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Abstract

Enzymes are a kind of protein that has catalytic function. The study of supersecondary structures
in enzymes plays an important role in the structure and function of enzymes. Based on enzyme
sequence information, four kinds of supersecondary structures in enzymes were researched for
the first time. Amino acids of sites and dipeptide components of sites were selected as parameters,
for five selections of the best fixed-length pattern, the predictive results in 7-fold cross-validation
were not ideal by using scoring function method; scores were selected as input parameters of
support vector machine (SVM); the results were fused with weighted factors by using ensemble
classifier; the better performance was obtained; the overall prediction accuracy was 72.64% and
the Matthews correlation coefficient was above 0.57. Therefore, ensemble classifier based on SVM
is an effective method to predict four kinds of supersecondary structures in enzymes.
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R —FEAEAIIRNESR, HABREARFYNE-REWSHABERNSH RIS EEEH. &
XMBEARFFIHEK, BRXTEE SR VIR E A8 R ST . DAL EER KB4
BASE, I EMEH BB TR, RA7- XKL, FHEMRET S EBNN S RAEE; %E
FEFT HMEMEARES B EN, FFHABES KBTS, B2 TRIFHNTNER, T
B EILR]72.64%, Matthew'stAx RE7E0.570 L, FHk, ETFIFRENHBES KRB HTEE—F
BRI TNEE AR P RS

MEER; B_REW; BETS: XFREN; BArRSE

1. 518

P2 T A R PN 7 A A e B — MR R A R M B 0T, R AR, A= i 3 T 5 B
BRARIR T 3 3 A58 A  LP #OR TE R AL N AT, B SZE IR B EAHC. ik, X TR
¥ R DhRe (R FOR A= i B R e B R B . IR AR LB A IHE RG24 T D R A2 B 3RA% T8k
MR, LEnoe T B S R[] [2] BE RS20 2K 3]-[7175 T HIBIE 7T (H X i AR 157 45 A4 R T IE A
/b, HA 2011 4F Liu A1 Hu[8]. 2012 4F Long A1 HU[9]% B 2 (A B (1) B R ARARHEAT 1 103

BEE N — M EA AT EATR, ERA —REARS TIE M —REMmmast, sEamm
it 2] 45 #t) (supersecondary structure) & 48 I N B LA R S5 I BT % 2 Ik (loop)JE#E kR, it — 4
FA RER LT HES B R 3 Rl 4549, TRiAR Motif[10]. fRj 568 — 2454450y B-loop-B~ B-loop-a. a-loop-a.
1 o-loop-B MU, HTH —REEHZ o 180 B 472 W B HEFIE B R 450, A LLBGRMF A E S,
M HAE =S P L, XE AT & A E R EEZEH, Wik, 2013 mEs i g g
MRS, 87 2 TAE[11]-[18]. B8R (A5 B R gs kg T B — B A R R Es M ks s, 18
AHA GRS, BHESS5HM— S0 RS, PATE RN AEFIhRE. i, 23RS E
4 (mitogen-activated protein Kinases, MAPKS) 215 5 M4 R 115 S 2N MAZ N 300 B B, HL
HE AL B — > B-loop-a 4514, 2 Bk I B 417 B FH R i 1) o MR E 2 [FI T Jle— AN 2485, S ATP S5 A i [19]
N1, SnRK3 2 YREA 1 — R E OB, AR RS R R A B 72 TLE 85 A I (calcineurin B-like
calcium sensor-interacting protein kinases, CIPK). CIPK i 7E C i (B4 & X b &8 —ANMIH| X ik, 545
B 74548 11 CBL(calcineurin B-like calcium sensor, CBL) %4 & K% X B . 1 CBL EEAAH S 4 41
o-loop-o 45 FI AR S AZ 0 X 3520, B4 o-loop-an 45K AR 57 1 5 45 4 IR 0 22 A 0. (R, B
5 R B T BELER 2 5 ) o Tl 45 W K ) BEE T A R IR 2

