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Abstract  Antimicrobial peptides represent a diverse class of natural small peptides derived from
innate immune system of organisms to combat microorganism infection, and are considered as the
best potential candidate substitution of antibiotics because antimicrobial peptides have properties
of high efficiency, low toxicity, broad spectrum antimicrobial activity without drug resistance.
Prediction of antimicrobial peptides is an important part of bioinformatics. Predicting antimicrobial
peptides and their functional information can assist to comprehend their mechanism and provide
theoretical supports for designing and improving antimicrobial peptide medicines. By using

mathematical theory, computer technology and bioinformatics method, prediction of antimicrobial
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peptides based on computational methods analyzes antimicrobial peptide data to explore the
connection between the biological feature and antibacterial function of antimicrobial peptides, to
make decisions automatically for the samples’ attribution. Being independent of biology experiments,
the computational method relies on the effective algorithms as well as the computing power of
computers to perform the prediction missions, therefore, this kind of approach is low-cost,
efficient, fast, and has excellent operability and processing batch ability to be quite proper for
dealing with predicting tasks under large scale data, and then it has already attracted more and
more attentions of both domestic and foreign scholars. This paper summarizes related researches
at home and abroad, including antimicrobial peptide databases, current predicting methods for
antimicrobial peptides, and the performance validation of prediction methods. The antimicrobial
peptide databases are a class of databases specially created for researching antimicrobial peptides,
which collect a mass of antimicrobial peptide data including information on antimicrobial peptides’
amino acid residue sequences, sources of the recorded data, activities as well as functions and
beyond. In addition, the users of these databases can not only download and extract the information
they need but also process data by using the various online analysis tools provided by the databases.
This article introduces some main open-access antimicrobial peptide databases, presents their
current inclusion of collected data, sample categories, functions, characters, Web sites with
links, and so on, to provide convenience and guidance for readers when they try to use these
databases. And then some mainstream methods for predicting antimicrobial peptides are
proposed, including the approaches based on empirical analysis and the ones based on machine
learning. The empirical analysis method gathers statistics of data and establishes a mathematical
model for the connection between some antimicrobial peptide’s biochemistry properties and
antimicrobial activities, according to known experiences, rules or pattern, to recognize this kind
of antimicrobial peptides. And the machine learning method aims to mine and learn existing data
information in the databases to design a proper algorithm, and finds out the antimicrobial
peptide’s features and laws, and then extends the relevance to unseen peptide samples to deduce
their functions for prediction. After that, this paper also introduces the model evaluation methods
and validation criterions, which can both evaluate the performance of a prediction approach and
provide a reference for comparing the effects of different algorithms. Finally, we discuss the
development of antimicrobial peptides prediction, and propose some meaningful research directions
in future.
Keywords antimicrobial peptide prediction; computational method; feature extraction; machine

learning; algorithm design
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T IR BAE A S8 S T 2R gr T NI
F A EAE ] S PURIE I Z A A QSAR BEAY. %
12: 78 BT IR AL 27 b 1 23 19 L T PR AR AE L 8 0
TP A R AR O B LA R SR B OY L X R T
AT T3 41 R 550k BE 08l 0 AR 1 R T S 80k
FoR R ry AatE X, MR R e R BE
B v XRET A K T ) R B S0 R AR
Ji— [R] B4 AH E A S B O 5 o b 4 3R Fe il 2 A4S
JEF AR G XA AR TR 5 (]
Rs FE SN 70" B9 R il LA i 8% 5 (2) H1(3)
HItH
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Rs;.,=a 2 er (2)
Gz Vi
" (X! —XDR?
o;.,=B (,2 — (3)
T CGyiAg i—j

b Iz T 51 A 50 AL K 4> F Y5 T Al b
T 0F 2 AR B e AT R B PR eR R O ROk T
QSAR B, I LA 1 2 i 4 1 BK 43 4 M. S0 e
R SRIEAINIE EPSE 2 AW IR EU PV~ I OEEN
F, 7 AR AL Ok ) B HL R A B A T R A

