Hans Journal of Computational Biology }H 4%, 2018, 8(1), 15-23 Hans Y
Published Online March 2018 in Hans. http://www.hanspub.org/journal/hjcb
https://doi.org/10.12677/hjcb.2018.81003

Comparison and Analysis of HIN1
Hemagglutinin Protein Sequences
Based on Fourier Power Spectrum

Hua Wang’, Fenglan Bai, Liwei Liu
College of Sciences, Dalian Jiaotong University, Dalian Liaoning

Email: '1123943421@qg.com

Received: Apr. 19", 2018; accepted: May 11", 2018; published: May 18", 2018

Abstract

Based on the classical HP model, the HIN1 hemagglutinin protein sequence under different cha-
racteristics was converted into a digital sequence and the power spectrum of the corresponding
sequence was calculated using a discrete Fourier transform. According to these power spectra, a
mathematical moment function is established, and the digital sequence is converted into a mul-
ti-dimensional moment vector to obtain the corresponding feature vector of the protein sequence.
Then using the middle distances between the feature vectors to compare and analyze the protein
sequences, a good result was obtained. This method converts protein sequences of different
lengths through power spectrum and moments into vectors of the same dimension, which makes it
easier for us to compare and analyze biological sequences.
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e U, THE DRI T LR BT 5 B T772: IR T7VE TR B R 2 BOR B T X055 1,
Horbod i i 8 IV RGU RS B EE LU . X e ER AL T AT A I HER 2, R H I R IERK
DIREF 7 JURREE[1] [2] [3]e SRTM, B 32 Bk U T AR (A, T AR 75 B AT PRk SRS (91 G f)

TR A GEN[4]. LU, X FFHRZ —Miash ik, el s aerem —Bdnfe ban i AR 732K (5]
[6][7][8]. Blt, k-mer J7ik&imit T MITEAHET k. N TMEHANFIIRARE, WER N EDFHIF k
MEGEKE N kK KT P51, %FﬁﬁEMZEMﬁ%ﬁ%mm]kmaﬁ% W5 B HER T VR A
MREE R, BN TFEEE R R[10]. BHUE AR (DFT) &1 5 M G E F 5 K T A . 55k, DFT
SRR 2 1 15 B &@%%4%% UnEEPR TN, 2 5 g A DX AN JE S 23 AT [11] [12]. DNA R
DFT DyZ2 % [ Bt 7% 7 S A% 5 1R 0 A ARV G, IF B O S T4 e B PR 4H 7 41 v 1) 28 1 o i
X[13][14][15].

BT, JEIET7 VA b 3 OB 1) %% AN J7 T 473 T8 B B0 F L0 At G040 B 2R 1 5 TR] AR A AL
P IREUE ARG BZ16] [17]. AT HINI SR EOR T, WHEFZ AN [181RH & A BT 51l ik
PREG AT R AR IE M g A A, FE b Al b0 B 00 8 e MR E AL 3R AT TSR Zhao FE[19]7EfH B3
e ) LAl NS RIS RIE, AW T SR S AR s B S N [20]7E B 1 0 ) A Bl RIS I
fitlh b 455 4 FH 1 ) e B P AR G P e, R e 4 S R v ok )l £ 1 B A A B . AR i B AR
N2 VHEAS [FRFAE S IR X 2 2% HINT i 55 ML 3 8 E 505 20 HEAT LU M, FE AN S i R AIE 2 1 5 31
MRTEE S, H 16 4L &RE OA MRIEEATTAIN 40 4R Em &, KR TiFENE
FBE. R, WI5VER BRI T 2R T AT A R AE A, 19 B4 R —E R
PEo FEARICH, 1 20 Fha B /R LA A 2 BL R I DY SR BRAL 1% ot (B P 2R K pg, Ve HBRK pr, JERRIE
H2E7K sq FIAERAE HLEE 7K sr) PR P 28422 I 43 B RFAIE T P A L AR 4600 28 1 B I 75 5 7 970 A 4 R B0+ I
B, T AL 7545 B & BT 06 B RRAE ) &, 38 AREE ) & 22 (R ) A TA) RS X B T A
BEAT AU 23 T R 2K

ik

DOI: 10.12677/hjcb.2018.81003 16 TR A


https://doi.org/10.12677/hjcb.2018.81003
http://creativecommons.org/licenses/by/4.0/

