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PRODEC : PROtein structure motifs Detected by

Evolutionary Computing

Student : Yin-Hsuan Chen Advisor : Dr. Ming-Jing Hwang
Dr. Yuh-Jyh Hu

Institute of Computer and Information Science
National Chiao Tung University
Hsinchu, Taiwan, 300, Republic of China

Abstarct

Large-scale functional annotations of proteins can be greatly aided by the
identification of a set of motifs that characterize a specific SCOP fold. In this study
we describe a new computational . method,”PRODEC (PROtein structural motifs
Detector using Evolutionary Computing), to:automatically discover structure motifs in
proteins. A key feature of PRODEC is that each PRODEC motif is a duo consisting of
a sequence pattern and a structure pattern. PRODEC, based on genetic computation,
begins with an initial population of random motifs. Through the evolutionary process,
PRODEC iteratively improves the statistical significance of motifs by modifying their
configurations. To evaluate each new pattern, a novel scoring function is developed
that measure motifs conserved both in 1D sequence and 3D structure. At last, we
provide a modified clustering method to refinement the final results. By evolutionary
computing operators and clustering, PRODEC can automatically connect short or
subtle motifs together and then extend them to longer ones. Tests indicate that
PRODEC can successfully detect fold-specific conserved, flexible, and longer
structural motifs. Comparing with conventional methods, PRODEC has better

performance in finding flexible and long motifs than other motif discovery methods.
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L1 36 Fenfh b oy

Fod FAL 20 frRA i (amino acid)#THE S o iR MR s Apid e
= 4347548 (polypeptides) > @ Az %% WA A A A R o &
B PR R VR TR A e B o R FHEIIERE S
=0 Feh- s g4 (primary structure) ~ = & %4 (secondary structure) ~ =

B (tertiary structure) ~ 2 » % %4 (quaternary structure) ©

w0 F- s (primary structure) &ip sk pecnR 7] » B¢ — =g L N-
HNH2 - 22k > ¥ - Rl fEs Ca (CC00H-> K 2k) - F15 & g &3nid
{‘skﬂ*gﬁ&m};ﬂj » F]pL A Pﬁm}i};lji—{] ﬁ,\,b}n ﬁFﬁ'L’ﬂ’/;P‘

v F = s %i(secondary structure) & d-v F o 2 (5 1iridd) § 4G
Flovdeh 2P e T FF LR yrd > b - B p N atizt
BAET AR E AR 0 A A R R T 3 Fhdey TR B 0 RAR
FABYES o B SR R B R BB, F 22 sat (peptide bond)
AT ST G TGP B R 2 BRI AR R E A g
AT G B f U - RARFPR A RS RENIBLLEEE - La

(o -helix)® BAT4 (f-sheet) « Bl 1-1 5 A 4 hZ F A)4k
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(a) (b)
Bl 1-1 39 - 5% (a) a-helix (b) pB-sheet

v fehz s dp(tertiary structure) %A~ + p 515 A+ 5=z B %

g,

UL o 1S i Tz AL T i Y g Eas T g LRR G
do b eE S i TS (4o & B ) 2 i A (prosthetic group) o § & RIILE L EEA
+ i3 4F & 5 pE 3 (glycoprotein) s £_& 4273 F = % #3 ¢ (lipoprotein) - &
ILFREEAvAR AT gy AT RE RS BB L A e
w f= 39 (hemoglobin)  H- = = &g fpins - H =4 3 » 5 =0 # (subunit) -

¥ LMz A - s4t(interaction forces) s L & B £ 4 & 0 R AGF S

&
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1.2 %% Fip 004~ (Protein Motif)she & &

1.2.1 #3} Protein Motif ?

v Fp ﬁv.:%fﬁf‘u(Motif)B WA EN- T A RARY F0 FAR AR
Bl B R0 4 B REE 5 F R R A ahlotif St ke FEB

FPILHE AR R0 ) B e Bd TR AR T A TR 5}

PTG o2 F F FH-pE G A RPE S - FR L LFE N Y S TS

Bi g o A7 o Motif ™ rgeded Fabic ~ A2 AIIZ 2 6 4 R4

PR B KRB BT g G A R R E RS T AR
SHCB L 2B T UF T RARANE F A S A i ch B © s

g B2 AT A8 3wl e

Motifi]!‘uﬁ fot KRR B I A PME TR EL ST 3 Rk

égjﬁgkaﬂﬁ’éﬁﬂ%EA&&fwﬁﬁ%ﬁi%@ﬁm@ﬁ\i

=t

CAEEBEE H - AR R AR Rk TR d 0

A1 ,f‘:m’-’%‘? » i Fev ’Ffr“ €7

ﬂ\q.

IR I R R
PR AEASM L €5 FAAR AN DL LB cpE f F FAp SR AT
PR e e BB MG RARAE S - TR ﬁnﬂbmjﬁﬁu

¥ llﬁﬁ;i\?*'\ -—A:\%i°
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1.2.2 Protein Motif «& & |+

AR TR RN AR E SR A LS A § e
Glde o F-0 FE HenfRHE A & £ 72 & ¥=(Nuclear Magnetic Resonance, NMR)
22 X-ray & %8 Y544 pe(X-ray Diffraction)q 2 ip| £ 11 Kk e o 82 R F Sk i jie 4 7
o R P AREFLEKT RS ARG 0 B2 RS R DR TSR
B VX dodd Foor i LA ESE ST HRAATRAEY 2 EF RS

AAE o AdvraE R e o RE AT FF IR FF LB EL B R
Qo o~ i et kB ETATRS PR A B ALLFE TR Sk
B o Tt > Protein Motif e i # 07 2 $ F RAUIF enfE 2 38 o 1115 5 AT
FRMALA L LA DG o 7 PG R N R3S ] e Motif $ei 0 3%

XN SR AT AT R

1.2.3 Protein Motif #7 § e F] ¥ Tee

PR AT EAF Y 0 B0 THIRRITI P w5 0 ALY AT R R
By T ORREA SIS A AR SRR R VEA ST R R R B
BHOFROREF FA P2 i = F it L LR e H g R drx 2%
PR R oA aIRAR A ST i F A Rz B AR 2 MBS 1
T EARhAF o RBER K oD ST BTN FF PP
BHoOF RO FT G F RARARMA S| = 2 BB

FHRP T P B EJCRFN DR B F o 5 k)t o
-

TAFREE MRk RT R AR 12 R 28k



Motifs in Protein Analysis

sStructure

motif

Sequence » Function

Sequence -> structure motifs

Sequence -> function motifs } Sequence motifs

Structure -> function motifs Structure motifs

] 1-2 Motifs in Protein Analysis

41 p ¢ http://www.ii.uib.no/~inge/talks/ebi-nov-99/s1d009.htm




1.3 73 P&

"L ¥ 39 7 4L 2 (Protein Data Bank) [Berman,et al, 2000] ¢ % 4kh3-v F

D I CY & LRI RTINS i AR S A R E R ) R R

—

o EIERE I ARRAR SRS kg FRET ARG P TR B

TALE R L AT u+I“’mﬁiﬁ PRI 0 A dp IFAPE R G {ATRY B
lﬁrr":"-i-#%;%,,,bﬁ Beet gk 473w & E_ki\*%o

AR RS D 9 FRE AR A S L Bk Y

ES

Fl- A G R RR Ry 2 RASE ORI T Fh > A P

Protein Motif ¥ & & #-¢ F A8 v 4~ » B h &5 I GHEa b Bip » T 483

H vk it A 72 ¥ OB o

Fohod g i goEaid S @Bt 2§ R 2§

Bt Benl i 7 o v CEEY duife » &5 PRI 2L FEE - F)

POLTEBNEIFRAE R AR LB ML R A R e F ok

Hho Fov e sgiRign 3 5 SCOP(Structure Classification of Proteins)[Murzin
etal, 1995]4 5 o

AR PRI - FRESDEY TP 0 B - FT g e

Borgfipm s ERRE DI HEA LG Fo Tt h A8 LE



1.4 #®~ #i

o FAPAL R TR HAMEF - #3) Protein Notifs 2 H £ &
Mo~z 7,’\152’ L_'/ﬁ,{ﬂ’i‘ 2

5

SRR RS 8 ke A A e P R Bed AR 0L < oo
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AR N
g WU T

AT

FSI
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-2 = e
2.1 3¢ Fin 004 AL F i3 ik
2.1.1 Sequence / Structure Alignment