JE TR AR R OG FR T VA R ST AR LI LA AT
PRAK I 20 125 0 R RE B FR PR S B R kL B K
(AL TR 35 1 T A S R 5 AT 1) 4 B A R i S A
FEI A i 1 TN B (EUR R T OB I o 4
PRI & 2% 5 30 QSAR BRI A B
I HZ BN 150 AT A A AR AR K 1
2y, 8 R R MR H T H AR T O P
JRAEAS SR AT (R, 3 5 L BE L FH T X 4 2 2800 19 Bt
PRI HEAT AL, TE VR T R LR 22 2 301l 1) e T K i
TN T L AR TR (1% ) B R S B R
3.3 ETEMEEERNAZE

AN 2 A R I — i o A SRR 4R R0 )
JE o AR 4l e R A S 1 Ry e AR ) — S BRI D
T 0T A1 A% e 34 S50 114 5 .

Mikut I Hilpert™® $& Hy 7 — Fj 45 551 2 45 51
A B 53 F 1R 1 235 PR 43 B B K B Oy kL JF
30 Ao AR R ) A 4 3R B B R R B 1 O IR Sk 2
JIR G - 1) — 2 FHLA AR M e BEORH G B B8 e T 2 — 4>
SEA 1] A AN TS RE Ry n 2K PSS RN
A A 2 7K S DU S AR AT DL R R O — A i
A F TR 1 S 7K AR T8 B Y ) g

x, (P)=(x,(1,P) =, x,(n,P)" 4

RIG Rz AL B A 1y (n P)E€[0.1] 1
(1) 58 A BEAH . T IR BB P SR T8 2 eR B, I K 2 ik
o 8% B R 1 SR 8 B R FOR M

f‘A,.,(x/(P”:%E#A,”<x,(n,P)> (5
49 2 1 P25 A9 P L 5 1 1

Natural ~700

Designed sequences of

ZAEAT T 0 M1 Z 6] (EH o 0 RN iZ 78 A 1
o S B TR AT I R T By 1 ) R R A A T
R B H A X A @ . R F— R e K E K.
i 1 BB 8 MR 41 A 1 > 2 B TR 1Y e IOk 3 55 HE L i
R0 RT AAEE FH 77 B ) R D) R 220 i 47 T R A 9 L
T3 VX DX A I R TG T A 1 22 KL AT Y T
N 2

Ak, Fernandes % AU7 42 1 —Fh 56 F 4L
WIS RY Y BT B R 70 26 05 ¥ AT TBIF 5 % B e 1 Ik Y
— e A 1 B 5 BT T M 22 1R AF TE B RO A 2
A AT 38 A — A BRI T RGeS T 5 2 IR R
AHOG A “if-then” KL I Sk 35 IS5 T 2 R %50 DA T 4 31
i A e S DT X 22 KA )L i 2P
T2 AT BAHE 3k — A0 55 B ] [ 3 A 22 0 2% AH 4
VAN IS RN 0 S RN DN S B Ll 8 i
X

BE TSR 32 B 7 1 AN T S SRS A ) B AR
TSR L DU AR XS FE B 17 B0, B T S . H SR 2 R
By S B2 RGN T T EARA A g K
LRSS 58 — 9 KL 00 % S [m] 288 289 1 470 B BK A A 1
T e A 3 BT A RERITASE T L 7 125 A2 AR PR A 2 BOR)
WA AT DU R MATLAB T HAf Gait-
CAD(http://sourceforge. net/projects/gait-cad) ¥
SHL.
3.4 ETESHEBENAE

e T AW b 2 kb i 4 — A s B R AR
— M N P S SR DU HE RO B — A 2 K
FN ] LA A — A 32— 5 e A1 51 1Y B S0 AF
1. Loose % AN 2% 18 3 2 K7 9 70 4 =X R0l 28
ABL T 3 S T 3 — R s OGS T A O T [ A A 5T
T AE S AL B 5. TR R B O ST )
Rk T AR D)2 o TR R AR IR — i A TR
UJHE 3] 167 20 1 1 ), JF SR A TEIRESTASHE™ 22
YU T H Sk 47 7 1. TEIRESIAS J& — # 3 ] 19
P B & R R U Bk s HOXT T ff le — S
B R K BEIR AR W2 S T SR B S5