T &

2. ¥l

IR R HIND HILLE, RS M AT AT TR, 8 KB AR X MRS 2 E
T R BRI IR IETR AT ) o X R EE AR IR R 8 MK — IR gm A 1) 10 A58 B B 1 I ZRIR 71
HE RNA H B4, 31X 10 MREEE A7 B)2& PB2. PB1. PA. HA. NP. NA. MI. M2, NS1. NS2, H
HiNST FINS2 AR EE A sk, HAb R g MEA21].

AR NCBI M5 7 Molecular Databases F Protein Sequence % T 7E 1902~2013 F=4ER 22,455 4%
HINT BRUERREEH, EEL T 31 & AR B AN E AT T, Wk 1.

3. B

FEAR S A HE AR, ISk ) 5 B0 A e, S R EOWA . IR, B
BESK, H SRR & AT AR R .
B L A R R R LI T — o ST KA N IIES f(n), n=12,- N . TE5I% k

HI15 2 00 DFT 9 F(K)=3 £ (n)e @, k=12, N . 8% k A KIS 0030 % e X

2

PS(k)=|F (k) » k=12,,N.

it DFT DA 28 150 91 st S 8 7 81 2 s AR 807 Fe 91 2 [ AT AL L
AT ARAR IR A R A 19 R — AN P DT VAR SR T AN TR P PR 80 P 9 4 DA A ) 4 80P B 1)
B, ORI W R BEBAE RS, AU SAS BPHE L TR AR KR I R G R R . FATHE PS-M 7 ik
SENLAE B R SIS ) A AT T LA

Table 1. 31 influenza viruses and their corresponding serial numbers
F 131 FRBFREREMNNNFS

No. Virus’s name No. Virus’s name
1 A/New York/4/1918 17 A/Osl0/868/2001
2 A/London/1/1919 18 A/swine/lowa/H02NJ56391/2002
3 A/Fort Monmouth/1/1947 19 A/swine/Italy/151672-3/2003
4 A/Netherlands/001G1/1950 20 A/swine/North Carolina/00321/2004
5 A/Yamagishi/50 21 A/Massachusetts/6/2006
6 A/Kw/1/1957 22 A/swine/Kansas/01797/2007
7 A/Denver/1957 23 A/Brisbane/59/2007
8 A/swine/Hong Kong/1/1974 24 A/Kisii/5896/2008
9 A/swine/Hong Kong/59/1977 25 A/Tehran/2a/2008
10 A/USSR/90/1977 26 A/Thailand/CU-H1039/2009
11 A/mallard/Marquenterre/Z237/1983 27 A/Singapore/GP1022/2009
12 A/Memphis/12/1986 28 A/Japan/636/2009
13 A/Goroka/2/1990 29 A/Thailand/CU-H2717/2010
14 A/blue-wingedteal/Alberta/141/1992 30 A/swine/England/453/2006
15 A/Tokushima/20/1996 31 A/Shiraz/11/2013
16 A/swine/Hong Kong/5273/1999
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3.1 &F 20 EEREITHEE

MNP —MKERN N WEAFUTH S =s5,-sy » FFHIT s, (n=12,--,N)BT - MERKFSES
T={4,4y, -, Ay}, Hr 47 20 FREIERPE—F, s, 2 4,4, 4 TEANSTEE, 555
81585500058y RS 4, IFERRECN[22]:

1 s =4
uAr(n):{O S£tfﬂ']_j‘ n:1525"'aN (1)

W, &/ A B F % EVLVLWGVHHPPTGTDQQS , # H B V. M M N 48 = 7 5 4 &

u, . =01010001000000000000 -
S AR 20 KB N (0 BB s » TBATEBFFT 5,,5,,0--,5,, AT AR

20 20 20 20
/%y\quAl (w2 u, (2) w2 u, (N)w, iﬂs(n):ZuAl (n)w,» n=12,--,N
t=1 t=1 t=1 t=1

