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(Protein Disorder/Order Region Classification Using
EPs-TFP Mining Method)
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Abstract Since a protein displays its specific functions when disorder region of protein
sequence transits to order region with provoking a biological reaction, the separation of
disorder region and order region from the sequence data is urgently necessary for predicting
three dimensional structure and characteristics of the protein. To classify the disorder and
order region efficiently, this paper proposes a classification/prediction method using sequence
data while acquiring a non-biased result on a specific characteristics of protein and
improving the classification speed. The emerging patterns based EPs-TFP methods utilizes
only the essential emerging pattern in which the redundant emerging patterns are removed.
This classification method finds the sequence patterns of disorder region, such sequence
patterns are frequently shown in disorder region but relatively not frequently in the order
region. We expand P-tree and T-tree conceptualized TFP method into a
classification/prediction method in order to improve the performance of the proposed
algorithm. We used Disprot 4.9 and CASP 7 data to evaluate EPs—TFP technique, the results
of order/disorder classification show sensitivity 73.6, specificity 69.51 and accuracy 74.2.
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4 AM4d dolH 2 disorder 79 oS 3}
71E9 EF/AF5 71 FE AL dolHdd &tol
9 A=(sliding window) A-&3 57X e (feature
selection) W& AR&sto] AAH o) |
Aol thgo 2 olgfg HHEL ©]

do] gEoR o] disorder T+HE& =8, F&2
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Networks), Regression 5°¢] AF&-¥t}. DISOPRED2
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EPs—TFP (Emerging Patterns - Total form Partial)
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2. Disorder #+9 oSS < &t EPs-TFP

2.1 s &(EPs)

Zdddol# AA-E(growth-rate)?] H&3 &7
7Es Agete] AR tE SYzd sjdEE dol
H 3k e wskel AfolE Hole HARES]
gor AALE: T FEHEES E=d9d
olgtal gt} [19]. &, 2d9de + 719 &4 b
ole] AEES WA sl v HYHs wake A
o= olfgt HHES shte vlolE FFfelA thE
FH2E zZ= doly [ Abelel] WEhek ApE e
7hZIt}, dubd o2 o F(association) A A A
HAskE dedes gy 24 UL =& 7Y
(discriminating power) 2.2 #7F FAo] % -&% o]
S f&sttta FHEo vk s digh Al

qole e 2o,

(A9 1] AAE (growth rate) : 7 /e A= &
2ol sdEE 7 1Y D, DA diEl, " X9
Dol s Dol AFES v 2ol A Hn
[18].

GrowthRate(X)=GR(X) =
0 If sup; (X)=0 and sup,(X)=0
0 If sup, (X)=0 and sup,(X)>0

sup,/sup, otherwise

1)

o714, D/ w7 (Background) dlol¥ H
53 (Target) ol Fgteletal s, e Hf
7 HelHENE E31 HolE %
go /e Y-S ofneith &

p>1° digiA dd X7} G’rowthRate( X) > p9
FES M W,

‘%LOH EH*H =2 A%
=

¥l XE p-Emerging Pattern

9 74]%% ol A& (minimum growth rate)
22} &L, disorder 2 order ¥ ol T
= FddEe 5 2o
- EP; F3 Aol (KLCIQ! #s 7Fd =gl
A A =7} disorderol] W&l 2/9, orderel] thal 3/5
g 7M1 A4S AFEGR=27122 {(KLC=
order -9 tjgt Sdudol}.
- EPi - A9 {CS}e] AA =7} disorderell
3 4/9, orderolA 1/8Y 7%, AAE(GR)=359]
o= {C,S}e disorderol tidt =& sfjElo|r},

2.2 EPs-TFPE 0| &%t Md &£3UE F&

n

< HEA 7]—4‘«] Apriori- YFP
[17] %“?394 Ptree Ttree TZE §A3E 7IHES

9l AL fFAReY oAstE o
o] 23 ZFg~(disorder 7-9)ol that =3
Al F7HARL stepvlE Ao 9 das

