Hans Journal of Computational Biology }HA4)%%, 2016, 6(3), 62-71 Hans )i
Published Online September 2016 in Hans. http://www.hanspub.org/journal/hjcb
http://dx.doi.org/10.12677/hjcb.2016.63008

Prediction of Apoptosis Protein Subcellular
Localization Based on Hybrid Feature
Parameters

Jixian Xue, Yingli Chen*, Yuanyuan Zhai
School of Physical Science and Technology, Inner Mongolia University, Hohhot Inner Mongolia
Email: ‘stchenyl@imu.edu.cn

Received: Sep. 8", 2016; accepted: Sep. 26", 2016; published: Sep. 29", 2016

Copyright © 2016 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Studies have shown that sequence and structure characteristics of the mRNA have a certain re-
levance with subcellular localization of protein. In this article, it extracted two mRNA information
of apoptosis proteins: the three reading frame 3-mer mRNA sequence frequency information and
mRNA secondary structure-sequence mode information, and to construct feature vector which in-
dicate mRNA and amino acid sequence with physicochemical properties, stickiness and evolutio-
nary information of apoptosis proteins. Meanwhile, by using support vector machine algorithm,
apoptosis proteins of four different subcellular localizations were predicted. The study found that
the hybrid of mRNA and AAs information promoted prediction result, and the overall prediction
access rate achieved 82.18% while 78.26% for independent test datasets by the Jackknife test.
Prediction results show that sequence and structure characteristics of the mRNA contribute to
prediction of the subcellular localization of apoptosis proteins.
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HE

HRFREmRNAKI SRS S EARN AR ENE —EXxR. ACERNTHARAT-EEARIM
FMmRNAME B : =[iEHE3-mer mRNARFIEUE S mRNAZREM-FHERXFER, HEEHRET
BARNEERYEL R KERE ISR B, 4 BISE M &R F R mRNAFIE AR 751,
FIAZ R ENLEYE, X0 F 40 AL B R 40 T B R T I . A5 RBLRL & mRNAG B 5
RAERE S BT REELE, EJackknifelHT, FNEBKEEERS2.18%, HBTARETN &K E
1£3)78.26%. £REH, mRNARIFFFIRZ AR BT 40 0 T & B 5 0 .40 M e AL T

E3: 4]
MAET-EE, mRNAZHEM, THHER

][l

1. 7

YA TR R R B RFR IR A U5, 7R AR I A K R B RS R N S v oy v B
A1) XESE A BN T 1 R AR TR AR AL R A B E R . AR T S V2 PORAHDE, WE
B R SR IRAT AR SR [2]. AR TO AR AR I ShAe S LA B B AR OE[3], AW
IS A T TN B SRR A0 e A B R R A T R E AT TR

MRNA J& RNA 73 FHI— KKk, % DNA HFS LS BB B iE R b, TERE I HENE A
JR I BOBERR , R e KRR R R I HEFIGT . W 73R B mRNA (1) gL g5 i it se L o B B4
FA[4]. ASCE 0B T2 8 F BT B mRNA ) 45005 Bk diok, 5 & AR — %5 51E B
&, FHADE BFRTTEG 0 T ERFIFIUE B, AR T 53R 20T fFAS [R)7240 f iy b 240 i
JH T R AR

AL VAN TR A mRNA 51, mRNA 2450, QR FIENR RS R, SGitath 7=
BElEEAHE 3-mer mRNA [FHSIEE 2, mRNA &5 0-F 5 G B, BERMYEIL TR, JERE
PERIHEAS ., FSZ R SN 153 T Jackknife A8 56 R 7 G 56 X AN [5] S 4H B 407 B 0 40 B T2 8% (1
BEAT T 6

2. iREE

A TR A 40 BV T 8 A 5 B 2R IE T Uniprot 4 1 (Release 2015_12 hitp://www.Uniprot.org/).
HR4E S apoptosis kit 1128 MHMIIE TR AR, HrhZ @M EERA 555 4, A HME—pR—
MR RMEARA 572 4. EEEAREES DK TARAE, 7F RefSeq $idi 122 Hh A & 21i%k w () #—
SENLHIE A B mRNA 541, AR 258 mRNA 78K E AT 10,000 nt (UEE AT 4R H 0 8dE £ 3L

