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Prediction of protein subcellular localization based on
multilayer sparse coding
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Abstract: In order to provide a theoretical basis for better understanding the function and properties of proteins, we
proposed a simple and effective feature extraction method for protein sequences to determine the subcellular localization of
proteins. First, we introduced sparse coding combined with the information of amino acid composition to extract the feature
values of protein sequences. Then the multilayer pooling integration was performed according to different sizes of dictionaries.
Finally, the extracted feature values were sent into the support vector machine to test the effectiveness of our model. The
success rates in data set ZD98, CH317 and Gram1253 were 95.9%, 93.4% and 94.7%, respectively as verified by the Jackknife
test. Experiments showed that our method based on multilayer sparse coding can remarkably improve the accuracy of the
prediction of protein subcellular localization.
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B0 SRR I DoV s A B AR AE ] B 28
435381 (Principal component analysis, PCA) [
4, RETE L HUA BURAIE Y [R] B AR AR 1 i HBR i
o S AT B YRR 1] R A R AR T4 26 . 5K
B KR, AT EALRE R AL AR SR UGS 2
REAIR o3 2S5 IR 1B S 23 [A) S 2 B, B S i 42 T
R RPN RRAE, 45 o e bERE .
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¢ ki fKEE 1 (Mitochondrial proteins, Mi) 13 4% .
M 11 (Membrane proteins, Me) 30 il H:
b2 1 (Other) 12 4. CH317 /&1 Chen il Lil®
g, 43k 6 DMEANNE R, A 317 i
HBF4, 53l s 11 (Secreted proteins,
Se) 17 %% . 4lfiiiZ & A (Nuclear proteins, Nu) 52 2%
M E A (Cytoplasmic proteins, Cy) 112 4%.
M JE M H  (Endoplasmic reticulum proteins, En)
47 % . HEH (Membrane proteins, Me) 55 % #il
ZRiAE 1 (Mitochondrial proteins, Mi) 34 4%,
% 83 PR R HE R K, 2% Wang
S )5 B0 ZD98 il CL317 HrfidE kAT T 32,
B T 53 E 5 S s DT 8, L EAR T AR
® oAb E ZD98 Hin R4y 96 A BT,
CH317 B4 4 314 S A . teoh,
TR AT HE 2P VAL, BR T RO AR
Gh, ABFSEIE R T Xue 253 I8 A bR fER 23 1Y
Gram1253 ¥¥a 4 4 7Y . Gram1253 $iifs 4
45 1253 ZREH P, 708 Me, Cy. Nu,
Se A JE i (Periplasm, Pe) % 5 ANV 40 i E
B0 LA b 3 R EE S h i BT A A 1 B 91 ok
H fEHTRRA Y UniProt #4454 (Release 2018_08),
HHEARX E] A 3 1R o

1.2 FHHFESRED
5 i 8 i At 5 | 1 5T A4 i DX ] A T
H, H R AR R A Y 815 AR L A B 1) [

x1 =SMHEEENFIREXENEERFIIEH
Table 1 Numbers of protein sequences in different
class of 3 datasets

Number of sequences

Dataset . Total
in each class
ZD98 Cy Me Mi Other 96
43 28 13 12
CL317 Cy En Me Mi Nu Se 314
110 47 55 34 51 17
Gram1253 Me Cy Pe Se Nu 1 253

166 443 423 199 22
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Fig. 1 The feature extraction of sparse coding. The solid
black line represents the progress of the training set, and
the dotted black line represents the flow of the test set.
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Fig. 2 Subcellular localization prediction process based
on SVM. In the training process of SVM, it is necessary
to manually set parameters according to different kinds
of kernel functions, that is the parameter selection.
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Fig. 3 The prediction accuracies based on different
dimensions. The abscissa represents the dimensions of
feature vectors and the ordinate represents the total
accuracy.
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Tablel Theexperimental resultsof data sets
Jackknife test (%)

Dataset :
Location Se (%) Sp (%) MCC (%) OA (%)
ZD98 Cy 100 95.6 95.9 95.9
Me 96.7 96.7 95.2
Mi 846 917 864
Other 91.7 917 905
CL317 Cy 946 938 909 93.4
Me 92.7 927 911
Mi 971 971 96.7
Se 765 929 834
Nu 923 90.1 896
En 957 90.0 915
Gram1253 Cy 99.3 971 96.7 94.7
Me 940 90.7 90.2
Pe 989 932 934
Se 85.6 986 805
Nu 864 832 857
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&2 ZD98 BURE M LA R LR
Table2 Comparison of the accuracy of ZD98 data set

Jackknife test (%)