Vel BN Ged R AR A A JEDY F2 5 Eagd o
£ % p 3t DNA A 7jant $f o sl j B 50 4 B chd > RIZ AR L ok
LR | - 42> H3iE 7 h B 5 (sequence alignment)iF 5 2 0 T F g
ARt 2 B ehi s S s 2 AR SNBSS 0 B R hs
ROk o 93] e Motif o B, 22105 50540 Clustal W[Gibson et al, 1994] 5 1

SRS T R e

I ClustalX (1.83) Q@

Fle Edit Aligment Trees Colos Quality Help

Multiple Alignment Mode - Font Size:|18

ErLErKDEERCENSEEERETER

SO0~ T U s LB
-
=
%]
1
=

B 2-1 "= pa & 7 31 & ClustalW

o TR HF S 2 WP AT RG AT 3d TRIETHY §
EHEBRFT AZEOX P Y P Z AR g o v F ARy FiRfigsed
F S AR S P AR T S AR R 2 N D e -

BRI LIS Pl FAFT S B

e



i h+ g &= o o FF 5 Superimpose © 3 gp4F IE v F S 0 LY
AR R G > R ERR G DR LFE e § ¢ 0 Swiss-Port FALE F 4% #4p

CETS SN SRS SN A

o EORARE A A 0 T B R Ry T R AL
& > #r3) o7 Multiple Alignment o & o enRP 3EE L {0 A 2 > BB
WEeE Sk o Y BV HFIGACHIE  RAFPER RS e T gk

P ERR A ED R RV R R HE R &)’;,TALL oo

SESER FEE T Y A SR P R S RSk
ﬁw%&%ﬁﬁ%j%{ﬁﬁﬁ’%ﬁ1%&%&&@%“%%%ﬂ’ﬁ§ﬁw
LAY 4 enF 5200 i B i frfens ¢ 5 e

2.1.2 Structure Alphabet

..‘%1‘? i 5L(Structure Alphabet) & — & 2 & F 7 $Henfn g b oo gor 384 07
B2 MeE T A0 0RA A S 32 3 Tof 2 BFans 2 o il f
PR 208 P avRAR AR FIRAMKR O S M 7 R aoR
BLRBRFFANR - FHEEANT i FhAATIRAME S L G A
WO e BORAR R R RS kT R BT - BN kAP
24 ’%%Lﬂ}# T R e R TR R BRI B L RS RS SRR
BRELRE D B AR R o T SR 10 R

Ap B 77 7 514 SA-Search [Etchebest et al, 2005] ~ FoldzillalHwang et al, 2004]
FPORE O Tl p Tt B R Rde R AR R 5] R F IR LR

PR i BB 1 e i B R o



PR DR EE AR R A LY AR R R B BB R BLaig g 0 v i
RPN IT B S B e H B T “f PR DY EHE B R A P chigak gl
o B E RS R SLE i NS R SLE T 0 R E TR ERR
B AFESAHEEE P FAF RO NSRS ET o § A FOE AR
504 )’j-.%%t 7l B AEAEAR S 0 PR (S AR I 4~ mﬁi%)i:ijkg B o ApYten
R S SN F RS AR R £ EE TR

TR F A SRR 0 ST R i A S

2.1.3 Clustering

A #iE (Clustering) £ i F P B R & A avg b2 A L5 @5 2
2 AREAEGTE o REEAL ) S L RERCIE AR IERRF & - A 0 22 A 6 R RRA

LHERE SR &3 TITENE S SRS S

A EEE A PTG BT R S S 2 B GTE 2 S T b A E R
FHEZEERL Y L& o PORAR A T2 Jod FRAEDZ 6> 7 UEE 7
RBERHERASF L T RS KRR R LA P RAE e o TRETERA
B¢ 2L¥ ¥ zoh David Baker o A 1998 3 1 e  Hk dgp 0 i kB B
e REFDREIIEE - Fp L BT AL A ¥ Baker et al, 1998] -

¥ - F Loty 5 Wangikar ¥ 4 £ R 5 8 BrRAp i ngiE~ 0 &

¥ 56 B F-v FAp M 1tig 7 Clustering [Wangikar et a/, 2004] -

AT BB LA TS R e B SRR gy TR
LRy F e ampir kP ol AR B SRR B b E R

10



W o bldr & AT R o Bl {-)i%ﬂfr'zeﬁifﬁul T ¥ B AodAp

R oD AR S E R YR ARG S i

2.1.4 Discovery

MEEARSS T R ehded TAR LB AR AR R AR S pE oy JE e is B I
FEPTEEZ H 2 cBP P R R S Apin g A TALE A LIRS
B S R e AR et 4 B h Bt 3 R T A e
A 2 5 1 7~ Hic Al (templates) » £ 345 & BHCA] AR FTF IR eh=t B~ B AEAp 2
RESH K BT i o RSB AT S B T 0 1) ek
B o Bt £ erE 2002 # 1 TRILOGY [Bradely et al, 2002] » 45 5| eidp i 554

AR RARMRRAM G 0 MG 2 hdp i e

PRI R 7 Sk RBARILEE o R L W G 2 A 2 ik
B G WO S el R N B AT, o k2 L iy 4 - ¢ R
5% i) BRI @R oAp LR e - R VPR R B 2
FAEEAGHEHIRG ARG AP B o ¥ HAlGRT RS 3T R S
<o oL L o 2 TRILOGY 5 6 » 3] = BrefAp 5 A#H > F R4+ h
FERE G AT LA H A A WA E S e For BRI e R

s o
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22 39 FREAAMREL S 2

R B F AR R 0 AR AR AL RO R g o 8 L
S ke BEBR 0G0 RE A R RY SRR - LRI R

SRR kY o ¥ - B A kv ’F?ii?i gk & R 5 '7\%» °
2.2.1 Atom Distance

Ja gt 2 PR R BB g S 5\ L R AR AT e BR 5 4
ﬁrrfﬁ,T.%{Root Mean Square Deviation » f§ # RMSD ° 4ew & #7if > §7E FEHL ™ -
L et gy B T RS R o R A E P (superimpose) s+
T - At v TR & DIEIE S R R+ 5 0k o B fd LR
B R+ A 338 g dh LEDEESE o 255(1) 5 RMSD st 8 2 2
2

RMSDjﬂ—ii( Qr,,) =R ¥R, - z'”" .

[ ga gﬂ
N =l lal Z|1ﬂl (1)

He¢ N i k+#P > Q 5 Rotation Matrix » + ‘T‘%‘u{ﬁ 7 Superimpose F¥ Ji +

FECHOE -~ fRrEEESBIRRF R EZA R 2ZF R -

RMSD @ A& » % 4 i & £ Ay fe— AL PREHAR | > o g HpakAp i
PR RAVRAMAIIE ¢ ZehRFHP 2 - Ko T RMSD ch T o F
? & R v R 7] 0 A RMSD (e ok #7 L RMSD * et et fi
oo @G LRAGIE RG> A2EY 2 2T he A% 0 517 RMSD iF 3

v

G A R IR TS T SRR R - R 5 e
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DT F 55§ - Bk ACC & A3 L R &R A S| iR
AR o

ACC #_d Skolnick % 2001 & % 4} - ACC #_RMSD 2 FHE R ¥ % hig o
PEARNFF R LR PREGHT - EH RMSD § Ay < pF> Tty 3 !

FHEE B RMSD thiestd &t - - RMSD T35@ 2 R R #ic> 7 7 8 Tl

s

,T.%é‘é ¥k TR R R AR 0Bt 0 RMSD AR E & R T h& R ACC
EAXNO0OF 12/ 08 &% 1 85F 4 ;jfu{;;bg FAp 00 B e ACC B G
1> 27 B AR EHEAT Z2F P 0223 G- FLABAIRER
AR LG HE e &V - B HEAR R LF 0 ACC hiEL W B P B R o B

2-2 % & BT ACC & < »t 0.98 &4 F [Skolnick et al, 2001] :

Probability for ACC > 0.98

T

(=]
o .
n

I o

10 15 20

Number of residues

F22 7FERZipIEHES > B ACC>0.98 i
PTG BHEAE R A S B ACC>0.98 S i vhiR
S FAF B E R A S BORARPT &P PSR 0 5 IR

£ RIEH BN OUER F i AR

2.2.2 Torsion Angle
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*g 4 & (Torsion Angle)dp 8 F-v ?%T)&L 7t o Cafen #fpdEah 3 C
EN2ZTgérkad B > 7 Ff»ﬁ’!&_)’;gfgz\ll e 2554k e o ’;‘r%fi&oﬁﬁwa

