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Analysis on Codon Usage and Evolution of Soybean Mosaic Virus
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Germplasm Enhancement, Nanjing 210095 , China)

Abstract: The codon usage and evolution of 57 SMV isolates from different countries were analyzed in this study. The results
indicated that GC content of codons was lower than AT in SMV isolates. GC3 content was less than 50% . SMV preferred to use
those codons ending with A or T. GC content at three positions of codons( GC1,GC2 and GC3) had a significant correlation
with each other( P <0.01). ENC value was between 49.42 and 51. 78, which meant that the codon bias existed while it was
not significant. Corresponding analysis( COA ) indicated that Axis 1 appeared 67.84% variation. There were significant correla-
tion( P <0.01 ) among ENC,GC3 and GC12. Above results with the analysis of Neutralityplot and ENC plot revealed that codon
bias was influenced mainly by mutation pressure. And the comparative analysis of RSCU discovered 19 optimized codons in
SMYV. Cluster analysis based upon RSCU proved that SMV codon bias was related with their geographical origin.
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Table 1 Content of GC codon at three positions and ENC value and sources of SMV
Sy =G GC/% NG GenBank %3¢ 5 et
Isolate Total GC/% GCl1 GC2 GC3 Accession number Country
413 41.5 47.87 35.98 40.52 51.08 GUO015011 ZKFN Unknown
44694 41.9 48.30 36.06 41.13 51.32 HM590055 H1[E China
4547 42.0 48.39 36.24 41.28 51.30 HQ396725 HFi[E China
6067-1 43.0 35.89 41.52 48.37 50.49 JF833015 A [E China
6202-2 41.7 48.15 36.05 40.71 51.02 JF833014 H1[E China
Aa 42.8 35.76 41.46 48.09 49.63 AB100442 HZ Japan
Aal5-M2 42.9 35.83 41.55 48.12 49.68 AB100443 H 7 Japan
Gl 42.8 35.76 41.08 48.15 49.57 FJ640977 [ USA
G2 43.1 36.08 41.8 48.12 50.23 S$42280 FE[E USA
G3 42.7 35.89 40.71 48.25 49.98 FJ640978 ZEE USA
G4 43.1 35.93 41.97 48.14 50.30 FJ640979 Z[#H USA
G5 42.9 35.95 41.30 48.28 49.91 AY294044 FE USA
G5H 42.8 35.79 41.65 47.97 49.58 FJ807701 i [E Korea
G6 42.7 35.43 41.44 48.23 49.46 FJ640980 2 [E USA
G6H 42.8 35.59 41.72 48.01 49.91 FJ640981 i [E Korea
G7 42.8 35.64 41.77 47.65 49.74 AY216010 ZEE USA
G7A 42.8 35.83 41.74 47.62 49.76 FJ640982 [ USA
G7TH 43.0 35.79 41.46 48.40 50.16 AY294045 i [% Korea
G7H2 42.9 35.76 41.36 48.37 50.30 FJ807700 wfi [E Korea
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NEY & GC GC/ % NG GenBank # 555 SRR
Isolate Total GC/% GCl1 GC2 GC3 Accession number Country
L 43.2 35.93 42.19 48.11 50.27 EU871724 &K Canada
L-RB 43.3 35.99 42.41 48.11 50.21 EU871725 JMEER Canada
N 43.1 35.92 41.83 48.12 50.53 D00507 F[E USA
Rsv4-RB3 43.0 35.82 42.34 47.86 50.31 JN416770 AN Unknown
Sc3 41.6 48.03 36.05 40.61 51.02 JF833013 H1[E China
Sc6 41.5 47.87 35.86 40.61 50.93 HM590054 Hi[E China
WSs32 42.9 35.40 41.94 48.23 49.49 FJ640954 [ Korea
Ws37 43.1 36.09 41.78 48.14 50.53 FJ640955 i [E Korea
WS84 43.0 35.89 41.80 47.84 49.55 FJ640956 [ Korea
WS101 42.9 35.71 41.82 48.14 49.42 FJ640957 55 [E Korea
WS105 42.8 35.76 41.52 48.03 49.86 FJ640958 & [E Korea
WS109 43.2 36.03 42.16 48.11 50.33 FJ640959 55 [E Korea
WS110 42.9 35.79 41.71 48.06 49.88 FJ640960 5 [E Korea
WS116 43.0 35.67 41.90 48.19 49.53 FJ640961 55 [E Korea
WS117 43.0 35.96 41.85 48.04 50.01 FJ640962 i [E Korea
WS128 43.1 35.83 41.90 48.19 50.70 FJ640963 55 [E Korea
WS132 42.7 35.61 41.43 48.06 49.44 FJ640964 wf[E Korea
WS135 42.8 35.64 41.55 47.97 49.90 FJ640965 mifi [E Korea
WS144 43.2 35.99 42.25 48.08 50.37 FJ640966 wf[E Korea
WS145 43.2 35.9 42.10 48.14 51.04 FJ640967 i [E Korea
WS149 43.2 35.96 42.22 48.14 50.29 FJ640968 wfi[E Korea
WS151 42.7 35.73 41.18 48.15 49.70 FJ640969 i [F Korea
WS155 43.1 35.66 42.39 48.06 49.52 FJ640970 & [ Korea
WS156 42.9 35.74 41.66 48.08 49.87 FJ640971 [ Korea
WS160 43.2 35.99 42.28 48.08 50.38 FJ640972 & [ Korea
WS162 43.2 35.81 42.22 48.17 49.99 FJ640973 [ Korea
WS200 43.0 35.99 41.50 48.36 50.35 FJ548849 i [E Korea
WS202 43.2 35.99 42.35 48.01 50.48 FJ640974 i [E Korea
WS205 43.1 35.93 42.22 48.04 50.34 FJ640975 55 [E Korea
WS209 43.2 36.06 42.22 48.08 50.41 FJ640976 w5 [E Korea
Am 42.5 48.18 36.32 42.95 51.78 KC845322 A1 [E China
Arl3 43.0 35.99 41.38 48.42 50.33 KF135488 PR Tran
Ar33 43.0 36.07 41.58 48.09 49.96 KF135489 HrEH Tran
Goll 42.9 35.53 41.67 47.61 51.37 KF135491 PR Tran
Ky 41.4 47.87 36.08 40.33 50.76 HQ845736 FE[E USA
Lo3 43.0 36.13 41.73 48.03 50.08 KF135490 ] Iran
TNP 42.8 35.93 41.13 48.11 50.28 HQ845735 F[E USA
SX 42.8 36.03 41.44 438.14 50.36 K(C845321 F1[E China
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Table 2 Correlation analysis of each gene’s related parameters