TEAM 331 A, RTINS B AU, AR, AMRSTRIZeRig, WL 1. BdRbgEd
BN A B O R mRNA 75
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Figure 1. Apoptosis protein data distribution diagram

E 1 ACEAR¥ESHE

3. $FEIREN
3.1. ZEE4ET 3-mer mRNA FFFIEE

MRNA H DNA ¥k, #rE EENs s S, HheEAmE B2 T 5EE. mRNA 751
LS TR/ TR 22 1 0 i) DY P . Pmsing (C) S NERS(G) . HRIE W (A) A PR IE (U), 3-mer
FFHE B A48 7 9 AT B =AM AHAR AL o X T — 287 41, B a7 RUT AR GE it =K, A =Fh B HE (HH
W1, W2, W3 EIR), B8 A5 )X R mRNA 7B 6T

ATGTCGGGACCCGTGCCAAGCAGGGCCAGAGTTTACACAGATGTTAATACACACAGACCT......

H—ANRBELHE(WL), 3-mer J£5{5 S ATG TCG GGA CCC GTG CCA AGC AGG GCC ......

B ANREHE(W?2), 3-mer FFAI{EE: TGT CGG GAC CCG TGC CAA GCA GGG CCA ......

B =ANREEHE(WS), 3-mer FF41{EE.: GTC GGG ACC CGT GCC AAG CAG GGC CAG ......

AE— B 1) = BASEAE 3-mer 3 5AIEER R A (D) (2)

3-mer =[W1, W2, W3] @

Wk =[x xg, ) ] (k=128 =1,2,--,4%) @)
Forpox SRR ES KA BIEHE A 3 | IR HY B A
3.2. MRNA Z 454 - FRIIRRER

LR, mRNA D685 H A % UIFEOE, 2 7 mRNA 254445 5 nT DUE AL % ST RIRHIE S 4L,
FAEH RNAfold BAF[S]IR TN mRNA ) k45K, ZREEHIMEE R Usadss “ 8 () 7
TR “()” FoREXTIBEE, TEREEL;  “7 RORAEON IIEE, TR A it . fEA S,
TR (7 F“)” AMBAX 53[4]. 45 HAE—2% mRNA P51, 25 - 7 HI 5 BT Bl sl
FE) T R RIAR 4T (1) =B o o [R] R B s o 64 M =T AT 2940 0y 32 Fh(4 x 23)2H5, B: A(((- A((~
Al As A(G AGs A A(G UAG UG UG Uns UG U(s Unls UG GUG G((s Gl G
G.((+ G.(~ Gu(s G.((~ CU( C(~ Clos Con CA( Cols Co(s C(o TRATHLIL D = BEARLEF i B 5
BAE RGN - FIRR R IES 2
3.3. MEBFEMR

AAlndex database [8]H AAindex1.AAindex2 Pl 2H s, H H1 ) AAindexl »& 2 2 R 45 %k (amino acid
indexes)#, X LEIRHE W EILFRA FEHAL Z AV F BN G N EdE, BT84 |7 544 Fha iR
Ta8 . ASCKH T H A UM R AL SV [6] [7], 23 )& Hydrophilicity value (GE7K P£1&) . Mean polarity (V-
I AE) 1soelectric point (2 ZEMR S FE ) Refractivity (F741 %) Average flexibility indices (*F-35 R & 1415
Fr)+ Average volume of buried residue (3HjE5% % 1) ~F-33) /4 #1) . Electron-ion interaction potential values (Fi ¥
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B FAHEAER$448) . Transfer free energy to surface (4% #:FIZ 1 F H1fE). Consensus normalized hydro-
phobicity (briEAY J5 1B K 1), FIF [l — 25 U5 410 H AN [ PR 2 1 2 B R ik 2k 2 M7 TE A ELVE T, 3R 15
EEZMPMEE . MBI A R 1, XEE Bk H AAlndex database [8]. %G, FFrELE
MR T £ (amino acid indexes) 7~ 7 41 H IR — N EIR IR R 2L, A LR TR AUF AR LT AAIndex da-
tabase, FIFHAE@)NE | PRI R IEEGEATARUEL . X RT3 C 4 Chou 25 A T WAL 2444 B R0 v
[9]-[11].

