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RSCU RSCU
AA Cod AA Cod
odon High Low odon High Low
Phe TTT 0.03(477) 1. 32(22346) Ser TCT 0.09(816) 1. 68(25369)
TTC * 1.97(30259) 0.68(11533) TCC * 2.23(20724) 0.59(8835)
Leu TTA 0.01(70) 0.97(14038) TCA 0.07(668) 1. 61(24249)
TTG 0.10(1261) 1. 40(20275) TCG * 1. 75(16215) 0. 28(4286)
CTT 0.09(1175) 1.59(23128) AGT 0. 04(374) L. 14(17158)
CTC 9. 81(35875) 0. 52(7489) AGC 1. 82(16868) 0.70(10543)
CTA 0. 06(787) 0. 73(10598) Pro CCT 0.14(1782) 1. 62(18587)
CTG x 2. 93(37459) 0. 80(11620) CCC * 1. 46(18112) 0.41(4733)
Tle ATT 0. 06(486) 1. 44(23637) ceA 0.131617) 1. 70€19546)
ATC * 2. 87(22836) 0. 60(9870) CCG = 2. 26(28023) 0.27(3083)
o |~ =4
ATA 0.07(57%) 0. 95(15599) Thr ACT 0.06(571) 1.53(17836)
ACC 1.87(17455 . 58(672
Val GTT 0.06(899) 1. 73(25966) CCx 8717455 0 58(6720)
. o ACA 0.08(732) 1.65(19219)
GTC = 1. 63(25944) 0.57(8552)
ACG * 1. 99(18560) 0.24(2856)
GTA 0. 04(566) 0.81(12211)
Ala GCT 0.11(2890) 1. 72(27325)
GTG » 2.27(36077) 0.89(13330)
GCC * 1.92(50432) 0.52(8250)
Tyr TAT 0.03(318) 1. 34(16892)
GCA 0.09(2481) 1.53(24254)
TAC 1.97(21379) 0. 66(8401) B}
GCG * 1. 88(49288) 0. 24(3762)
His CAT 0.07(693 1. 47(18698
" (693) ¢ ) Cys TGT 0.03(254) 1. 21(10755)
CAC 1. 93€18040) 0. 53(6693) TGC * 1. 97(14563) 0.79(6976)
Gln CAA 0.06(692) 1.11(21812) Arg CGT 0. 11¢1072) 0. 86¢7257)
CAG = 1.94(21605) 0. 89(17404) CGC * 3.03(29706) 0. 40(3342)
Asn AAT 0.06(626) 1.35(29124) CGA 0. 08(741) 0. 69(5782)
Lys AAA 0.06(767) 1. 04(29752) AGA 0.06(574) 2.09(17541)
AAG * 1.94(25448) 0.96(27498) AGG 0.90(8810) 1.51(12639)
Asp GAT 0.07(1413) 1. 46(40137) Gly GGT 0.11(1865) 1. 41(20563)
GAC * 1.93(40921) 0.54(14981) GGC = 2. 76(48757) 0. 64(9330)
Glu GAA 0.07(1314) 1.17(36100) GGA 0.14(2528) 1. 31(19076)
GAG * 1. 93(36546) 0.83(25730) GGG * 0.99(17445) 0. 64(9394)

TE « i A 0% D T $hrac » » ROT R R (E b P<<0. 01,



78

T ok B2 RR SUE BT 4 A AR Mo A

XL

2.2 ZBHTERMESH
Fl 14 59 FhF LB F oLl A.C.G
FMTHESLEENEL FESEZSE N PAT 2

(1) % 8% R R 0 5 T B A 1 B 07 L i L T 25 R Y
WA ER T 2 A TR R 7 b R B T AR
PRANEI R J5. LI G 45 R B % 1 A A TR

04 Wl 1 97 0 DL C 55 R B 5 B T 6 43 A e 4
03 R ST L C 55 R I 5 S T 76 6 1 I e 4T s
R P Y AT W B DR P A 7E L T T 3 R T B0 G
ul o & a8 L BAEAE— R
° % ol oA 2.3 BHIERRUEEXEZSH
1 oo s ! X B8 0 PR CFOP) I 5 £ 38
N : K (ENO) 5319 GC &t 4 3 {u % 7
ald GC3s & 4 3 %S T ALC.G Hl T BlIL T4y
° ij " AR AR T QUNE AR T T