Methods - References
Cyto Memb Mito Other OA (%)
DCC_SVM 93.0 86.7 92.3 75.0 88.9 [28]
OF_SVM 97.7 86.3 92.3 66.7 90.8 [16]
DE_SVM 95.4 93.3 76.9 83.3 90.8 [17]
BOW_SVM 97.7 92.9 76.9 83.3 91.7 [6]
GA_SVM 95.4 90.0 92.3 83.3 91.8 [19]
OA_SVM 95.3 88.9 97.4 91.7 93.2 [13]
This study 100 96.7 84.6 91.7 95.9 -
#* 3 CH317 HBEFTNLE RELR
Table3 Comparison of the accuracy of CH317 data set
Methods - Jackknife test (%) References
Cyto Memb Mito Secr Nucl Endo OA (%)
DCC_SVM 91.1 92.7 82.4 76.5 80.0 93.6 88.3 [28]
GA_SVM 92.9 89.1 82.4 76.5 84.6 93.6 89.0 [19]
BOW_SVM 94.6 87.3 82.4 82.4 84.3 91.5 89.2 [6]
IAC_SVM 96.4 94.5 82.4 76.5 80.8 93.6 90.5 [18]
El_SVM 94.6 95.7 92.7 824 90.4 70.6 91.1 [14]
CF_SVM 96.4 90.9 92.3 95.7 82.4 64.7 915 [29]
This study 94.6 92.7 97.1 76.5 92.3 95.7 93.4 -

A, R 2 )2 U Ak o S R BUF
G AR R TRAE S, BB SCH i 2R BT A
8L FORG BE o X TR B4 Gram1453 1M 7 ,
A5 AT SCHR[20] Hr TS [R]85 1 AR AR
PEBUE L g R X b, @ AAC. Dipe
il PseAAC 45, [AEFHLEE T PSSM H#fE#ET T T AH
KAOXT HESEEG:, 40 PSSM_SVM %, % 4 25 %
BT, AT AR X ZE0 i 0 22 B3 —
e, HMETIEgE Y, 1 PSSM_SVM #l

£ 4 Grami1253 HIBEFNLE R LR

BLAST_KNN 4§, KR HEATEMRIELZ LT H
SEPL, AR R T bt HA I 3

55 4% 5 8 11 53 5 REAE B IR et A
b, AR SCELET ] Ko zs R 2 2 AR, 7R3 TR BRI
AAC FHIE T W ARG AL AT M R3CR , FL -2t
B BCRHIE 7 FN RRE R FE (9 T 5 B, AR TRZ
UFHIE HE1 T35 4 5 2 PCA [ 4 , 153 — R 2 1)
T XS WP G RRAE G o A LA, RE 4
R b B AR 5%

Table4 Comparison of the accuracy of Gram1253 data set

Jackknife test (%)

Methods Cyto Memb Peri Secr Nucl OA (%)
AAC_SVM 98.4 94.6 97.6 70.0 40.9 92.1
Dipe_SVM 97.5 93.4 96.7 70.0 40.9 91.3
PseAAC_SVM 98.4 94.6 97.6 70.9 59.1 92.6
PSSM_SVM 98.4 93.4 95.6 77.2 65.3 92.8
BLAST_KNN 98.6 94.6 98.3 68.8 86.4 93.1
Our 99.3 94.0 98.9 85.6 86.4 94.7
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11 50240 M o T — B B N AN E IS
BB R RS . AR IEAE S8
J?ﬁ'] FAESR IR AAC BYBEA |, 42 i 1 —Fh sk
T 22 )2 U i G ) 1) 2 1 5 A7) AR A JBCGRE s %o
FEAVRESEATARA R G o AHEE A S e, ATk
PEHGI R, AT 4 2 22 R IE Al & 20 B8
1 BEAS B s 1 TN AR %, H A5 (] PCA X
FEAE ) S A T4, R v ME R 232 1Y (] B B AR
TOrEAR BT R] Ko zs RIS R . BUA I E AR
GG B SR sh B O 4k B Sy A
U1 3 UT HN BA) 45515 G 8 1 PR AE 2 X
SV P 91 FRLR)HEA AR S 6 5 SR K-SVD B33k
Xt e 8 SR AR A Ty il ), il ad OMP 58
X PR AR R BE A TR B 2 s BTN A il
KN RFERE PR AT 2 20T S4tAk 20 5 35 B
e YBORR i P ) R A B AR B4 R, 5 ] SVM
2221 2 A 0 AR 1 ) S0 20 DX () 7 A T 43 2 T
W, SEB RN, A U REAE 48 R 43 4 A IX.
(] 1) T Bl 38 b ARAR A ASCR , MR THE S
B 5 91 R AIE 4 HCER 3 1 AR AIE 2 3K BB ) U T
BAEIEIE SR, —FE A2 & A i
2 B DX T] P00 i o B A AR 0 BT ks 4
¥5a] A https://github.com/Multisc/Multi_sc_subloc/
tree/master k5.
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