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Analysis of Nipah Virus codon usage bias
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Objective To analysis codon usage preference and its influencing factors of Nipah Virus (Nipah Virus,
NiV) main protein,and find the best expression system. Methods Use the EMBOSS programs CAIl and CUSP, Codo-
nW,SPSS22. 0 statistically analyze the codon preference of 352 NiV coding sequences of human NiV genome. SigmaPlot
14. 0 was used for mapping. Using the Codon Usage Database to compare and analyze the difference between the NiV ge-
nome and other expression systems. Results The average ENC values of NiV proteins ranged from 50. 34 to 55. 87 ,and
the CAI value was 0. 678(0. 606 to 0.730) ,the GC3s value was 0. 369(0. 292~0. 530). The codons with RSCU>1 and
the codon ending in A/U accounted for about 43. 3%. AGA,AGG,ACA,CUU,GUU,UCA are the multi-genes of six pro-
teins that share high-frequency codons. Neutral analysis show that the slopes for the six proteins were —0. 523, —0. 256,
—0.182,—0.277,0.020,—0. 249. PR2 parity analysis show 62.2% (331/532) probability of y>>0.5 and 60.5% (332/
532) probability of x>>0.5 Neutral analysis, ENC-Plot analysis and PR2 parity analysis show that natural selection is the
main factor affecting NiV codon preference,and mutation factors also have impact. Comparing the usage frequency of NiV gene
codon with E. coli , yeast,human and insect baculovirus expression systems,it is shown that the difference between NiV and yeast
Conclusion The NiV codon prefers A/U endings, which mainly affected by natural se-

codon usage frequency is the smallest.

