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Feature Extraction Method of Protein Sequences Based on Power Spectrum

LIANG Qihao, LiYang, TANG Xuqing
(School of Science, Jiangnan University , Wuxi 214122, China )

Abstract: Based on the power spectrum,a new way for extracting the protein sequences feature was
proposed by applying the hierarchical clustering and entropy evaluation. It contained the following
three main parts. Firstly, the numerical expression of amino acid sequences was given by the classical
HP model. Then,the characteristic spectrum of protein sequence was obtained by using the discrete
Fourier transform,and a 12-dimensional feature vector was constructed to represent the protein
sequence spectral. Finally,the hierarchical clustering method was used to obtain the structure of
protein sequences. The way is a new extension from DNA sequence to the protein sequence. By
testing and comparing on three sets of data, their hierarchical structures shown that the new method
is better than the DNA sequence analysis method based on power spectrum for extracting the
structural information of the data system. This method has important biological significance in
determining the structure and function of the unknown genes.

Keywords: DNA sequence, power spectrum , hierarchical clustering, protein sequence , entropy

KA 2016-01-22

E&WB: IEARBEISTE (11371174 ) s TLIR48 8 38 & A0 58 A BHIF A H7 1130 55 5 (KYLX15_1188)

*ESVEE . IR (1963—), B, CHOEBIT A, To¢ -+ o BB 58 A4 S0, R 2 NEH AT A YE B % AS R G ER S50 &
JrHESE . E-mail : txq5139@jiangnan.edu.cn

SIRZARS: BIail 20 0. 5T 0508 09 8 F BT 9 R AE SR BORT 7 k(] B S AR EOR %4 ,2018,37(11) : 1160-1165.

jhls{)] JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.11 2018



Rp i F . BT REGET G RFIVFIRR GG 7 &

H BT A REAE i HUR 8 AR 30 O 58 0 © 0 32
WO HIE B, 100 s 7 Al ik | g sy T D s i
J 50 45 8 A 23 8] A5 B9 R AE 1] 5 3 ) 3R GA H T
feltl, anfar NI 2% 9 )7 3 Az 48 A RS B R AR
R M 2 — F SIS TR AR T A
S EARH Tz TR B BT A5 A G L
T JE HA 4 53 B L B 5T 4 A DX R DR U A
>, Yin 255 A B 5 20 B )7 551 A DNA J¥
HIAHALAE 53 BT o Hota S5FUEE TP 2 M L 28
e (Fast discrete Fourier transform , DFT) A1 /)N i A% f
(Wavelet transform, WT) , \ T 3R % 5545 5 4b B ik
F A B R PR R AT TR SE . E R AEDIE T )
FARAT T A H 5 3 B O vE T P53 K% R A
B = JE SR REAE 23 BT 3K S 90 TR s i DNA
J¥ 30 b B R v AR B B A R

BT I A WA a2 4 iy
il Z — A BT A R AL R
S, 3R S [A) 2540 1Y B A {5 B 24 BeUt A 2= 1R Y
G R Y B BT Y S BRI Y A A N E 4
A AT B2 I 945 I 1) DG B ) L 2 1o SR A A
BORC T Z N T8 8 By 5E B AL B & A4S T
AT, 043 A 2 BT A 9 21 2% O &, S LA 1 B 45 4
5B DR s B A0S H H i 2 M A 8RR R 5.
FEAR RG24 SCHR[9JE 1T Voss BLST K DNA J7
GG R B R A, SR A DR 5 kSR I DNA TP
SR FRRAEAS BN E1T DNA JP AR 28, Hrh
R AE AR L B SR A 0 2 8 T B ot A 48 1 I 47
FROEATIE Y 7 (j=1,2,3) B A A9 38 19— > 12 4ERY R 1E
] &, 3SR A G2 19 36 AL ZH - 11 (UPGMA ) 15 2|
AR I T X FPA DL OC R I R G AR, R
fili b A OS5 B B TR S G T H R 5 R R
J5 % ¥ DNA J7 90 5odi ) 20 88 sy 91 Bl | it
7 35 F1 5 9 AR R AR 2 30055 ) ol ) 28 96 A A (R

