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Table 1 Frequency distribution of amino acid residues between positives and negatives for the ith position
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Table 2 Chi-square difference values for 20 amino acid residues and 61 positions

Protein(P)
Amino acid residue
Position(-30) Position(;) Position(+30)
1(A) AX 50,1 A, Axso,
J Ax s, Ax;,; Axso,
20(V) Ax 30,20 Ay 020 Ay. 30,20
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Fig. 1 Chi-square values for different positions in protein sequence
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Fig. 2 The 5-fold cross accuracy of y*-pos features excluding one by one
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Fig. 3 The 5-fold cross accuracy for different window size coupled with the largest interval distances
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Table 3 The independent accuracy based on different encoding schemes

Feature Sn/% Sp/%e Acl% Mcc

Xx’-pos 72.26 69.60 70.93 0.42

PsePSSM 82.06 86.54 84.30 0.69
Undirected-CKSAAP 79.40 90.53 84.97 0.70
X-pos+PsePSSM 84.55 84.39 84.46 0.69
x’-pos+Undirected-CKSAAP 88.37 84.55 86.46 0.73
PsePSSM+Undirected-CKSAAP 86.85 8522 86.05 0.72
x>-pos +PsePSSM +Undirected-CKSAAP 88.04 88.54 88.29 0.77

Aier 3 2BHRAE, 51 01 W8T ZREE AL
BEE S A 105 Al 258 1 kS T 25
R4, w0 a0 IIBUEEEE Ac 89.62% % 5 4
101 ¥ T ZREE P18 Ac 88.80%M% 47 #2 1 .
b. Libsvin (-6 ZH AR rIREA S T 1EFE
AKEIMEZ. DL P> 0.5 NbrifE, 115 AL
FIFSE TR A 84.88%, %% 1 1 Hyflif il grE
R R BE, (HF DA R e IERE AR SR 0 A R B P>
1/6 Jbrd, 115 A HEIIZRE ML Ac A
88.29%, 5 1: 1 ¥ FillgdERan. c. 2%
TN GREE AL S B B0 W 20 A T3 2 i el 5

L IE AR AT 0 A TR, a1 HER
P 5 PR g i, HEFEAE FH 2 N 351 I ZRER AL
B

5 AN TN SREE IR SR ROC 4k WL 4,
L AUC 1E 7 0.96.

BIRATHT AT, ZEHE £ 12 5 U Steentoft 55 LA
TMHMM Tl () % JE X . NetSurfP 5 () 2 1 7]
A ¥ . DISEMBL T (1) 8 (53 TGP X A RFAE 4
ST T 25 R, H Aey MCC 5y AN 83% -
0.7107, AR SINBUILEZEE Aes MCC 53 51H 89.62%-
0.79, BEAL T SCERIRIE .
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Table 4 The independent accuracy in the different train sets
Train set Sn/% Sp/% Acl% MCC
Train-pos:Train-neg-1 88.04 88.54 88.29 0.77
Train-pos:Train-neg-2 88.87 88.87 88.87 0.78
Train-pos:Train-neg-3 88.37 90.70 89.53 0.79
Train-pos:Train-neg-4 88.87 89.04 88.95 0.78
Train-pos: Train-neg-5 89.20 87.54 88.37 0.77
Weighted voting 90.30 88.80 89.62 0.79
Train-pos:Train-neg (P > 0.5) 72.09 97.67 84.88 0.72
Train-pos: Train-neg (P> 1/6) 87.38 89.20 88.29 0.77
3508 0.05 0.06+ 2.65; S-N [H] B /K 4 AH 2 1
Lol N, N-W K A ZBOR, (Hi% 01 4, S-N
5 ON-W [a B FE 55444 1. b. AAindex %4
(http://www.genome.jp/aaindex/) 75 20 K IR & FE TR
il g 531 FEACEERR . SR BA b 531 PR RRE (b
GRS, R IHARIE R AL & Y S0k
06 PERUAEDS, BAMEFRH 531 4kt iR, H
- FAFAE K BT BHE 55 TUARBFAE. . Atchley S0
04 XF 531 MR YR 2 oS ik o A i 5 SR B
B, ARt R TR BT 2
o2 FEVE ST, SRATCL B 5 SRERAL PR i dmbD iy, R
H 57 4 R AE 24 2O IR FEBR IS, IF TR A T O-
B LG AL T 19 R FLAd ). d. {HIG iR 531
0 02 04 0.6 0.8 L0 FRERAL M S R A2 5 SRR ME i dm b, HL TR
1-8p £ AT yP-pos G it ) LIRS B

Fig. 4 ROC curves of weighted voting results
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B BInEAL S & S Ny W =FiakdE, (e
Y FES A SR KA O, KK

Table 5 The 5-fold cross accuracy based on

different positional features

Feature Feature number Acl%

Binary 1000 70.38
Physicochemical properties(531) 26 550 71.06
Physicochemical properties(5) 250 69.00
X>-pos 50 78.97

2 IE SAREA P 51 i BEAR AR (LK), CKSAAP
G T 5 5 R B 7 VE TR BB RFAE 1) S0k A 1
L, B RBLIEA MK 5. MR, yP-pos FEH:
TALE W RS R E ) 2 2= R R, R
REARUX 4.

IEFEA P1: RKSSNLDKDSSLSFQSTQVPERR-
HASLATVF

fiFEA N1: KSSNLDKDSSLSFQSTQVPERRH-
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Predicting O-glycosylation Sites by Combining Three
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Abstract Glycosylation is a major modification process in post-translational modification of protein. Accurate
prediction of O-linked glycosylation sites is a big challenging faced by machine-learning, for the fixed-model of

O-linked glycosylation is not yet known. In this paper, on the basis of the largest-ever Steentoft database up to now,

a new feature chi-square score difference table method based on position (y*-pos) was first proposed, which
combined with pseudo position-specific scoring matrix (PsePSSM) and undirected composition of k-spaced amino
acid pairs (Undirected-CKSAAP) were used to present protein sequences. Then 5 support vector machines models
were constructed with the same proportion of positive and negative samples. At last, by weighted voting, our
results showed that the prediction accuracy, Matthew’s correlation coefficient and area under ROC curve reached
89.62%, 0.79 and 0.96 respectively. They were superior to the literature report. It also demonstrated that the
combination of three different features y*-pos, PsePSSM and Undirected-CKSAAP has extensive application

prospect in protein sites prediction such as glycosylation and phosphorylation.

Key words O-glycosylation prediction, chi-square score difference table, pseudo position-specific scoring
matrix, undirected composition of k-spaced amino acid pairs, weighted voting
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