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Protein analysis based on generalized iterative function

and its applications
HUANG Jiahe, HE Pingan
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: By generalizing the iterative function in protein graphic representation to higher-dimensional
space, a generalized iterative function with wider application scope was proposed, and this function can
reflect different compression ratios of coordinates in space and different physicochemical properties of
amino acid residues. A new graphical representation of protein sequences was gained by using this
generalized iterative function and some physicochemical indexes of amino acid residues. The research
results showed that the graphical representation reflected the main information of the corresponding
protein sequences. The protein graphic representation method and corresponding numerical description
were applied to compare the similarity of the ND5 protein sequences of 10 species and analyze the
evolutionary relationships among these species. Compared with ClustalW method of the classical protein
multiple sequence alignment, the results showed this method was reliable and effective for the comparison
of protein sequence similarity and the evolutionary analysis of species.
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1 _ - . . .
- {X; = o T A R P B — ‘t,he side chain) \f&'@(polar requu-rement) ‘%ﬂ(ﬁi{"é
X; =S, ¥ (hydropathy index) . £ Hi, 5 (isoelectric point) .
B35, SRR () P ELA — d1ag< - i 1. O) , 2T AR FH (molecular volume) ., #% 14 {H ( polarity

1 . o =
B =ding(. 5 1.1) MB35
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values) . 75 7 £ 48 21 Caromaticity) . g 1k B 5 %k
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Hr: o BIE—E AR M Mom 53515
7N 20 PP RAR SR TR HE ) AP FE AR Y e KRB
Flfe/ME .. XA BEEHEA T AR M A4 f5 AR 3
UM e M R /N SE K T 3 5 B MR 2L p KL
P FFLIX 4 B ERA PR TR S AF 5T 0 SE A, oy
FOKMAREGC N Hy K5 BTG Ar. 3R 151
T 20 FhORSREFERRFRIENY 4 FhERALTE AR S I —
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BEARTY TS R MIae SR s mEmigE R b ViV, vV 5V, 5351308 Hy Ar,
P 78 AAindex B3R FEIGE T 544 FOR[ER pKL 5 pKe FIHE O IH—E1IFE5
X1 0MEEBRKRENEUERERSHLESE
SRR I Hy Ar pK, PK: vV, vV, v, v,
A 1. 800 —0.110 2. 340 9. 690 0. 700 0. 225 0. 685 0. 450
C 2.500 —0. 184 1.710 10. 700 0.778 0.130 0. 000 1. 000
D —3.500 —0. 285 2.090 9. 820 0.111 0. 000 0.413 0.515
E —3.500 —0. 067 2.190 9. 670 0.111 0. 280 0.522 0. 439
F 2. 800 0. 438 1. 830 9.130 0. 811 0.929 0.130 0.167
G —0. 400 —0.073 2. 340 9. 600 0. 456 0.273 0. 685 0. 404
H —3.200 0. 320 1. 820 9.170 0. 144 0.778 0.120 0. 187
) 4. 500 0.001 2. 360 9. 680 1. 000 0. 368 0. 707 0. 444
K —3.900 0. 049 2. 180 8. 950 0. 067 0. 429 0.511 0.076
L 3. 800 —0. 008 2. 360 9. 600 0.922 0. 356 0. 707 0. 404
M 1. 900 —0.041 2. 280 9.210 0.711 0. 314 0. 620 0. 207
N —3.500 —0.136 2.020 8. 800 0.111 0.192 0. 337 0. 000
P —1. 600 —0.016 1. 990 10. 600 0.322 0. 346 0. 304 0. 909
Q —3.500 —0. 246 2.170 9.130 0.111 0. 050 0. 500 0.167
R —4.500 0.079 2.170 9. 040 0. 000 0. 468 0. 500 0.121
S —0. 800 —0.153 2.210 9. 150 0.411 0.170 0. 544 0.177
T —0. 700 —0.208 2.630 10. 430 0.422 0.099 1. 000 0. 823
\Y% 4. 200 —0. 155 2. 320 9. 620 0.967 0.167 0. 663 0.414
w —0. 900 0.493 2. 380 9. 390 0. 400 1. 000 0.728 0. 298
Y —1. 300 0. 381 2. 200 9.110 0. 356 0. 856 0.533 0. 157
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1
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by (ay 'S5 Ao
by (ay'SEY 4 -

IR FL
3 BERFRTEEZEARBMUESTHEIAA
T UL L IR T vk B TR R S A A . AR

AR T R 10 # A NDS & B
Ji ¥ %1l (NADH dehydrogenates subunit 5) [ 48

O<a’()<w’ol<b’ Lo | MR L0 FREEREG NDS & R H X
0L’ <b;(ay ' ++a; +1 = b, ><1 aj: %2,
Fz2 10T NDS EARMEXER