Scored population of Experimentally tested

AmPs grammars overlapping grammars designed sequences designed sequences

KIQRJQTHA | A Moy A

P RLMGAG | | ‘ | | ! | Grammar 1 U‘Lﬁ.»\ﬂ I\ A"\ A8
RLLMRGIQTHA A =L AT

N KIQRIQTHA b MKSTGPLLSALLLAVTAGGDP =b A A4 = b e
K(QRIQTHA _— , | el S M ;

- KORlQ / | k] & ~~ Filtered to reduce
{_oAr / Grammar 2 || | | | I | | — 4 redundacy and similarity

— (8 [ |

to natural AmPs

Bl 5l FITEA 5 A8 A BN T AR o AR AR E PR JIK 8 U5 A R U L O T LUK T o S B A A
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JURI P AH G A 1 75 B  Loose 58 A X APD %l &
T SRR R AT T R0 A B, FR T 684 AN i
TEFI] A F 33 1 K00 AT LA Sk & BT 4T I . A
xR & 2 FEC Nature) 1.

WA — i R 5k O A [ 8
P — £t 20 Fi R AR 54 JE R 4L K 1 AT b 5 Bk 3R
(RAAA) , BBt o K P 10 a6 A7 3R 28 I A ke 4 ik 3
ZANFEAE X Bl 7 5 S0 2R 1 25 R 2SO e
S WA TR Veltri % APV R T GBMR4 5
B ke gt 7 B T A B RAE , R A A AL
C.G.T X 4 Fp g FE /R , I LA b g 57 {16 48 1 19 5 4F 1)
S PR T8 12 B30k AT P A K R . GBMR4 3£
e bR SR E R R RR WL O R R TR A
SR M AN 2% 2 iR,

% 2 GBMR4 F xRN

IR e 55 R
ADKERNTSQ A FLA B B0 R iR 5 ff 00 0N B o A e
CFLIVMYWH C AR 0 /805 7 A SR TR
G G FME AR
P T W 1 2 35 g

Zuo HENINR A T 450 4 i B R AE N R
[ % [X Bt (Proteins Blocks ., PB) N Sl BF 5% B 46 2 4t
PR, B E BT X R — Rl 16 AR A5 41k
B B 7 BE R RAAA B BR 1 2 B R K
5. HE BT 3D S5 ks B A% T Ak Oy 3 R AR 1 5T IX
P4 b ROz A BA S T B A 2 AR R0 L
LM RIS 5 RAAA 2589 (b7 B A 454 %
BiAE 25 M e EAT T 0000 43 2%, A0 46 B R A )
HEZh P Ay T JoAth DU Bl L 45 20 T 91 %0 1 ARG .
k20 4 AW SN FHESH Y BT R AT T TR
G525 B a- B A2 LB B A R LA S 0- B A 2%, JF L
3794 20 B T o 1 .

FE 5 BRI 7 5 AR 0 T ke B TR KT 41
Jil1 s o of A ST T B A R R R L TR g —
7 BE R FNTE LR, 4038 A 1R L A ST
DA 55 A3 7 85 LG BRI 25 42 508l b o IR 1
SO, X6 0 7 AR R B A A TR0 042 I BE ) 3%
557 5 AR TR 1) HE B 218 Y 1) T 7R AR
3.5 HMEwaHhAE