YRGBT
I
1.1 #EkiE

ASCN NCBI R R 28 1 SCAR[10]7F 19 Fish
¥ B NDI\ND4 K & [ B J¥ 5 (NADH
dehydrogenase subunitl J& £k k7 {& NADH Jit & i W
1 S NADH dehydrogenase subnits4 & £& fi
& NADH Jit S0l 4 (9 18 5, 29 50l 37 S Hodie 1

1 wpl5HE

584 2) st s, B AR B HE A Gibbon
(NC_002082.1),Gorilla(NC_011120.1) , Human (NC_
012920.1),Chimp(NC_001643.1) ,Pygmy Chimp(NC_
001644.1) ,Sumatran Orang (NC_002083.1) ,Bornean
Orang (NC_001646.1) ,Hedgehog (NC_002080.2) , Rat
(AC_000022.2) ,Mouse (NC_005089.1) ,Donkey (NC_
001788.1) ,Horse (NC_001640.1),Cow (NC_006853.1),
Baleen whale (NC_001601.1),Fin whale (NC_
001321.1),Cat(NC_001700.1),Gray seal(NC_001602.1),
Harbor seal (NC_001325.1),Rhino (NC_001779.1),
[ R 2 7 SCRRILL] T 11 Fh B BREE AR BP9 (R
/A EE 3), 435 8 Human (AAA16334) ,Gorilla
(CAA43421),Chimpanzee (CAA26204 ), Lemur (AAA
36822),Rabbit (CAA24251),Goat (AAA30913),Bovine
(CAA25111),Mouse (CAA24101),Rat (CAA29887),
Opossum (AAA30976),Gallus (CAA23700) i 17 #f
58 FEEIHF) 3 FhE G B ) DNA JF 315 3C
R[OS L L
12 #SEFIINEFRIE HP R

WEH A=W 15 B F B R, X T DNA P51 il
BT B AL W A AR 2, 0 Voss B SF  SE e
B Z—curve BT K AT FEVIHE ST (1 BT 0:GF(TP)—
Cys 55

A SO P A R TR W BRI 2 A BT A T A 1
HP BEAS g 20 Fh G LR 73 1 4 K26, 43 il ik
FEIKPE(PQ) AR BRK (PR ), AE R SR K P4 (SQ)FI
e s KM (SR), H PQ={G},PR={A,V,L,LP,F),
SQ={(S,T.C,N,Q,K,R,H,D,E},SR={W,M,Y}, It 5K
— A ERENEABT I Ay — 4 H 4 KA
BEMRAN L) 4 TTIF A

X EA n DRI EATT I s=s1550005,, T
T Ry 2 S B B 9 I SRR, HEA TR AL E S
0 s,ePQ
1 s,ePR
2 5,€50
3 s5,eSR

FH UL B AR R — S B R AN A — A%
M 0.1.2.3 ML 4 JTFH], 107 X (s) =i a0
BCRE = A 14 P 51 o0 6 DR 3 19 48 7R T 31
1.3 EFHEIRENEARBERSIRN

L A 4 R K W R — AR Y A PR R R

i:

AR5 1t £ %10 2018 £ 37 5% 11 1 [RIGH




RESEARCH ARTICLE

LIANG Qihao,et al: Feature Extraction Method of Protein Sequences

Based on Power Spectrum

JO = A o R (IE 52/ B 5% R B0 s E AT BL
{192 i S EIR S A6 o G A ) O B D W
e o R v AR 7 I s Kl 0 £ S 0 TR A
e 2 5 AT WG, R SCHIBIEFE LI 2K (PQ)
WL, B B K PR (PR ), AR R 26K 1 (SQ) Fi AR
WP K PE (SR)FHAL

M FH A e L O A 4 R b 5 4 7R P A T
LLKs 22 9 e 1) 5l iR 47 0

N-1 4 2mnk

Up(n)= Z:)upg(n)e =

N-1
2mnk . . 2mnk
cos —isin ,k=0,1,--- N-1

XAE R RE A B &2 BUF I {Upy(k)}E=0,1,--- .N-1,
X 3X AN S H BRSO ~F- 75, LASE SO 91 Y B 232 3%
Pok)=1Up(k)2k=0,1,-++ N-1
KA, AT A Prr(ke) Psw(ke) R Pog(ke) , HL i 28 1R
J 9 I D R38R X 4 A F I H A DRk 2 F )P
Pk )=Ppfk)+Polk )+ Ps(k )+ Pog(k) , k=0,1,-++ ,N~1
A N R R 1 H 1 2 — R T AR

