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Analysis of synonymous codon usage patterns in insect cypoviruses
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Abstract Cypoviruses ( CPVs) are key regulatory factors of pest insect populations and are considered to be very
promising biological control agents. We detailed the synonymous codon usage patterns of seven CPVs through multivariate
statistical methods. Our results show that CPVs possess a generally weak synonymous usage bias. The codon usage
patterns of most genes were constrained by base composition, while those of a small minority of genes were influenced by
both base composition and other factors. Neutrality plot analysis revealed that selective pressures dominated over mutation
in shaping base composition. CPVs with the same electrophoretype shared more common preferred codons than CPVs from
the same host. The 10 genome fragments within CPVs possessed statistically different codon biases. The codon biases of
CPVs were significantly different from those of their insect host. All CPVs shared a few common preferred codons with
their host. Correspondence analysis further confirmed that base composition was the main factor influencing synonymous
codon usage and that different electropherotype CPVs possessed different codon usage patterns. Cluster analysis indicated
that same-electropherotype CPVs possessed similar codon usage patterns, but same-host CPVs possessed dissimilar codon
usage patterns.
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dsRNA JE K20 7 B, AR 408 9 75 A oK 280 0 g 5 it
A ER AT A 44, A K B S RT 23 16 Fil
[ A —SER B E Rl ] (King et al. ,2012) o R 5
B2 ff 1 7 % B OB O 5L, 7E X & Bombyx
mori L. 1 & b & 3 ), 0 R FE B A E Y B
=R AR

VE R 38 P R4k 25 5 ( Goodarzi et al. ,2008) ,
K DR 21 P R DR 2 T ) S A 3 Aol P O Al 24 4 1Y
(Ingvarsson,2008 ) , K Ay ] SC %5 A% {1 M &f- 1%
LR 5 % 1At P v e 2 20 ) 1 s S . R T
i df PEAFTE T MO 25 2 LS ) 1) 2 2B R 5
F1 (Eyre-Walker, 1991 ; Jiang et al. ,2008) , — & 1A
o S e 4 e BRI FH R A 38t A T R R e 2 AR
(45 5% (Shah and Gilchrist,2011) , A [A] 5 # 245
AN [ B 25 0 e AR X L A5 4 3 o A 1 fd R X
HATR SN, B Wi 25 04 B s e S 1k L B 1 32
B & B 9K % ( Bahir et al. , 2009 ; Wang et al. ,
2011b) . i U A W AR RS T AT TR/ AL R
(nucleotide ) & & JE1id 3L ( megabase ) R J&F |- 1 gt 5
K20 (Tsaacs et al. ,2011) B 5 % % 5 i 4 12k J2 AT
FE o> T FEALFN A P HR (9% L (Plotkin and Kudla,
2011) o HET A L 40 Fr 4] A7 8 A Al A X
FEBE M 2 7 0 T E A DT A B N A (2
A2 &5 2011 44 A= pR5E,2012) , HHif GenBank H %
T R HUSOR 22 M T A R A R A R
&M £ M KR % -1 ( Bombyx mori cypovirus 1
[ Suzhou strain ] ,BmCPV-1) T BANF 1 A £ £f
1K 9% #-1 ( Dendrolimus punctatus cypovirus 1,
DpCPV-1) | # 5 M Joit 84 2 #f M5 25 -1 ( Lymantria
dispar cypovirus 1, LdCPV-1) | #i 44 & i Y £ ff &
i -5 ( Heliothis armigera cypovirus 5, HaCPV-5) |
B Ik R A £ K 9 :-14 ( Lymantria  dispar
cypovirus 14, LACPY-14) A% 8 2 £ 1 1 -
14 ( Heliothis armigera cypovirus 14, HaCPV-14) ¥}
o R Wk R M £ M K g B:-15 ( Trichoplusia  ni
cypovirus 15, TnCPV-15) | J 31 £ 7 [ 2 38 4 41
(] S AN [ 35 PR 20 R B ) %85 0 5 ol P AR X bE 8 00
BE T EE