Yk Yorp i T3 R ID 5 (UniProtKB) K
Homo sapiens Hom A P03915 603
Pantroglodytes Pan PR Q35648 603
Rattusnorvegicus Rat N P11661 609
Musmusculus Mus JINER P03921 607
Didelphisvirginiana Did iR P41309 602
Gallus gallus Gal pi! P18940 605
Bostaurus Bos 4 Q85BD6 606
Canis lupus familiaris Can Ty Q97757 606
Drosophila melanogaster Dro SR B6EOR2 572
Daniorerio Dan 1 QIMIYO 606

MR 1 SR A 20 PR FEMR AR HE Y UP U  G=1,2,++,M),
TLHEARR X TR X, =AX . +BS, . 153 C: =" *y“ sy — iy —
5 10 BBV R RO 10 B BEs s BRI e oy y6 by e = (LYY,
Ji s AR SCHR VI, V) G =1,2,+,N),
A=ding(1.1, 212 ) B=ding (11, Fo1, 1) SR BRI AU ¢ I
WIS Do, v FRE RPN LR
B SCEAR RO - FEXHRE R AEE 7 AN G =1,2,3,4,5) . FFit
X, —diag(1.1.5 1.5 ) X+ SN A B2 AR AR
Ccl.Cc: |
divg(1 1 1), ) ot =i 12N
T AL S, o e LS, RIS | LI

ot G M 5 N DR P I K E R atp ==,

ik M = N)WMEIERxR XXXy 5
YoY, Yy, ZEHEZIE U 2R
B PSR — L LR TR AR AR A SR vk
By zmat, HEARE:
Cl=(z" — 2,29 — 2§D, 20 — 2§D

.Tii) 71,4(:'71) ,l‘éi) *Iéiil)) ::(1’U§Zz‘) ’Uéi) ,

iﬁ(ﬂﬁ’l‘%lﬂlﬁf?ﬂ S =s152°"sm %ﬂf?ﬁﬂ S, =

Litotn HIFEE N .
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FIH R 20 im0 7 12 TR 2 p 10 Fif
Yol NDS 8 H i 8] A S . 5 R W3k 3. — i

Mo, 2 P b 2 1] B /NI A X ) el AR D) 2
.

x3 RAARXFEEER 10 #¥F ND5 & B 5 #E 5 4E b

LNl Pan Rat Mus Did Gal Bos Can Dro Dan

Hom 1. 888 13.916 15. 275 23. 872 27.416 13.723 11. 915 36. 073 30. 815
Pan 13.529 14. 815 23. 357 26. 632 13.434 11. 440 35.917 29. 908
Rat 8.931 29.122 30. 838 17. 698 10. 009 46. 354 34. 380
Mus 23.099 24.091 20. 909 10. 777 41. 997 29. 580
Did 26. 376 24. 341 22.149 40. 186 35.210
Gal 25.572 24.613 43. 300 38. 657
Bos 7.789 42. 330 30. 340
Can 39. 385 28.524
Dro 43.742

WigER 3 ATLAE L NS BEE . 51 KR
5/ NDS 8 H 52 18] B BE B AR XN (B /N T
10) . L Le b 2 (o] BA B m AR . JF B L
A 6 FhAR Y NDS 28 11 5 2 [8] 19 2 /T 20,
VT EATZ I B — & AR . AT A e 3% 2
Y 10 R Rl LA 6 RN I EL2E S .

BEAh AR BT YA R SRS Al A 2 ] B4
BHRBOR (BT 35) AR5 HAR 9 R Rl Y
AP RIPERAR . 2R R LRI 10 Ff i il
ORI R TR A, XADERMG —RAY Y ER
M.

P2l AR SCRI IR 2 A5 ] UPGMA
JTk A T X 10 MY R E AL AL S5 ORI 1
Frs. B RIS BEE 450 RS /M
J& TR —0 3 Z IR MNP A—A R332, e
X 10 A JE T LS A A RIS R
BN B AR R B . RN R S I FL 2R Sh )

AL F 40 AR R 3G AR, DL 5500
X4 FH ClustalW Bri5H

FEE AR — B LG R . XSRS R W% 07
IEAE BT NDS 3 A B s G R L HAT—E/

AL AR A R .
- Rat
4 Mus
4 Bos
4 Can

1 Hom
] —C 4 Pan §

1 Did
4 Gal
1 Dan
1 Dro

0 5 10 15 20 25 30 35
Py fal 34k R BOE PR B
B 1 RT3 MER 10 Fryfhig NDS & A Bk feps