Sob 5 5 R U858 e A5 R B 9T, 2008 4E Hu A Li[16]. 2010 4 Zou[15]% NEUAS 1 e 1 Tl 45
Ho ASCAERT AW TS 2RE AU R MR RE L, 1 O Bl 8 (1 5 A 7 SRk g s M AT I
4 2261 ANEFE A B AR, 1% loop BRI i E5KAL, 5308 B-loop-B. B-loop-a. o-loop-a
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Al a-loop-B UK. M — &5 —RFHI K, FPolE e KRR 24 M EmRREE, R 6 {1
R4 loop B N . 2 19 47 40 loop A C i« 55 10 52554 loop ) N % 55 15 37254 loop F C Al LA
loop 741 Lot 5% Fuh i Bedliii oy 30, DA ri SRR AN AT s 2 B IR R AN R N S8, 49 R R
FT 93 SR AN S 1) B 77 3 (R F00IU 45 AN BARL, & SCHRF 1) S L0 000 45 SR oo Ak SR8 I b &, 3F
— BT DU S — a5, BUAS T IR R TR AR

2. MRS
2.1. BIREMERG T O

EHL SCOP (http://scop.mrc-Imb.cam.ac.uk/scop/) £ 4 ' ASTRAL 1.75 hix ¥ 7 Z1 AH AL 14 <95% 1)
16712 MEAR, MM —SNEAR)S, R4 14977 MEA. 230 Blastcluster ZAEALFE, 535
HUA B <25% ) B I A 8704 A4S, o, FAI A Bk BEKF 100 MR R R #H%<3.0 AEA
R 4442 Ao T X 4442 AF R PR IRERD) EC S5 [21] kit H 2261 /MR 1 (GL AL G A LE )5
fitf 393 4>, WG 637 4, JKAREE 776 1, ZAEEE 199 4, RAIEE 112 4~ ERERE 115 NAFERE T
FiA G 29 4N). ARHE dssp £dl SR AL 45, ¥ HY G. | JFh o BR0E, E. B IHA B HTE, H
4N loop. {218 loop FEHE ) SR, 15 BT (R g0 45 F BT 53367 4N, Hid, B-loop-B(LA R
il “EE” #oR)f1 14037 4, B-loop-a(LA T “EH” F/R)4 13391 4, o-loop-a(PL FH “HH” #ox )
13539 4™, o-loop-B(LL FH “HE” #7R)H 12400 4>, XFPUSHE R a5 59 i Btk AT geit oo, dilk
B, loop KB EEAE LR 2-12 MEIERZ (I 1), BE VYK R LKt 45506 4, i, EEf5
12956 4>, EH 45 10646 >, HH 45 10682 4>, HE 45 11222 /™, 43 5l 15 5 511 92.3%. 79.5%. 90.5%- 78.9%.
loop K FEFE 2~12 NEIEER 2 (A1 VU SR8 — it P4 v B FE R 23 A 1 6-30 A2 B IR 2 [a] (L 14
2), A VUKH KL 41793 4, HAKA EE12847 4. EH10090 4. HH8103 4. HE10753 4>, 433l
G H A1) 99.2%. 94.8%. 75.8%. 95.8%. [Alitt, FATLL loop KFEAE 2~12 ANEFERR  [A1( F 41 | B K
1E 6-30 NN IR A I — S5 K R TR G

22 WHHEGE

2.2.1. B REEMFS| H RSN

T DU SRR A R B G oA, FRAS 2] EEL EHL HHL HE 1P 551 15 A4
FAEMR . 19 MEEER . 24 NEEER. 19 NEIERR. 1 H, o BHERIFIK N 9 MEEER, loop 1T
KEEN 4 NEIRER, B ITBRNTHKEN 5 NEIER. NIk, A7 ERIUEDY - g 450 i 5 25 BAA
Eok, wBUEEHERKERN 24 NEIERR, E loop PIMIERR —HEMFREHEN TSI B RN,
T loop P A BRI R LR IR ST 1, Eotn, &R G 17F loop Wi BB AANE[10], Frbh, BATRALL
%5 6 A7 A AE AN loop M N By LLER 19 47 s 4E N loop I C 3 PAER 10 A7 s 4E M loop HI N 3. LASS 15 7
#AEA loop | C S AL loop 751y Hh 0k 55 Fbp i BEAEOT 50, LA 3.