lection. Yeast expression system will be the most suitable for expression of its protein.
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60 - F 1 NiVE&ZAHEXEXEBFERME(RSCU)
T Table 1 Relative synonymous codon usage of each protein of NiV
i Lo 1 T AA  Condon F G L M N  P/V/W/C
50 1 F(Phe) UUU 1.59 0.91 1.17 0.90 1.17 1.11
F UUC  0.36 1.09 0.83 1.10 0.83  0.86
S L(Lew) UUA 1.24 0.90 1.44 0.23 0.55  0.66
Z 401 L UUG 133 1.07 1.26 127 1.02  1.32
L CUU 0.91 0.88 1.14 1.25 0.88  0.94
30 1 L CUC  0.76 0.17 0.56 1.36 2.00  0.55
L CUA 0.81 1.33 0.92 0.85 1.17 1.0l
L CUG 0.92 1.65 0.68 1.03 0.38  1.53
20 : : : : : : lle) AUU  1.19 0.91 0.87 1.50 1.18  1.28
N M F G L P/V/W/C 1 AUC 0.8 1.10 0.88 1.04 0.98 0.97
1 AUA  0.96 0.99 1.25 0.45 0.84  0.74
V(Val) GUU 1.59 1.48 1.27 1.81 1.77  1.49
i Y -0 -0
N E ! vag‘,ﬁﬁg.éﬁmcﬁtt,ﬁ ) % GUC  0.99 0.59 0.71 0.81 0.63  0.72
Fig.1 Comparison of the ENC value of each protein genome of NiV .
v GUA  0.91 1.26 1.27 0.62 0.26  0.79
v GUG 0.52 0.66 0.75 0.76 1.34  1.00
=
2 EXNEBFERESW S(Se) UCU  1.04 1.27 1.57 1.53 0.99  1.26
er_ NiV E@Gﬁ%lﬂ%lﬂéﬂ]ﬁll%ﬂ‘@%jﬁﬁ? S uccC 0.19 0.51 . 1.16 0.17 0.58
7 o o S UCA 1.74 1.89 1.95 1.06 1.77  2.02
RSCU EMZE (F 1, AUG.UGG F1 3 M IF %11 S UCG  0.37 0.11 0.32 0.00 0.06  0.41
(UAG,UAA *u UGA) [ﬂﬂﬁlﬁ])‘(%ﬁﬁ%%*u RSCU {E P(Pro) CCU 1. 89 1. 90 1.91 1. 40 1.51 1.32
. N - P CCC  0.57 0.62 0.62 0.25 0.27  0.86
g1 o S, BOHE B 4 B RSCUYY, 6 AN H P CCA  0.89 1.18 1.05 1.8 0.77  1.20
RSCU>] Eﬂﬁﬁﬂﬁf‘féﬁgﬁﬁ%‘jr/\ﬁﬁ%u% 24 31 P CCG 0.65 0.29 0.43 0. 49 1.44 0.56
T(Thr) ACU 1.13 1.04 1.45 0.87 1.59  1.65
28.29.29.,26, Hiip RSCU>>1. 5 A% & 45 2 1 28 1% T ACC  0.47 110 0.57 1.68 1.23  0.77
4\}5&%%”%]]\10‘9‘7‘5‘60 /\ﬁﬁﬁlréﬁgﬁﬁ’%%g T ACA  1.97 1.67 1.66 1.45 1.18 1.36
X s . D . ) T ACG  0.42 0.19 0.32 0.00 0.00  0.23
PLAU g5 B, AGA,AGG,ACA,CUU,GUU, UCA A(Al)  GCU  1.40 1.26 1.49 1.74 1.73  1.10
W6 ANEALG S BN T, A BT AR A GCC  0.52 0.62 0.72 1.32 0.58  0.54
) . . o . A GCA  2.02 1.70 1.47 0.80 1.49  2.12
GGC.UCC.UCG., Y(Tyr) UAU 1.26 0.89 1.23 0.82 0.68  0.97
Y UAC  0.74 1.11 0.77 1.18 0.25  1.03
3 ENC-Plot 5347 H(His) CAU 1.62 1.05 1.27 0.76 0.87  1.20
g T NIV E: PR 40 %8 65 7l F A =t 2 5 a2 5 H CAC  0.38 0.95 0.73 1.24 0.87  0.80
Q(Gln)  CAA  1.19 1.31 1.40 0.77 1.15  1.19
/\ ISA . /\ r
FEARMI A SR T BE BRI, M HE T NiV6 N3RS N 4 Q CAG  0.81 0.69 0.60 1.23 0.81 0.8l
#) ENC-Plot 43 #7 &, 3143 HF GC3s X 55 i 1 i 5 N(Asn) AAU  1.06 1.43 1.34 0.95 1.10  1.14
N AAC  0.94 0.57 0.66 1.05 0.90  0.86
: . . Ul 6 A P T . : ) } )
(2>, SRR NIV IR AL 6 45 I 51 K(Lys) AAA 1.18 1.32 1.21 0.8 1.50 1.1l
B2 537 5 O ER 5 3 B 1 1 9 00T B 0 L o K AAG 082 0.68 0.79 L1t 0.50 089
D(Asp) GAU 1.09 0.89 1.33 1.64 1.21  1.30
4 ; A e £
PR DR DA i 5 i 2 B T R S PR AR SR D GAC  0.91 111 0.67 0.36 0.79  0.70
B3 ANEAZETA X, HIMN LR B EB 0 5 AL E(Glw  GAA  1.12 0.98 1.12 0.56 1.35  1.17
. " E GAG 0.8 1.02 0.8 1.44 0.65  0.83
2 H 0
T e i o 0] N AR AR e R R A NV C(Cys) UGU 0.98 1.19 1.31 1.82 0.00  1.07
e[ a2 B g AR S VR TR & C UGC  1.02  0.81 0.69 0.18 0.00  0.90
R(/\rg) CGU 0. 00 0.61 0.62 0. 85 0. 48 0. 38
1
4 AT R CGC  0.00 0.00 0.03 0.25 0.00  0.20
AT #H—ERIT B IR 6 Niv 3 R CGA  1.03 0.42 0.58 0.90 0.48  0.88
H 4 AN NiVE A R CGG  0.00 0.19 0.08 0.18 0.19  0.39
PRI £ 28 % 5 P AU e 0BT T NIV 2 S(Ser) AGU 1.17 1.06 1.01 1.22 2.10  0.99
B GC12 5 GC3s HZ BIM&MERIH R, 450 5 S AGC  1.49 1.16 0.44 1.03 0.92  0.65
— - . " N R(Arg) AGA  3.12 3.8 3.18 1.89 3.17  2.80
N6 FHH GC12 5 GC3s A g :
/R 6 AR 2 9 CESKERTE LRIES R AGG  1.85 0.94 1.50 1.93 1.67  1.35
P(P<<0.05),N.M.F.G.L.P/V/W/C 6 ~"&EHM G(Gly) GGU  1.23  0.87 1.10 1.07 0.59  0.61
{ﬁq’%%f}u% _ O. 523\ _ 0. 256 _ O. 182 _ O 277 G GGC 0.32 0.39 0.41 0.81 0.92 0.56
o G GGA 122 1.64 1.23 1.25 1.86  1.80
0.020,—0.249(F 3), Ik A 4K %810 5Tk R 4 G GGG 122 1.10 1.25 0.86 0.63  1.03

G R 47, 7% 74, A%, 81, 8% . 72. 3% . 98. 0% .