2.2.1 EPs-TFP9 P-tree, T-tree T

71% Apriori-TFP [17] €118)&2 P-tree, T-tree
2 P-tree HOolES wR71Hed Y wiold A
&5 9% 724 Ui AR o 2

1) P-tree (Partial support tree) : Tlo]E] 39
G5 GAEYEA xtoe EF FUs E
¥Z 183 JE Fh(support value)o] A5
W, 1 JEE 19 29 2
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a [ | b |[]|e [ | d e
<2, 0= |<2,0= [=0,0=| |<0,0 <0, 0>
[ [ ek O
cde cde e ' ~
o, 02| |<1,05] |<t1,0| sup(d)y supld),
(a) P-treeo| Z|¥= 1A=
a b ¢ d e
. e SUppOIT fOr D,
Node = Support for D,
e Childl refer.
cde || cde e (& Node code
Sl 1 1 1 &~ Support for D,
Node 0 0 0 |e-Support for D,
Null —_ Null (& Sibling refer.
Null || Null Null (& Child refer.
(b) P-treeQ| L& J=
<Y 2> P-tree?] +%
H9(top) AW == MARA A wso) P
284 1-itemset Q1¥zolth, EE 9] wde
% gead) ALE g AT H9) wEl
gazg FAFE
a9 39 P-treeZHEH T5H P-tree HolE©]
, o] HolEolE Ptreed] EE AR AHE]
A7) wimel W] Agste] AREE A
duelFo] ALk Alzte] Ade @ d 4 Stk
¥ 394 SEF 920, 1, Nul, 3)=
P-tree2HE AR djdeo] x3H 5o FE
ERIT,
0
— o [ 1 2]
L Lo [y
|| IR 2 2
b e e
wl B
- [ ][]
3 [0 T 1 2
e

cd | |cde| |cd,el|< Node code
a,b a b [« (Entire) parent code
0 1 1 [« Support for D,
1 0 0 [« Support for D,
<% 3> P-tree HolE9 %
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(a) T-treeo| 74 EA

(b) T-treeo| L& 1=

< 4> T-treed 7%

Ttree WE 729 9A EZZA
T FYx9 JLE Fe AFsta, A
Fzele dHHAE +

A wEg

2.2.2 P-tree @ P-tree Hlo]| & A A

T~tree (Total support tree)= P-tree Elo]E&<

AE HoEZRE P-tree AL Y3 A 13

o e 2.

(R 2] P-tree A 713 PE QA =20 A%
d Fdela, PE Egd AT AMEE deolta
Eissg

- rF 1 PP W, diEo] dstnE e

2t 228 HE gs SR

- qtF 20 POPT Y W, PYl Oig RS =EE
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<¥ 1> P-tree 74S $13 dHoly &

1D Class Itemset
1 D; acde
2 D; a
3 D; be
4 D; bcde
5 D> ab
6 D> ce
7 D> abcd
8 D> de
/Vode: code
a | | b || ¢ || d | e
(0, 0) (0, 0) (0, 0) (0, 0 (0, 0)

Supp; Supp;

<a¥ 5> <3E 1>9 dHolgd that 7] P-tree L

e
A WA doly {Dy acdel a°t AAHE
itemset cdeS 913 =22 AASTE AR P-tree

of AZHH, SH= DA JRE #e 12 AAHn
(29 6(a). 7 A dolg (D) a= v Eg
gro] AgEo doerg des F2 Dol tigk gt
TE fike S7MAZTHIE 6(b). Yo" (D) el
G ool 7t =25 AAgste] 4t

QAT 6(0). v (D) hodels 2 b7}
]

g >
frm

° glo] AFE o] gonz po] JEES Z71A
7131, itemset ¢d el et A2 =E(dummy &%)

E F7HA7IH,
tH2d 6(d)).

o]AdY w=EQl e9 A =tv)

b c d
(0, 0) 0,0 7] (@0 [

a
(1,0

=
(0, 0)

cde
(1, 0)