BR T LR JLZEH O 7 ik Ah A Se T oY o R
T At ) — B BE T 50 A3 AT I ik

— BRI 5 N R I 43 - 3 0 254 BT R EA T
AT P 000 3] 2 X T SR BT R K g R4 T U2 1

MHEAEREUI R, BiiTAIRZ M T T80 5]
14 G B R oL R0 B fe 9% R CHARMM
(http://www. charmm. org) 5 # | iZ s F F % 1)
PO T IR U2 B 25 7 I AT 9 A A 5 i g — A
W T 4 GROMACS' (http://www. gromacs.
org) & W AE 43 7 2 A 58 v R A 40 7
i ; Discovery Studio ( http://accelrys. com/pro-
ducts/discovery-studio) & —EHE % T — & ¥ 7> ¥t
07 FH A FE 1 1M B S RE B8 O P 81 0 A QSAR g
By T AT SR AL AR A k7 2L o T3 )
S0 FL 5 1k RE A AL UL A W 92 0 A5 L 9T RE B il 3t
H AP 250 RN 2 B8, DTG B 285 W 58 0 Bk 7R 4% b
ZER L HZ T AT R E W o T e LA
FE 4 1T Hb 25 S4BT T KRR 1 L RO PR REAS 3R SCHRL67 ]
X BT R 5> S A W TR AL BT AT RO T
R 4.

41 Nagarajan 58 A% 42 7 — Fp 3k 5 B
b A g A RR L B A R e 1) o B 7 =X e B AR
O 22 IR 5 A5 B0 B E PEAH OC 1Y A AL 6 A A2 4 3
AL S (R R A B 4 2% 22 Ik % D 5833 L il 43 B & B
TU TR JIK Y ) 238 1% A0 A0 088 s () b 5 A R A e £ O
i U Rl = N RIS I N DO
PEPEZEAT I s Yount 1 Yeaman™ W] $2 BU i 2 ik
%) 22 4k J32 A AE A O O B 0 S =X T 1R 3D 25 4
TS0 I PR AR OG0 5 AL Ak AT S50 5 T
Jenssen % ANV IEF Z TG 1 3 BLST 43 M R IR
N3k ST TR 0T R Y TN AR AL 5 Y 1] R A Y
AT AR N Sl o O A S R TE A A R
HE B0 T BT R Y T3 R OF AT 0 RS PE AR E 1R
F0 5ok N7 TN ASE R, DT AT LA X B AL AR 5 1 22 BK
AT PRI P . — 2 5 B KL T 0 45 B 1) T
W J7 2 anz 3 frs.

JE T8 43 A1 14 5 ¥E R AL iy S B B IR SR T TR
JIRE AT B 1 TN ORS BE  H by T I Y X R L
P 3 28 7 AT A BB AT B8 3 %o At 28 1) % B TR K
AT T BR300 b PRI AR 0 7 R e ) s 1
2 FRFEAS T A 2 B0 K 38 S A 2B b i
TUTC AN IR B 5 — R PLE K. 7550 ZE T 25 0 A iy
T3 e AR AL R 22 2R F AN 22 S0 4 Pk (1 U 32 g
Or AT IX LN TT 1, AR BES L A WL S Bk 2
JIR A A AL R AE 5 0 T TG PE Z R Y e SC &R L B2 2
ME LA & B 10 4 6] AR A ] 4 2 AT 3R 2k o 1)
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®3 LHEIENETEESTHTNT Z

P Wik & T R
I ) I e 0 B S A
, BB L O AR R ARA KRR BRI
i 91 He P CREEA T VAT DIRRE AT AR vy ey R o e 5K A )
KEHXE il B SRR S i R A1 i E I
S B 4 B T 3 75
ey BB ORGP AR MO AL IO UM S R 2 R
AR g b o P I RE RS O A ek 55U L4 th B S
A MU £ B
R S o W RO R K . MR T e R KRR, R RS R
2 SR R KB R R T TR
S LB AU MO R, o
e B S A I LA NS R R T RO RIS A A
L e L RURB I gy SEBLE 94 Fy A £ 0 B 82
. e RMRUEMER. Lo \
e RURBCEI T BT AR, T o EOPILER 7 SORE By o B
ATBIFGE Sy g yop SRk BB IE ook gggﬁﬁﬁ%# A