DAL P T 1 5 700 2 ) 85 e L A iy

N ,izikn

S(k)=nzz;s(n)e N

i2n i2m i2n

N L™ N ——kn N
=D, (m)we N D u, (n)we N4t du, (n)wye ¥ 2)
n=1 n=1

n=1

=U, (k)W1+UA2 (k)w2+--~+UA20 (k) wsy

Hob U, (n) Jyu, (n) OB H- e, B

UAr(k)=iuAt(n)eank"=iuAf(n)(cosz1zk—isin%j, t=1,2,---,20, k=12,---,N ?3)
R, 15 20505 1) 2 SO AR 4y
S(k)inA,(k)Wt’ k=12,--- N 4)

S, WA P, (6)=|u, (6 > k=120 N, R SIS R S0y

P =3P, (k). k=125 0

3.1.2. BT REMRMEMRINTIERE

EABUT I Z I HP R DI R F5Y 91 IR R IR R (10 45740 73 SR B RFAE 18] (K068 5% 2 5%
fiti, H 20 FPEIERR >N 4 KK, A RAE HRAKNE (o) Bk LK P (or) s AR AE ELIR K (sq) FIARER
Y BgiK¥(sr), pg={G}, pr={AV,LI,F,P}, sq={S,C,N.E,T,Q,K,R,H} Flsr={W,Y,M} . ix
R AP SIS S DI RERIRT FE B0 7B B, B S B A AL A AR, 3 D e AT i R A
REHLARML, Xt 22 HP B3R SUFTTE(23].

MRz JE, MERE-MREN N WEARFI S =55,--5y» Hfs,» i=1,2,---,N 720 Fhaadt
R 2, BEAT RO E L, DLARR R SR IR (N P) A ] U B -
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3.1.3. B

BB MRS A U N FHEL T, e BE 1298 . A1 B G v 5 S U e X A
M. BRI AT LUA B DL R R, 18] AR ZR AN S BUEE o a5 iR U AR il . A
SCHHET Q B RGURISTE, W FTIRAG B AT R T B n MR EIREN X ={x,x,,.x,
d= d(xi,xj) (xl.,xj € X) FEAR R A A Z [ (Al fE RS, 3l
D={d(xi,xj)|xi,xj eX} ={d,.d,.d,,---,d,,} » Hd, =0<d, <--<d, -

4. BEROWMEWIR

AR SR 6K 31 265 MLEER 5 11 1 8 55 51 e e o — 3kl i A1 AU e e 8, A P s i
8 B A K B IRA) —dEl FR SUAN DY ST A1, DR AR A R B . AR E AR
B e o {8 EEL A 0 e A5 B 80 P S A FE MR IR ANTRL, A6 4570 B 2 1 5 e 31 2 T R AU P AT SR AR PR X
T DI —HEL, AR 23 FC () AN R R RFAE 17 B AT [RI 4R R B, DABEORGA 3 B2 (1t
FEBUARAUTE 20 AT (K H (o Uk T 20 A SE R I T - 0545 1 1L 5k 2K 2 1 BRI 20 4EAFAE IR, 4% 2 52 6 il
B R ST B 1) 20 g R D 748 70 G A IR KA (b i 1 ) X BN — — 310248

i SAS BAEXT 31 SF IR R A FUT AT Q ARG RE, W EIRARME R B, ok % mt
TREATE RS — 3, BRI B e A, PSR A 5 At S 2 1] A B s (AR SR o 1]
PR EE), ERULERE, ELRR FT AR B B B KSR, B EiEId SAS BT B SR R S,
1. E 2.