AW SR Zuge it o M 05 %, BE5E 17 7 B
L HURT Y 22 R 2 4 i DR 20 285 1 7 ff AR =X 0
F5 0 £ R U b5 6 R SR A G, 4 2R 3k
B o 5T A 22 A A 2 25 0 1 O 4 M s L S T
FR T AN ), Sy g — 2D AR ST R R

A 5 AL BEAL B S B G R BEE T A
fifi o

1 ##5FE

1.1 HERFER A E

a5 A 22 #1405 B 5E X 20 )7 41 - BmCPV-1
( GU323605, GQ924586, GQ924587 . GU323606
GQ294468 . GQ294469 . GQ150538, GQ150539
Q924588 ., GQ924589 ); DpCPV-1 ( AY163247
AY147187., AY167578, AF542082, AY163248 .
AY163249  AY211091., AY211092, AY211093,
AY211094) ; LACPV-1(NC_003016 .NC_003017 \NC
_003018 \NC_003019 ,NC_003020 ,NC_003021 ,NC
_003022 \NC _003023 , NC _003024 ,NC _003025) ;
HaCPV-5(NC_010670 .NC_010669 .NC_010668 \NC
_010667 \NC_010666 .NC_010665 .NC_010664 ,NC
_010663 \NC_010662 \NC_010661) ; LACPV-14 ( NC
_003006 ,NC_003007 ,NC_003008 ,NC_003009 ,NC
_003010 ,NC_003011 ,NC_003012 ,NC_003013 |NC
_ 003014, NC _ 003015 ) ; HaCPV-14 ( DQ242048 ,
DQ388474 . DQ388475, DQ388476, D(Q388477
DQO17080, DQO10326, DQ010325, DQO010324 .
DQO010323) ; TnCPV-15 ( NC_002557 ,NC _002558 |
NC_002559 \NC_002567 ,NC_002560 ,NC_002561 |
NC_002562 \NC_002563 .NC_002564 \NC_002565)
T #k B GenBank #% 2 £ 4% 122 1 JL PR 21 0408 12 (3K
1% 2012 42 4 J] 28 H ). GenBank 1 TnCPV-15
FERAH R B 1 ~9 45 ¥ 5 (coding sequence,
CDS) ¥ B fF B, A #F5¢ bl i NCBI 7E 2k ORF
Finder 2 ¥ ( http://www. nchi. nlm. nih. gov/
projects/ gorf/ ) % € 31 1k BUfx K ORF 1E N CDS ##
30 #r; LACPV-14 JE 4] 5 Be 10 JER T 2 4
CDS, 2 5 H e B L 241 F Bt 10 AHXT R , A8 BIF 5%
T LR 14> CDS #4773 H7 s HaCPV-5 Ji&
4 B 1 CDS Ay 6 4~k A/C/G/T Jgidit , A HF
FUREIX 6 Al B 2 A 00 % 0 - W BR E REE T
Bro

R, 5 B Wy B B Dendrolimus punctatus
Walker, £ 7% Wk Lymantria dispar L. | #f £ o
Heliothis armigera Hiibner  J; 2% Wk Trichoplusia ni
Hiibner f) % % 1 F AR A K080 F 20 A %5 05 118
B4 % ( Codon Usage Database, Flat File Release
160.0 [ June 15,2007 ] ) ( Nakamura et al. ,2000) ,
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IFIA Ay 85 % 4 ] i 4 P AR ( Wright, 1990) o 7
it B 5T 7 2 £ A 35 BRI 20 ENe J GC G 3 &t
(GC) M X%t 755 3 £ GC & & (GC3s) (AHXS
[F] X % 15 T {fi A J& ( relative synonymous codon
usage, RSCU ) /Y 3155 |k T RSCU & # XJ 1 43 #7
(correspondence analysis, CA) 2] ] CodonW % {4:
S 8o AR A 2 A P R A A A Y 2 1
P 5 WE SCHR (Wright, 1990 ) 4 it 1 28 S35 5
F4g B B ENc {H, fil FH VisualGeneDeveloper %X
ff (Jung and McDonald,2011) {15 5 45 3= B it
RSCU fH . 5 Fh & HE /R h RSCU {8 f% & 1 %5 11 1
TE SR i BV A T