75.1% , W NIV K 5L 4 % 05 1 242 8 A 4R
PEREAE ISR (EAS ST & N A 2 B R A8

T30 SR B 0 SR 5 e (0 58 T o EEAEH

R F T, Trp & Met(RSCU {2 D RS AFH ; AA Fom
AL NN R LR 45 2 H B R U D T (RSCU>1.5)

Notes: The stop codon and Trp and Met (RSCU value of 1) are not
included in the table; AA represents an amino acid; Underlined indicates
the high frequency codons of each protein (RSCU>>1.5).
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Table 2 Comparison of codon usage frequency between NiV and several different expression systems

EER  WT e N A B AR

Amino acid Codon 1/1000(N) 1/1000(E) 1/1000CY)  1/1000CH) 1/1000(P) N/E N/Y N/H N/P
A(Ala) GCA 23.1 23.0 16.2 15.8 12.8 1. 00 1.43 1.46 1. 80
A GCC 9.1 21.6 12.6 27.7 20. 8 0.42 0.72 0. 33 0. 44
A GCG 3.5 21.1 6.2 7.4 12. 4 0.16 0. 56 0.47 0.28
A GCT 21.9 18.9 21.2 18.4 24.6 1.16 1.03 1.19 0. 89
C(Cys) TGC 5.7 5.5 4.8 12.6 13.2 1.03 1.18 0. 45 0.43
C TGT 9.4 5.9 8.1 10. 6 8.5 1.59 1.15 0. 88 1. 10
D(Asp) GAC 22.2 17.9 20.2 25.1 32.4 1.24 1. 10 0. 89 0. 69
D GAT 36. 1 33.7 37.6 21.8 21.9 1.07 0.96 1.66 1. 65
E(Glw GAA 36.5 35.1 45.6 29.0 27.6 1. 04 0. 80 1. 26 1.32
E GAG 27.5 19.4 19.2 39.6 33.1 1.42 1.43 0.69 0. 83
F(Phe) TTC 14.4 13.9 18.4 20.3 27.5 1.03 0.78 0.71 0.52
F TTT 19.0 24.4 26.1 17.6 10.1 0.78 0.73 1.08 1. 88
G(Gly) GGA 23.8 13.6 10. 9 16.5 17.8 1.75 2.18 1. 44 1.34
G GGC 9.0 20.6 9.8 22.2 19. 6 0. 44 0.92 0.41 0. 46
G GGG 14.5 12.3 6.0 16.5 4.6 1.18 2.41 0. 88 3. 14
G GGT 12.5 23.7 23.9 10. 8 21.5 0.53 0.52 1.16 0.58
H(His) CAC 6.8 7.3 7.8 15.1 15.6 0.93 0. 87 0. 45 0. 44
H CAT 9.9 12.4 13.6 10.9 8.7 0. 80 0.73 0.91 1. 14
I(Ile) ATA 26.6 13.3 17.8 7.5 8.3 2.00 1. 49 3.54 3.20
1 ATC 25.4 19.4 17.2 20. 8 28.3 1.31 1.47 1.22 0.90
1 ATT 27.6 29.6 30.1 16.0 15.5 0.93 0.92 1.73 1.78
K(Lys) AAA 36.0 37.2 41.9 24.4 26.8 0.97 0. 86 1.47 1.34
K AAG 25.6 15.3 30.8 31.9 49.2 1.67 0. 83 0. 80 0.52
L(Lew CTA 15.1 5.6 13.4 7.2 7 2.70 1.13 2.10 2.16
L CTC 12.9 9.5 5.4 19.6 17 1. 36 2.39 0. 66 0.76
L CTG 14.2 37.4 10.5 39.6 24.1 0.38 1.35 0. 36 0.59
L CTT 15.8 14.5 12.3 13.2 9.6 1. 09 1.29 1.20 1. 65