3 efi s @(phi) > C=yens W(psi)» B 2-3 57 B & & e 3,0

FULLY EXTENDED POLYPEFTIDE CHAIN

B 2-3D(phi) ~ ¥(psi) angle

FHAEAR L RO FAEmRH LA pF R0 KR G N
Ramachandran [Ramachandran etal, 1977)%3" 5 7 IF S aradd & > FIm < 30
BH AR & €T AP R R 244 2 @-helix 2 f-sheet 3 fE % i &

RSB §MAELE

1800

(psi)

-180°

-1800 ¢ (phi) 1800

B] 2-4 Ramachandran Plot

H U b R - RO PR A 0 R R R B L
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RMSD % 2 > & & % # o b4o > David Baker % 1998 & & #1785 % ¢ L-sites

B o s BABEATE L dp 0B AP {5~ mda 2 dme 5 B RS

dme H F EI‘%L«ELRMSD rmda if £ & L BB 27822 0(B3)4 B 5 L-sites

B VRPN R S (N
F’rﬁ—ﬁ’m}; N ,}\,

i+5

dme = N (2)
mda('—): maX;_; 1(Aq)| LAY, ) 3)

AT AT LEE A4 0R S 1 B 15 > RMSD 2 ACC 5% £
B LR ACC 5 4 & GERE o
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31 HAR AP R d

P I FEF A LB R F By FHCR s b B 2 AN

%fﬂ]j\;ﬁ,’ﬁ‘i‘l?‘ﬁ FIE R E A 100 G5 iE F-vo ’%ﬁ‘ IS E R A 3 ep i, "’ﬂf#

98 x2

_ . — o 98 x 2 e as aa ) 98X2 i e
~ (Motif) » $#= m:zﬁzfl-&rs pE Z Ck K E R 27 VRO E T
k=2

(Search Space) » Flp* » £ 3 M gL 3L & N chdg-d A7 > FHE & 3 cjp i

Bfprwg A
Cr =X X=(N-2)xM

=
II Mx
0o

g T e G FHBEARSS G FERARE 2 BESOPULEHEALR

RE P FOFER ST g FLRL AP T R - B g oonR [ FEZE
#%3&'5%{3 ~ TR 15—»_1__;_1 ‘Lﬁéﬁ] ”/fim/ﬁ-n/é‘ °

AFFTHOPOENF LIRS N EFFT- B LY - ikt
T ip S~ B 3-1 544 ale - A 3pihiee T Hpinigde ~ 2 BB (%

T RR o CEWRAEA - ERY T R E R A S L EH 7 P (Search

 FEF) b e] 3 A SR B T3 fendp . L’f#"‘ s ’*"\7,"55 35 I enfiz o

Space)
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Motifz | .
Motif3~{-__ R

Motif4 |~ = ., =
Mofifn . .

Fold space (Search space)

Bl 3-1 4pfe »8g 3y F2 2 X b SHpdp i~ 7 LR

dtip i ) AU R A A aF IR A3 Rtk T
R R 0 30 GRS MAUE AR g AR R AP
(Evolutionary Computing)® 2 F]R_.%];2 (Genetic Programming) o A& FI2L3]:2 i
eGP {r® g 30k 71w 8 i (Genetic Algorithm) iz 5 8 02 » b Bt E 450 5

% (Supervised learning) e & 3% o 58S Y AR EFEE L X o

A FIRB2E 51992 £ d John Koza [John'Koza, 1992] 7 4 » A& 4
TR EE S S T AL S R L EI SRS
WA B E S ST R R EE B BAF SRR SR RAR ] R ER
TR ApEE s B A PRV iE AR 0 kA p BRI DB i o 2R
B3 BB AR R P FAF SR B AT R R LIRS ST g L RET AR
AL FER cRBEEEFENFE TR BB INRE G P ER L
> ¥ & if f%(Global Optimal) - . NP-hard % 33| R 487 { £ F|sp- 2 HF X &
i s AR o F R T W R e AATIHOR B B A AL
PF s AT R iR E fE AR T o
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32 3¢ FHEWT LK

BT ERREANEAEF T AR DI AL R EL PR E
BFEH bk EE S o 640 PROSITE TR B ¢ 2 & 91352 > ff % 5 5 L
fe g TIPS 5 4 Matrix 50 ﬁiga;t@% FTendE S N BAFRT A4
Frm s & g2 - s A ket o ¢ > 2 PROSITE % % 2 4p 12
FHALEF T RS RTIBEL R EMITES IS E~HANL R
F)pt i 4 PROSITE #f ¥k ek d385 0 1F 5 AP F 240 S~ 4 L F S ik

i’ o

321 AMBHAFET LK
RPOSITE % 4p i gt ~na E 55 i 5 M & » & PROSITE 2k 7 3 ih
porsuser.txt #h & ¢ F ln g o e T 2
1. ¢ * TUPAC one-letter codes. X # :&20 1§ * /e fk o
2. PEL X A 7B AL 20 BrRAMY hiE- 4o
3. PEL O[] AAEEERSLREEY 78 § oot IUPAC one-letter % 77 ¢h
ek fe o Bi4e D [ALT] £ m3% =% ¥ 1 E_Ala~ Leu & &_Thr -
4. REL ) ATZEE ALY A7 ¢ 90 TUPAC one-letter
TR o blde ! (AM} & T8 2 ¥ 1 5 Ala fo Met > ® T 12
F_Ala v Met 12 ¢k eniz o e L B o

5. BELY ORFHARESEHEAC ADEE -

6. FEH (N & (NuNyy ¥ “5é 3 N3 % m B9 6 dniddn 034
A AN A s e EAF S g ) o Bl D x(3) AT x-x-x

X(2,4)% 77 X-X > X-X-X ¥ X-X-X-X °
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531 5 OIF 0 AT I LB S A LB R AR A A

Motif [AT]-O(2)-[KIJHG]-{LPQAVNM}-x(1,2)-D

TOOKIPPD TOOHGIJJID AOOIGWID
Possible A.A. Sequence TOOGDMND TOOKUFED AOOJCAWD
TOOJPWD TOOGUHHD AOOHIJKD

%31 AP s TRFT 2 E2 2 RAREA T

322 ApmBHAE LAY LHFT LK
JﬁﬁﬁPMﬂHEﬁﬁM%ﬁi%é%?’iﬁ&i%%%éﬁﬁ?
FREJLMIRFE D 0 FN VA TR AR RFOE D N W JIE B

il (F o

AR T B AR S (Tree) st G 1 &k Snilp v g HE ~ - BBk B4 ¥
e gh(node)ze §4 0 AP g 2 B MRARMAE - SRR T ALY RS
2h(internal node) 2 * #4 & Bh(terminal node) > & 3e4F 7 b T o £ 3-2 5 7

o & BLA W ST A

Node Types ¥ iedk2 TR
Internal Node T~ ~'&
Terminal Node IUPAC alphabet

N~

232 AR RTEFT ORR Y 0 2 R E TR ST R

%

ﬁ@%%ﬁ&mﬁa§%%HWHM£&Wﬁaﬁ@%ﬁiiﬁmmym
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TP - BRI L B i R R R e T 0

% 5;,%;\@#&*@—:_%”%} Zep, v P gL

L gmB s Bag.,
GEL RSB AR P BT S 2 B

® fR<KK\ (R) (K»

R-K [RK]

R
Bl 3-2 ¢ B &gt BT LR

FougY e gk kg

3-2 Z B blmp

#3072 38 7 Pre-Order

94k B35 5 1 PROSITE 4p i~ % i35 3 ¢

PP oP
d TR RN RS T

LR AT T A S B F A d 2 1 1

B AV ER TV EREA SRR T g T Y B a0 B33

B RR AT e i S e LR

&
6, —
& & D
9 = ; - ; [ 6' e _'15-.&
‘& ‘@ @ d
RN R 5 4,0 T, e gq ofS o

D ®E® D ® "@ "¢

o g s 1247 12
® o R)(C) » QD

G-[RK]-[RK] G-[RC]-P-[IHTV]

1 3-3 MHR B R A S B MR AE S

323 #F% hipE

1%

AT L AT B AP LB~ 23 7 B PROSITE 7 Tt & &

e
L1

(Standard Expression Method) » # fe B iZ A4 % » 25§ % 5 AR A 22 f% > (& # Jﬁ

AF UG IIIE AT R
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RIS S CEO R IE S SRS S i
LB TSR I T e e S TR B 0 R S A SR sidp 1
Zodpdt L B T S dp 11 3 4 A b4 32 A (Stack)~ ¥ i (Link List)