4 BETHH[ZFIBEREN 7T %

Bl 7 ~J 2 i 2 X BE B R Y 2 8 e A &
B AT 2 R BE L U 40 | 25 5 SO AL 25 7
2o DR e R A LA T 2R R Bl 19 7 35 X
SRITEAAT LA e BT 1 18 ) A= A 1k 2 1] 14 £k
PESC AR 30 1] DUAZ 3 9 AE R AR et SG I X TR AL
A HBk 2 — e 1k B S 9 T B K 0 1) AR 1 AR
WA

FHF0 B KT 9 WL i 2 > 5 ik 22 R U
A B 2 2 L Bl 2 o) T 3O T R IR Y T e 1K
— b 28 [l REUOR A B 3% 5 i AR O RRE A 1 S
B 22 K3 73 AN ) B 26 R Dl ok st A5 S0 o 2R
for o 0 R DAL A 5 T BE U Jes 1) 28 0 47 ) 4 T
AT 5 3 5 Y H R

UntEl 6 Fr 7 o Ml o > 7 5 A B AR AR T B

WiIRME  YIgReRgE
l FLRE
HEEHR
B AR R
l Bkt
BYE
S
l RAREA
LA B
T B 8y TR
Wik
l e pataAT
T A
WM B P AR

Bl 6 5T Hlde 2 > B9 B0 IR0 77 3 i R

57 o U R GIE = A B B 7R S B B S B
H 22 IR 46 B 2 Hh I 60 A T B RORE A o 55
ARPC T BRAEAS P TR AL $7 T3 3 il BB 970 7 K
(158 CRFALE o FH 207 40 3 A 388 K 70 RO ) 40 o 7
BRIl b BEAT 23 A BT AR S 2 87 ) T
G55 2 AH L A T AT 5 AR FOI  B oA o 0 22 AR
AR PR S 45 I SR T 114 0000 A5 R 3 3 - B AL A B A
AL 8 0 245 2R s A 8 Uk By B AR E AN [8] B9 F A 35 A
K56 B e T 19 73 S A PERE - UK JBE I [ AR Rk
ZANESE IR AL B A e R 24 AR B
R X TR A 45

ORI 08 TR Z2 30 A B A B )y
B HEA 1 D0 BRAG M 5L BT TR P 28 I AR L Tk B
Bl T L Fr i . IRk 1 BB JH 20 JE L 0 4T
PR IR B HEAT T o 22 0 K X SR AR AT 7 57 2 )
LR FH R0 D5 86 6 U TR K B e AR 108 A 2 B A A
. T RRAE AR U R YU IR — S — 2
Fa L R B AP T P 56 A i OMT SRR A 15 B
GAHETR A 7y ke TR 5 ik PRAL M 5T L PR A A5 L A
177 52 BT BT B JIK AR 0 5 Ak 14 22 AL 4 R 4 HAY 45
— R — R Z KRR X o e X = {2,
Xy v, P RERTR B — 4RI BEARRE S %) W 2 K ) —
ANRFAE » ) 4T T K 1 35 1R 2 20 AR Ak A e LA T R
W R R — A~ 20 HE Y 1) L A — S B E R
— b S B R AE I P B K 8 G BB T 22 ik
A IBRZE Y T LAAR 3 552 B R v e A 28 R 7y
30 5 SR A TR A 4L » 28 5310 A [R] B B A A A ) f) s 25
{H. SRR — 22 IR AS AT L ey AR B A AL 1)
X MY AeME— R IR AR Bodls
XY (XL YD) T2 2 43 284 . A8 IEAT T B,
B DREAS AR IR X B A B G575 29 7 2K 4%
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Hh, 3 S A A 2 S O Y Y R R 1 AR A
0y Y AR i Xk L £ 28 )

H1 A [ B T AT: 55 T HOaE A5 R0 e A
AN [R]85 B A X 1 b R AN B A S T
IR AVERBAE AL B U T T AY R A RIOCR
PRI 7 2 > T o A o A el B B A M RE Y 4y
B R RS T J7 125 1Y B 4% 0 W) AL TE N A Y
WEFE B T AR 22 58 T ML A% 2 ~J 19 0w Ik 00 5
H R — W KRR LB ZEEE RS G
BE T BBR A o7 > 170 T IR S8 0 WF 5 3 e B 2 AR A
>J BT TR PO P TIUI  B  ME RERS IRHR v  0
N EERIERE 7 /i N S N ) A 0 7 BT S 11
X — SO AR A A R 0 LA A
4.1 BEFHEZFINMBERER

