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Codon Usage Bias in Vitis vinifera

XU Chen,CAI Xiao-ning,QIAN Bao-1i.BEN Ai-ling
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Abstract: In this study, trends in synonymous codon usage in Vitis vinifera have been firstly examined

through the multivariate statistical analysis on 1374 ¢cDNA sequences, The results showed that the genes

positions on the primary axis were strongly negatively correlated with GC3s.GC content of individual gene

and gene expression level, which indicated that nucleotide composition and gene expression level were the

main factors in shaping the codon usage of V. vini fera.and the variation in codon usage among genes may
be due to mutational bias (#=0, 925) at the DNA level and natural selection (r=0, 193) acting at the level

of mRNA translation. At the same time,CDS length and the hydrophobicity of each protein were, respec-

tively, significantly correlated with codon bias.
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Table 1

Codon usage of the genome in V. vini fera

2EHEHARF] Genome

HRIKFF] High EREFH Low

BER EHT

AA Codon kam%er RSCU N?m%r RSCU N?mi{)er RSCU
Phe uuu- 291 190 25.2 1337 1.39 371 0.65
uuC 215 288 18.6 670 0.61 768 1.35

UvuA 156 031 13.5 1022 0.98 111 0,37

uuG* 289 607 25.1 1691 1.63 187 1.26

Lt Cut 255 515 22,1 1586 1,33 328 0.85
cuc 156 157 13.5 199 0.18 690 1.79

CUA 128 918 1.2 645 0.62 163 0,13

CUG 141 100 12.2 793 0.76 198 1.29

AUU" 301 597 26.1 1745 1.64 357 0. 98

Ile AUC 181 341 15.7 612 0.38 523 1.13

AUA 138 131 13.7 830 0.78 218 0.6

Met AUG* 301 968 26,1 1608 1 532 1
GUU" 268 788 23.3 1827 1.76 381 1

GuC 126 316 10.9 191 0. 47 391 1.04

vl GUA 120 281 10, 4 758 0.73 146 0. 38
GUG 226 898 19.6 1078 1,04 596 1.57

UAU* 206 846 17.9 1071 1. 46 218 0. 66

b UAC 121 432 10,5 392 0.54 113 1.3t
TER UAA 6 828 0.6 28 0.92 31 1.03
UAG 6 815 0.6 26 0.86 26 0.87

CAU” 206 688 17.9 1294 1.39 206 0.8

e CAC 105 740 9.1 337 0.41 307 1.2
. CAA- 256 139 22,2 1399 1.09 245 0,72
Gn CAG 184 609 15.9 1334 0.91 133 1.28
AAU” 301 192 26.1 2 445 1.t 386 0.89

Asn AAC 168 187 14.6 942 0.36 185 1.11
AAA 337 782 29.2 2751 1.05 108 0.76

by AAG” 388 631 33.6 2 494 0,95 663 1.214
ucu- 211 291 21,1 2 109 1.81 386 1.11

ucce 145 986 2.6 737 0.63 516 1.18

Ser UCA 215 991 18.7 1779 1.53 313 0.4
ucG 64 626 5.6 248 0.21 370 1.06

cCu- 216 148 18.7 1264 1.69 321 0.88

CCC 105 200 9.1 372 0.5 360 0. 98

Fro CCA 211 178 18.3 1200 1.6 371 1.01
CCG 60 161 5.2 160 0.21 116 113
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#:3% 1 Continued Table 1