FEUBIR BE MBS 10 Fhopi R A i, AT 1A Mk B AR RS AT TR JE 1 SRR
20 M IERRAIE AR 20 ERFAE [A) S AT B AU B 5 1 BT I RO SRR, 14 2 A A = R R (1 DY A AL
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P 5T S I B0 0 R O AR 1 20 4EARRAE [ o d i S 1S B B B A 15T A ) SRR il
PN 31 2 HINI Wi 8¢ &R AT H0 0 AR, B 1 2R T 20 Fha B moos Mt 2 8 A 5 7 51 i
TS, BTN, 2) 3), (5), (13), (15), (25), (26), (28), (29), (8, 164 20. 22. 30), (4.
6+ 7. 10, 12), (17, 21, 23. 24), (11. 14. 19), (9. 18. 27. 31); 2 SRR T E AR DY SR B AL
J R I E 2R AR T A HEAT S, A REE RN, (2), (3)s (5), (13), (15), (25), (26), (29), (8 17.
21, 23, 30), (164 20, 22. 24. 28), (4. 6. 10, 11. 9. 12. 14, 19), (7. 18. 27. 31). HE 1 F1[H
2 WEL BT E BT SRS FRIE B I, R AR SC o0t 1L R B 5 ST o R 2 R U
VG IX PR 3 2285 B 5 SCBR[24 THEAT LUABOR B, ik T 2 5 3 P WU o 5 2 J T I 5 3% 2 1 AT 11 23 2 45 R
BN SRR [24]. 55 9 SR EEE TSN 4 W EE A BB 6 XM EE AN B 10 KT EHEAMN.

Table 2. Eigenvector data based on 20 amino acids

2. T 20 MEEBRFHERERE

A W C D E F G H I Y K L

1 0.0602  0.1431  0.0000 0.0970  0.1431 0.2817 0.0740  0.1431  0.2817  0.0602  0.0970  0.0602
2 04183  0.7457 1.1064 0.8900 0.3857 0.7457 03139 14672 0.7457 0.3857 03857  0.2802
3 44910 22.004 17.650 5.5180 3.8000 5.5180 4.0310 17.650 3.9510 7.2050 3.8740  3.3590

4 2.6988  7.5539 52405 42231 21425 4.6752 2.0954 6.9369 24814 34097 2.1919  1.7558

W

27949 46770  6.6369  2.0944 1.8656 2.0944  2.1845  3.6220 1.1994 3.1533 19357 1.1276

[*)}
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Figure 1. A clustering diagram based on the power spectrum of 20 amino acids
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Figure 2. Clustering of power spectrum based on charge and polarity properties

2. BT RAEMRM M R T RIENREE

B FRTEAM. 12 FMBE AN A 14 FWHEASNGE 19 FmRE AR TR, 5828
SINERE OIS 24 SR RE A BUS T A 38, DUEERR A DU R ER A0V 57 BT b AT 1) 70 2845 2R 5 30k [24]
FBEARL, T 20 Fha IR TS 2R ROFBCA MBI — M. 28 8 FMBE A S 16 FMEEN
Jis B 20 SRR ER NS 22 SRR CUTUR T IR 38, DLEIERR 1 DU A BLAL 1 5 it AT (R 70 2845

BRI — R, 5 7 A 30 KA FRHE T RRIEA R EARTT, BATHER T &A R
20 PG IR AT DU R AL U B R R SIREATIE T, RV AT B4 18 5 SCRR[24] A S5 RARAALL, {E52
FEREHE WAL B A P 4345 N 3 A R A VE S22, 5 2 1 o RO AR AU PR, X R BRATTAE S JA 1Y)
WU B R AT I A BAh, I DA ME R L [ EORRAE R A BT A, 4 A AT S ha i 2R
FA e & P A BTA R, AT E SRR AP SRR B, X IER AR ARHI A E .

5. B4

A BB R AR IK A A v R TR 5 XU B ER A A AU A AR SRR
DNA P8R b, S TR B Zh R 35 04 2N B A S AR . 4% DNA 781 E AR ST
FINERHBO SR A FUT A L, EEAHE. LMK HP B &, DL 20 Fha Sk Mo & 2R 5L i DU A e
PR BT il o 2R S BB . FEEIEA b, S B AR B AR o B A B U, AT 4t
— BRI AR, FRGEE SO SRR A Zh g, R R R R, TR B . (R LI A SRR
L, RARGRIEFFIR RAH, i R HE B 5 51 AR B

AFHIT 31 4 HINT 3 MU5E R & E 55103 D gt AT e, fEA RS PR Al b, 2ot
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2N T PRSI RAE 4R L, IONWE FC B FUR P SR (it T SO ik . IR SR
B NG5 T BT LRGBS R RR PR R 2L .
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