£ F (AT HR

=

k

it o pte H AT R RIED R IR D 5
(sequence alignment)43 & 4p 12 5% 1‘]&’1 e £ > Bl4e TRILOGY -~ I-sites % » F A
§ 45 TR AR AR 0 A 7 e R T
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33 WAl % #

AR AT A S 2 B R

¢ IR e e Ek F1 4] % (Genetic Programming) ~ % £ {4

Refinement)fs ¥

fEE o [l 34 5 B0

Input Data

Frequency Motif-Seeds (FMS)
CIOP > OPS>
“PSG 8GR
<GRR> <RRo> ROAY
et the fold-spacific <DAE> (AGD “EDLY
= >
|
gt the protesn fles | Input Data
Extract 3-mer Motif-Seeds| /|
from each a.a. sequence !
| - e
IOPSGRRDACDLKM - /" —_— (P
Random Motif-Seeds (RMS) [ - g
20 amino acids , “[* — -

Motifs Refinement

Clustering

= Ratio of Fragment Overlap

Generate representative

motifs for each cluster
= Fragment position

Yeas

[ Clusters Overlap? |

Mo

Motif Merging

Bl 3-4 ﬂ‘piﬁfl

=

PR TS SRR

WIS

3 2 R

R %ﬁ?ﬁ#‘l > T

% 7 #(Input Data) i (£ % ~

S 4p 12 5 4 KF T2 (Motif

R R TR

Genetic Programming

Create Initial
Popalation

S e
i
Termination Criterion | Yes
Satisfied? H Danlgnahﬁoﬂl
| o

E
Evaluate Filness of Each B
Individual in Population
l
[ Mutation
.
[ nd. = nd. +1

8o A2 B

W~ B A TS A Y

FHAP B~ B

/“ /“
e ¢ B

N R

2% = A5
i ™ ’J‘ &

B 1E 0 #45 Bl ehodp 0 4

Himbat o

7

- sz

=

BofS NBEFAR & R e
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331 = B i

ﬂ.‘\
e

Tl &Y o AR AT EATE DT RTARES  RR S R T

TS PRIL D F o

3+ A AR IRFHF & & Frequency-Motif Seeds (FMS) % Random-Motif
Seeds (RMS)A 8> » A F i & & HBEPFHEAS G B E I o B 3-5 %

T A Y AT LW

Frequency-Motif Seeds (FMS)

SCOP

get the fold-specific

protein name I

DSSP

get the protein files

¥

Extract 3-mer Motif-Seeds
from each a.a. sequence

v
IOPSGRRDACDLKM

Random-Motif Seeds (RMS)

20 amino acids , “[“

@ 3-5 Input Data + #-3] i 42 8]

ARG P R E LA N - B FAMY B AR - Eap R
7~ F]gt %4 SCOP FALE ¢ 39 F s 47 o SCOP 3t 3o HAREF v
Bk 2> i+ 3T & B L Class ~ Fold ~ Superfamily ~ 2 Family &= & > *## 3
Mg = R %-Fold 5 & s % -:5 3% Fold & %32 d H_ikyy SCOP 3w B A 5F
$ sk o 2 e B R - Fold h3-5 1§ § AR 1A & B HE 0 1 - K
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0 Class » A 3F g Bk < e > 7 - K o Superfamily P| 3 F R
(homologous) £ 3d-v 7 # it (Protein Function)# i  Flu* & # Fold & - 24F £ &

BLEAFTZE R

P~18 7 >t - Fold éh3-9 % PDBID #4115 » {1245 PDBID I DSSP ¥
FEY TR R TR ERTHDSSP FHESRFL f AL FE S
SuEAZP € 8 * 3| Fov F A ¥7ehfz & & (Torsion Angle)eh% 31 » DSSP 4 % #43¢ ¥
e gie o ifdy 230 FRFE &4 L REEPFRETVELD
F3E T AL o

P87 1 Bt - Fold chdes TS » & - i %0 A AE- ik
LER 3 GHEE - A EHBABIRABL SN P BV ER TL

Frequency-Motif Seeds (FMS) = %] 3-6 % FMS $55-:& 4% 7 & B :

CIOP > COPS>
CPSG)(s@)Cﬁ
1% DA
IOPSGRRDACDLKM &m=) CGRR_ fﬁw/’ -

<DAC> AcD> “CBb>
DLK>  CLKMD

% 3-6 FMS j& 3-¢ ¥ A 7|5~ 427 1 W

Random-Motif Seeds (RMS)R|E_k sLig# 2 4 o 1+ 6 F & 3.2.2 % Suqp
P AT AT kAR A S i K crdn 00 R G Rt i § L6

[ Boo poiser 5 mE S i § AR R RO -

)

FMS {= RMS & p § # 4 sch@ 2 F e o FMS 22 55 250 0 R 39

B

Fooandoldp it~ i A FIRPNZ f i cnd & ASheBh o AL MR B
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WHRPAZ > B Foed cRMS PIERE T ApNSGHES LBRRE DT L & Fh
Flendp SR G EE § R

25 0 4 3-3 3 FMS ~ RMS # i § 4

al

Fowis @AY ek ik R % (Mutation) s

FMS RMS
Source Real protein sequences Random
Objective provide good starting search point provide motif-evolution potential
Contributions speed up the system consider a.a. mutation situation

% 3-3 FMS ¥ RMS '* #& [§)

FEHFTALE 7 FMS » RMSf Fiiiﬁv%%hﬂ,Ef’PrﬁﬁFfé‘.ﬁf%’*’g

=
TAPELE 2 5 enfRde R o Rl i AL RS SRR o Er BT B

A FF T EAR TR D IR DR AR AR R F A G RER B H

“5‘\

AR BT N R S R R MPRE o KRR RS &
e, R o FFIRA]E T b 53k g’ﬁ AR Ap R hfREcE
'frﬁxfg}ﬁ | &2 B enid ’FJ’L S R VR TR copE w1 B AR » %j

FoARRAMYE > §IAPME DR B4 S > PRI fRDE RS §ARE o
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3.3.2 A FRAE

A TR P A F 4 - BT A f2 9% ¥ (putative solution) » 3 F 4 ¢ R
2 RRIEAFS L[ B 3T 5 AFIRPNE S ALE 0 < R o R e

N AR o

Create Initial
Population

!

Gen =0
v

.| Termination Criterion | Yes

¥

Designate Result

Satisfied?
Y NO L 4
Evaluate Fithess of Each End

Individual in Population

Y Y
Motif Good? ® J Fiat File
v
Individual = 0
Y Y
Gen=Gen+1 +—— [ Individual= M ? J+—
No
Reproduction Crossover Mutation
v v v
Ind. = Ind. +1 Ind. = Ind. +2 Ind. = Ind. +1
| | |

Bl 3-7 A4 F1R302 in A2l

A AP ﬁ&{ﬁuﬁﬁl e~ 4 5 (Initial Population) » d F 2% FALE & ¢ 41

# A FMS 2 RMS 22 > %3¢ 0% — B B4 (Individual) & 4 % - Bp %
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He~ o B - 3 3 fie(Fitness Function):* & # i & 4~ #ix(Fitness) » ~ Ei‘*u
AF BN~ e A T R T - KRR DRE G- R F]T
- R dE AR ? T oA 5B 2 3% (Crossover) ~ % % (Mutation) ~ & §_H % chif %]
(Reproduction) ¥ # & o £ 45 + b chjg i A2 E FI A sm Ay it R oL iR o
AR 45 TR H B AR LR R ST B B A T 4
g AT R EIFRIFE(PP A S Motifr #4776 § & witR)

Td AR LS N

T d o] FE R A FARANE LR ) S R - e A

3321 AT A n 2 2k

B2 AP che T

7

A FAG] ks sl o4l et
L E g2 g
1. Generation : & 4p % #7eh i e
2. Population : & - % #f @ 7 > IRFRALLA
3. Individual : - B %9 % — # individual (7% %)
4. Selection : i P~ % 1 individual 73 ;¢
5. Fitness : individual =i &4 4 #ic
6. Fitness Function : & I} Fitness . 3¢

7. Crossover : & i individual % fiz & 4 #7¢ individual

8. Mutation : - i individual } e0% R 2R %

9. Reproduction : % 4§ #:& %_¢ individual

10. Population Size : %#c - & - 51 ¢ 5 f2enip e

11. Crossover Rate : %#c » & — % individual 2 Crossover = ;% & 4 T — % e
5
2
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12. Mutation Rate : %-#c > # — % individual 2 Mutation = ;% & 2 T — N e &