TEAYIE B2 b W R P S 2 E I
X7k ClustalW J535 . O T i — 2 Ul B AR 3C
J7 ¥k B AT AR R AR ORI MEGA B0 i
ClustalW J7 i35 17 3% 2 w1 10 by B i) 1 5 0
W, W3k 4,

10 Fh4gFh ND5 & A i 2R 55 4B P&

By ik Pan Rat Mus Did Gal Bos Can Dro Dan
Hom 0. 055 0. 396 0. 409 0. 436 0. 560 0. 324 0. 349 1. 097 0.579
Pan 0. 396 0. 406 0.439 0.577 0.314 0. 339 1. 091 0.579
Rat 0. 190 0. 442 0. 541 0. 334 0.362 1. 097 0.591
Mus 0.439 0.529 0. 347 0.372 1. 129 0. 582
Did 0.514 0.431 0.434 1. 141 0. 550
Gal 0. 496 0. 520 1. 141 0.526
Bos 0. 199 1. 416 0.538
Can 1. 157 0. 550
Dro 1. 113
WMEER 4, e R NI BRI RN S B FR.

PSR EUS/NR . SR HAl 2 f8]  BE
BER R, FIH UPGMA J5ik 5 Matlab #04F,
EHMYER 4 Hdtny 10 MM R R S5 1 5
8, X HE— 2P UL AR SCRY I 3 2 TR A A

WA TR R 3 53R 4 5 RAOCR T
DA J& B A R A ) AR AH G RO 0..9402,
HE—25 1 AT IE AN BB 2 TR A SR &R
BRI S 5. AL, AT IR E A
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BRIV &5 R 5 % 4 4 RZ B M C R A 4528 kS,
Fx5 AXFHEXEAZES ClustalW FiELERHEXRE

Yy Fh AR scwkl24]  Sck(271(3R 3) semk(27]GR o aik(18](k 3) Srik(181(F 4 r#k[28](GE 5)

om 0. 949 0.931 0.914 0. 457 0.931 0.718 0. 906

Pan 0. 947 0. 875 0.922 0. 786 0. 840 0. 766 0. 682

Rat 0. 947 0. 959 0.717 0. 369 0. 445 0. 838 0. 670
Mus 0. 889 0. 944 0.671 0. 488 0.419 0. 456 0. 591

Did 0.929 0.776 —0.475 —0. 204 —0.298 —0.433 —0.134

Gal 0. 930 0.921 — — — — —

Bos 0. 949 0. 861 — — — — —

Can 0. 953 0.923 — — — — —

Dro 0. 955 0.873 — — — — —

Dna 0.963 0. 940 — — — — —

WLEER S Al LLE M, AR Ei R
Clustal W 25 5 R A 22 B B BB B AT
Z I EA RS RRAASOESEA
EHREIE KRR I EMLE R E a5, 5
ClustalW 75 A1 Ho » AR SCT7 6 B35 BB/ 3
THREABUF AN L. 28 EPrg . A3
(77363 T HCBLE W 1y 91 B AR UL 2 ] 5 1) A
AR .

4 %

=A

TE 3 28 BT 3R A R 3R Hh R A R Al E
fili by AR SCEE T — R ) Lk X, =
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PERT, 2835 U3 — 4k KRR DG 43 A 4 Bl A 3k o L
rh 4 LR PR AR A B A 2 R e R A A A
WEB TIE X, = diag(aisaz.assaisas) Xiq +
diag(hy by b5 .0y 505) S (T SCEAR BRELL H A
RSB TR Wi B 2R A & A
IR BRI ES . AR 10 FhyFpag NDs & H
FE A ) SRR

it

1

diag(1,1,z,1,—) S,

B4 — AN TR 1) B A o T4 s 1) v g o) 4
AL TSN B 91 X A i e 2 [ SR A B AR X
(ELAS 2 A B 1) 5 R 2 L L ok 220 e 1] =2 A
IRERE . FIAAHRIESS RAGEE T 10 S kA4 4L
L EAA B 4SS R S A= D R AL L — B AR
ER HERIER R )75 Clustal W 5 ik s 21
SR HEAT HOE e BAAS SO 7 ik 0 vl 5 1) Ry
R .

ARIOH B AT A R B R R 71k i iR AR R

S e A 2 [ o ol A G R PR B R AN () A P g
N F A SRR, e T A B B — P 11y
B . Y 2 ARG SR AL TR AR R S R
AR PRI e v e 28 1 5 2800 2 A e B 1 2R %
RIS SIS0/ DI
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