U JIR U AIF 5 — A~ T2 A N 2 R T IR 48
T AL A A H T — A R RN 2 IR & B IR, 8 T
AW 2] R e A Il X R 2] O AU
T R4 78 22 IR A K] 43 D W36 < 0 TR IR T BT
I B FR 1C 0 IE SRR A G 2 bR o R REAS L O
LA O BT 5 0 42 AR A A7 2 ~F L R T I A 43 28
o T DR A R 43 Sy T 28 D) 32 22 IR AR Sl B0 T
IR 5 D) AR BT FG A AE BT B RR. I 22 K 300 A
&y N —BUE . R IEREA R B BUR . T
MAFZARZ IR R PR IR, /T LA y=1. 4 H e dt
WK, A y=— 1. AN Y 75 5000 ) 2 i t 9 6 255
1 AR % 2 K B A B A O AR BT
IR S A LA 2 T SO 4

TS0 40 T R TIUI ) BL A8 2 S O R E S, R
W — 8 22 MR A M 2 o) Bk LR T U IR
G DL S AL N A 2 ) 4 | S ) AL R
PLAR KA.
4101 N W 4%

N T 28 W 2% (Artificial Neural Network, ANN)
S — PR ORI 114 1 28 TT 22 ) 4% 338 R AL B L Y A
SRR S R BT T U BT K ) — R AL A
2] gkt

2z 00 28 T 40 T IR Y — S RAE T B
FE A6 30 o8 IO PR S 1 Kl R 80K Ak BAS [) A ik 2K Y
FOAEAS , DT AT 45 98 3 7 RE ). 78 R AT U I, Sy
TREFEArF ) BV IA PR KRR AR B L EE 2
235 B PP L R R 4% b R UROA TR L B BE A% S B L
JIR AN 25 o e 7 2% 28470 7 IR A 5 P 2 3 5 3l
it 22 RN A R BB A% 365 0 AS [ ) 52 R REAS L R e i 2
W 28 533 FH T 470 TR A A TR [ L. e 2 I 4% 1 75

— D0 A IR LA A R ) 2 A R A 25 hE T 7RI
i) i B v RE A IO AR R Y R 2 Al . DTy e e
JIv feit I A4 BT o7 RSB — AR Ok B T BdiE e b iy
— BT B IR ECR AR AT RE B A B A R X MR A
ok A FEmA G SN THERMRR, g —E
PRI Sy ke 2 B 114 S 36 TG 3 A R AR B DR R T
A WGP Y BT TR RO 1 2 >, M2 R0 2% HLAT AR A
MIROR.

TE IV FH A 28 0 28 06T 470 TR IR FE AT T I, 4555 Y
iy AR 22 IR A 1) e A0 ) = S R0 ) i o DRy AR AR
(R 2 ) b 28 AR 11 45 A 0 2 50100 08 49 D) 5 A Tl
AR A A T 1 32 A AR A 8 3 ok i e HL 1A
[ 1l 2 19 2% B 3% Torrent 48 N 35 F 2 Ik T 51 1)
PEACPE BURFAE S Y T — B L e A6 B BP di 28 ) 45 )
FMERY L P28 Y B 2 AL 50 ARl & L, T A
FH AL H AR 2 VL DRI T 586 0 4 R Sk  [R) Bstde Jon
PTG B L 2% 7 3R AN A IRAT 90 20 1 T I ORS B
R T YA 5 RS S B R BN P Ik B A
HE M. Holton & A A FH—Fpogi A N—1
Pl 25 19 26 6] e 47 PSR 14 467 B RN BE AR AR EAT T2
M N—1 th M2 i A KBS N 2 K751,
o 2 IRREAS BT P AR N AP
G- R AR I i 25 I 285 R — A 4 fiE- a0 2 4
TEA WYL 1 2R A2 S i pf 22 I 2% N — 1 il &
KIFA TR A L TR B0 AR T 2 R R A
PRFRAE I H 2% I8 AR FETE 7 51 67 B IR Y R R
b 4G B XU B 380 A /0 32 T B AR X — 7 1 X6 4
J 25 375 IR AT T T00 9 g 57 15000 2 CPPpred, Bt
5 T3 M RURE. Soltani 28 NV R T A et 2
B 22 )2 R 2 Pl 22 28 5 1 ok D E QRSA B Y
F18) S BH 2 500, DT 5 B B30 470 7 K18 8 45 4 R A1 5
i Fiell 25 A 00 F) H QRSA i 5 )1 25 v 222 19 2%
B, A 1433 A B HL 1 1 19 0 K 45 31 94 %
1) TR i 2.