L TTA 15.8 17.4 26.2 7.7 7.7 0.91 0. 60 2.05 2.05
L TTG 18.3 12.9 27.2 12.9 15.9 1.42 0. 67 1.42 1.15
M(Met) ATG 25.1 23.7 20.9 22.0 27 1. 06 1. 20 1. 14 0.93
N(Asn) AAC 21.7 20.3 24.8 19.1 28.8 1.07 0. 87 1.13 0.75
N AAT .6 29.3 35.7 17.0 13.4 1.22 1. 00 2.10 2.66
P(Pro) CCA L4 9.1 18.3 16. 9 13.6 1. 36 0. 68 0.73 0.91
P CCC .9 6.2 6.8 19.8 13.7 1.11 1.01 0. 35 0. 50
P CCG 5.7 14.5 5.3 6.9 7.8 0. 40 1. 08 0. 83 0.74
P CCT 17.7 9.5 13.5 17.5 14.1 1. 86 1.31 1.01 1. 26
Q(GIn) CAA 23.9 14. 4 27.3 12.3 16.1 1. 66 0.87 1.94 1.48
Q CAG 14. 4 26.7 12.1 34.2 21.6 0. 54 1.19 0.42 0. 67
R(Arg) AGA 26.8 7.1 21.3 12.2 12.1 3.77 1. 26 2.20 2.21
R AGG 13.0 4.0 9.2 12.0 12.6 3.26 1.42 1.09 1.04
R CGA 5.2 4.8 3.0 6.2 5.4 1. 09 1.74 0. 84 0.97
R CGC 0.6 14.0 2.6 10. 4 15.6 0. 04 0. 24 0.06 0. 04
R CGG L7 7.9 1.7 11. 4 3.7 0.21 0.98 0.15 0. 45
R CGT 4.1 15.9 6.4 4.5 15.3 0. 26 0. 64 0.91 0.27
S(Ser) AGC 12.7 14.3 9.8 19.5 11.1 0. 89 1.29 0. 65 1. 14
S AGT 19.1 13.2 14.2 12.1 8.4 1. 45 1.35 1.58 2.27
S TCA 27.3 13.1 18.7 12.2 10. 6 2.09 1.46 2.24 2.58
S TCC 7.8 9.7 14.2 17.7 12.6 0. 81 0.55 0. 44 0.62
S TCG 3.7 8.2 8.6 4.4 7.7 0. 46 0.43 0. 85 0. 49
S TCT 20.2 13.1 23.5 15.2 10.7 1. 54 0. 86 1.33 1. 88
T(Thr) ACA 21.1 15.1 17.8 15.1 12.3 1.40 1.19 1.40 1.72
T ACC 10. 3 18.9 12.7 18.9 17.2 0. 54 0. 81 0. 54 0. 60
T ACG 2.9 13.6 8.0 6.1 9.4 0.21 0.36 0. 47 0. 30
T ACT 19.5 13.1 20.3 13.1 14.3 1.49 0. 96 1.49 1. 36
V(Val) GTA 13.6 13.1 11.8 7.1 12 1. 04 1.15 1.91 1.13
\% GTC 11.0 13.1 11.8 14.5 20.1 0. 84 0.93 0.76 0.55
\Y% GTG 12.2 19.9 10. 8 28.1 24.1 0.62 1.13 0. 44 0.51
\Y% GTT 22.1 21.6 22.1 11.0 14.1 1.02 1. 00 2.01 1.57
W(Trp) TGG 9.1 13.4 10. 4 13.2 13.3 0. 68 0. 87 0. 69 0. 68
Y(Tyr) TAC 14.5 11.7 14.8 15.3 24.4 1.24 0.98 0.95 0. 60
Y TAT 18.7 21.6 18.8 12.2 10 0. 86 0.99 1.53 1.87

* TAA 0 2.0 1.1 1.0 2.3 0 0 0 0

* TAG 0 0.3 0.5 0.8 0.7 0 0 0 0

* TGA 0 1.1 0.7 1.6 0.7 0 0 0 0

T R R A B B WA 22 (5> 2. 0,<C0. 5) R R A B TR B: LR B RO B 6 35 R G Y T 6 TR B4 490k A Codon Us-
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