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A fast alignment-free method for protein sequence similarity
and evolution analysis

Al Liang,FENG Jie *
(School of Science, Minzu University of China, Beijing 100081, China)

Abstract: In this paper, we propose a new fast alignment-free method for protein sequence similarity and evolution
analysis. First, 10 groups of physicochemical properties of amino acids are reduced to 6 principal components using
principal component analysis, and the number of amino acids in each protein sequence is used as weights to the
scores of the principal components. Then, the amino acid position information is fused to form a 26-dimension
feature vector for each protein sequence. Finally, the Euclidean distance is used to measure the similarity and
evolutionary distance between protein sequences. The test on three datasets shows that our method can cluster each
protein sequence accurately, which illustrates the validity of our method.
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Table 1 10 physicochemical properties of amino acids
FHER (aa) P, pl Muw Lelo Ll Pk, Pr Ce Hb Sem
(NH3) (H,0) (HC1)

A 9.69 6.02 89.06 1.8 14.6 0 7 0 0.62 15
R 9.04 10.76 174.4 12.5 27.6 1 9.1 0.65 -2.53 101
N 8.8 5.41 132.6 -5.3 33.2 0 10 1.33 -0.78 58
D 9.82 2.97 133.6 5 25.4 1 13 1.38 -0.9 59
C 10.78 5.02 121.12 -16.5 6.5 1 4.8 2.75 0.29 47
Q 9.13 5.65 146.08 6.3 31.8 0 8.6 0.89 -0.85 72
E 9.67 3.22 147.08 12 31.8 1 12.5 0.92 -0.74 73
G 9.6 5.97 75.05 0 0 0 7.9 0.74 0.48 1
H 9.17 7.59 155.09 -38.5 11.8 1 8.4 0.58 -0.4 82
1 9.68 6.02 131.11 12.4 39.5 0 4.9 0 1.38 57
L 9.6 5.98 131.11 -11 16 0 4.9 0 1.06 57
K 8.95 9.74 146.13 13.5 26 1 10.1 0.33 -1.5 73
M 9.21 5.75 149.15 -10 23.2 0 5.3 0 0.64 75
F 9.13 5.48 165.09 -34.5 -4.5 0 5 0 1.19 91
P 10.6 6.3 115.08 -86.2 -60.4 0 6.6 0.39 0.12 42
S 9.15 5.68 105.06 =-7.5 15.1 0 7.5 1.42 -0.18 31
T 10.43 6.53 119.18 -28.5 15 0 6.6 0.71 -0.05 45
w 9.11 5.89 204.11 -33.7 2.8 0 5.2 0.13 0.81 130
Y 9.11 5.66 181.09 0 -10 1 5.4 0.2 0.26 107
v 9.39 5.97 117.09 5.6 28.3 0 5.6 0 1.08 43
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Table 2 Contribution of significant principal components
FA pPC, PC, PC, PC, PCs PCq
bR 22 1.789 8 1.558 3 1.313 8 1.054 2 0.817 5 0.673 2
il 0.320 3 0.242 8 0.172 6 0.111 1 0.066 8 0.045 3
ES W& 0.320 3 0.563 2 0.735 8 0.846 9 0.913 8 0.959 1
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Table 3 Principal component score matrix

FHMR (aa) PC, PC, PC, PC, PC, PCq
A -1.568 0.953 —-1.485 -0.843 -0.127 0.754
R 3.870 -0.649 0.720 -1.959 0.782 -0.211
N 1.103 0.965 -0.701 0.176 -1.042 -1.421
D 1.485 2.510 0.856 1.520 -0.909 0.658
C -1.196 2.194 2.204 1.122 2.382 -0.664
Q 1.137 0.310 -0.748 0.261 -0.462 -0.906
E 1.888 1.715 0.388 1.652 -0.796 0.945
G -1.785 1.831 -0.949 -1.052 -0.365 0.207
H 1.132 -0.788 1.278 -0.535 -0.125 0.144
1 -0.820 -0.467 -1.986 0.476 1.024 0.427
L -1.292 -0.826 -0.974 0.085 0.361 0.273
K 2.898 -0.007 -0.062 -1.815 0.243 0.534
M -0.359 -1.311 -1.054 0.401 0.030 -0.108
F -1.024 -2.378 0.047 0.675 -0.477 -0.177
P -3.623 -0.505 3.128 -1.387 -1.160 0.285
S -0.520 1.322 -0.581 -0.329 -0.308 -1.162
T -1.451 0.618 0.443 -0.544 0.430 -0.165
\ 0.144 -3.341 0.524 1.204 -0.278 -0.638
Y 0.942 -1.975 0.817 0.924 0.437 0.861
V -0.961 -0.170 -1.865 -0.030 0.360 0.363
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G,H,I,L,K,M,F,P,S,T,W,Y,V} HIA,=M i Yyl P & R K BE/bp
WA E, BT o, 3, H g N Human AP_000649 603
Ix1+3x1+7x1 11 TR g gy g s WIS Common chimpanzee NP_008196 603
3 3 TRAT R Pigmy chimpanzee NP_008209 603

Wy, HE R B 8 B R SR S B R 0, PN Gorilla NP_008222 603
1.3 EBRFIINBHERE Kzt Fin whale NP_006899 606