13. Reproduction Rate : %-# > #* — % individual ® 345 A 4 T - R e ¥

3.3.2.2 i J& S #(Fitness Function)

PRIFEALLFEIPFCNFESIA 2T OREERETZ 7 o B
B LRI payFit 2 e iy BRI S S o e RS iy
SRR A HUEE S B 2 TR R A (b 4F Sl e S0l AR
R % L IE Sl < R

WL AR RGBT AP EAAR R E 2 F DA S T
FRF - RHRELNTIRL ke d T DD SOOI FHEH- BAM DR F 0
SR A adp g 0 P AR R AR T S o 7 F R ehdp iR §
L F 4 1% (prevalence) ~-= & 454 (structure similarity) ~ 43 & (motif
length) ~ &t AR F-v FoRfh it R Rl gas Bt S frafif;ﬁl:}f;igg_ﬁ (ESER Sl

(iR o LN s ) NS 3

fitness(x)=w, f , (x)+w, f,(x)+w, f,(x)+w, f,(x) 1)

7

de @ x4&7 % xB B4 f, 5 Torsion Angle P-value Score ; ~ fi‘uﬁ'—\:_ Wi
HeAp AR & 04 s ) % Occurrence Score » 4p it~ & % T Y v F
B¢ w4 X gkehs #i(Oceurrence) @ + F g (TR AP B T 5 0 B RS
it (Fragments) ; f 55 %0 B dv e g~ Risf 2pi

BHEAE RO Wy s Wy W, W R S RSN 0 1T g - - e

wp
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Torsion Angle P-value Score » P e E 0387 AR GH~ 978 2 hE B ®
3 54 (Fragment) &3 gt B4R o AFTE & * 3 & R Ap00ARR 5 R EA 7
F_ B e RMSD > 2.d % TG RS RFIALNERERERE R T Y
H %% 2~ #h > RMSD Ar Torsion Angle P-value #7F & &3+ 5 £ 49 £ £ 249 +
e AR D MR X AT ORF- L AT RO IR ORMSD 5% 15
| p¥ > Torsion Angle P-value &' & 4 248 > % E4p L 1 22 B2 5 « F]P 0 &R

PR 2SS g%n By 8 %% T  E#& 2 Torsion Angle P-value 5 #72 4 &

ToAp e o

Torsion Angle P-value &3+ 8 = sV 2L % 8 o ki (7o LG R FALY o7
Foke TR RARAIIESFR L O RRAFAI AR ERDT SR L
h-dey B H b4 B i o 2 $50 phi-angle T 35 (& ~ phi-angle % B #k

psi-angle T 3518 ~ psi-angle ¥R e BILE - FAPE 2T AR ERDF R 5
e RSP TRE Tadsd BN AR AT BT Fladping g~ BB

AR AR R A ESLAIRL -

fofo f, @ B4 fom B3F > B H ke TRiE? - 28R B=(f)2#
At P (f ) iA A D et AP I RY b
(prevalence)sp it~ 0 & F PR AR v FTAX S Av\gtfi\rﬁ o4t 3
SEE LR SN EUEETELIY S Y PR IE S R
PAR - LR Bl g F A c F AT AE ST g f 4
FRRER G X S AR FBE N L AR TR hip iR~ i
Beft > fEAP AR F 3 AIRAR AP FS R b A DD
Fl o e+ f e foigmd Adkis > i ie *EFFE H S E Fold & e
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AL AR R

f, % 4p u’u‘.‘s—;fi&i% Roihs o AT B R S PIERCE Ghdp g4~ 0 Tl AR i

SRR RARE o f A dorAs S

RS prficae BFARPRERfe RARIpAc -4z - TE&
P BoBUT AR BEEZPN A3 §FEAERFEAADE R g
Bois i ua et 2T s (T4 5 141 (Normalize) o 2 P #w B3
A E R 0~1 2 B0 54 0 1 b o f, & P-value %~ 8> P-value
SRR AR ARYE > T N PS8 - Prvalue ik ik AR 0 R F T A BB L
AR R A f RIS R e § e D R A 2
G AR B S b A B fod A B AT § eEe [P
“,fi 20F0 Fendp ;5 fi o fi B oo dn i B~ & }i:ﬂ,% g N 2R
§Ap LB A ¢ Bk nk BT e el g A A B 4 LT
3 45 3| Fragments 2.Torsion Angle A d#e->0:5 * 42 (2) 1 (5) 5 2 B+ 4 #eb

2N B 3-8 5 & BF A EE kS

g:lebxs%_%-ngsw_w )
2 0o Oy

V, : motif phi variance ~

V, - average of motif phi variance for all motifs with same length ~

o, - variance of motif phi variance for all motifs with same length ~

V  : motif psi variance ~

V, : average of motif psi variance for all motifs with same length ~

oy - variance of motif psi variance for all motifs with same length
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. #.of Fragments 3)
°  Max(#. of Fragments of all Motifs)

P #of proteins that motif occurs @)
P total # of proteins
motif length
’ 5)

" Max(all motifs length)

C-C-[HC]-H ﬂc_c_[HC]_C):L

AticccHooPaLP Man(s,)

[CCHHAAT[CCCH fp(C—C—[HC]—C)z%zO?S

ACVCGGGOPQI

YREGECHHPOPL  £,(C — C—[HC]-C)= —2
Max(f,;)

% 38 e 535 % ol

TR B W e A e T S AR R B R
Bk 2T R R o o PRI EAT 1R A i R
DA EE S e BAKR I BEL R oo Wk H Y - B S i RAF
Vo BB AR R RARD I T AR RAER 50 B
AT AL L LB E AL S o AR * F A He(F-score) #-254(1)

2l as Y.
0 I e

1 1 1 1

1
w, 1.0 w100 w, 1,00 w f.(xJ ©

W, +W, +W, +W,

fitness(x) = (

HAE LRI 2 F-score shif {s » i it L A eiF i & B4R NG~ A o

S i ma w8y > TR EAFT R
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3.3.2.3 PLiE A X4 (Selection)

POER R AF A PUFAY E R A o RPE R R e FE

(Reproduction) ~ % #% (Crossover) ~ % % (Mutation) % # & & F chfk itm &2 4 5
R E GRS RS § BT S enA TR 2 BBk S ok

Wo oo WFEPPRE S VMg A X TR G A EFE R 0 P LR iEE -

POER R N1 F 4 2 2 > 5% P~(Random Selection) ~ # 4 iE B~
(Roulette Wheel Selection) ~ % i 7 i P~(Tournament Selection) o SE 434 » Af & L &
Tk SERSPE 0 LG ¥ G B A (individual) F1E o #h4FE B2 £ % B i
T/ B S AR PR P TS ARG A G FE PR 5 ¢ FRER R i ER
B R gl AP TN BB LR D A B Z A 2 R
FH B EL SR B AR BRI ey B BRI HiR Y o e 2 0

@Q%ﬁﬁﬁ’41ﬁ€rﬁﬁiﬁJiﬂ°%§§%W{%£i$%%ﬁw’

I‘h—

X H AR R R E R A i f#(local optimal) o F]pt o FEAE B

P»m

g

3

Bsglo 2 BETgEan ) R Lp PEf b nER o A TR

FERAERZE O ONPRITL A NAFEL R RTNT o
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AA[STQPY] AA[DEF] AA[STQPY]

JO
[ ) (@)
s (™
AA[DEPY] AA[SEF]
&) -.._'&'.ﬁ.s._
— —a r \ _,‘_\ ) _\__.
L) (L) ( .A (A _ [_.\'\' F
A T S W s' o
D)(E) (P)(Y) E)

(2) (b)

B 3-9 Crossover § 0|4 (T (a)F 2 # (b)a B2 3%

-

Fom A B 8T LET A A RTREM O o B EE L P A
BT AR TR 5 R Ap ot 3 TR Rt
HERAT I 4§ RS T sﬁwﬁfﬂ'ld ¢’ F’* W Ao R o & BT T

,EL% Fﬁj,n?imﬁéiﬁ?\wﬁ%g‘_};’ﬁ—\ —;‘;]%j-»\F’*m\Lah% “"Kﬂg IFLW
7

ik s 5 E 4 5 ﬁ mﬁ%i#oﬁ3m

ETTS
_E\

P

&) -

AA[DEF] AA[DEQPY] AA[_EF]

@ (b)
B 3-10 &z Crossover (a) # »Teid 2L 3% (b) & »Tens R 3%
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3.3.25 % %iF ¥ 3 (Mutation)