I:’n(:r)mal_i = pi _pi (3)
ar(p;)

- 1&
=— . 4
p ZOHP. (4)

1 20 K _ 2

var(p,)==—>(p" -p. 5
ar(p) =55 (P 7)) (5)

FRIEALIR, 5 RO T — L HG 20 M. X T4 | RRERE, A R U AU Ll
Powe R Py » JEH LARBIRIE, By, (1< k< L)RRAINE k AV IERTLIER S | FIEFPE R bRt (L
8, SRIE RIS (6) 3 B AR BB

1 & i) a
R(7)= 7 2Pl ®)
R(7),1<z<T @

Hrp, TR NHEEL
T SEAF R AR RO AE R, AR S AR A1 AN R B 11 e PR ke B ) PR AR ELATE 5%
Fo WBARNES R B AT RN A K(8):

Vi:[Ri(l)'Ri(2)""’Ri(T)]T 8
3.4. FEBFME(S R Stickiness of AAs

TEAEYIR P AEE G KB E AT, o DhRe R O 0 i P AH LA F [12] [13]2 1R/, i dEThaet
M. BEHLE AR EE AR Z . SAen ket Bh T ok D AR Thae  BE A AR AR . B2 TR R
AHELAE FH TR 25 15 32 THA ) T A () B B R LAY, S FE IR G 1 (stickiness) AT A & SN [14]:

fo
S = IOQ[ AA(interface) J (9)

AA(surface)

For fanintertace R E 1 TUAH ELAE I F 1 (interface) 28 S BRAEL fanurfaceyTN2% B 11 S5 2 1M (surface) (1) 2 Jik
BRI . Levy i K& 40 B A I AR s R 1 26 M IR A vT e 5 8 i 4 B B A o< [14] . @it A
Guit s R, SR N 2 [14].

Petersen [15]%5 A JT & T W35 Net Surf P (http:// www.cbs.dtu.dk/ ser vic es/NetSurfP-1.1/), & id k2
AR5 T TN A B )R TR ALBAS S, A SR VA R AT S E(RSA),  4axf RIENA A M, RSA 1 z-fit
B, o MZHEME2, pHTEBMERA TGS IR . B X LT &5 5, & 288 57 21 T AR i — A )
(10):
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Table 1. The 9 physicochemical properties
= 1.9 MR L FE R

Properties description

Reference

Hydrophilicity value
Mean polarity
Isoelectric point
Refractivity
Average flexibility indices
Average volume of buried residue
Electron-ion interaction potential values
Transfer free energy to surface

Consensus normalized hydrophobicity

Hopp-Woods (1981)
Radzicka-Wolfenden (1988)
Zimmerman et al. (1968)
McMeekin et al. (1964)
Bhaskaran-Ponnuswamy (1988)
Chothia (1975)

Cosic (1994)
Bull-Breese (1974)
Eisenberg (1984)

Table 2. The stickiness index of amino acids

I+ 2. REMFM

amino acid stickiness index amino acid stickiness index
(RHR) (RIEERRE) (FIER) (RIEERRE)
A 0.0062 M 1.0124
C 1.0372 N —0.2693
D —0.7485 P —-0.1799
E —0.7893 Q -0.4114
F 1.2727 R —0.0876
G -0.1771 S 0.1376
H 0.1204 T 0.1031
| 1.1109 \Y% 0.7599
K —101806 w 0.7925
0.9138 Y 0.8806
A Sh Sa 7]
A, Sr, Sa, Z,
p=| = : (10)
A, St Sa  Z
A Sr Sa Z,

L AFFIKEE, A NEABRFSP R SR IRIE,
z-fit . W% 2, HEERFMME S B AXQ0)TH A, B2 EQD-

Sl
S,

S

Sh
Sr,

S

Sr.