ENc-plot 7347 v, % 73 # 1 ik PR a3 A PR 4 % 7%
T AL 2 2R R R TR S, U B R s
TE U 42 b 5 il 26 23 A (Wright, 1990) 5 b
2 B T L N N I N P S R P AN
2 (i MG 3 ALE GC & & (P2 P #1 P, 1H, 3t
SIS 1 45 45 D T ATG \TGG (ATA [ TAA | TAG I
TGA) , P, *F Py i [l U5 28 B0 2 58 78 -k %1 1 &%
# (Sueoka, 1988, 1999) ; 5 2 73 #r >k Hl B 22 °F J5
A% (Ward” s method ) , [H] 1 J MK [ BE B S 5
(Squared Euclidean distance ), #H 3¢ 4 1 % H
Spearman 55 0 AH G R KL, 2 A AHOCHEA [H] 22 57 b 3
PEHT R Wilcoxon £F 5 Bk ik K 56, 2 > AH K KE
A (6] 22 5 W 25 P 23 A >R H Friedman 325, #5350 3 Ay
BN SPSS #4458 1

2 HREHH

2.1 ENcfER GC EE4H

74~ CPV FL[R 41 3L 70 A~ 5L [H () ENc 5725 1k
IR :42.30 ~59.89 3 {H ky 51.35 £4.06; if f§
R ENe fH35 KT 35,46 3 HA 55 19 ENc
(50 ~61) , /i JE KB ELAY 65.71% , {36 WA Ji 7 &
iU B ) SO 1w P S B 2, 70 A3
I GC & B ZAE L u [ :34. 4% ~49.8% , ¥ {H
7 40.82 +£3.96 ;GC3s A AR ALl 4 :23.3% ~
57.7% ,¥{H J7 35.84 £7.90,GC & &5 GC3s &
AR G E X (p=0.912,P <0.001),
ENc {5 GC &M GC3s F MY A Gt

B AR RB 0 p =0.690 (P <0.001) il p
=0.698(P <0.001) ,

XIS A HL Pk 2 CPV Z [H] ENe {H 1 GC % &t |
GC3s ErE 17 Hh# (£ 1), CPV-5 (HaCPV-5) 5
CPV-15(TnCPV-15) Z [a] 3 Tl 45 br 22 5% ¥ o 48 11
FEX(P>0.05) , HE ks CPV WPy 2%
FEAGIFE (P <0.05) , #E—Lor ki,
3 ff CPV-1 Z [ % BmCPV-1 5 LACPV-1 i ENc
HERAGI 2 E LI (P =0.047) , HEH LG
THE 2 B CPV-14 Z i) GC & 22 5 B4 it
BN (P=0.134) ,ENc fHF1 GC3s S EHEZRA
it L (P =0.044 P =0.009) ; 155 3 AH [F] 1)
HaCPV-5 5 HaCPV-14 2 [i] & LACPV-1 5 LACPV-
14 Z 8] ENc f.GC & & \GC3s R A SR
TR (P <0.05) , 3 425 5L i B AN [) ik Y
CPV % i A AR TR

CPV JL[H 4 10 DI R B oy pras R,
10 L4 BrZ i) ENe fH .GC & & fil GC3s %
HERWARITFEL, BEKFESHN NP =
0.012 P =0.001.P <0.001,¥i 0] CPV JEPH4H N
AR A ES, B SRS EE e
FHEAE