ACU”* 204 752 17.7 12814 1.7 286 0,97
ACC 127 287 11 179 0.63 155 1.51
Thr .
ACA 179 134 15.5 1116 1. 18 191 0. 66
ACG 19 960 1.3 110 0.19 243 0. 83
G(Cu* 267 133 23.1 1998 1.8 363 0.9
GCC 155 209 13.1 636 0,57 558 1.38
Ala
GCA 229 251 19.8 1631 117 244 0,71
GCG 58 533 5.1 176 0.16 393 0.97
uGu- 125132 10.8 732 1.23 232 0. 87
Cys
’ uGe 91 398 8.2 163 0,77 300 1.13
TER UGA 10 155 0.9 37 1.22 33 1.1
Trp UGG 180 135 15.6 761 1 351 1
CGU A9 669 6 191 0,78 118 0. 68
cGC 33 766 1.7 191 0,31 201 0.91
Arg
CGA 76 515 5.6 {11 0. 65 179 0,82
CGG 59 827 5.2 291 0,47 230 1,06
AGU 162 715 4.1 1378 1.18 187 0.51
Ser
AGC 118 518 10.3 715 061 320 0,92
AGA~ 211 862 18.6 1118 2.25 273 1.25
Arg
AGG 185 039 16 975 1.55 272 1.25

Fex BRICEW T, RSCU H[6 L% M 18 .

Note: Table with a * are optimal codon for each amino acid. Relative frequency of synonymous codon 1s abbreviated to RSCU.
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Fig.1 Ncplot (Nc values vs GC3s) of the V., vine fera genes
The continuous curve represents the expected curve

between GC3s and Nc under random codon usage
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Table 2 Correlation coefficients of the factors

i e PV 33 E =) g i i [rag Al ered - 3 A 7 5l w2 SR A 2 Y 2.
T3s (35 A3s G3s CAI CBI Fop Ne GC3s sravy romo number el

C3s —-0.787 "

A3s 0,380 —0,575"

(3 SR LESE 0.236" -0.575

CAI 0,036 0,362 —0.303%C —0,058°°

CBI —0,463* ¢ 0.681" " -0.529* 0. 047 0.597 " ¢

Fop —0.377" " 0,613 —0. 1817 0,038 0.703° 0,955 -

N —0.319" " 0,319 ~0,156" * 0.113" " 0,023 0,181+ 0,151

GC3s —0, 856" 0.812° " 0.763" " 0,699 0,195 0,353 " 0,500 0,290

GO -0.678 U.B12F T —0.703 0. 116" 0.230° 0,575 ° 0.560" 02107
Gravy - 01157 0,159°°  —0.2125  —0.119° =0, 1047 0.160° ©  —0.033 0,0827* 0,091~ —0.039 ¢
Aromo 0,079 " 0,237 —0.091" " —0,030 ) —0,003 0.021 0,011 0.075" 0,103~ 0. 158" 0,111

Gene number 0,351 - 0,362 ~0,227" 0,153 01200 0,225 0,215 0,173 0,310 ¢ ~0 3117 ~0,065 ¢ -0, 161 -
Axisl —0.813" U.868° " —0.851 " 0.182" " 01937 0.624 - 003510 0,312 0,925 " 0.815° " 0,213 0,221 " —0.383°
Axin? 0. 059° —0, 087 0,2217 0.193 01907 ¢ 0,027 0,168 * 0. 009 0.230° 01137 - 07557 0,567 —0.0l1 0083 "

L CAL B0 T B M H CBL ST AR IFHE 3 Fop. BB FHEABE Ne AREBTE » M+ « BRI RFHEIELEH 0,05 F10.01 BEFKTF.

Note; CAL Codon adaptation ndex; CBL Codon bias index; Fop. Frequency of optimal codons; Ne. Effective number of codons: ¥ and # # indicate significant correlation at 0,05 and 0. 01 level, respectively.

i 2

tf:rg

2N P AN R PR R A A R

elr



414 Bod #H oY ¥ W 32 %

. IR AEEREWES RN EER
ENMAARM TS, H—HEAEKES CAL CBI,
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180 1) 5% DR X AR 0y i A B A R AT LA D ) L RE A
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R E R RN BT B R R RZ
HHERMERE,

M 2 Al KBS GC3s,Ne 21k i &
HIE (r=—0.349,P<0.01;r=—0.173,P<C0.01).
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