B 1 A Fhodi 2y A 59 F R U5 T4 i [E
¢ A-ending, AC-ending, AG—ending, 9T—ending

A A 6] B ) 3 A B0, AT LA L LU AR T &
RS 1 R A AL bn P i Y ZE M i L G OA C
SR T REMAM AU 2 0L G 4R
05 B L T Nk A Ze . PR s e A 5 —
ARl CRIEGN D W] IR X 7 AT 25 B Ay % 5 1
MG, CHREIEN T, T IEH. DL AZRE

CBI S22 [ B AH & R B AT T A 3. &5 %W,
TR % RS T AR Fop 5 GC & & . GC3s
T C3s M G3s Z M X R B3R r=
0.780 7.0.822 3.0.826 2 fl 0. 600 1,33k %
83K S 1 B e fE 2 S 7 050 00 R 3 TR 4 1
JEPANA L GC & 8 IU S 3 %11 GC &
WAAEHEIEMG., M5 T3s M A3s(FC R
r=—0. 7805 Ml —0. 8034) = [a] £7 7& B & 7 #H 5 .
] B s 5 FI0 28 18 -l R 0% 5 0 S v S R B

K2 FTESHEXRYBEERRE

CBI Fop ENc GC GC3s T3s C3s A3s G3s CAI CBI
Fop 1. 0000

Nc —0. 6815 1. 0000

GC 0. 7807 —0.7391 1. 0000
GC3s 0.8223 —0.7955 0.9274 1. 0000

T3s —0. 7805 0.7692 —0.9165 —0.9700 1. 0000

C3s 0.8262  —0.7522 0. 8369 0.9364  —0.9069 1. 0000

A3s —0.8034 0. 7471 —0.8959  —0.9500 0.8586  —0. 8865 1. 0000

G3s 0. 6001 —0.6301 0.7234 0.8333 —0. 7881 0.6268 —0. 7849 1. 0000

CAI 0.7314 —0. 4415 0. 3544 0.4823 —0.3842 0. 5655 —0.5086 0.3635 1. 0000

CBI 0.9863  —0.6880 0. 7970 0.8339  —0.7978 0.8300  —0.8214 0.5992 0.6782 1.0000

VE OB 3 3K IR K E (P<<0. 01) .
(B A2 BH 3. 67 AH 2 R 96 2280 r= —0. 6815) . fifi
PR A 00 S A 35 DR R 22 o L B 0 288 ) ol FH A0 %%
. BEAh . fe 2 5 FH A0 %6 5 9 i 306 I 48 4L
CAI 195 1% 1 2= 45 50 CBICH 6 2%k r=0. 7314
F1 0. 9863) [ \CAI 5 CBI(AH X &%k r=0. 6782)
22 (B YA S 35 1) 1E A 5% 5 33 158 B 3 L ) % 38 7K1
8L R 5 L 0 O 1o R
3 W

H TR AR 5 R A A (R (A
X N7 P A S SR AR W AR A5 B A A R AR IR
o — A 3k DR K Al AR R S B S
N AE SR A AT, R AT & 1 R A0 %
0 . BRI R B R TR 9 9 B 2 8] X 2% 6 1
PR ) EL A AR ik 1) 4 S P L 1 A B A 1
A ELAT R AL B % 5 il B = U B B 5 R
Tl R R oS R Al A AR rp B R S ML X R AR fE
T4 A A A% T R 0 4R R A T AR AR