RBEY I gt Gl B i aran® 1L JT B4R A B M B iF 12 (local optimal)
o AR RBAA SR nEE S R E LRI R EE - B4 R
P& B45 Tl e0Ap 004~ 5 [AT]-D-[KO] > ¢ 7 ¢h3 %35 ADK -~ ADO ~ TDK
TDO = f& - K H ¢ ADK-~ADO % § £ » e i a6 Bigipt ¥ty 2t
¥4p iz o F g2 IDK~IDO i&5 #+ B 4Efc TDK ~ TDO £ 4 4p i » 78 fhd &

REH ST o R DIT]-D-[KOLE B £ & enfp 247

RBEE F o EL TRk > bR TR SHY § 7 RBEORT o
5] s U 4 G BER % (Point Mutation) % + #+ R % (Tree Mutation) ° [
3-11 5 RREE 33 veh 6] 2 "F1E R B ¥ oo 33 B A0 SEEE 3 ARAE L
i P ORHELH > A 6| F TR DU ISR AP E BT

ERIE R S IR 8RR o g R a0 E TR
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illegal mutation

AA[DEF]

AA[DEF]

(a)-3

(a)-2

(a)-1

(a)

(b)-2

(b)-1

(b)

AA[DEF]

illegal mutation

(c)-2

(c)-1

(d)-3

(d)-2

(d)-1

(d)

%554

(@17 7R % (@2 B%R% (@3 2 2 %% (b1 7%%% (b)2&2%RE
(©-1 F2xR% ()2 7 & R%E (-1 F22R% ()2 7 %R% (A3 ®xRE

EN

a2 (d)F B3

v
I

F 3-11 (@5 2R % (b) + HRXE (O)F AR E:

(Reproduction)

¥3

2z

RWiE

i1

3.3.2.6

PEEI LR E SRR ERP BRI E AN A A E e

&

PR e (7 4T A MR I R e R i

B

”%%&o

IR
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3.3.2.7 ; fé i B H (Redundancy Removal)

R B ALY A MR AL € R B gt A
FH FPF - RS REY OB HEA S FPREE TR RS RT R
FrmEY 2R AR B F TR R AR F o BBy
AR > Hp f Rt AR HEE S R M (diversity) o 7 4o
%K f A BB mlﬁ;%@ﬁ*ﬁ/é Y aE 2 H R s AT PR

FEHT10 AR
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333 4B iv%

aEws s Ry SEER IRl R Al Sl s A vy

RS SCEE NCES S SRS SO S ) A

% E R SR RS d § o B3tk - Fold thd-v FAHEY > £ 4
DR AR 2 T B (region) B in 0 A FIRG1E T A 0 i kSl
R g pE R FAPSIEE G IPNGHEAF L ORE T g R T
AR 022 R A B B 0E E AP 02 % 1~ (Candidates) » Flpt AR & 8-
FEIR e (T P E B RBERL A ALY - afp A o B 3-12 5 GP
ﬁﬁ@ﬁwﬁﬁ*ﬁ%*ﬁ%@’ﬁ—+%m%@%—@wméﬁ%’wfaﬁ
B2 A AR B AR S T L DR B A B - A L R
B o673 5 FE AP 004 A(candidates) ¥ FE K 2 B AF S 6 LA

Ao B 3-12 T 3 W A 1S R 11‘1‘3,‘31._1;#‘% ¥ i eniEas o

...I -

" L

| ] ..

nom L .I..
g " ..
..l

Motifs Redundant

Praotein A Motif A

Motifs Redundant

Motifs Overla _
Protein A Motif B

Prolen A Mot A |MotifB | ——{ Motif A |—
Bl3-12 AFRPZRE2EAEFLRA LR | > B BT Pip B~

—l\
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30 /340 it Motifs it 2 BRER R EAF T 0 BB FEaRRPEFEEA
#(Clustering) PP g - f= #75 Gp g~ 7o #E - LPE N F - 4 o

AP A o B 3-13 A (5 B (R i AR

Clustering
* Ratio of Fragment Overlap

h 4

Generate representative
motifs for each cluster
* Fragment position

Y .
- *° I'Clusters Overlap? |

No

Motif Merging

Bl 3213 s B 1T iR R

% — ¥ 4 ¥ (Clustering) » 1 & P -  ¥-Fey 49 SO LB~ 0 %

—11' %1],4,\ ¥

a

AR An AFRPIEA cEF 2R AERF 2L D
Ko mHAREE RREPNSHEATHRE SIS FREE  RFLF S
AP 0234 S HF IR AR B PR B B (T OGRS A AP B AR

TF # ALK 4P 02 0 H 48T b Fragments e3R8 » Bl E L F]30 0 Ap i 4~ AW

P

LiF AR Y AR ] o 258 (3) & Fragments she fpt & (Fragment Overlap Ratio)

Ny

SN

# of Fragments Overlap
Fragments Overlap Ratio (FOR) =

Max # of Fragments (MotifA, MotifB)

3)
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B 3-14 % Fragment Overlap Ratio 77 "% 5|+

M — Fragments

1CD9,091,094 > 1CDY,091,084 1 Same Fragments

« overlap position

1BHG,092,095 .
* same protein

1BHG,085,088
1BIH, 142 145 TMNKO, 142,145

1J77,1251128 1NGP, 125,1128

L

1FNF, 090,083 1K31,097 100

1K31,097 100 1EAJ, 090,083

g

\
i

11FR,092,085

TEUT, 090,093

Fragments Overlap Ratio (FOR) = % =0.25

B 3-14 & SR E 480 5 (FOR) 5 ¢ 61

IR HE S B as IR B o g B - E L4 U0 B T A HKE
AEMFALEHL L E-A R A F A FEFTEZEALET A EERE 4 F
MR e Rcts 4 BN AT - e A AR O ) R A S Ty AT A
REFOENF AR - FY DR LIRS o AR R Aot s R R FI R

3 OLBIEE A HHEPN BB A BT KA HE Mg o) - K-

‘»*

-~ Ho R R EF AR F A EEE - HAA S NS Bl g

<

|'—o

o TR A FE T AR E AT S SR P e

Y

EPE - SES R AP SR ORGEFE SRR TR A 0
¥ o AFT g EFoldk B B3 5 F (N A Ap LB 0 FI BB LR
I e = s | ZT‘*UXFWE' BER o F RIS RE ST L PR AP Z S
t&;ﬁfu? PUAR 5 AT RFOld teiZ B S| I B Ak A AR DR S o Bt 0 AU MR
e - HAOT) RS SPEF L DRI R B ARG EORE TS ]

DRSS AL - BATHR RS L R B SRR DR TS 5 AR
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i g~ iR I o T R 7 Dk 4 fAp 02 % 4~ (Representative Motif) 5 %2
FEI AR NS ARE T - R R B S DS
TR ET S ARG AR E S O e

ﬁc:ci@ Fg g&—, (R G 1S eh AR I'J‘/.;%f:»"f#;" ,g’gf{_gﬁ fﬁ:‘:‘é’—’fﬁ_i y

e
—b
i
gt
\.
o3
™
pist
@
s
Ry -
~=ie
0 \.

’f#_" ’J&—E_l\ﬁ& " il F”?"‘" ml”‘g_’f TTJ‘I v e % 'Pfﬁ'
TApid Bl G5B P B ti— BHFDP Pl L LA R PR

MR FEULEE 4 11‘1..":‘—;-*}#7115 BB M a %E - B#cE o

(structure conserved region)eiid. if fF 5 e & iE B iE i ek

7

fed Bendp gt~ g4 4BT 0 Sl Bt chdp v R 0 2 A AT B

2%

Rz
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34 WA BRBK T

b= ’[rs_”']"?——}a_—_ll}—r’[r J"]’Alﬁ:—kf’”"“]r‘]’ﬁl}lﬁﬁ‘lﬂ é’ﬁrﬁ’ﬁ%}’?é’ﬁ%ﬁﬁx
Ko - BAREFRFTHBAING 0 A PEHESCOPA0? 7] ek & 7|
R MEIN40% 1 F-0 ’F‘r v PR L R B— R LB aEF S Y ’F‘“P\ > Al

GO B % PDRARER PR 018 B AP LB R BT 5] B B4

<

N*ﬁmﬁﬁilﬁﬁﬁﬂ’éﬁﬁiﬁﬁﬁwgﬁﬁﬂg%ﬁm’iﬁijﬁ
HF AP SRR AR B R AR IR By 4 TR e T AR R EH

-n\1,
X
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No. of No. of Fold Start
No Motif RMSD ACC RRMSD Length Annotation
Proteins  Fragments Specificity Position