2.2.2. IRERNGIH T RS HIEI

XF 2.2.1 (15 RS A BT 3, 2 BI4EH weblogo B4 HEAT A AR SFESE 0T, T R IR R
], I BRI 2 B (L] 4). LSS 10 47 54 loop f N i fl, (a) BEAREEHE 20454 EE, (b) B
B JEER HH, (@) F(b), (@) BEIHEE 10 A7 SH155 13 A1 AURIRSF IR LR A2 G, HhEf 10
PLEUFIER 11 A7 S SRR D IORSF IR, B MR R F IR ERZ A V. Ly () EhEE 12, 13 47
MR RS TRE P, 25 10 £ RIS 10 A7 pS RSP R B ARt G, (HUR IR AR LR 4
Bl LA P, e SRR IR IR Z N Ly Ao IR Fh A BEEUT 3, AN A S M A R

O,
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ANE] o LUB R 250 HE N, (c) EIAREREE 15 7054 loop HY C iy, (d) PIAREEE 6 7454 loop I N i,
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Figure 1. The distribution of sequence numbers with different loop length in
the supersecondary structures
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Figure 2. The distribution of pattern numbers with different pattern length

[ 2. RIS B B 2 AP0 34588 — At 3 B

(a) GKATTIMNPAEPPLIMRDTVYVLS ITIMNPAEPPLIMRDTVYVLSaskesk
EEEEEEEE——————— EEEEEEEEE EEEEE—————— EEEEEEEEE:ks:«
(b) GKATTIMNPAEPPLIMRDTVYVLS KGKATTIMNPAEPPLIMRDTV

EEEEEEEE—————— EEEEEEEEE —= ‘EEEEEEEE—————— EEEEE
(¢)  GKATTIMNPAEPPLIMRDTVYVLS *GKATTIMNPAEPPLIMRDTVY VL
EEEEEEEE—————— EEEEEEEEE = *EEEEEEEE—————— EEEEEEEE
(d)  THGWIHENGEDVDEVVVVFY s« THOWTHENGEDVDEVVVVFY st
EEEEE-——————- EEEEEEE = $okEEEEE———————— EEEEEEE s
(e)  GVNLQSMDSSHVSLVQLTLR SVNLQSMDSSHVSLVQLTLRs sk
EEEEEEE-———- EEEEEEEE — sEEEEEEE————— EEEEEEEE s
(f)  RNYMFERLDLGVGETVYGLG #RNYMFERLDLGVGETVYGL G
EEEEEEEE—--—— EEEEEE — *EEEEEEEE—————— EEEEEE: ik

Note: first row is amino acid sequences, second row is secondary structures corresponding
sequences, “*”is a terminal residue
E: BITRTEERFY, BIITRRFIIMBAZREN, 7 RR—AEM

Figure 3. The diagram of the best patterns fixed-length: (a) beginning of loop
locates the sixth position (b) end of loop locates the nineteenth position (c)
beginning of loop locates the tenth position (d) end of loop locates the fifteenth
position (e) loop sequence locates the center (the length of loop is an odd
number) (f) loop sequence locates the center (the length of loop is a even)

E 3. REEEERNKEEIURER: (@) 5 6 iLmA loop N iH; (b) 55 19
{3279 loop C if;(c) £ 10 L2 loop N i ;(d) &8 15 {4 loop C i;
(e) A loop F51A il (loop K AZEH); (f) LA loop I3l (loop KA
B¥#)
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R —<<

p-T<
M->—T<
<D<

bits
0000 _O0000 0000 _ 0000 0000
B0

o oog?-&hhhphbhbpbbbgg'zksg

=z

348
048 0.aa
o4 0,42
0,42 0.4
0.4 0.38
0.38 0.36
0.36 034
832 %53
0.3 0.38
282 8835
5024 9032
0.22 0.2
%3 0.18
o8 0.16
oae 0.14
012 o.l2
o%a 0.08
0.06 0.06
9:04 0.04
0,02 0,02
o. 0.
N c N

(@

Note: the overall height of the stack indicates the position conservation, while the height of symbols within the stack indicates the relative
frequency of each amino acid at that position

Figure 4. Sample of the position conservation: (a) beginning of loop locates the tenth position of EE (b) beginning
of loop locates the tenth position of HH (c) end of loop locates the fifteenth position of HE (d) beginning of loop
locates the sixth position of HE.