0 - 0 05 1 = A 1 A 2 A B T IS AN T
RO G N2 L KA B 3 A8 W 4 56 TR AL T Y
FHAR 58 B % 2565 7 IS o0 A Bk — 25T
fife o LAk R 9% a0 2 A8 2 A ) 11 3 DR 4
L A RS L AR AR B 5T R B L R T W Rl AR
B 0 D R 5% ) %% 5 0 FH O o 1 VR AR 2 i 3k
DR 21 B 55 110 B 356 4 4 L T HL R 38 IR 4 i X GC %
2 7E L [R) SC fof F £%) 7 AE  TE R
E(J,fjtjjsjt\[iﬁﬂl.lﬁ—lﬂ .

5T 2 0 L 3 TR 4 A IX A0 Bl 3 4 4 (GC
) 3 Z0 R W [R) SCERS T  mE,  EEE
IEMIZE . VBN BT A G 5 K L3 N 4 1 e 471
GC # i oh 56. 1%, W I & F XUF 4L 9 /9 8L e
FECHERE GC &l 43.2%) B 54 18] T4 LA
G 8 C &5 R A% A%+, 1mi 80/ J7F W Jm 4 T A
BT EMFEMF, JRHREREE 3 L
T GC & &5 (GC3s) 5 5 35 % 15 7 1 7 2 f

3



L HFEA

Z &

ok L H F

7 3

AR ZBIEA K RE N B,

WFIE I A I B 0 ol ) O 1 5 6 R iy 3
KGRSO W H AR — S R R IB R SE P TR Y TR
A= i 75 ) R R SRR OAC o i AR SRR R DR R A S, X
5 Stenico % #ll Mclnerney 45 i) #F 55 45 R — 30, '
R 05 (0 B I el D 68 2 08 1 A LG BOIR 26 1K R 38
114 5 DR EL A 1) A A [] ) 23 s P A 2% R R Gk
PR E R m AR A RS T E A
AT A ) ) M A A A — 2l
PR SCEE 7170, A L 3R i P A 5 A0
Rl R B tRNA B UIAR O, K Az i e A P 190 4%
T EHH T & B 1Y (RNAL X FET] LU
R B B AR 1 5 e B O A ) R R OR
I X 4 A s B el P O P R AT IF 9 AT LA A R
PR 8 A A5 365 1 3R 38 R e SR AR A L DA T 42
S I IR RREY

S E T K 27 A E R %
T4 T K B DR ol i v b A 3 Y A B R Rk
FEAAEENR R E G N R EEAR
Ik E R I B A A RCR
S 23k
(1] B v 2 F . BR o e B i 08 5 T e A LT ). A

Y T A2 4.2000,16(3) :308-311.

(2] T, I SCH 4 SCU. SARS LRI # ) 25 1 T I 1 44 43
BrLJ]. 2k dr R 2E A58 . 2003, 7(3) 1 219-223.

[3] Duret L,Mouchiroud D. Expression pattern and surprising-
ly,gene length shape codon usage in Caenorhabditis, Dro-
sophila and Arabidopsis [J]. Pro Nat Acad Sci USA,1999,
96(8) :4482-4487.

[4] Sajau H,Washio T,Saito R,et al. Correlation between sequence
conservation of the 5 untranslated region and codon usage bias
in Musmusculus genes [ J]. Gene,2001,276(2) :101-105.

[5] Esley M, Heizer Jr, Douglas W, et al. Amino acid cost and
codon-usage biases in 6 prokaryotic genomes: A whole-ge-
nome analysis [ J]. Mol Biol Evol,2006,23:1670 -1680.

