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Prediction of enzyme subfamily classes using evolutionary

information and support vector machines

FENG Huan-qing, ZHANG Xiang-hua, XU Wen-long

(Department o f Electronic Science and Technology, USTC, Hefei 230026 ,China)

Abstract: A novel method was proposed to predict enzyme subfamily classes. It combined support vector

machines (SVMs) and evolutionary information of amino acid sequences in the form of position-specific

scoring matrix (PSSM) by PSI-BLLAST. With a jackknife test on a widely used dataset that containing

2 640 oxidoreductase sequences classified into 16 subfamily classes, the proposed method achieved a high

overall accuracy of 92. 12%, which is much better than that of any previous method. The results indicate

that evolutionary information has a strong correlation with enzyme types and the proposed method is a

potential powerful tool for enzyme subfamily classification.

Key words: enzyme subfamily classification; evolutionary information; support vector machines; position-

specific scoring matrix

0 5|8

WY e 28— L R BB A A TN A o
ML 2 A A R B A AR AN MR A T, A
PR IRt 1 A A L DA 3 R 14 356 P e gt
S|P DO BIE 5 I 14 D0 BE S AR 5% IS X2 i

s B8 .2008-05-15; & B H #5: 2008-05-28

Bl ik i 22 0 BB, AR AL SV i 228, AT LASE
Bl S RGN (1) AR T, CITD 7K fige il
CID e RemE , (V) 2405, (V) AR, (VD 5 .
B — GRS I AL I AL A B AR 20 S A A
()L AT, T L — 2 0 AN TR B ML S, U4 Ak Ji
Bt} 20 DNEGR KR 9 S MESEHR .

EEWB . HH MU QTS (Co7-05) , h EBHE R KRR R R R ).

TEHE BN DS GEIRIEE) , Z#%. E-mail: hqfeng@ustc. edu. cn



766 FEAFHARFFIR

% 38 %

H1 i Y 2800 5 s 5 T B8 AR AL HLIE S s S+
PEBEYIFR DG 6 T — A8 A i 2 11 AT L o e
200 U Jig oA Al By e B L ) R, 30 il ) At A 5 T
FAOCHY 25 A BRAR A 5 By, A% 58 138 2o 52 56 T Bl
SERFLIRE T, AR F 2 imd, i EL 2% e,
PRIt , DT 28 P 91 £ 8 e | sl 300 L2 31 R AL 2
) AT S AR A B TR Ry & . A, Chou
L5 2003 AR 2 LR 4 AN — R A2 £ T
#: (covariant discriminant algorithm) ¥} — /41 &
2 640 7% B Uk IS ) BAIE AR HEAT 1 3 pr, AR T
KD 63. 64900, i T & HE MR A AL & 751 1Y
IGURPAR S, o PRl — 2% 3 26 T A5 B, AR T2
(R 0. B AT ek U 1 O 2 B 1R 4 A
(amphiphilic pseudo-amino acid composition) 7,
R — S PSR A A A5 B, 1 — 20 TR A i
PEEs) 70. 61 %M ; Huang 257F 2006 4Fff F 3T X
W Ol 2 I R 2 W B M -3 4B (fuzzy £ nearest
neighbors) J77% ., 3k1% 1 76. 63 % (MR BED s Zhou 5
£ 2007 4FF) FAH R A RRIE R /R 7 vk SR I S8 )
BLE AT S0, 15 2] 17 B AT o 4 rY o
80. 170" BRIMT , F& T R BEMR AL DU P 28 BE 1R
2 B P il R P T R R ) T SR AT A AR B T AR
FUF S 1 Ry B A B, —LeH A ) B 2245 8, et
FEAN AR B A 9 s 2. i TREE 2
e AR RS e A S5 BT L4 5
T R AL il H PSI-BLAST #2507 fr 15 21 (1
profile H1 37 & 45 5 4T 43 % (position-specific
scoring matrix, PSSM) A& A4 B & A b f5 &,
AT LA R A D R e R4 T T

A SO PSSM 1R AR AL 1R B 1R, OF
DL 0 2k AR , A1) B AT AR 4 398 Bl AN
12 AGRE T 0 S ] ML 0t i AR 1A K T 2R
S AT IO, 5 HA 50 7 vk AR 45 R R B,
S5 G LA BN S ] 2 ML RE 6% HOAS: T 4 1 950

1 HESE

R T BT AL R SR B R T A
FHR A LR AR, 2B £ 2t Chou 58 7E 2001 4F
P, o fl 45 2 640 2% S AL SR 28 1, 7T 43
K16 MWFE, N 1 TR, R (BRI x5
FEFR R Chou BESE. 5256 b, B8R (1 10 & SL R 751
BAEECE SWISS-PROT i 1% 40. 0 iR,

%= 1 Chou FIEERIEUIEMI
Tab.1 The Chou’s Dataset

subfamily groups acted by the enzyme No. of samples

1 CH-OH group 314
2 Aldehyd/oxo group 216
3 CH-CH group 194
4 CH-NH; group 130
5 CH-NH group 112
6 NADH/NADPH 305
7 other nitrogenous compounds 64
8 sulfur group 59
9 heme group 254
10 diphenols and related substances 94
11 peroxide 154
12 single donors 94
13 paired donors 257
14 superoxide radicals 155
15 —CH; group 84
16 reduced ferredoxin 154

total 2 640
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Tab. 2 Prediction accuracy with different type of kernel

functions by 10-fold cross validation

10-fold CV Polynomial Sigmoid RBF
1 90. 49 89.73 90. 11

2 85.98 87.50 92. 80

3 86. 31 83. 27 87.45

4 84. 47 84. 47 90. 91

5 86. 69 84.79 93.92

6 89. 02 84. 09 89. 02

7 87.07 83.65 89.73

8 89. 77 85. 23 88. 64

9 87.07 82.51 89.73

10 93.94 88. 26 92. 80
average 88. 08 85.12 90. 51
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Tab.3 Performances comparison for different

prediction methods using the jackknife test

dlass number of Ref. [4] Ref. [5] Ref. [6] the present
samples /% /% /% work/ %

1 314 72.61 — 72.93 92.99
2 216 66. 20 — 71. 30 87.96
3 194 65. 46 — 77. 84 89.18
4 130 62. 31 - 70.77 86. 92
5 112 47. 32 — 51.79 84. 82
6 305 77.70 — 84.59 94.75
7 64 45. 31 — 68. 75 84. 38
8 59 23.73 — 62.71 93.22
9 254 82.28 - 92.91 94. 49
10 94 63. 83 — 77.66 87.23
11 154 81.17 - 92. 86 97.40
12 94 51. 06 — 71.28 85. 11
13 257 78.99 — 89. 49 93. 39
14 155 92. 90 — 97. 42 99. 35
15 84 59.52 — 92. 86 98. 81
16 154 73. 38 - 87. 00 92.21
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Fig. 1 The fraction of sequences and expected

prediction accuracy according to reliability index
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Fig. 2 Average prediction accuracy with

a reliability index above a given cut-off
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