PR B MR R (EL S [ 14 2 15 970 R
[ A58 3 30 22 38 R Bl 340 4T AU 4347, 31T 25 ¢
e it ke S0 ) R B o T R i 1) B T
oL U T L3 32 79 ) 2 e I e A
AN B R S R L X T L
SR HE (PO) 2B IEMR A2 SCIR[O]H 7 S j i Hy
5]
P 1 j
M MQMMJ%Z@MW
Selplbls, WA M MRM  HGE M
MM M AT UK 12 g R LK T
T TR SRR GE L B ML ML MM M,
PR SQ SR _ PQ _ PR SQ SR
Mz ’Mz aMz ’M3 ,M3 7M3 »M3 )o
OB AT — 4 B 11RO 25 B A 12 4k
R AE R R 1 f B B I S AT
T, OHD TR S ORI R R 4 0 M
M V0 7 46 5 970 22 [ 4 K G B 8940y

3 3 3 3
2 PO, PO 2 PR, PR 2 5Q, S0, 2 SR, SR 2
| = | \/ PHUAS A RPN EPNUASTSEDHUASIA

DL A b T AR AR ) 2 ) BR R O R
14 FE#

R M J AT B o3 B ) — A B OT s T
Byuzas AU EYE B g it ok 45
AT Z WS M, B R R R B R S T
B T R AR R AR T B, AR
Fe T OCHR[ 15145 B )2 R KT E  TE A IRAE X={x,,
29,0+ 0, L8 SC— AR EA B B R B d, 2>

D={d(x,y)lx.y € X}={dody, " ..}
Hri d=0<d i<+ <d,e HAEMT

WA

S1 HA n MHEAR i<0;

2 Wi AK, BOIRPHASH DA,
IEN X(d)=C={cicr .00}

S3 A<C,isi+] ,C<0;

S4 B0,

S5 XFAEREM ;e A, % BEBU ), A=Ale;;

S6 Ve, eA, WRFTE x ec;,y ey, 15 d(,
x)<d;,| B&BU {e;}, A=Aley;

S7 C&(B)UC

S8 A A#, Nk S4;

SO X(d)=C,%i X(d);

S10 HF C#[X), H % S3;

SI11 4%

WAL TR A, PR EUE R G042 (BUZ )
4k,
1.5 REERITEM

AR SR R AE R 3R ORI B i A v i 3%
AN — X RAE R R TR P 0 s R B 4b T IR —
5 v ) X G L R R 43, R N T SR I AR
2o HAREAXGHRERE @ 9, Hat B A=

k
e=— X pilogp;

j=1
/ﬁ\:':':' ,pij:% , 1M, ﬂ‘:’%&'x l EF'X#%E’(J/F%( 5 My ﬂ‘j/ﬁﬁ i
2 A B TR SRS P A0 4 A RN 678

e:.Z ’:rLLL e;
Hovb b R FEBA B, m B T RS
{BL IR 5 St o R (BB INAR N 1 SR R ORI e, 78

il JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.11 2018



Rk . AT FENEGRFIVFIRRIG &

ARG OUT | 45— 0 BT A7 XG53 A 1A [a] 19 7%

Y e=0,
5 5

D ZmpeERkE

FA S 735 T NDLND4 5 B 3R )7 51
HYAR R 23 BT o PEIBGX 3 AR 1 5P 91 R A 4 A% S
TR IR — S K X 3 MR e A Y E A &
PR, WHERY S RA SEPR IV B ND1 5 ND4
Z H5ERRE R B E 8 B BRE A
(L TLLA0 M N Y —Fh R B A BT (ILZLER ) Y
— AN (I HE )M 5 BT B AR W AR O 28 OC
M. ol T 3 R EUE C )T, KA S
R SCHRI91H B 0 25 R AT LA (A SC iy Oy ik o
BAWMRI