[6] Kanaya S. Studies of codon usage and tRNA genes of 18 u-
nicellular organisms and quantification of Badillus subtilis
tRNA: Gene expression level and species-specific diversity

of codon usage based on multivariate analysis [J]. Gene,

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

(17]

[18]

[19]

[20]

[21]

1999,238.143-155.
Gouy M, Gautier C. Codon usage in bacteria correlation with
gene expressivity [J]. Nucleic Acid Research, 1982 (10):
7055-7074.
Akashi H. Inferring weak selection from patterns of poly-
morphism and divergence at silent sites in Drosophila
DNA[J]. Genetics,1995,139:1067-1076.
Goldman N, Yang Z H. Codon based model of nucleotide
substitution for protein coding DNA sequences [ ]J]. Molecu-
lar Biology and Evoution,1994(11):725-736.
Nesti C, Poli G, Chicca M, et al. Phylogeny inferred from
codon usage pattern in 31 organisma [ J]. Computer Appli-
cations for the Biosciences,1995(2).167-171.
Schmidt W. Phylogeny reconstruction for protein sequences
based on amino acid properties [ J]. Journal of Molecular Evo-
lution,1995,41:522-530.
Chiapello H, Lisacek F,Caboche M, et al. Codon usage and
gene function are related in sequences of Arabidopsis thali-
ana [ J]. Gene,1998,209;1-38.
Epstein R J,Lin K, Tan T W. A functional significance for
codon third bases [J]. Gene,2000,245.:291-298.
Patrick S,Schnable D W,Robert S F,et al. The B73 Maize
Genome: Complexity, Diversity and Dynamics [J]. Sci-
ence,2009,326:1112-1115.
David J L,Gregory A C S,Donal A H. Synonymous codon
usage is subject to selection in thermophilic bacteria [J].
Nucleic Acids Research,2002,30:4272-4277.
Paul M S,Laura R E,ZENG Kai. Forces that influence the
evolution of codon bias [J]. Phil Trans R Soc B, 2010,
365:1203-1212.
LV Hui,ZHAO Wei-ming,ZHENG Yan,et al. Analysis of
Synonymous Codon Usage Bias in Chlamydia [J]. Acta
Biochim Biophys Sin,2005,37:1-10.
i 0 i Db, KRS ARG 2T NBS. LRR 5 5 5 0% [R] S %
T4 T s e 149 L3 L] VR4 5 2005, 31(5) :596-602.
Stenico M, Lloyd A T, Sharp P M. Codon usage in Cae-
norhabditis elegans: delineation of translational selection
and mutational bases [J]. Nucleic Acids Res, 1994, 22;
2437-2446.
Mclnerney J Q. Replicational and transcriptional selection
on codon usage in Borrelia burgdorferi [J]. Proc Nat Acad
Sci USA,1998,95:10698-10703.
TROMET A [ ER L S 0%, 55 B TS Ak 0 AR RS 2R R A
K AT W g s [ . S HOR IR 2002,12(4) : 42-46.

Analysis of Synonymous Codon Usage Bias in Maize

YU Jin-hai
(Crop Breeding Institute of Heilongjiang Academy of Agricultural Sciences, Harbin, Hei-

longjiang 150086)

Abstract ;: By using the whole genome sequences of maize inbred B73, twenty-seven optimal codons of maize were

identified in 59 synonymous codons and a detailed relative analysis results were obtained by means of a multiva-

riate analysis program-CodonW. The results showed that the frequency of optimal codon (FOP) was present

positive correlation with G+ C content of genes(GC,r=0. 780 7) ,G+C content at the third position of synon-
ymous codons(GC3s,r=0. 822 3),codon adaptation index(CAI,r=0.731 4)of species and Codon Bias Index
(CBI,r=0. 9863). But had negative correlation with effective number of codons(ENc,r= —0. 6815). The re-

sults indicated that the codon usage of maize genes influenced mostly by GC content of genes with higher ex-

pression showed more significant codon usage bias. Twenty-seven codons identified firstly as optimal codons in

B73 may provide some more useful information for maize gene-transformation.

Key words: maize; synonymous codon usage bias;optimal codons; GC content