[EFNLT]-[EKSNT]-[DEIFL]-[AEIGK]-[DFGKNT]-[A , Fold-Signature

DECO01 ITV]-[FLMY]-[DEFHGN]-[DEKQMS]-[AIKY ]-[ADI 1.387 0.962 0.23 8 8 80.9% 2-13 11
KS]
DK]-[EFV]-[FKQT]-[FLRST]-[DQRV]-[FLMY . ium-bindi i

DEC02 [DK]-[ J-FKQT]-[ J-[DQRV]-[ ] 0.799 0.966 028 5 5 2.4% 1027 6 EF-hand calcium-binding domain
[AEGLSPNMT]-[ADEKLQS]-[ADEGLRNTQY]-[EIL Fold-Sienature

1.80 . . 99 - %

DECO03 V]-[FHTLV]-[AFKLSMQY |-[DEIKLRQTMV]-[AEFG 4 0.954 0.65 13 E‘ 17.9% 24-52 13
KMLV]-[EFIKVMSLY]-]ADKMNRQS]-[ADEFGSNK
HT]-[ADEFGTSPINV]-[CDGFKLVNTS] Fold-Signature

DECO4 [DGLNRT]-[EKPT]-[ADGKSNV]-[EGVTY]-[ALVW] 5506 0.959 0.30 3 5 82.6% 4761 29 EF-hand calcium-binding domain
-[ADQRJ-[DERSV]-[ILMVW]-[FIKM]-[EGKNS]-[EK : : e i
MRI-TAKLFV1-D-TAILKRI-IDENI-TEGKNSTI-DKN1
[ADFLINTV]-[DELNQR]-[DEFKL]-[FKMTLQY]-[E , Fold-Signature

DECO05 KLMTV]-[AEFKPRVY]-[ALMDQV]-[DIFKLNQT]-[ 1.98 0.952 0.68 10 10 50.9% 68-84 15 . . . .
AFLNQSY-{EIKLQV]-[ADEFGHMV]-[ADEGILMV S,Casein kinase II phosphorylation site
J-[KLRNTV]-[ACDEGIHST]-[ACEGILST] G is the N - myristoylation

site],N-myristoylation site

EFQKT]-[DEGHNP]-[DEPSRV]-[FILTSV]-[AKSPT]- Si

pECOs LT ORTH H H H P o190 0083 0.14 6 7 100% 93-107 10 Fold-Signature

[DFLS]-[FHIL]-[FKMY]-[AKQR]-[ABFHGK]

S,Casein kinase II phosphorylation site

47



No. of No. of Fold Start
No Motif RMSD ACC RRMSD Length Annotation
Proteins  Fragments  Specificity Position

i

]

T35 Tl enip

,

=4

4-1 275

+
~

[DT]-[FKNR]-[DE]-[DHNR]-[DNST]-{GN]-[CIK . Fold-Signature
DECOT 11 1L MS]-[DGNR]-[DFKR]-{ENQJ-[ADEY]-{ 1.908 0.955 0.34 5 5 100% 102-108 14

FGL]-[IKLS] EF-hand calcium-binding domain

[DFIK]-[AQS]-[EIKR]-[ELNV]-[ADCE]-[ESV]- \ Fold-Signatur
DECOS | o1 v1.(IKL]-[DGVWI]-[ALTV] 1375 0.963 027 4 4 59.1% 117-125 11

[IKNPV]-[KLRT]-[FPQR]-[EIMN]-[EIKLV]-[DN o Fold-Signature
DEC09 RTV]-[ACKV]-[ELT]-[KLSRT]-[AILQT] 1.247 0.961 0.35 5 5 35.1% 140-147 10

AGR]-[DST]-[GST]-[FR]-[IKR]-[IR]-[TV]-[KL Qi
DEC10 [AGRHDST-[GSTH-FRHIKR HIRHTVI-{KL] 1.892 0.9560 0.32 3 3 84.6% 176-190 13 Fold-Signature
D-[SV]-D-[RT]-[ST]-G-[KT]-[IL]-G-[FS]-[ES]-E S
DECI1 EH: FD-RTHST]-G-IKTHIL}-G{FSHES] 0.369 0.982 0.04 1 2 35% 150-180 8 Fold-Signature
EF-hand calcium-binding domain
[FPQ]-[RV]-[QR]-L-G None

DECI12 0.213 0.998 0.063 3 3 2% 231-246 5
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No. Of Avg. No.of  Avg. No. of Avg. Avg. Avg. Length

Database Motif Proteins Fragments RMSD ACC (a.a)
PROSITE 17 12 2311 406 07265 9.53
Foldzila 4 10 1325 224 0943 18
Wangikar 1 36 63 N/A  NA 8
PRODEC 12 5.6 6.1 137 0.965 10.36

£05-1 w BAPM TR % R

TR B PROSITE 7 infp i 5545~ » £ #-TFold a.39 ¢ » f3t SCOP40 i
48 i k-9 H R 7| FASTA # %k %34 > & Vvllﬁig?] ~ 2 PROSITE * §
(http://us.expasy.org/prosite/) + #7# it Scan PROSITE ; 1 & > PROSITE § i
P AT TR R TR B EIREEL A S g G R R T X o B
POl B #enr 18 5] e B e BEE G T & AR 5 TR ehdp 1
%1~ o Foldzilla 2 Wangikar-# 7R Gdp 0 SH ~ P L8 44 Hpf &
1 4B~ - # ¢ » RPOSITE -~ Foldzillax 2 2475 03 % T4 5 SCOP40 #7/f

3¢ %> @ Wangikar P] 2 PDB95> & § 7 #-if 256 (2% a39 chiks Fi#)

O A

d % 5- 2T gL R F] PROSITE éfp in 4 = Bov e ~ o i ~ e 5
fﬁ%‘lﬂﬁxz Ap it 5 @ A2 3 PRODEC 5 3| sdp i .égfi&i;f%'rim S HAp 0 & &
Bk Es £~ d st fri & £ o) Foldzilla R & & PROSITE 4= PRODEC

2.7 ; Wangikar £ 5 5] —BAp 0B~ > BB S VA B REE A

",‘TT Tt E B R o Ap g R i}u}n B 7 i % % (Function Site)

2 F-v B A #g % - 2(Fold-Specifivity)® = & k343 o
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0 F#a v

AR A ) % 3 6 0 PROSITE & 2% ¢4p n’rl.jsé—ﬁ;u;ﬁ'i’ﬁ HA45ing,
017 BAp g~ § 10 B LIS T %8 o Foldzilla R E_4 & ¢ § 2
e g Fv ’F{fr;é R j\pi & — AP i, J‘f?_m v i'rsj; IRL N IS
%4 > = PROSITE # Foldzilla 4p 2 4~ e+ 4 & dp > 354 4p i 24~ 4
3 #_PROSITE # Foldzilla 5 48 11 % H 7~ (sub-Motif) » & 4g 10 55 4~ @ & &
Fa AR B e T F BRI Y - B3 BAER fp B~

® o 4 52 5w FALE M EF-hand 45 B shdp AR 02 45 R

No. of No. of

DataBase Motif RMSD ACC Length
Proteins + 111 Bragments

PROSITE PS00018 33 51 6.67 0.58 23
Foldzilla MTF00052 20 33 4.37 0.87 29
MTF00053 J 7 2.71 0.93 17

Wangikar Fa.39.1.3.5.523 36 63 N/A N/A 8
PRODEC DECO02 5 5 0.80 0.97 6
DEC04 5 5 2.51 0.96 28
DECO07 5 5 1.91 0.96 14

DECI1 1 2 0.37 0.98 8

# 5-2 w B FR R4y 3] EF-hand 4p B chdp 00 55 45 ~

PRODEC #5 3| e i f- EF-hand 4p B c04p 2 % fﬁ ~ > B 5-1 % %% DECO02

Hire 3 ki **}?i PROSITE -~ Foldzilla & —*Z#E B F B **f#m—r B e
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Motif DECO2

28CP [ o [PRODEC |
|
2sAs [ w1

| 7-35
1EXR 15-20
| 19-36
\ 8-36
1J55 13-18
1P28 37-32

B 5-1 DECO #Ar’%iLfk /& 71|+ &2 PROSITE - Foldzilla +* $&

FERd BH AL LA R TR EORSEH > BHL TR 5 H A%
App g2 ainl o B¢ 05 [EXR 32 BFAELRT H3 0§ 2 B
Foldzilla 4p & & > * & fpen@nfp i % 3% Foldzilla &3 L 3% - B 5-2 5 = B FA
B v TRt orh g o B8 SHar LR APT ugn
DECO2 #5 ¥l e # % & A Helix @384 ot H # 5 ¥ 8 ¢ 2 o0 EF-hand
3 w72 - £ Loop 2 & e Helix i lpfpt R ot e ¥ 7k