AR SR 53 Ry 3 28 B PR R Tk B A A 3R
WA AT 5T B 1~3 SR 3 Rkl i 12
YRR TR 3 R RS, £ 1,2
Bk AR SCJ7 15 5 SCHR[9] b 1Y J7 6k X 52 40 54
TREMG BN WL R R RGO, R 3 R
PP J5 Bk 3 TP 70 3 S A IRAE X HE

BB 1 20y 3 2, STHR[ 1O h FRHERY 234 3
B 1Y 2 K 45 49 A (Hedgehog , Donkey , Horse , Cow
Baleen whale,Fin whale,Cat,Gray seal,Harbor seal,
Rhino), (Rat,Mouse), (Gorilla,Gibbon,Human,
Chimp,Pygmy  Chimp,Sumatran  Orang, Bornean
Orang) , L 1 12 7 AT 16745 19 F7 3 i 1 51
Bl 1 AECE 2 AR B A5 5 SCEk[10] P i 45 2R
SRR —E A (Human), 751 M5 7242 (Sumatran
Orang), % Y% (Bornean Orang), 1K %
(Gibbon), KIEME (Gorilla), #1212 (Pygmy
Chimp) , F& 2 % (Chimp ) ¢ I 22 [A] () 26 R /K NADH
Ji SRR AT LA 2 — R AR E R TREKH ., 5H
T FL2S 0 B W A OC R B s 9 ) B Mouse F1 Rat
M2 ki1 NADH Jit &0 5 oAt 9 Fh s A AL, Ay i
W H . 19 FEHEHEE (Rat, Mouse) J& T BRI 1]
LLAh  Hedgehog 5 73 41 16 #R)E T HHEZI Y], e
PAAR SO B4 h 1 Hedgehog J65 R H R by — 2%
S AT T SCHR[91H 5 R £ 1 AR Tl
H fE H Y Cow 5MiiA H Mouse B M 1 28, ¥4l
2 T SCHR[91H T K Wi 5 H Rat F1HA P 2R TR A —
i, M Mouse 5411734 128 X S Ak g Atz . A
W, SR FHZS SCHR 7 1270 3 A 205 R B — S

>Mouse

>Rat

>Bornean Orang
>Sumatran Orang

>Hedgehog
>Human
>QGorilla
>PygmyChimp
>Chimp
>Gibbon
>Baleenwhale
>Finwhale

LH >Cat

>Cow

>Rhino
>Horse
>Donkey
>Harborseal
>QGrayseal

E1 BE123EMNSESEN

Fig. 1 Hierarchical structure of Data 1

>Cat

>Cow
>Harborseal
>QGrayseal
>Finwhale

>Baleenwhale
>Horse
>Donkey
>Rhino
>Mouse

>Rat
>Hedgehog
>BorneanOrang
>SumatranOrang
>Gibbon
>PygmyChimp
>Chimp
>Human
>Gorilla

1 L1

E2 BE2H3IENNSELEN

Fig. 2 Hierarchical structure of Data 2

>Rat
I_': >Mouse
| >Opossom
>Gallus
>Rabbit
>Lemur
>Goat
>Bovine
>Human
>Gorilla

>Chimpanzee

B3 #HE3INILMNSEEN
Fig. 3 Hierarchical structure of Data 3
Bl 3 700y 3 2R TR L1 h bR iR 23 4 3
e BF 1Y 45 5 4 (Human , Gorilla, Chimpanzee , Lemur,
Rabbit,Goat,Bovine,Mouse,Rat), (Opossum), (Gallus),
M3 A LA A SO A 45 1 5 SCRk (11 Y
gELAHLE . WELsSh Y T EY (Mouse,Rat), (Human,
Gorilla, Chimpanzee) fil (Lemur, Rabbit) 43 7l /2 & 2&
U ) RIS o ST SR /RS N (WP R T R o 2 w11

AR5 1t £ %10 2018 £ 37 5% 11 1 [REE




RESEARCH ARTICLE

LIANG Qihao,et al: Feature Extraction Method of Protein Sequences

Based on Power Spectrum

G K FR I ; Gallus VE2 11 A4 Ff rb i — iy A
L3l W A HC At 1 T L 50 ) 22 ) ) g A B B AR T 5 AR
SCKs (Mouse ,Rat) 4t 5 11 B H Opossum 2 — 2,
SCHR[11]/5 # (Mouse ,Rat) 5 Opossum K —2 &
—E W ZE R TR SCHR[9)7 2 1Y SRS FE op 0