E 4. (LESEERAIRTMEZE: () LASE 10 L9 loop B9 N SH(EE) (b)LAZE 10 sy loop &I N if(HH) (c)
PAEE 15 i1 79 loop BY C #ix(HE)(d)EAEE 6 32225 loop BY N ifm(HE)

L (C) (), () B3 130 14 fr i PRSP IR SRS G, 5 15 Sl R ST IR LR 2 P, H BN i
TRAFIERERZ N V. AL Ly Mid)EH, 556, 7. 8 b SRR IR Z G, H e AU R 2
B2 AL L.V, 5386, 5 24 AL REFERR DR VEA W RS 1, OB IE IR AZ S\ F Ty Ve 1AL,
ANTA] B BT S A R AL A SRR IR Sy, A B AT AR AL rl s R TR <7 (5 B AT LAE
NTNSH . X EIFATHHAL f = FE R (20 A R BRI — 2 AL R AL SR N S 4

2.2.3. FEREAT 5% (PCSF)
FEREAT 3 T7 AR B S R 7 45 6 s TN 77 T AR i 5 2R [22] [23] 0 AR SC LA s R R R I LR AT SR Ik
WIORFEEAE NS5, R Bl R 5T (X DU S Bk — S5 W AR FEAT 20 I 3R 20 2K

L
G (Wij _Wi,min)

FEREFRALMEFT 93 RN mss =

M-

I
[N

Ci (\Nlmax - \Ni,min )

o, wy R EAE AL T, w, =Iogﬁ, L D93 R £ 0 — R Al A AR A W

Poj;
PNE IR NS HU AR 214T L 31, DARIEIR BB RN SRR 244147 L =101 w, ) RN BL B AL
SRS 15 B IR O ME, W, TR 15 B IR SO KB . py, TR | I
15 SN .

N, +4/N; /I — o po
py LR B, pij=;il—‘/7lil/o DRSNS HY, 1=21, jRom 20 FREBEIRAT AL, N,
i+ i

&
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FORBITMIE EIT AR ER NI EE, g R M E BB AR IR AR IR AR
KIBASHIT, | =441, N ZORHITNMIE LA RERE AR EE, n ZomF i MIE L5 |
PR IR X AT SR IBC HH B R A
C LR IS &, [ P UAEAZAL s — BV 7 SIEAZ AL ) B 1
100

|
G __[Z P log By + IOglJ

logl =

FTLGIER: 0<mss <1, 4R&EF1, WU BIAR KI5 SIEE— A b R SRR N 4T 5 o B A AR R A
R KAE TR B IR — B WA 24N R BRI [ 8 7 SRR B, A sl R R R (B mi B R PR
WRIR)ENZH VIS S5 H 7T LU 24121472451 (44147 23F) KIARHEST 72 F6RE, AR — 2% A5l 51
Fi By Al A bR AERL BT 0 FE R bR, FIFHT 20 R 8G BEMARRE, S 34T e, WE— e
K 2P H AT W — S A .

224, XHERHLSVM)HH

SVMJEVapnik[24] [25]45 \BLHIRII i ABLER S ST 071k, H AT EBE R R T 1 4 H
2 PR AN 2 R AT T 1) 2% % J7THI[26]-[20]. SVMIISEASEAURIE T4Ei3 IR, FIRGE
LU opibs U NS R T R ST e IR e L v e T e e
(RS FHIE IS, AEOS MR P ITPIINAG 2 (XA AL, ITTABIRRHIZARE S, Heihi AT IR A2 g
BEAA B0/ 22 S (R S RO R IR S (R NI 22 6 PR R b B0 S U 8 (Poly) 2
4R (RBF) . Sigmod 4B (Sigmod)  FRfi A4 FIAERABRAL: K (x,x ) =exp(-g[x—x) .

Gb, HTSVMEERZ — NI, RERIUE— € 22 R IUE. PILSVMZ — IR I E A A
WA . SVM L CHIR 2 S H iR AR N ASEEL, & F I libsvm. mysvm svmlight% . ix B
{1 A2 libsvm-2.91F2 1 [30], HArcHlgammalt AH4 .

