4 % FA T KBGAA A &
AE S@p4 ~ S@Pl'e M £ 86.6%9 AHE e
W 9l

E 1 24 % ¢ndFdr F2¥ 73 4%(coverage
17% ©}%, accuracy 60% ©°]7)

Positive Rules |Coverage(%) |Accuracy(%)
Consensus

rules, *xLQS*x* 36.35 75.76

DT(C5.0) *x QAxx* 26.11 78.26

rule

x| QS+ 36.35 75.76

x| QAx** 26.11 78.26

*xl QrxEx 21.90 71.43

NN TUIBS | el Quans 20.71 60.87

T*LQirrx 20.32 77.78

*RLQ**x% 17.30 85.71

*4 QS+ 36.35 75.76

**x QAN ** 26.11 78.26

**x{ QuxEx 21.90 71.43

'fE'S: VALQwr#x 20.71 60.87

T Qurrt 20.32 77.78

S#**QSxrx 18.73 86.67

*RLQ***x 17.30 85.71

4.4 &

E A7 M= SARS-CoV cleavage site d&g& ¢
3 714 g9 £F ¢xzedF F, entropy 7I1¥+e] DT,
attribute 7]%Fe] NN2} optimization 7]%Fe] GAE o]&
gl Ztzte]l  dmE|FoA “If condition  Then
cleavage site”d AL F&d1 2 A% e vuey
ot

NN¢ #3& consensus patternBth 53 A%
H$on, NN9 x4& o]&3 KBGAY Alge 7&e
GA A%& Hu FYANRATH o]AL bio-datad ¢
553 B4 o8 AR AMGES FHIE ¢ngEe
gaXs Yepbdn.,

g3 AF JARZE GA 271 I YA AL R
Ag e uz, EFdo] So T datd H43
Bo2 A bio-datasl ©& 5 (specific)d A 471ut ¢
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