GC GC1 GC2 GC3 GC12
GC1 -0.894""
GC2 0.942** -0.982""
GC3 0.930" " -0.989 " 0.974 "
GC12 -0.825"" 0.986 " " -0.937*" -0.972**
ENC -0.438" " 0.692** -0.632*" -0.649 " " 0.723**

TP <0.01 B EH AR

** P <0.01 extremely significant level.
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KEHTER SMV 2By, BESEIZEAEZE SMV
RS AR, B 52k | R E Y SMV 43 25 4 4]
AR SR G55 5% N o B — B, L JE R ] A
FH B W B, 4% 57 A SMV 43 B34 7 51 Ak 2 1)
ARG, BT 2R 3 (K 4b) RIS
LT RSCU Ayt py kA A — 35 (BB 2R 2 1)

SRR, LA UL, KGR R R SR 5

ST Pk i RS S A — 8 (H A —
FE 255, ] e A SE R e b () S AR B 3
TRPE 2L

F3 KEEMFSERNEAHTHERERTF
Table 3 Preferred codons in SMV genome

AR HT AR T AR BT T IR W T
Amino acids Codon Amino acids Codon Amino acids Codon Amino acids Codon
Phe Uuu Tyr UAU Ser ucu Cys UGU
uuc UAC™ ucc uGe™
Leu UUA TER UAA UCA™ TER UGA
uuG* UAG ucG Trp UGG
CuU His CAU Pro CCU Arg CGU
cuc CAC™ ccer CGC
CUA Gln CAA CCA CGA
CUG~ CAG CCG CGG
Ile AUU Asn AAU Thr ACU Ser AGU
AUC™ AAC™ ACC™ AGC™
AUA Lys AAA ACA Arg AGA ™
Met AUG AAG™ ACG AGG™
Val GUU Asp GAU Ala GCU Gly GGU
GUC GAC™ GCC GGC
GUA™ Glu GAA GCA GGA
GUG ™ GAG GCG* GGG~

*: ARSCU >0.08.
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