PI1E 32 ENc B8 SR 4% CPV JE R4 R Bt
ENc o FE A SEAT SRR A ¢ K0 00 19 &5 2R R 1],
BmCPV-1 5 B. mori (ENc =58.97) [P <0.001 ],
DpCPV-1 5 D. punctatus (ENc =51.79) [P =
0.002] LdCPV-14 5 L. dispar (ENc =55.35) [P
<0.001 ] ,HaCPV-5 #1 HaCPV-14 5 H. armigera
(ENc =55.58) [P <0.001],TnCPV-15 5 T. ni
(ENc =54.96) [ P <0.001 ] 2 [a] i 22 5 ¥ 55 1t
& Y, LACPV-1 5 L. dispar (ENc =55.35) [d]
2R ILG2EE X (P =0.985) 3] i A £ £
A5 B 25 0 I 4 5 1 32 28 A O M AN TR

2.2 EXEBFERSH

Wk o BT 7 A CPV [R] S 8 i 1 O 4 M
Y3E T BR Met Trp &b 18 R 22 HE R (14 fin 4 25 14 1
(£2). 7% CPV ZI[aA 8 Fhad J M2 0y I 4 14 25
A : AGA (Arg) \AAU (Asn) (GAU (Asp) .
UGU(Cys) .CAA (GIn) ,CAU(His) ,UUA (Leu)
UAU (Tyr), X $e95 54 735 LI A/U Z5 )8, 3 Fl
CPV-1 ZEIBR Glu &b, Ho & 17 2 H B2 0 f 4 7
RS YR R I O G PE R R Y Glu (4 2 A2 65 1
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Table 1 Significance level of ENc and GC content between different electropherotype cypoviruses

GC &1 &M
Significance level of GC(% )

[ S5 A% 726 3 v GC & W 3k
Significance level of GC3s( % )

SN A A R TR
Genome Significance level of ENc
CPV-1 5 CPV-5 P =0.005
CPV-1 vs CPV-5
CPV-1 5 CPV-14 P =0.007
CPV-1 vs CPV-14
CPV-1 5 CPV-15 P =0.007
CPV-1 vs CPV-15
CPV-5 5 CPV-14 P =0.007
CPV-5 vs CPV-14
CPV-5 5 CPV-15 P=0.074
CPV-5 vs CPV-15
CPV-14 5 CPV-15 P =0.047

CPV-14 vs CPV-15

P =0.007 P =0.005
P =0.025 P =0.012
P =0.005 P =0.005
P =0.005 P =0.005
P =0.838 P=0.169
P =0.007 P =0.005

RSCU {H 2 F IR /N ;2 #f CPV-14 Z 8] 18 Ff & 3
12 1) - P 5 % - A ) 5 i 35 M R) A9 HaCPV-5
1 HaCPV-14 Z [ 47 15 Ff G LR 14 i 4 1 25 4
FIF ,LACPV-1 FI LACPV-14 Z 6] 4 13 Fp & R
(14 D -1 25 6% 5 A IR

4545 Fhfis R R RSCU i, %€ 1416 R
H5G X R BE (] A i VRS T (R 2) o 4%
TR 5 A A e R A T D ot —
A UL R HUR R 22 A 7 0 e 4 TR S e
B IR A 1 S A A 25 S

2.3 ENc-plot & ¥ 2 B 4

ENc-plot 7341 v 22 $40 2 & 4> 3 R i 030 st
ERVRTE A & T It ir it Ze o0 A (B 1), R B
22 H80KE PR 5 B 5 A P A 2 32 e 2 B i, 2D K
DR 285 A (1 P AE X 5% 52 6l i 4 i 52 i) 9 3 2
BREZW, b E b (B 2) P4 Py 1)
WA Z %k 0. 164 +0.039 (P <0.001,R =
0.209) , KW AR P, 5200 K 16. 4% , i % £
LY NT P, W52 83. 6% , BV 5w i 35k 20 A 1 1R
R E MR TRAE,

2.4 EF RSCU &Ky 3t B 4> #7

FEF RSCU {E 1 XF W43 B v, 55 1 A2 2 il
Xt A5 S BTk 43 51 A 30.71% A1 11.20% , i 13
AT S 1 TR R R 85.66% PRI 1 il A