I b AR ) 38 A 7 2 RR AR 1) £, X A R e Blue whale NP_007066 606
JEH K 6 e 2 S5 T A5 43T A 1) 2 F 20 4 N: Mouse NP_904338 607
LR R AR E 26 KR R AP_O0IO02 610
B 1B 1 (A 1 e (EI’EZ"“’P?6’ il Opossum NP_007105 602

R 5 9% ND5 & B 5UF 5 18 10014 BE 55 46 B
Table 5 The similarity/dissimilarity matrix of 9 ND5 protein sequences

Species Human C.chim P.chim Gorilla F.whale B.whale Mouse Rat

C.chim 3.146

P.chim 4.035 2.679

Gorilla 3.701 3.059 4.288

F.whale 5.889 6.452 6.564 5.899

B.whale 6.025 6.639 6.990 6.612 2.855

Mouse 7.769 7.583 7.242 7.568 6.579 6.941

Rat 9.701 9.304 8.939 9.808 8.830 8.997 5.886
Opossum 9.057 8.066 7.618 8.250 8.817 8.709 8.137 9.976
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NP 008196.1 C.chim

NP 008209.1 P.chim

AP 000649.1 Human

NP 0082221 Gorilla

NP 006899.1 F whale

NP 007066.1 B.whale

NP 904338.1 Mouse

AP 004902.1 Rat

NP 007105.1 Opossum
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Fig.1 The phylogenetic tree of 9 NDS protein sequences
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Table 6 Information on 12 Baculovirus protein sequences

Ja (41) R 24 B i RS KB /bp
Autographa californica MNPV AcMNPV AAA66725 1221
Alphabaculovirus
Bombyx mori NPV BmNPV AAC63764 1222
(Group I NPVs)
Rachiplusia ou MNPV RoMNPV AAN28013 1221
Helicoverpa armigera NPV HearNPV AEN04007 1253
Helicoverpa zea SNPV HzSNPV AAL56093 1253
Alphabaculovirus Mamestra configurata NPVA MacoNPVA AAM09201 1212
(Group IT NPVs) Mamestra configurata NPVB MacoNPVB AAM95079 1 209
Helicoverpa armigera SNPV HaSNPV AAG53827 1253
Agrotis segetum NPV AgseNPV AAZ38246 1213
Adoxophyles orona GV AdorGV AAP85713 1138
Betabaculovirus
Cydia pomonella GV CpGV AAK70750 1 131
(GVs)
Cryptophlebia leucotreta GV CrleGV AAQ21676 1128
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AGK41873.1 A/mallard/Minnesota/Sg-00620/2008(H1N1)

AGW43993.1 A/thick-billed murre/Canada/1871/2011(H1N1)

AGG82594.1 A/mallard/Nova Scotia/00088/2010(H1N1)

ACT82339.1 A/dunlin/Alaska/44421-660/2008(H1N1)

BAJ14551.1 A/pintail/Miyagi/1472/2008(H1N1)

ABS70350.1 A/mallard/Maryland/352/2002(H1N1)

ACI41014.1 A/mallard/Maryland/26/2003(H1N1)

CAJ43129.1 A/mallard/France/691/2002(H1N1)

BAG85128.1 A/duck/Hokkaido/w73/2007(H1N1)

ADWO01395.1 A/mallard/Korea/KNU YP09/200S(H1N1)

ADI52832.1 A/turkey/Ontario/FAV110-4/2009(H1N1)

AIK26325.1 Aturkey/Virginia/4135/2014(H1N1)

ACZ36780.1 Alturkey/VA/S05477-18/2007(H5N 1)

ABP52005.1 A/chicken/Korea/es/2003(H5N1)

ACDS50953.1 A/chicken/Yunnan/chuxiong01/2005(H5N1)

CAP45886.1 A/domestic duck/Germany/R1772/2007(H5N1)

AA052945.2 A/Chicken/Hong Kong/822.1/01 (H5N1)

AGW27062.1 A/wild bird/Hong Kong/07035-1/2011(H5N1)

BAM62224 .1 A/chicken/Miyazaki/10/2011(H5N1)

ADMS53383.1 A/chicken/Eastern China/XH222/2008(H5N1)

ADMS53385.1 A/duck/Eastern China/JS017/2009(H5N1)

ABI84697.1 Afturkey/Minnesota/1/1988(H7N9)

AHZ42540.1 A/mallard/Minnesota/Al09-3770/2009(H7N9)

AGG53455.1 A/wild duck/Korea/SH19-47/2010(H7N9)

AGQ81933.1 A/duck/Jiangxi/3096/2009(H7N9)

AGQ81979.1 A/chicken/Rizhao/713/2013(H7N9)

AHD25274.1 A/chicken/Jiangsu/1021/2013(H7N9)

AAT78585.1 A/chicken/British Columbia/GSC human B/04(H7N3)

ACQ095649.1 A/avian/Delaware Bay/226/2006(H7N3)

ADP07287.1 AJAmerican green-winged teal/California/44242-906/2007(H7N3)

ACA25321.1 A/American black duck/NB/2538/2007(H7N3)

AFY07081.1 A/American black duck/New Brunswick/02490/2007(H7N3)

AFM09392.1 A/femp

/44297-260/2007 (H2N2)

or

AAY87411.1 A/mallard/Postdam/178-4/1983(H2N2)

ABB20232.1 A/duck/Hong Kong/319/1978(H2N2)
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Fig.3 The phylogenetic tree of 35 influenza A virus protein sequences constructed using our method
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Fig.4 The phylogenetic tree of 35 influenza A virus protein sequences constructed using ClustalW
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