Sr A RSA, Sa AaxiERI] K, Z N RSA 1)

Sa Z,
Sa, Z,

. : 11
Sa;  Z (1)
Sa, Z_ |

RJE M BRI QIS TINGE R, B HaERs v ai(13):
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L-«
@r(,()zégrlr,w (r=s,sr,.8a21<x<L) (12)

Ry =[©7(0),07(1),07(2),0" (3),,0" (x); (T =8,5r,8a,Z 1<k <L) (13)

3.5. HLER(PSSM)

ARSI A HIZ AT PSI-BLAST [161F25, FH 4R T~ 25 (A 5 208 4 v 1 55 2% 7 510 5 nr 2048 /2 (released
on 04 2016) [ 7 A BEAT LE X FPEAY . B E-value {8 0.001, £ =V R, REHIEEPAE%
AR A RS, w87 B R 1540 %6 [ (position-specific scoring matrix, PSSM), #& B (9 i ik
IR B [17]. B SO A0 B LT N B R A =0(14) AT b AL,

v, Y,
Vi—>j I e (14)
ar(V;)

Hrrv? S PSI-BLAST ELHAG B34y, V, 2 TR R I HMH, ,Nar(vi) FrEZ, L AFES
K,
XF—2 P E N L R A P, FrvEAL )5 I PSSM E 4 (15) 7] AR R N«

_V1—>1 V1—>z ’ V1—>zo
VZal VZ%Z VZ%ZO
Pooy =| : (15)
Pest Vial Viaz VieZO
_VL—>l VL—>2 ' VL—>20_
T RHZFE A RS R, R B AR R £ (16) kA5 2 HFAE S £ H) & (17)
L-2
w:LZvlv,w (i=12,,201< A <L) (16)
L-145
Pp/lsswl =|:911192/1"”19i11"'192/10] (17)

4. SVM 3%
4.1. ZFrEIEHN(Support Vector Machine, SVM)

XA EAL(Support Vector Machine, SVM) & —Fft FH T fif vt 23 2 A 0] U [ @ PRI ML B8 70 S v . AR i
F AR 2 2 (] 1) S SR WS 280 s 4R 2 1), 3o O M % R O R et 7 2K T, AR AN R 2R TR AR
Z ATl BE R AL, AT 80 A pe JE 28 M 43 1)

ASCA FH S H B C-SVC (C-Support Vector Classifier, C-32 #5873 258%) KA, 12 [ A% O BR
B, KA G KB (Lin Chih-Jen)#Bd#ZJT & 1) libsvm 3.21 #F[18], Eid i T/t C Al y {E kI
ST T AR 15 4 FE T AT A7 B R AR IR S B R S, #3847 Jackknife A 56[19] [20]41k
TGS TR o

4.2. g

ISR T Jackknife f6r 06 A7 A TG, Jackknife for i A A N2 BT M B A GE AR I 775 T Al
SASES U S T B S T GE 7T . #E Jackknife Aud b, R M E TR FURUEBRE E A N SRR
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FEFA, B RS R B BRI AR IREAS, )R N-1 268 A B PE IR Ae it JFas i sk
MR TR AT K. AL A T, ASCRENLIEE 80% B dE1E N IIZREE, H Jackknife #5625
B, 4 H A 20% 10 B A I AL R A B A AL () PR 6 77 o A SR FH VPN SR PERE I FR AR Ay SRR
P (Sensitivity, Sn). 47 5 14 (Specificity, Sp). Tl D) % (Accuracy, Acc). s & BT % (Overall accuracy, OA)
FIPEAr 2 TR 45 5 16 FH 5% 14 £ % (Mathew’s Correlation Coefficient, MCC), 5& X UF:

Sn=TR/(TP, + FN,)x100% (18)

Sp=TN, /(TN + FR)x100% (19)

ACC= (TR +TN,)/(TP, + FN, + TN, + FP,)x100% (20)

OA =Y (TR +TN;)/X (TR + FN, + TN, + FR )x100% (21)

MCC = (TP TN, — FR x FN, ) /{[(TR + FN,)x (TN, + FN, ) x (TP, + FP)x (TN, + FR) (22)

Forb, TP RS 1 RS ARA B b B I A0 B T R AR TN R AR SR i 2R oz B g 4
R T B B S IR BRI v AR | R R A TR R PP R ARSE | RN A B A 20 M U T 8 1 A
RN SR | SRINEE A ARG PN R A | 2R o7 B A0 M T R TR R R R AR T 3R
MR 5 2R A