Chimpanzee 5 Gorilla 3X 44 Fl Bl 43S — 25 | I
5 ICHR[TT122 3 K TR 5 Al 5 S AR — 2
1, SR AR SCHY 7 2 WF5E B R £ 1 B9 245 R 4 1 Sk
[/ JT ¥ o

F1 BE1IMYE2 53 XERRERMTESLI
Table 1 Error statistics of Clustering result for Data 1 and Data 2

F2 BEIHIENBXRLERMESIT
Table 2 Error statistics of Clustering result for Data 3

Kot 1 A
B i 2 SCHR[9] 7 2
®3I AXFEEIEOIIN I XBEHELR
Table 3 Compare the entropy values of our method with
literature[9] on 3 Data sets

B 1 0 0 0.543 6 0.228 9
A HHE2 06840 0 0 0.396 0
I3 09183 0 0 0.250 4
B 1 1.271 8 1 0 1.176 2

ik
] B2 12533 0 0 1.121 4
AR 3 05436 0 0 0.395 3

M2 1,2 AT LA B8 3 Fhogkcdis 2 0l 3 o 3 2%
B, SR FHA SO R FEA R A3 A2 008 E 43 3 1 A4S 3
A 24 5 Ay 1/19=5.3% 3/19=15.8%
2/19=10.5%, 5K JH SCHR[91 J7 ¥ M Hb (FE A B 53
FERIECE 530 R 10 4> 9 A 3 A4 B e 500 R
10/19=52.6% 9/19=47.4% 3/19=15.8%) , #E#iZH 4>
B T 47.3% .31.6% .5.3% ., W] UK A S 7 32
B TFIX 3 FRRICHE AR R B RE US4 R SRR i

M1 3% 3 0] & K 3 g 4 il 4o 3 2R R
FH A SC 7 2% # 0 Im ALR 43 30 A 0.228 9.0.396 0,
0.250 4. 5% H SCHR[91/Y J7 125 A Eb (4 i AR 43

A 1.176 2.1.121 4.0.395 3), A U5 77 A 1)
5 R AR BA Fe/ DR, Ul A SO s B E 45 R
Bk,

PRI, X6 288 1 T 2R 1 B2 R ) 91 43 A
NS B 1~3 5% 1-3 AT LUAE A SOr
Pt A A3 % 5 0 1 AR A AR T SCER 9] i
e, BB SR8 b B 1 9 A AR A RS 21 A A A
JEREIL R T 5T DNA JF 51 (9 R AF 52 B A8 ARLEE
AR TT B B, Z BT LAAE B 57 51K 7
32 IR EE R B DNA FA L, =N xR
15T 81 AR B AT 43 AT, AR BT 1 2 X6 2 R 1
R IR 7 A 2% SR R, TRl — AR B B DNA
JPAN L BRI A K 3 4%, BEE 5K R R,
THEA MOk B 2, OF BT 91 25805 0 B 5k DL Rkt
FROEAR B A0 3 B 0 A5 L 2R B 23 52 ) 12k 19 1
g R

3 ok AR ST ok AR R 1 BT A B AR AE AR R
A 3L — A E R R E A T A k&
2 8 28 i e O B AR Sk B 8 T 81 9T G
NF 12 HERRAE o] 5, REAE 1) A R AR B 1 )
G B SRR T R B SR (E B X FE R BT A

jRls%] JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.11 2018



R, 5. ATHEENEG R AL T &

O A e A R T 1o 22 8] B9 PR 2 D O TR
F 9 B 25 B KRR PR AR AR AR P R B BT A A A A
—SE WY IE R T L3 T A SR A X — R 26
2 f] AL 8 1 507 81, SR URRAE [ d ] AAL 5 T
WZHAEWER = RETRICRIEMEN R
FREARH EOULIL S W B 2 ) R G &R, R
AN, 75 S WU 51 B4R AT [ B I ATS 9K 23 S W] G A
PR G F L 8 A BT S A T T RS B R R, Xl
TE 2 FHTTE S B A IS AR I A — PR A