P2 0 28 B s (1 AR LM HULA BE ) R IR AT 40
A AL FLAE 7 o 2% > HL0) a7 PR A T3 TSR T
TIUAT: 55 . SR T AE I 25 bt 8 D) 4 B 5 2 K o 1) 240
It LI 26 4 25 48 A2 50w 1 1 228 A g i o 22 50
PRz, Jioh M 280 B B 0 4 B R AR 4 k=
flBERE T, AN BE LS Z 8] 18 2 ~] o A o I 125 0 4t A I
WAE IR AT A RO 48 .

4.1.2 SR AL

5 1\ 4 ML (Support Vector Machine, SVM)

ST TP ST AE G T2 2 BB 1 VC 4E 3R R4S 14 X
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78 AN LB il 1 B =y 1 B A1 W DRI E ) B 3 4
XF 3 A B R Y S ) B SR R AR 2R 22 R Y
() B » 368 3k 90 A% R B RE 08 S B 2R M R A 2 M 2k
(5] 780, I RE A A B 5 O Ak 3 vy 4 1), A 3
LA HE T PR AR L BT IR AN A R A U K
AR 5 M s A A A T HL T BT T IR A A A 2 R
824 AR FLIEA T R AIE 2 RO A A S R U 5 4R R AE
fo) 5 BECRGIN T 3 2 () Y 2 2 ML T S ] S AL G
A L PE 0 AR A U2 A AR 8 A Rt Ay — 8k
S R ] S 1] R BIL T 125 ok Ak BT TR SO T (1)
Rondon-Villarreal 48 ALY g 4% H 7 — Fh 8 19
DT AZ SCH 11 AL SR DR gk R A0 TR I Y T ) R
BT R E TR TS A R AT A A AR
P KT 51 HE S R AE 4 A 07 45 ok A0 L AE L
A FAF 7 51 H3 1 A AL AR B I s — > WL 9 I 125
MR ENAZ D (KER p KD FF4/FH =2
AR TR] ) o PRI 2 4 7 810385 108 SR o 6 T — DA F
G s H p-i Ry s RN p BT FAF R T B
I T G 25 7 3 p- 3 9 N BN p- 15 A% eR B &
k,,(s,t):<¢p(s),¢’)(t)>:2¢f(s)¢f(t) (6)

ueg,

Bi s ($,()),co EF 7
Hopxt Fir A0 FLp-ik 6, (O FRRKEN p 9T
TR uEFH) s PR E.Q, N s h Bk
R p BT RS ARt nT ARG Lk
SCVFE p 3% B B i) 4 X Ty 81 “bar” | “bat”,
“car” fl “cat”, B AT 235 M 2% A% 4y B
4R 5 IR,

=4 FFIM2-iERET

¢ ar at ba ca
bar 1 0 1 0
bat 0 1 0
car 1 0 0 1
cat 0 0 1

®S5 FIM2-ERERERE

K bar bat car cat
bar 2 1 1 0
bat 1 2 0 1
car 1 0 2 1
cat 0 1 1 2

X T T JOR S0 [ 80, 2% S K 1 ALY p -1 A%
ls|—p+1 [t —p1

By(ss)= > > $(siiitp—1)t(Gej+p—1))
i=1 =1
' (8)