5. BR5WiL
5.1. FMEERLLE

AL I mRNA RIS I TR A B2 52 B 1 A (7] B4 50T 4 B 1 T 2 1 o 1 . 48 P o7 B 3R AT Tl
MRNA JH 2 HFH 7 = FEHET 3-mer mRNA JF 55 BAT mRNA 451 - 7515 B o ARHE = [ S AE
T 3-mer mRNA [F4(E BT AR —A> 192 4EHRFIE ] &, mRNA ZZRE5H) - JFH0E BT DIAiE ) 32
AERRFIE I B, R R R ARG R, 93— 23 4ERp Rl &, K IX I ANRFAE RS S BEAT T o
BT Jackknife 56 NS5 0L 3. A 3 ATRLE H, KA mRNA BL— {5 SRS T Rl D) 22 43 7913 2]
63.44%71 58.61%, 1Kr mRNA 7315 45 k(5 SRl & Ja SR TI s D) #2583 65.56%, LL =i EHE T 3-mer
MRNA JFHIE B5Em 1 2.12%, Lk mRNA 454 - FHE B85 1 6.95%. 4K, e 7alE4
FfE BJE TSR A 7w, a5 85005 SRS 58 7870 (1 S it th mRNA FRHE

RAERTHER TSR, FERFEGEE, HAEE =ZFRrE. BRI AL SR
W T = 50 B PRI SR B, AR R R AR PR P R A 2 e = 50 IR A R e AR, B E R A=1
I PRI el e )5, R BRI = PR M R AR S Bl & FR A AA hybrid, % AA hybrid 1247 7
W, TR WA 4. NG 4 TTUEH, RAVDERA SV AR TN R ) 2605 2 68.88%, ZIERREIME(S
SR TN R D) 2RI F] 70.69%, HEAL(E ELLHTIE BE, A3 71%. W =FhREEIR & 5 SR T R D) 2
PR 77.34%, LR E BRI SR iR T 8.46%.

% 3, % 4 nJLIEEH, ZHRHIERLG 5 1) a4 TR0 A D 26 A0 2 v T BRARRAAE (1) e A T e D 28, e
HH 22 RFAE R P US4 1T 199 280 1 400 B T2 B R

¥ mRNA [ S SRR (R I 4 3R (hybrid), I Bl & 5 RR I 34T TN . T 45 5 W% 5
Fim. MERIL, [FIFEZEET Jackknife 56, @4 mRNA 5 S G W CRE 4, LR il mRNA KE
PERARTII ST 42 = T 16.62%, bR A R R FR M 1) S AR T B DI R 38 5 T 4.84%, XAt R ] mRNA
24 L ) T R I R o T B — e AR .
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Table 3. Prediction performance of mMRNA feature parameter
= 3. MRNA #H S FMER

Features Localization

0, 0, 0, 0,
(R 1) (7 ) Sn (%) Sp (%) Acc (%) MCC OA (%)

Nuclear 65.98 83.76 78.55 0.49
Membrane 72.53 87.92 83.69 0.60

3-mer mRNA sequence 63.44
Cytoplasmic 55.81 84.49 77.04 0.40
Mitochondrial 56.14 94.16 87.61 0.54
Nuclear 64.95 80.34 75.83 0.44
Membrane 61.54 88.75 81.27 0.52

structure-sequence mode 58.61
Cytoplasmic 53.49 82.45 74.92 0.36
Mitochondrial 50.88 92.34 85.20 0.46
Nuclear 64.95 85.47 79.46 0.50
Membrane 73.63 89.58 85.20 0.63

mRNA hybrid 65.56
Cytoplasmic 63.95 83.67 78.55 0.46
Mitochondrial 56.14 94.53 87.92 0.55

Table 4. Prediction performance of AAs feature parameter
F 4. REBRFFMESHIUNER

Features Localization
0, 0, 0, 0,
(FF1E) (fr8) Sn (%) Sp (%) Acc (%) MCC OA (%)

Nuclear 70.10 80.34 77.34 0.48
Membrane 85.71 96.67 93.66 0.84

physicochemical properties 68.88
Cytoplasmic 58.14 88.16 80.36 0.47
Mitochondrial 56.14 92.70 86.41 0.51
Nuclear 76.29 82.05 80.36 0.56
Membrane 76.92 93.33 88.82 0.72

