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Prediction of protein subcellular locations by ensemble of
improved K-nearest neighbor
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Abstract: Adaboost algorithm with improved K-nearest neighbor classifiers is proposed to predict protein subcellular
locations. Improved K-nearest neighbor classifier uses three sequence feature vectors including amino acid composition,
dipeptide and pseudo amino acid composition of protein sequence. K-nearest neighbor uses Blast in classification stage.

The overall success rates by the jackknife test on two data sets of CH317 and Gram1253 are 92.4% and 93.1%. Adaboost
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algorithm with the novel K-nearest neighbor improved by Blast is an effective method for predicting subcellular locations

of proteins.

Keywords: subcellular locations, protein sequence characteristics, K-nearest neighbor, basic local alignment search tool
(Blast), Adaboost

[17]

Wang
GO
(18] Chen
PSSM GO 3
(1]
[19]
(-1 Zhou
(7 Huang
81 Bulashevska
®1" Chen KNN
CH317 200
19} Ding
K (Fuzzy K-nearest neighbor, KNN
FKNN) KNN
M Lin Blast
121 Zhang KNN
KNN
3] Liao Blast
CH317
14 Hu KNN
19 KNN Blast
51 Yao Adaboost KNN
(PSSM)
161 iy PSSM SVM http://www.wsns.org/subloc/homepage final.jsp

http://journals.im.ac.cn/cjben



B F/8att KNN ik E BRI A RE R 685

1 w57 ®

1.1 HiE&E

Chen"”! CH317
CH317 317 6
(Cytoplasmic proteins
cy) 112 (Membrane proteins me) 55
(Nuclear proteins nu) 52
(Mitochondrial proteins mi) 34
(Endoplasmic reticulum proteins en)
47 (Secreted proteins se) 17
CH317 uniprot
(http://www.uniprot.org/)
CH317
Fan [21]
(Gram1253) Graml253
1 253 5 1

1.2 [FHIHFERE

F1 EZRPHEREESH
Tablel Distribution of Gram1253

N f protei
Subcellular locations ety

sequences
Membrane 166
Cytoplasm 443
Periplasm(Pe) 423
Secreted 199
Nucleoid 22

® 010-64807509

1.2.1 (Amino acid composition
AAC)
AAC
(221 Nakashima AAC
23 AAC
P 20
P AAC
P 44¢ 1
= T
PAAC=[f11f2’f3"”f20] (1)
fi i P
1.2.2 (Dipeptide Dipe)
AAC
2
20 400
[24]
P PDipe 2
= T
Psze:[d15d25d3"“d400] (2)
d; i P
1.23 (Pseudo amino acid composition
PseAAC)
AAC
A
31 AAC
P PPseAAC
3

= T

Prseaac =[P1aP2”"aP20aP20+1a"'on+x]
20 20

3)

K cjb@im.ac.cn



686

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech  April 25,2017 Vol.33 No.4

A
1.3 FUMEE
1.3.1 KNN
KNN
KNN Blast
[26]
Blast
[27] Needleman-Wunsch
(28] Blast
Blast
KNN
1

Sequence
to be
predicted

Computing
sequence features

l

Training set
sequence feature
database

Find K nearest
neighbor sequences

|

Blast comparison
between prediction
sequence and nearest
neighbor sequence

|

The most similar
sequence location is the
prediction location

B 1 £T Blast A KNN £ HZ%
Fig. 1 Improved KNN classification algorithm based
on Blast.

http://journals.im.ac.cn/cjben

Blast 2.2.30
National Center for Biotechnology Information

(NCBI) (ftp://ftp.ncbi.nlm.nih.

gov/blast/executables/blast+/) blastp

1)
makeblastdb.exe
hash_index—dbtypeprot
makeblastdb.exe

—in DB.fasta-parse_seqids-

—in -parse_seqids-hash_index
-dbtype prot
2)
blastp.exe-task blastp-query que-db DB—out out
blastp.exe
-query -db
—out
1.3.2 Adaboost
Adaboost Blast
KNN
[29]
T={(x1.y1), (x2.02)...
Xnyn)} xeX XcR'
Vi {-1,+1} Adaboost
1

1/N

D =(w11,w12 LT "‘aWuv)a

1. 4
w; =N,1=1,2,---N



B F/8att KNN ik E BRI A RE R 687

2 m=1,2, -, M Adaboost
M KNN
D, Adaboost
G, (x):x—>{-1+1} (%)
Gnl) D N
em:P(Gm(xi)iyi) 1
(6)
= l]ilwmzl(Gm (xi)iyi) ? 2)
3) k
Gu(x) €m
KNN 4)
Gn(x)
Gu(x) m Gu(x) 5) 3-4 M Adaboost
6)
a, = l1oglog 1=e, (7) 7
2 €
2 1-6
8) N
. ( D ® N-1 N-1  Adaboost 9)
=W, W12 Wi > W
m+l m+l1 1.2 L e N-1  Adaboost
w._ .
D, zz—jexp(—amin (xi))’ 9)
212N 1.3.3
Gl(x) Jackknife
Adaboost «“ ”
Zm Dm+1
Z - Zf\; W exp(—aminm (xi)) (10) Jackknife
3 Chen
.y () (S)) (MMC)
S(x)=22, @G () (11) ()10
G(x)zsign(f(x)) 2 %;ﬁgﬁﬁ
. M (12)
= mgn(Zm:l a,,G, (x)) KNN K

® 010-64807509 K cjb@im.ac.cn



688

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech  April 25,2017 Vol.33 No.4

K KNN
K Dipe
KNN  Adaboost
Gram1253
K 20 3
21 ANEFESHEERSBETHRMNE 3
B 5O KNN Adaboost
KNN  Adaboost Gram1253 AAC PseAAC
CH317  Graml253 Dipe
3 CH317 2 AAC PseAAC
2 Dipe
2 cy en
CH317 AAC PseAAC Dipe
%2 &8 Jackknife 1230 FESHEE CH317 LRI 4R
Table 2 The predictive results by Jackknife test on data set CH317
Sl S, (%) S, (%) MMC (%)
AAC PseAAC Dipe AAC PseAAC Dipe AAC PseAAC Dipe
cy 96.4 93.8 94.6 91.5 93.8 90.6 90.3 90.2 88.1
me 94.5 92.7 89.1 96.3 94.4 96.1 94.4 92.2 90.9
mi 88.2 91.2 85.3 93.8 91.2 100 89.8 90.0 91.5
se 82.4 88.2 76.5 100 93.8 100 90.3 90.4 86.8
nu 82.7 88.5 80.8 91.5 92.0 100 84.5 88.2 88.1
en 95.7 95.7 97.9 86.5 88.2 70.8 89.3 90.4 79.8
A 92.1 92.4 90.0
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Table 3 The predictive results by Jackknife test on data set Gram1253
St S (%0) Sp (%) MMC (%)
AAC PseAAC Dipe AAC PseAAC Dipe AAC PseAAC Dipe
me 94.6 94.6 96.4 88.2 86.7 69.3 89.9 89.0 78.3
cy 98.6 98.6 97.1 96.0 96.0 93.7 95.7 95.7 92.3
pe 98.3 98.1 92.9 91.4 90.8 89.1 91.9 91.2 85.7
se 68.8 66.3 46.7 96.5 96.4 91.2 78.8 77.1 61.1
nu 86.4 86.4 63.6 82.6 82.6 70.0 84.2 84.2 66.1
A 93.1 92.6 87.0
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Table 4 The predictive results of different methods by Jackknife test for data set CH317
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