(a) Inserting itemset, {Dy a.c.d. &

d e
(0. 0) T (0.0

a b [
(200 [ @0 [7] 00 [

cde
(1, 0)

(b} Inserting itemset, {0y 4}

a b C d e
(20 7] (Lo [] (00 [7] (0,00 | (0,0
[ |

c,d,e '3

(L 0) (1, 0)

(c) Inserting itemset, {D: b6

a || b [ d e
(2, 0) (20 [ (®0) [7] (0.0} [T| (0,0)
[ [
c,de cde [ | e
(1, 0) (1, 0) (1,0}

(d) Inserting itemset, {D: b.c.de}

<a9 6> FY 2 Dol ek P-tree A IA
Tt 282 Del digk Ptree A2 dA7IA

AGATt. (Do b= 35 2o D, E42% JE
& 12 3t poll digh gv =g FrpetHaE
7@). {D> ¢ e)e o AZHE eol g NEZLE =
EE Fkete AoxE ASlEtH® 7(h). HlolH
{Ds abcd¥ prefixe?l 3 29 pol
Z7FA7]1 2 itemset ¢l HE =5 AAICHIH
70). "FAT {Do d el doll AZHE e =25 A
dste] Ego] AdgeH(™ 7(d)).
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a b |l ¢ || da || e
(2. 1) (2, 0) (0, 0) (0, 0) (0, 0)
b | | cde cde | | e
(0, 1) (1, 0) (L0 (L0

(a) Inserting itemset, {Dx 3.6}

a b c 1 d || e
21 (2,0 (0, 1) {0, 0) (0,0

| | |

b cde cde | | B e
(0, 1) _I (1, 0) (1, 0) (1, 0) (0, 1)
(b} Inserting itemset, {Dx ¢ &

a ] b | | C d e
(2 2) | 29 | | @1 (0, 0 (0, 0)
[ |

I e cde | | e e
{0, 2) (1. 0) (1, 0) (1, 0) (0, 1)
cd |
| o |
(c) Inserting itemset, {02 a.6.¢,.d}
a b c d &
(2,2 (2,00 (01 [ o1 7] (0.0
[ l l [
b | | cde cde e B e
ey lan||doToalloy]|]|ey
[
cd
(0, 1)

(d) Inserting itemset, {2 d.&

<9 7> 22 DA e P-tree A

F 1ol oIzt Ptree B Fol 29 83 22
P-tree HolES AAgh A9 2 02 1-jtemsetdl
g == S FEE AAsta, 9s T2
2-itemset, Q92 I 4-jtemset wE=EC] Fx
X e AR 3-sfemset =T EASHA o
=z JQdAE Nul® AAg) P-tree HolE9 U
B oJizx= 0¥ 83 )

P-tree Elo]52 Trtree 74S YA ARSI,
W 2% Ttree 759 A% &S 7
e 9tk

2.2.3 T-tree AA
712«1 EPs 7|9E5% 28 =d9UsS AAs
A7k

gkt E}E‘r/‘i P-tree Hlo| &2
H e E/7E A% 25 =3I E(eEPs essential
Emerging Patterns)¥h& F%317] 913 vh&3 22

20¢ 39 gk

<18 8> AAE P-tree HolE

[3e] 3] FH3d

- 28 VYC X GR(Y)< GR(X) & &4 w=s)
= Ed99" X
9] AeoloA A WA 2 RE ZHIPEHS A}
L7 AR HAa AR E(support) S =g ok st
= Aol F WA 2AL HAAAEE =3 fH
Solgte HA A E(growth rate) B3+ vHEaj ok 3
o= Aot A WA 2=AL Y X BE dyd

1 A7E 918 =3 e, eEPs

5
1
A, 718 Ed9E mlold dauglEE X HES A
A gtk ey wkeF HAAEC] X 9 2
X H9e g Sdddo|nE AA oA @i 7
TH o R ALg3thE Z27io)t)