WA 2.2.3 WIAEREST 20 535, DAL S B R (O AR R R B AL R NS4, S TIZR4E, DUk — 2
SERIRT ARG 4 DMERUEST 000, H TREIRSE, vTLAS 2] 4 ANTME . R X LeHE BEFT /B 1E R RHIES 3L
B0 N SR e EE AR AT T

2.2.5. BikoAeE
BRI RO T 27 RE AT S T[31], B 7 R0 5 Tl 5 1
TE SRRy 228 .

C=C,®C,®C,®---C, )

IXH, C,.C,,Cyr,Co HRRIET R FRMEIAN Q M KE, O ASRENHE .
5 QAR C, (1 =123, Q) A NS K5 C FFHIN, TLhh Fatsn:

S, = 3 @SVM, (X.Y;)(j=12.3,4) @

i=1

A, @ RS HREC MRERI, 0<@ <1, SYM(X,Y)) RAEE - AMEIFTI X 5505 28
C(i=123--,Q) 5 | RARMEIRY, (j =1,2,3,4) KISCRFAENL, S, BIECKIE:
Su=max{S,$,,8;S,}(4=1234) ©)

PUE TR X TSR . Forh max R BB, w0 w ARSI 51 X SR B 4 7 R 25

g 72k
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2.2.6. RGRIE

RSOy FEE RPN AE 7 28 IR 10757, BN AR 40 7 AN T4, R 1A T44E
MAREE, MHAR 6 N THEIMENINGLE, L FRIEIR 7 K.
2.2.7. FBRE RN IEER

SE U 1 S (i = 1L ARE EE, i1 = 2 /0E EH, i = 3/0%E HH, i = 4 /{E HE)MEURMEIEHR Suiv
RS EFR AR Spie  Matthew's #H26 R EL M, TR E S 4331l -

S, =[TR/(TP, +FN,) |x100% @
S, =[TR/(TR + FR)]x100% ®)
- (TR xTN,)—(FN, xFR,) ©)
" J(TR TN ) x(TN, + FP)x (TP +FR ) x (TN, + FN, )
2R
S=-— ()

A, TPy iz e IR T AR AR A, FNG D9iZ2R A Bl R 00 A0 i, TN DR e S I T FrO A
A, PP AR SR Y R ROFE AL N R R P A1 B 4L

3. R511i8
3.1. BT ENHEERSTE

DA i B R R (21AA) R R FE IR B AR KR (44 LIL) BN S8, xF 5 M7 4 i Bl o7 =0: LLZE 6
K709 loop N 3i(N6):  LLES 19 £7 554 loop C ##(C19); LA 10 47 £y loop N 3#(N10); LA 15 £ ANy
loop C #i(C15); LA loop /381 A H X 55 (Center), R FEFT 2 (14 J7 ¥4 0000 B 2 11 5 v DO 88 SR 4l 7
2 SR 45 R L35 1.

M PAE Y, 20AA BIAN B 45 BB UT, Hh it — 2045 %) EE Y N6 A1 C19 U4y 5liA 3] 70.1%
A1 77.2%, T 454 HH BTH 545 BIR AN 3848, C19.N10.C15. Center HIESUEAE 2514 17.7%.22.5%.
25.1%. 25.1%, Matthew’s HI5¢ 5%k 0.1 /247, # 45K HE b N6 [HBURTEHA N 25%; 441]L &5
1) HE o N6 BUsk 547, 155 79.2%, HH 1 C19 e, HE 1 N10 BI#U& . EH H c15 1 center
(BB AL B 81.9%. 81%. 79.7%F1 80%, 45 HHEL4F, HH MHE L RIFFEARIAE, C19. N10. C15,
Center [HURIE > 5N 25.5%. 28.3%. 24%. 24.7%, Matthew’s A2 &% 0.27 DAL, C19 T &k g
N 49.3%, LEREZE.