R B S5 A 2 A AR B 0 O 25 S Y 32 A
], LA R 9 5 ) R 3R R R e i A B D T D 4
PR E . NI GC FRE5HAES 1 A
BOMHXEASZITFE XL (p= -0.873,P <
0.001),GC3s & 5 HAEE 1 4l b7 & 0y AH OC Pk
WAL it X (p=-0.906,P <0.001) , ¥ B %
T 1 1) i, 5 20 i 2 52 1) % B A 4 1k B 2 A
o ANFEHIKA CPV Z a4 B H A 725 1 Bl A E
2 A A AN TR A TR] LK B CPV 22 Ja) 45 55 R A
TEES 1 AN 2 B oy A 2L (181 3) , BRI AN TRl
VKA CPV ELA AN [A] i) %5 55 7 fff AR

TFi) SL %% 1~ 7 W Bl L 1) 6F O 4 A7 KF £ 8k C/G
SRFWT M A/U 45 R T 1 A
IF, 08 C/G SR BT A/U 85 R %05 11650
—Hh AR (KL 4) , E— 20 UL 2 O
PR 7] SL %% %~ foff PR ASE =20 i 56 4 i, /0 B R TR
[Fi) S %85 Bt 5~ ol I ASE =X B A2 il 35 20 152 ) b, 38 A
HegmREE,

2.5 BEHLSWH

M4 RSCU (X 7 Fh B 5T Y 2 ff) AR 0 #5 2F
PRI M(E5),2 ff CPV-14 J%2 3 Fh CPV-1 £
BB M 12, A — L gk CPV 2 ) i B 45030 s A
[F] HL Yk B CPV 2 [] BE 25 850 0E 5 [ 4 32 S [] H K AL
CPV ZMIBE & IR, B /b it — L RU, R
] FL YK Y CPV ) 25 15 - FE A O ]
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Table 2 Preferred codons in insect cypoviruses
HIE T
Amino acid Codon BmCPV-1 DpCPV-1 LdCPV-1 HaCPV-5  HaCPV-14 LdCPV-14 TnCPV-15
Ala GCA 1.65 1.44 1.54 1.47 1.33 1.26 1.03
GCC 0.37 0.38 0.41 0.29 0.36 0.38 0.42
GCG 1.00 1.09 1.02 1.14 1.11 1.12 0.75
GCU 0.97 1.09 1.03 1.10 1.20 1.24 1.80
Arg AGA 1.89 1.68 1.59 3.51 2.05 2.02 2.16
AGG 0.55 0.67 0.69 0.91 0.63 0.66 0.55
CGA 0.92 0.97 1.07 0.63 1.01 1.00 0.82
CGC 0.92 0.90 0.81 0.16 0.87 0.82 0.66
CGG 0.30 0.39 0.35 0.14 0.20 0.22 0.16
CGU 1.42 1.39 1.49 0.66 1.24 1.28 1.64
Asn AAC 0.80 0.73 0.83 0.56 0.64 0.67 0.55
AAU 1.20 1.27 1.17 1.44 1.36 1.33 1.45
Asp GAC 0.73 0.69 0.66 0.58 0.55 0.56 0.51
GAU 1.27 1.31 1.34 1.42 1.45 1.44 1.49
Cys UGC 0.74 0.86 0.96 0.63 0.77 0.91 0.58
UGU 1.26 1.14 1.04 1.37 1.23 1.09 1.42
Gln CAA 1.06 1.10 1.04 1.33 1.36 1.36 1.45
CAG 0.94 0.9 0.96 0.67 0.64 0.64 0.55
Glu GAA 1.01 0.96 0.95 1.29 1.18 1.18 1.33
GAG 0.99 1.04 1.05 0.71 0.82 0.82 0.67
Gly GGA 1.28 1.29 1.26 1.97 1.39 1.37 1.40
GGC 0.88 0.83 0.83 0.37 0.85 0.83 0.59
GGG 0.44 0.37 0.39 0.41 0.33 0.36 0.27
GGU 1.41 1.52 1.51 1.25 1.43 1.44 1.75
His CAC 0.84 0.71 0.66 0.51 0.57 0.63 0.46
CAU 1.16 1.29 1.34 1.49 1.43 1.37 1.54
Ile AUA 1.21 1.19 1.20 1.77 1.15 1.11 1.03
AUC 0.84 0.9 0.79 0.28 0.55 0.58 0.49
AUU 0.95 0.91 1.02 0.95 1.30 1.31 1.47
Leu CUA 1.30 1.21 1.30 0.81 0.74 0.80 0.78
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4 3% 2( Table 2 continued )