T-tree A P-tree®} 22

2 43ES = sl bl s
2RE gom 49 wERe pYoR AUAEL

=22 A4 AL P-tree WA
a9 99F #o] F & I

o}

7H Hﬂoﬂi TAE
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a b c d e < Node code
(0,0,0)[[(0,0,0)[](0,0,0)[](0, 0, 0[] (0,0, 02_.
’1 I‘ b

( St Up D1r SU,U D2r GR)

<Y 9> %7] T-treed] 57 WlE +%

| RaREIEe) P—tree Hol|E22E T tree: [-ifemset

O~

ﬁéé]#i Ttree«] A =rto gt 2

|2~ 0ol B h o @AY
1004

fu
l-‘O
_153
3
=
&

2

a b ¢ d e
[ 1(2, 0, =)[[(0, 1, =)[ (O, 1, =)[ | (O, O, 0)

<29 10> g e

Ll

09 1-itemset] e+ T-tree 4t

b2,2), w}‘j)r/ﬂ 73/‘15 AGES
= K227 A, 2
P-tree HoJE g2 19 A =

o2 olE 3 e(122)E AT

1

;L
Li
o

a b [¢ d e
(2,2, D[] 2, D[]0, 1, =)

<a¥ 11>

ro

a2 ‘19 1-jtemsetol] W3t T-tree 4t
7‘%7

1A

1-itemserd] t)d wpAE AP XA Fo| Ao T}
d2,1), d2,)1), 6‘(20 ol st Sl 7

a | | b [| < [ d [ e
@20 @2 M@ 2 e 2 G 2 1.5)
<29 12> A9~ 3 1-jtemsetel W3 T-tree A

o A7

P-tee HOlEE o] &3lo] BE l-ffemsets =0
A7sE Fol| o oA 1-jtemsets 1LHEA] o=
P-tree Ho]E2] Qldlx (0 S AA o
2 2-itemsetd] WE == AHQlo] &)™, ojw 3
Z5= P-tree Ho|ES o 2t}

Null
0o [ 1 2 3
! | | | |
v v v v
o b e e e
a b [ d
Null 0 1 0 o
2 0 1 1
8 0 1 2
1 ] 1
— v v v
cd | |cde| cde
a,b a b
0 1 1
1 0 0
<29 13> AE 2 0o AAE P-tree HolE

2-itemserol] Tt BE 7l 23S A w9 E
goll 1% 14%} o] AAd st

<a¥ 14> 2-itemsets 913 T-tree 7%

WA A 1Y 2-jtemsere) {a,b}(0,2), {heH1,0),
{cel(0), {de} 0o FH= M EFRY HGES
Axtste] A% ghoi (19 15).

<a¥g 15> eldx Toll 3t T-tree == A
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o g P A #aell dE gbhcd°
7Vs8t  2-itemset {ad01), {h0,1),
{a,d(0,1), {ba0,1), {cad (Ol 3l F4ES ALt
sto] ofd ©A Egle] AAlgth 22 WHow
BWH A A dZEe] 2-ifemset 23S A5

Zﬁl—o]

rJr S fi o] "dr 101]*1 @5 {ael(10, 0)= 7 =
o] FISEE T3l gho] lojm=Z Ao 39 A WA %
A9 ARAAE p=28 wE Fame A,

MHWE“)H @12 H(z,?, 2) |
|(1.?‘1) H (1,113,1) H(z,?,Z) ‘

<9 16> 2-itemserdll W)t T-treed] A2z}

2-itemsetH] Ttrees TARF 192 1ol #2
=5 AAG P-tree HolE2 tha3 )

Null
Null 0 1 2
| | l ]
v v
Null cd | lcde| |cde
— a,b a b
3 o 1] 1
L 1[0l o

<a® 17> 9ldx To] AAH P-tree HolE

oldx ‘Fo 3t 3-jtemsere] ==7F AAJHE T A
Hx gzZ=dd  didlA, {ahd01), {abd(01),
{acd(01), {bcd(01)E Adstal F+ HA Hz=9l
{cdel ==o  daid  {acd10), {acell0),
{a,de10), {cdel1,005 AYseh A ¥A dz=
AA == {gdeldt FE (D =EE 275k