3.2. SVM it B 4R 511

VBT AV NFHES BN SYM, K 7-28 XG50, B AU BT v S 84T E N SVM
(21AA), BFFh A BT sUM T 45 SR W5 20 LRI DA s R AR IR NS B 4T 43 T ik i 5 SR (42 1
i 21AA), F gt BB R w, Eein, EE th N10. C15. Center #5257 3 BURNE 2> 9] 13T 73 7712210 56%-
56.9%. 59.7%% = FIHLAE ) 78.9%. 76.4%. 81.5%, HE " N6 # 7 3H BURE 4T 20 5 1 250% 4% =
FIDAEN 67.4%, (HAEHA — ST ZE R LLFT 2 Tk 45 A BT R % WA s 5 IR B A0 QI S 4T
FIAMERN SVM (441L), FF0 v Bk Oy 20 0 25 S (0L 22 2) b2 DL EIRE S B0 4T 43 7 325 i) il 25 2R
(WL 1 4410L) w4 W] B 42, Ebfn, HH " N6. C19. N10. C15. Center #H /7 =X i &0 2 51 B
F19rJ71 1) 37.9%. 25.5%. 28.3%. 24%. 24.7%EEFIBLIEN 47.2%. 50.7%- 46.5%. 51%. 43.9%,

O,
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Table 1. The predictive results of PCSF algorithm using 7_Fold cross-validation
= L T FE 1 XA RTINS R

21AA 441JL

N6 C19 N10 C15 Center N6 C19 N10 C15 Center

Sn1(%) 70.1 77.2 56.0 56.9 59.7 38.3 22.3 39.3 45.1 48.0
Sn2(%) 49.1 39.6 60.1 52.8 56.4 58.9 82.3 66.6 79.4 80.0
Sna(%) 41.5 17.7 225 25.1 25.1 37.9 255 28.3 24.0 24.7
Sna(%) 25.0 61.0 60.2 62.8 61.7 79.2 62.4 81.0 71.2 73.2
Sp1(%) 43.2 44.8 52.4 52.1 53.4 57.3 53.7 73.1 718 73.8
Sp2(%) 60.9 58.6 49.9 49.3 52.4 68.2 37.2 54.8 49.0 50.9
Sps(%) 32.9 47.3 43.0 44.1 39.2 67.0 81.9 60.0 66.8 62.0
Spa(%) 69.7 55.0 54.1 53.0 56.3 435 67.2 48.3 56.1 57.8
S(%) 46.7 50.4 51.0 50.6 52.0 54.3 49.3 55.0 56.5 58.0
M, 0.23 0.30 0.29 0.29 0.32 0.27 0.16 0.38 0.41 0.45
M, 0.31 0.27 0.28 0.25 0.29 0.45 0.24 0.37 0.39 0.41
M; 0.09 0.14 0.13 0.15 0.12 0.37 0.36 0.27 0.29 0.27
My 0.26 0.33 0.32 0.32 0.35 0.32 0.44 0.38 0.41 0.45

Table 2. The predicting results of SVM using 7_cross validation
2. XEEENFE 7 XN HITMLE R

21AA 441JL
N6 C19 N10 Cily Center N6 C19 N10 C15 Center
Sn1(%) 65.2 66.7 78.9 76.4 81.5 67.7 68.4 78.3 77.4 81.0
Sn2(%) 51.0 66.2 52.7 55.7 53.5 57.0 68.0 54.7 64.3 57.6
Sna(%) 28.6 23.6 17.2 16.6 14.4 47.2 50.7 46.5 51.0 43.9
Sna(%) 67.4 56.3 57.2 60.3 59.1 7.7 61.0 65.9 59.5 61.0
Sp1(%) 51.8 52.4 48.2 50.6 48.0 534 53.5 57.0 59.5 54.6
Sp2(%) 59.2 51.8 54.4 55.1 56.4 735 59.8 67.4 65.7 68.0
Sp3(%) 49.2 55.7 57.1 61.5 63.9 69.4 71.9 66.7 68.8 67.8
Spa(%) 55.2 61.5 48.2 56.3 60.0 59.0 74.1 62.1 63.9 63.9
S(%) 54.5 54.8 53.3 54.2 54.1 61.8 62.8 62.2 63.8 61.9
M; 0.34 0.35 0.36 0.37 0.37 0.39 0.40 0.48 0.50 0.47
M, 0.34 0.34 0.30 0.32 0.33 0.50 0.45 0.45 0.49 047
Ms 0.21 0.22 0.19 0.21 0.20 0.45 0.49 043 0.47 0.42
M, 0.38 0.38 0.37 0.35 0.38 0.46 0.53 0.46 0.45 0.45