MR RE AR 7 15 BEATHE T B R T I AR Y R
P 9 AL S OB 7 1% o 7RO 58 B0 7 rpoR ] 22
HP 5800 25 1 5 ) 2 B R e 9 B (i AL 5y B A
HU AR R e 9 B LG AR E S5 A Y ) R
T 3 A BT 81 R AR 1) R R R T RE TR
12 U0 R FE 05 R U J2 44 L 25 5848 F )y 41
AARMIYE o eI 3 BhoAS A A9 M B AT 10RO ik
SEH, LA K SCHRIOTH 5 1 B LEAE W 5, S 4 SR
FWH 7R JE AT AT AR, B T 8 A A

TR 7 B AR A3 R 3L B9 R A 4R O YA T 2% T DNA
FP A, X BB 5 45 RO Al R R TR B 254 5 Dy g
A H B AR S X R A A B 4 Bl
SAb B EA A

| 3 = i

AR SCREHE T DNA ¥ 51 72 55 3 48k (1 378 T
AR L I A8 AR T A R o D7 VR AR ES S LR AR

S 2k

[1]NAKASHIMA H,NISHIKAWA K. Discrimination of intracellular and extracellular proteins using amino acid composition and
residue-pair frequencies[J]. Journal of Molecular Biology,1994,238(1):54-61.

[2]YIN C,CHEN Y,YAU S S T. A measure of DNA sequence similarity by Fourier transform with applications on hierarchical
clustering[J]. Journal of Theoretical Biology,2014,359.18-28.

[31YINC,YAU S S T. An improved model for whole genome phylogenetic analysis by Fourier transform [J]. Journal of
Theoretical Biology,2015,382:99-110.

[4 1 HOTA M K,SRIVASTAVA V K. Identification of protein-coding regions using modified Gabor-wavelet transform with signal
boosting technique[J]. International Journal of Computational Biology and Drug Design,2010,3(4):259-270.

[ 5] WANG Qiqgiang, TAN Chengjie,ZHU Ping, et al. A study on P53 genes’ characteristics based on the 3-base periodicity [J]. Acta
Biophysica Sinica,2013,29(4) :296-309. (in Chinese)

[6]1 MU Z,WU J,ZHANG Y. A novel method for similarity/dissimilarity analysis of protein sequences [J]. Physica A :Statistical
Mechanics and Its Applications,2013,392(24):6361-6366.

[ 7 ] MEI Juan,HE Sheng,LI Weijiang. Detection of communities in the yeast protein-protein interaction network based on graph
clustering[J]. Journal of Food Science and Biotechnology,2011,30(1):95-100.(in Chinese)

[ 8 ] ZHANG Kun, TANG Xugqing. Research on the connection bias of amino acids based on probability transition matrix [J]. Journal
of Food Science and Biotechnology,2012,32(1):106-111.(in Chinese)

[9 ] HOANG T,YIN C,ZHENG H,et al. A new method to cluster DNA sequences using Fourier power spectrum [J]. Journal of
Theoretical Biology,2015,372(1):135-145.

[10] YU C,HERL,YAU S S T. Protein sequence comparison based on K-string dictionary[J]. Gene,2013,529(2).250-256.

[11] ZOU S,WANG L,WANG J. A 2D graphical representation of the sequences of DNA based on triplets and its application[J].
Bioinformatics and Systems Biology,2014,DI0:10.118611687-4153-2014-1.

[12] YAN Y Y,ZHU P. Extended triplet set C343 of DNA sequences and its application to the p53 gene [J]. Chinese Physics B,
2011,20(1):018701.

[13] ZHAO lJingjing, QI Bin,DING Lijuan,et al. Based on RSCU and QRSCU research codon bias of F/10 and G/11 xylanase[J].
Journal of Food Science and Biotechnology,2010,29(5):755-764.(in Chinese)

[14] TANG X Q,ZHU P. Hierarchical clustering problems and analysis of fuzzy proximity relation on granular space [J]. IEEE
Transactions on Fuzzy Systems,2013,21(5).:814-824.

[15] TANG X Q,ZHU P,CHENG J X. The structural clustering and analysis of metric based on granular space [J]. Pattern
Recognition,2010,43(11):3768-3786.

AR5 1t £ %10 2018 £ 5% 37 5% 11 1 R



