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Fig. 1 Chi-square values for each position in donor splice site—containing sequences
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Fig.2 Chi-square values for each position in acceptor splice site—containing sequences
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Table 3 Independent test accuracy based on different training sets
Donor site Acceptor site

Training set SN Sp ACC MCC SN SP ACC MCC
Tr-pos: Tr-negl 0.9511 0.8963 0.9237 0.8487 0.9132 0.8877 0.9005 0.8012
Tr-pos: Tr-neg2 0.9440 0.9118 0.9279 0.8562 0.9074 0.8981 0.9028 0.8056
Tr-pos: Tr-neg3 0.9440 0.9201 0.9321 0.8644 0.9190 0.8889 0.9040 0.8082
Tr-pos: Tr-neg4 0.9523 0.9190 0.9357 0.8718 0.9039 0.8819 0.8929 0.7861
Tr-pos: Tr-neg5 0.9523 0.9142 0.9333 0.8671 0.9144 0.8855 0.9000 0.8001
Tr-pos: Tr-negb 0.9464 0.9166 0.9315 0.8633 0.9016 0.8935 0.8976 0.7952
Tr-pos: Tr-neg7 0.9440 0.9249 0.9345 0.8690 0.9097 0.8738 0.8918 0.7841
Tr-pos: Tr-neg8 0.9392 0.9154 0.9273 0.8548 0.9039 0.8785 0.8912 0.7827
Tr-pos: Tr-neg9 0.9428 0.9201 0.9315 0.8632 0.9201 0.8902 0.9052 0.8106
Tr-pos: Tr-neglO 0.9440 0.9190 0.9315 0.8632 0.9028 0.9005 0.9017 0.8032
Weighted voting 0.9499 0.9178 0.9339 0.8681 0.9144 0.8947 0.9046 0.8092
Tr-pos: Tr-neg 0.7306 0.9752 0.8529 0.7128 0.7008 0.9789 0.8399 0.7075
22 SHMGEEGLRER \ \

3 it
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Table 4 Comparison with other algorithms

Donor site Acceptor site
Algorithm
SN SP Q° AUC SN SpP 04
SVM-B  0.9406 0.9067 0.9212 0.9066 0.8797 0.8920

MMI1-SVM  0.9256 0.9244 0.9247 0.8993 0.8869 0.8926
SAE -- 0.9450 --
The proposed 0.9499 0.9178 0.9319 0.9713 0.9144 0.8947 0.9040
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Table 5 5-fold cross accuracy based on the positional features by different coding

) Donor site Acceptor site
Coding
Positional feature dimension ACC Positional feature dimension ACC
0/1 coding 32 0.9201 80 0.8798
Multivariate coding for statistical feature 32 0.9255 80 0.8941
Chi-square statistical difference table coding 8 0.9278 20 0.9001

3.2 A FEEECEBESURMBEMS

{7 B RHIE AR BB A RGRTE )Y 91, {HX} DNA
JF 5 AR AR A B 88 LA URR, iR
7 -

GG P Al i AR S e A 5 4 67 b BEAILAA
ANTEHE AT . AR, RAZ TP A7 B R E A
JRUGR T A KA TR B AR, 45 it I A TE 7

FHMIE 1 23 4567 89 10 11 12 13 14
B3 CGCGTACTG A G C
RXLTHFH CGCAGTACT G A G C T

G B A R AR /N BRI, Rh TR A
(I BT, 7E—E R I REME 3R i B Tt
A BB AR R
3.3 RAS bp20 bpE OKEMMLE

TE Tr-pos: Tr-negl I+, 2l FHHA8 bp, %
1420 bp % HH< B FIAESZ 4K 138 bp B H K B HE L
BRFOE AL 3 R AR AT T . S B 38 SO £
(F26) Wor, MHE T 138 bp i HAK L, 8 bp/
20 bp B FH BN A F0MORG B2 i, HOEVRR IR 45X
Kigw D . X RIS A O AT RES I ATC KT,
T FRAR T A 2

Table 6 5-fold cross accuracy based on different window sizes

Donor site Acceptor site
Window size Window size
(excluding GT at position Total feature dimension ACC (excluding AG at Total feature dimension ACC
00) position 00)
8bp (-3~+5) 24 0.9331 20bp (=19~+1) 36 0.9035
138 bp (-70~+63) 154 0.9297 138 bp (-68~+70) 154 0.9011
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High—accuracy Splice Site Prediction Based on Statistical Difference Table and
Weighted Voting

ZENG Ying"”, CHEN Yuan", YUAN Zhe-Ming""™

(YHunan Engineering & Technology Research Center for Agricultural Big Data Analysis & Decision—making.,
Hunan Agricultural University, Changsha 410128, China;
20rient Science &Technology College, Hunan Agricultural University, Changsha 410128, China)

Abstract High-accuracy splice site recognition based on machine learning is the key to eukaryotic genome
annotation. In this paper, we used chi-square test to determine the window size of sequences, and constructed a
chi-square statistical difference table to extract the positional features, and combined with the frequencies of
dinucleotides to characterize sequences. For the problem that the positive and negative samples of splice sites are
extremely imbalanced, 10 SVM classifiers based on the equal proportion of positive and negative samples were
built for weighted voting, which effectively solved the imbalanced pattern classification problem. Independent
testing results in HS’D dataset showed that the prediction accuracy of donor and acceptor sites were 93.39% and
90.46% respectively, obviously higher than that of the compared methods. The positional features based on the
chi-square statistical difference table can effectively characterize DNA sequences, and have application prospects

in signal site recognition of molecular sequences.

Key words splice site, positional features, chi-square statistical difference table, weighted voting, support vector
machine (SVM)
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