- R F5 DECO2 ¢ 3 7 # # ¥ i2F EF-hand it B 4f4p i ehgl & B4 o
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[l 5-2 PROSITE -~ Foldzilla ~ PRODEC # 3-v i 1EXR #74} ¥| <7 EF-hand

= -PROSITE - ¥ -Foldzilla ~ +-PRODEC

Bl 5-3 % Bl 5-4 Pl DECO4 & f 5|2 Bip b chom 3 B

Motif DECO4

PRODEC
1MR8 \ 47-75 |
| = | PROSITE
\ 47-75 | Foldzilla
1PSR | 50-78 |
62-74 |
| 50-78 |
1QLS \ 54-82 |
62-74 |
\ 54-82 \
2SAS | 58-86
70-82
| 58-86 |
1HQV 61-89
61-89

] 5-3 DECO4 % =3kt A #|f & PROSITE ~ Foldzilla +* #i

] 5-4 PROSITE -~ Foldzilla ~ PRODEC & 3-¢ B 2SAS #74} 3| ¢ EF-hand

= -PROSITE - ¥ -Foldzilla ~ +-PRODEC

DECO04 {r Foldzilla £ = > €4 > 7 B %% %47 7 » B £ PROSITE ~ 7

1 3len o JUS B i ¥ 438 3R PROSITE #5 $) ¢ EF-hand > 7 - % Helix > @
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Foldzilla 2 PRODEC #5 | e7¥_% # <5 EF-hand -

Bl 5-5 % Bl 5-6 5 DECO7 &/ 7|2 Bt chm LR -

P
Motif DECO7

1K94 | 80-92 | | 102-115 \
| ‘
1HQV \ 103-116 \ PROSITE
\ 91-119 [
25CP | 105-118 |
| 93-121 T
1JBA \ 105-118 \
| 104-116 [
| 93-121 |
1DGU 108-121 .
108-120 [
| 96-124 |

B 5-5 DEC07 % ri=zpef >+ 22 PROSITE - Foldzilla " fi

] 5-6 PROSITE ~ Foldzilla ~ PRODEC # 3% i 1DGU #7145 | ¢7 EF-hand

%= -PROSITE - ¥ -Foldzilla ~ - -PRODEC

DECO07 4= PROSITE % Foldzilla & dp3% >~ (%% » £ H & 4r Foldzilla -
S IR B R o SRR kg 0 = %3 ¢ 7 EF-hand h5

Helix 2 ¥ B e Loop # ek B 4 & £ ¥ %3035 37 F Helix sk & o
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B 5-7 2 B 5-8 B 5 DECOl1 &/ 7% f‘:‘éfﬁj 5T R B e

1ALV \ 150-162 | | 180-192 Foldzilla
| 138-166 ] 168-196 —

B 5-7 DEC11 #&ri%iipk B 7|+ ¥ PROSITE -~ Foldzilla +* #&

] 5-8 PROSITE ~ Foldzilla ~ PRODEC # 3% § 1ALV #745 | 5 EF-hand

=z -Foldzilla ~ ¥ -PRODEC

DEC11 #7¢ % chEF-hand 7% PROSITE # I X3 A %33> e #r 5 4 Foldzilla
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Typical Clustering Method

Combine GP and Clustering Method

Bottom Up Approach

Top Down Approach

Determine . .
Cluster Number Genetic Programming
K=7
: Search Motif Discover possible
Sat Initial Center Candidates Motif regions
IT I
1 53 U
Mo Cluster Center Determine K
Assign Objects
In Cluster
¢ Y
Calculate Motif Refinement
new means
I |
Means change? End
End
Bl 5-9 & A AN fo ARG n 20t SR

— A R R LA DT R s (k) 2 ERE R - Fade
PosBh(center) 0 A R E R AR EEG L FEE o ipy AP w S RA
AEEFLNEL 2 AL RET ATFIRPZ p AFY HRL - BER R
ok o siic p i B S 0¥ AP SR E R LA L s
B 4053 5 WA EE AR A A FPRANE A BE L A

Typical Clustering Method Combine GP and Clustering

# of Clusters

Cluster Center
Order of input object
Noise Data

Try and error
Determine by random
Sensitive

Sensitive

£ 53 LAAHZIoAT T A A

Learning
No center
Insensitive

Insensitive
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Typical Problem Solving Method Model

Alignment Order  Filtering the dissimilar structure one by one Post-processing

Refernce Motif Choose an optimal motif from some candidates ~ Post-processing

Amino Acid Generated by the system and measured by ) )
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“+éx 1 -1 PROSITE 4p fJ‘Ls%’}#."u

No Motif RMSD ACC RRMsD No-of - No.of iy oth Annotation
Proteins  Fragments
PS00001  N-{P}-[ST]-{P} 6.6702  0.5276 0.46 18 23 4 N-glycosylation site
PS00002 S-G-x-G N/A N/A N/A 1 1 4 Glycosaminoglycan attachment site
PS00003  Rule 3.7330  0.8208 0.42 8 9 15 Tyrosine sulfation site
PS00004  [RK](2)-x-[ST] 15414 07431 049 10 1 4  CAMP-and cGMP-dependent protein
kinase phosphorylation site
PS00005 [ST]-x-[RK] 3.6731  0.5169 0.53 45 79 3 S or T is the phosphorylation site
PS00006 [ST]-x(2)-[DE] 3.4205 0.6541 0.54 48 155 4 S,Casein kinase II phosphorylation site
[RK]-x(2)-[DE]-x(3)-Y Tyrosine kinase phosphorylation site ,Y is
PS0007 or [RK]-x(3)-[DE]-x(2)-Y 44816 0.7912 0.23 2 2 8 the phosphorylation site
PS00008 G-{EDRKHPFYW}-x(2)-[STAGCN 45560 0.7795 0.29 27 46 6 Q isthe N -.Eﬁ_mﬁ%_mﬁos
1-{P} site], N-myristoylation site
PS00009  x-G-[RK]-[RK] 2229  0.7371 0.48 2 2 4 Amidation site
PS00015  Rule N/A N/A N/A 1 | 17 Bipartite nuclear targeting sequence
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i 1-2 PROSITE 4p i34~

No Motif RMSD ACC RRMSD No. .om No. of Length  Annotation
Proteins  Fragments
PS00016  R-G-D N/A N/A N/A 1 1 3 Cell attachment sequence
D-x-[DNS]-{ILVFYW}-[DENSTG]-
[DNQGHRK]-{GP}-[LIVMC]-[DE . L .
PS00018 NQSTAGC]-x(2)-[DE]-[LIVMFYW 6.6702  0.5790 0.39 33 51 23 EF-hand calcium-binding domain
]
PS00029  L-x(6)-L-x(6)-L-x(6)-L 54818  0.8143 0:46 2 2 22 Leucine zipper pattern
[LIVMF](2)-D-E-A-D-[RKEN]-x-[L DEAD-box subfamily ATP-dependent helicases
PS00039 IVMFYGSTN] N/A N/A N/A 1 1 9 signature
[LIVMFYW](2)-x(2)-[LK]-D-x(3)-[ . L .
PS00303  DNJ]-x(3)-[DNSGIJ-[FY]-x-[ES]-[FY  5.6306 0.7778 0.41 6 6 22 w H%%hmmww type  caleium  binding - protein
VC]-x(2)- [LIVMFS]-[LIVMF] &
PS00342 [STAGCN]-[RKH]-[LIVMAFY] 0.6717  0.9766 0.17 2 2 3 Microbodies C-terminal targeting signal
PS00613 F-P-x-R-[IM]-x-D-W-L-x-[NQ] N/A N/A N/A 1 1 11 Osteonectin domain signature 2
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No RMSD  ACC No.of = No.of o Fold Annotation
Proteins  Fragments Specificity
MTF00052 4.3782  0.8680 0.17 20 33 29 100% EF-hand superfamily (a.39.1) Calcium binding region I
MTFO00053 27114 0.9340 0.11 7 7 17 71:43%  EF-hand superfamily (a.39.1) Calcium binding region II
MTF00054 1.0142  0.9801 0.07 6 6 13 8.33% None
MTF00055 0.8580  0.9908  0.048 7 7 13 6.03% None
Wangikar N/A N/A N/A 36 63 8 N/A EF-hand : calcium binding loop
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