Hodt &, (s ) FRHUH IR IETRF 5 s Rt 1 p-it%
o ls| RFEH s KRR sGaitp—1) Ik s A i
AL B i+ 11— p DB TR B $Ca.b)
) SCINF

bapy—|l FaTb 9

0. AN

7 S5 TR T -3 A% 10 S LS 4
B IR A 3o L % 7 R TE 1200 AN ZREEA [ 10 8 L
B iE T B 88. 3396 B il 2.

Dataset

peptide; =i =peptidey  Kernel Matrix
peptides el ||
K. = ky(zi, z5) . Pattern
— = SV.M = Function
peptiden
K
X

T BRI S R LT K Oy i

Lata 5§ A $2 H () 0 58 K 500 J5 5 AntiBPH
MR T SRR 1) ALy 2R 4% A AT N APD 4
PRI T 436 AP IOIFBEYLICE T4 R AR ST
JREE S, T EHR 4R 5L T RREE N o Fi C iy 5% i 119 22 56
W2 P75 HE S AFAE 5 73 530 S 1) 1 AL Ao 28 0 2% LA K
AR B =R g AT T I A B A e e SRR M)
AL IS T S5 e 1) T M A 6 (92. 11%0) 5 Porto
SNSRI SR 1 LA R BT 22 K 2 e
TR 45 B AR FF E (cysteine knot motifs) 5 £ KT 5 i
P22 8] HAT H BRI, I R T = A [R) A% ek B
Fe i 2 ot = R PU A R EHE 4R b4 AT I, O
R T Y TR K B T 90% 5 1M Vijayakumar F
Lakshmi-*! [f] £ F F 32 55 ) f ML #5711 Xt
P KA W00 2 ACPP, A5 2 57 I il 48 RS T
96 26 1 HEAf % ; Khosravian 48 AW I 5 F £ KT 51
(4 O Z L TR 40 3 R AE 43 BIE S m LS 2 2
JRRCTRI i T 5 P 28 1) 4% XoF 70 T R R AT TN S 5 4
& WY SR ) BILSAD I A U0 A5SR B O S R ME A R
fefg ik 3] 95.51% ;5 1 Poorinmohammad 28 A M%) 3%
FH S ] s AL 43 28 R X P HIV i 3 19§05 Ik
HEAT I o 36 3 X BT TR IR 2 R R Bk A e 3 1) Tl L TR
2043 (Pseudo Amino Acid Composition, PseAAC) £
TEREAT 22 2 A I B T 96. 76 Yo f Tl ) v 1 5.

Xof 7 T JOR T IR RO A5, S 4R 1] AL )
0 00 AR I S A A 1Y ELR H T S ) AL
8 Bl O KR e 3R St s 78 I 2 A A B i AR R 19 15 10
I R[] R S ] AR R AR B BORE 24 AE 2 I (]
SR ) e ATLR T 0 ) R A 3E AR U 4E, K Rg
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HE R PR [A] 1 % R B0k Ak B A I 23 A7 AR A
BT
4.1.3  BEPLARAR

FEHLFF AR (Random Forests, RF) 2 % FH BE AL 1Y
75 20K 22 4> P SRR 2H R AR bR — b B AR s 2
Bagging 51 1) — 9 AR K. FE T gt 2 o Bk
27 Bootstrap 5 SR A J7 ¥ M IR FE AR Hh 4l
REZHREAR IFAEBEHFEA I LRI SRR A Dy L)
JEA TR SRR LB AL 20 2 B P i — 3
S B AE A I R D SRR 1 A L A &
1 FORTE R AL 09 &8 43 25 s rh e A & S 4 B O
SR KT 2 HRIANRE RN IR 7
SIS —ASH I AREAS A BE LR AR ik
i — AR R SRR 20 90 %) BT 45 R A 1) 2 0 R AT TN Bk
T Bagging £ 07 A, B R R 7E & B T2 i 4R
EIRAT AR L T I SR B R A A D SRR 1 A
HEAT I R Sy e 2 1 L0 245 2
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