FHI 2N o B 3T 2 7711 54.3%. 49.3%. 55%. 56.5%. 58%%% = FIINLLEI] 61.8%. 62.8%. 62.2%.
63.8%-. 61.9%. N Tt —TIRETIEE, FATKE SVM BT 45 R NEIR 5 2588 .
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3.3. BiASABOHHERS L

W OL R IR B AR RN S B FUF v Bal 7 U1 B ANy el SRR 7y 288 HEAT s i
G, DTN A T R PSR R . B AN B R B SRR B LE S [RIRCE R AT BT 45
W2 BUSEFTIR, WA AR LRSS B, ek ). ST ks B i ik 3] 72.64%, AH% REAE 0.57
PLE, AL 2 RRTRINEE SR, PR E R 8.8 ME s, HeSuiisisth B R E. 455
R, BRI A RE By R MU R, BEA IR A T Hp DY S L A
A 2 PTG R, T DA 5 v TS 5
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15 R R TS S, LA 4. 2008 4 Hu A Li[16] 13 B 5 4T (R0 B8 1 o 4 & ) 2 152
FrER AL E L S R E AT 4 58 REE T 2, UEERANSEL, SR80 i TS
B 71.7%, S5ASCHLG, BT EE MR, AR ETA TR bR T 45 R AL T Hu'se 2010 4 Zou[15]
S5 NH SVM F1 1DQD [ 75 i 5% - S 1o r 114 DU 288 157 56— R 8 A 3047 00, e 1DQD 77792 1) il
ST, DIEEEIR A R KA o A SR BR L o A FE R N 28, I ZR8E 1) v TIOIDRG FE 1K 21 77.7%,
T RATOTONSAERE, (B2, AREARIMNNEEST Zous, i, ATMWAEEF, EH. HH. HE
(RS 5 5 0 78%. 83%7FH 74.3%, Matthew’s AH2C 54437 0.63. 0.65. 0.64, Tfi Zou’s ik,
EH. HH. HE K% 3120 58 71%. 73.3%A1 69.5%, Matthew’s #15< & %2> %4 0.56. 0.58. 0.55.
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Table 3. The overall results for ensemble classifier

7 3. B RBHIUNEGR

@ @, @, @, @, Sna(%) Swa(%) Swa(%) Sna(%) Spa(%) Spa(%) Spa(%) Spa(®) Mi M, Mz M, S(%)
0.4017 0.3009 0.0999 0.0987 0.0988 802 69.6 63.6 754 626 780 830 743 057 063 065 0.64 72.64
0.3001 0.4013 0.0989 00998 00999 800 728 639 715 626 745 835 764 057 062 066 063 7244
02010 0.3025 0.1982 00981 02002 812 693 604 70.2 608 737 847 734 055 059 064 0.60 70.78
0.1998 0.4056 0.2008 0.0945 00993 79.7 723 630 698 617 735 834 756 056 0.61 065 061 7161
03103 0.3001 0.0943 0.2005 0.0948 80.6 710 630 718 620 752 841 748 057 062 065 062 72.03
0.3057 0.3033 0.1999 0.0974 00937 81.0 691 625 735 619 760 839 744 057 061 065 063 71.99
03111 0.1989 0.0919 0.2980 0.001 81.0 693 620 715 615 760 840 727 056 061 064 060 71.37
01997 0.3033 01998 0.1981 00991 80.3 705 624 702 614 739 846 739 056 060 0.65 060 71.28

Table 4. Comparison among different predictive results
7 4 PREIFETUMEE R

Su(®) Sw(%) Sw(®%) Su(®%) Sp(®%) Swa(%) Sw(®) Su(%) M M, M; M, S(%)
HwsSVM 786 675 579 734 728 692 658 707 058 057 053 054 717
ZowsIDQD 858 747 685 754 799 710 733 695 061 056 058 055 777

Our Classifier  80.2 69.6 63.6 75.4 62.6 78.0 83.0 74.3 0.57 0.63 0.65 0.64 7264
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