AL BT
Amino acid Codon BmCPV-1 DpCPV-1 LdCPV-1 HaCPV-5  HaCPV-14 LdCPV-14 TnCPV-15
cuc 0.55 0.49 0.45 0.14 0.18 0.21 0.37
CUG 0.62 0.63 0.65 0.43 0.49 0.44 0.25
CcuuU 0.76 0.8 0.85 0.49 0.84 0.82 1.03
UUA 1.85 1.86 1.79 2.99 2.16 2.18 2.54
uuG 0.92 1.02 0.96 1.14 1.58 1.55 1.03
Lys AAA 0.96 1.00 0.99 1.39 1.17 1.17 1.31
AAG 1.04 1.00 1.01 0.61 0.83 0.83 0.69
Phe uuc 1.04 1.09 1.12 0.64 0.79 0.80 0.56
uuu 0.96 0.91 0.88 1.36 1.21 1.20 1.44
Pro CCA 2.00 1.82 1.68 2.01 2.01 1.96 1.36
cCcc 0.48 0.62 0.52 0.33 0.28 0.32 0.40
CCG 0.51 0.6 0.74 0.76 0.77 0.81 0.50
CCU 1.01 0.95 1.06 0.91 0.95 0.91 1.73
Ser AGC 0.77 0.86 0.84 0.78 0.79 0.76 0.62
AGU 1.26 1.12 1.11 1.67 1.45 1.43 1.61
UCA 2.00 1.82 1.85 1.98 1.58 1.61 1.20
ucc 0.71 0.51 0.5 0.29 0.45 0.44 0.46
UCG 0.61 0.66 0.66 0.61 0.80 0.78 0.35
UCuU 0.66 1.02 1.03 0.67 0.93 0.98 1.76
Thr ACA 1.59 1.43 1.46 1.73 1.30 1.28 1.10
ACC 0.48 0.58 0.55 0.43 0.54 0.56 0.44
ACG 0.92 1.03 0.99 0.92 0.94 0.94 0.59
ACU 1.01 0.95 1.00 0.92 1.21 1.22 1.88
Tyr UAC 0.86 0.9 0.83 0.65 0.75 0.74 0.49
UAU 1.14 1.1 1.17 1.35 1.25 1.26 1.51
Val GUA 1.40 1.19 1.21 1.72 0.99 0.99 1.23
GUC 0.53 0.69 0.66 0.33 0.47 0.50 0.49
GUG 1.05 1.11 1.12 0.91 1.10 1.09 0.71
GUU 1.02 1.01 1.00 1.04 1.44 1.41 1.57

E  IOHL 2 7R 00 2 B R e A M T, R RIS T CPY 515 2 AT i Ap M2 A T o

The preferred codons are in bold, the preferred codons shared by viruses and their host are underlined.
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third synonymous codon position

E1 BRREZHERSEBDFERERX ENc-plot 5347
Fig.1 ENc-plot of codon usage patterns of insect cypoviruses
S ENe XA L7455 3 2 GC Fat iy ER(E .

The expected ENc values from GC3s are shown as a solid line.
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Fig.2 Neutrality-plot of codon usage patterns of insect cypoviruses
SRR PO P, BB 0T, R® =0.209,P <0.001,
The solid line is the linear regression of P, against P, ,R* =0.209, P <0.001.
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