Stickiness of AAs 70.69
Cytoplasmic 63.95 91.02 83.99 0.57
Mitochondrial 61.40 93.80 88.22 0.57
Nuclear 76.29 79.49 78.55 0.53
Membrane 80.22 96.25 91.84 0.79

PSSM 71.00
Cytoplasmic 62.79 86.53 80.36 0.49
Mitochondrial 59.65 97.81 91.24 0.67
Nuclear 79.38 88.03 85.50 0.66
Membrane 90.11 95.00 93.66 0.84

AA hybrid 77.34
Cytoplasmic 73.26 89.39 85.20 0.62
Mitochondrial 59.65 96.72 90.33 0.63
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Table 5. Hybrid feature under Jackknife test
5% 5. RRAHE Jackknife 118

Localization Sn (%) Sp (%) Acc (%) McC OA (%)
(b )
Nuclear 86.60 90.60 89.43 0.75
Membrane 9231 96.67 95.47 0.89
The jackknife test 82.18
Cytoplasmic 75.58 90.20 86.41 0.65
Mitochondrial 68.42 98.18 93.05 0.74

Table 6. The predictive accuracies for the 262 dataset and the dent dataset

7= 6. 262 HHRE MMM IR FUNEER

Localization
0, 0, 0, 0,
(L) Sn (%) Sp (%) Acc (%) McC OA (%)
Nuclear 87.01 86.49 86.64 0.70
The 262 dataset Membrane 88.89 95.79 93.89 0.85 8015
Jackknife test Cytoplasmic 72.06 92.27 87.02 0.66
Mitochondrial 66.67 98.16 92.75 0.73
Nuclear 75.00 92.00 87,0 0.68
Membrane 95.00 1.00 98.60 0.96
The Ident dataset 78.26
Cytoplasmic 94.00 80.00 84.10 0.67
Mitochondrial 33.00 98.00 87.00 0.46

N T BV S ER SR RS 77, AR SCEAT T ASIASE, 43 3 MK B TUAN 40 fr 1) 331
7R AN IE 20%, F£ 69 257 HIM ARSI IREE, fiv &M Ident B 4L . TR 262 27 FIH K 262
B, RS HEHE (hybrid) fE A AN S SVM, 262 %t 81 jackknife 1656 A1 1dent %t 82 1k
SIAGIG TR GE BB T4 6. MEER 6 RIL, TRARIEXT 262 HAR4E B A BIFMTNEE 1, ST )
ik F) 80.15% . A TR 7 IR AE T i Th 2 IA 78.26%, W H Bl A AR AR A E L T R A R A R
1A TR0 B

5.2. g

Tt 56 S AN [) SV 4 P A7 58 4 L 0 1 2 1 ) mRNA P BRI 50 B — @ e e ik . FOR TR (S
JEHEAT B 0 A B 1 TR ARRAE NS 2 B —, 5 mRNA JPAIE B R A S B R E 5 IR T A1
MK ThZ . mRNA JRHE A5 5 HINREE VIR, G5A4-F B rh =R S BT P B R 45 K Rk
M K5 S mRNA AT DHRERT ARk it, 457 mRNA 54l 1 & A BOE 4R A B R &R . R
SCHF AL T I5AE Jackknife #46 T IS 1 RAFAOTIMES R, BEATHSL MGG K ISR B P I B A
G AT RE 77, X AR A0 W BT 5% (0 5 M2 JORE 8 LA 280 X 20 AN ) S 4 P A7 5 (RO A P R T B o
RXLEIE T AR B 2R, ZIEIRAE, R, mRNA K755 B A mRNA 1) =4
KRR, W SRR T 2 AR R T SO AR B RHE S SR, A RUSRBUT A R 2
TS DIREAE S, FExd ik — D4 i 4 MR O 2 P ) S 0 o T A BT A B, R ekt gt — Pt S 4
TR A D RER It — L PR K -
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TR [ 2K AR R 2 4 (61361015) I 28 7 A1 56 46 b B = [l [EN S R 2l 58 <5 10 S0 H
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