{bed)(10), {bhcel10), {hde}10), {cdel 1,005 A
ety BE 3-temsetd] Wt Ttree T4 Uoﬂ
A Edel tidt AA(pruning)E L FHIE =
& Faste] Fagth 3-jtemset 417§ E
Zv a9 1801 4 FHIH Zd fid =

[
1H—Hur

AA Fo Ttree:x 19 199 2t}

= 72y {¢d), {cdel,
{cdets Xststt) webA d-itemset 773°] 7V53t
H, Eglel {abcd0]), {acdel10), {hcdel(10)E
ARl 4= 9tk My BE 4-sfemset?] 2L F
FEakA] FetRrE A AR




i 2> EPs-TFPE &% 45 =399

eEPs o p Class
1 {c,d} 2 2 D;
2 {be} 2 co D;
3 {ce} 2 2 D;
4 {de} 2 2 D,
5 {c,de} 2 0o D,
6 {a b} 2 oo D>
3. eEPs& 0| &%t Disorder 79 =7
o Hel|lA= EPs-TFP 71%H& ol&ste] F3&4
disorder 799 =& HHH order 79 =3

2 ez 13} LS disorder/order 7O HF3
= S 7S

Disorder @ order 7oA 4 HAPHELS
wiretazl s wad 13 NEE Xﬁi‘r% score
718ke] & AAF HFE EH ZY 29 disorder T

o] o= Axto] 3+ Zx 2 (post- processmg) oA

83k score ALt

1>
rlo
vl
dlo
X3
m
v

scov"e(s7 C) = Z
e Cs,e=E0) (2)
growth rate(e)

: growth rate (e)+1

(d e):(50%:25%)},
o], -E—%"r% dolE17} s={adelol2f
il 7Vé P ‘Er Fex] Ed9Ho] & Xtz

Dr

ztzre] scores AR Dy DA dEEHE =9 A

7}
9] scoreE2;

2
score, (s, D;) =0.5 % S 1 0.67,
2
scorez(s, D, )=0.5x% CYE =~ (0.33 O]tq, score, > scoreqy

olng & Do FHlaE EHHEL

ey g a9 eEPs N7t AEHA B
A5, 4t F¥2 B score7t A 9 E=A H
= A7 AN, o= oo HFro 3?‘5?-%?—
oomebs S d EdsEe] 7Y E

af 7]% scored S ATF3H8t nSore(normalized

score
nScore = ———— (3)
median_score

nSorex score #S T Fd o &I T @
(median) &2 WF3lS wfe] ks weltct

aid Ao Al disorder/order T799] o|F2 &
ol AEG-E o]&3st] AE HlwEA Zroldit)
£ E9] disorder 2+ FdAHEES o] &g 79 4=
°of A, ad 21dAAHE  eEPs7 “ADSKD’,
“KDKKEK”, “TDE’#td <itold =92 Zroldl
disorder T7-9-& ESE A& “«"& ZTHIIT}

lo

i)

o

Disorder E== =351
- ES1 : ADSKD

- ES2 : KDKKEK

- ES3: TDE

rm

>T8287 CagS (HPO534), Helicobacter pylori, 199 res
[sequence] I"ISHHHRKI.FSHIRDSK.BKKEKI.lESLﬂENELLNTDEKKK[I
[Expﬂ lnent] 00006 o6 ¢ ¢ (A A(A(AA(AAAAAAAA
[ES] R e T e E s

<218 21> Disorder 7-9 o= A3} o

3k ExperimentZle A€ A4 A8S B o
o7 AxEA “@"E order 79|t}

fo
3|_|
L}

3.2 Disorder/order & F#<2

1% 21°1A disorder 1919l €Sl “TDE"= 24l
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A A3} MM E “@"Z order T
AoR FAHUL oJE% F PR
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