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Analysis of Codon Usage Bias of ABI3 Genein Orchidaceae
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School of Life Science, Nanchang University, Nanchang, Jiangxi 330031, China

Abstract: Codon bias is an important factor affecting gene expression, and it is also one of the key clues to reflect gene
evolution. Orchidaceae plants are the “flagship” group in plant protection, and most species have medicinal and orna-
mental values, but seeds are not easy to germinate. ABI3 (abscisic acid insensitive 3) gene is the central regulator of
ABA signal transduction, involved in seed development and dormancy processes, and is the key factor to regulate plant
seed germination. Therefore, in-depth study of codon bias of orchid ABI3 gene can lay a foundation for analyzing the
function of the gene and optimizing the codon composition. Using Arabidopsis thaliana ABI3 gene as a probe, 45 Orchi-
daceae ABI3 genes were screened from the public database (NCBI), and the codon use patterns and preferences were ana-
lyzed by bioinformatics programs such as CodonW, SPSS and MEGA. The ENC (effective number of codon) value of the
genes ranged from 40.84 to 58.46, of which 82.2% was greater than 52. The average value of CAI (codon adaptation index)
was 0.203, far less than 1, indicating that the codon usage bias of ABI3 gene was relatively weak. Neutral plot analysis
showed that the slope of the regression curve between GC;, and GC; was 0.6103, R*=0.7928 (P<0.05), indicating that the
base composition has an important influence on codon bias. In ENC plot analysis, the ENC value of all genes was lower
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than the expected value, but the difference was small, indicating that the codon of orchid ABI3 gene is mainly affected by
base mutation and other factors such as selection pressure. Parity preference analysis showed that most genes were distrib-
uted in the right region of the plan, and the use frequency of A/T (U) at codon 3 was higher than that of G/C. Through
RSCU and ARSCU analysis, 26 optimal codons were identified, including 14 codons ending in A/T (U) and 10 codons
ending in T (U), indicating that ABI3 gene of orchid plants relatively prefers to use codons ending in A/T (U), especially
codons ending in T (U), which is different from that of most monocotyledonous plants. This study may provide a theoreti-
cal basis for the phylogenetic and functional elucidation of ABI3 genes in Orchidaceae and for improving ABI3 gene ex-

pression efficiency, as well as facilitating codon biology in plants and the improvement of exogenous genes.

Keywords: Orchidaceae; ABI3 gene; codon usage bias
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Tab. 1 Sequence information of ABI3 genes
in Orchidaceae
5 Py SR 25

No. Species Gene Accession

1 Dendrobium catenatum Lindl. XM _028692103.1
2 Phalaenopsis equestris (Schauer) Rchb. f. XM _020721254.1
3 P. equestris (Schauer) Rchb. f. XM_020721253.1
4 P.equestris (Schauer) Rchb. f. XM_020721314.1
5 D. catenatum Lindl. XM _028692102.1
6 P. equestris (Schauer) Rchb. f. XR 002293779.1
7 D. catenatum Lindl. XM 020846725.1

8  P. equestris (Schauer) Rchb. f. XM_020736089.1
9 D. catenatum Lindl. XM _020845421.2
10 D. catenatum Lindl. XM_020825921.2
11 D. catenatum Lindl. XM_020825920.2
12 D. catenatum Lindl. XM 020827036.1
13 P. equestris (Schauer) Rchb. f. XM 020721402.1
14 P. equestris (Schauer) Rchb. f. XM 020721400.1
15 P. equestris (Schauer) Rchb. f. XM 020721401.1
16 D. catenatum Lindl. XM 020827037.1
17 D. catenatum Lindl. XM _020827035.2
18 D. catenatum Lindl. XM_020827032.2
19 D. catenatum Lindl. XM_020827036.2
20 D. catenatum Lindl. XM_020827030.2
21 D. catenatum Lindl. XM _020827033.2
22 P.equestris (Schauer) Rchb. f. XR 002295213.1
23 P. equestris (Schauer) Rchb. f. XM_020740565.1
24 P. equestris (Schauer) Rchb. f. XM_020740564.1
25 P. equestris (Schauer) Rchb. f. XM 020716201.1
26 P. equestris (Schauer) Rehb. f. XM_020740563.1
27 P.equestris (Schauer) Rchb. f. XM_020740560.1
28 P. equestris (Schauer) Rchb. f. XM_020740562.1
29 D. catenatum Lindl. XM _020848014.2
30 D. catenatum Lind]l. XM_020848005.2
31 P.equestris (Schauer) Rchb. f. XM_020740561.1
32 D. catenatum Lindl. XM _020841375.2
33 P. equestris (Schauer) Rchb. f. XM_020723903.1
34 D. catenatum Lindl. KX130300.1

35 D. catenatum Lindl. XM_020830439.2
36 P.equestris (Schauer) Rchb. f. KX215852.1

37 P.equestris (Schauer) Rchb. f. XM_020716458.1
38 D. catenatum Lindl. XM_020821301.2
39 Apostasia odorata Bl. KX156926.1

40 P. aphrodite subsp. formosana AJ888299.1

41 P. equestris (Schauer) Rchb. f. XM_020722242.1
42 P. equestris (Schauer) Rchb. f. XM_020722239.1
43 D. catenatum Lindl. XM 020828654.1
44 P. equestris (Schauer) Rehb. f. XM 020733863.1
45 D. catenatum Lindl. XM 020830815.1

G3/(G3+C3) MIE I AL bR HUS L, Bty A=T
H C=G #EHARFRE R 0.5, MiZro i & 1
FoR AR i RN,
1.2.4 RAREDT M FXT R SRS (8 B
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20-2[20_21]0
13 HELIE

BRI B )5, CodonW #RAFXT 45
575 AT A AR R A PR S 8 s A
Excel B4 h X1 T3R1S B T2 1. 2. 3 67 A9
GC %, #3E ENC. CAI J RSCU 25 {EikfT
#P; Gz ] SPSS13.0. MEGAS.1 k47 50k
I3 R AN 53 HT

2 ZBRERH
21 =7 ABI3 EE AT E HR K H XS
FIH CodonW ., MEGA #14F3515 3115 ABI3
A5 X R SR [RGB ) GC & . ENC {E I
CAIMH( 3 2 ) 5 GO GCyy )T 1K 42.8%~65.9%,
SEYIE K 49.45%, GC, Jy 43.8%~68.7%, V-1
H50.58%, GC, N 41.8%~61.4%, V(K
48.48%, GC3 M 41.1%~67.6%, “F-HI{H } 49.33%,
FEIT 50%, 1t B AR g 5 S8 RE R R L e £ 1%t T
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Tab. 2 GC content of different positions of codon in ABI3 genes of Orchidaceae

%eeri? GC\/% GCo/% GCs/% GCu/% ENC CAI
1 47.6 46.9 46.8 47.1 51.18 0.198
2 51.1 479 50.4 49.8 52.94 0.196
3 51.3 479 50.2 49.7 52.85 0.196
4 47.8 50.2 49.7 49.3 57.01 0.223
5 52.3 48.4 49.5 50.1 53.03 0.208
6 51.0 48.1 52.1 50.4 52.99 0.200
7 52.9 49.3 50.8 51.0 53.06 0.211
8 50.7 54.9 46.6 50.8 55.02 0.167
9 46.4 50.5 43.7 46.9 54.46 0.172
10 44.4 46.1 46.2 45.6 52.15 0.203
11 44.4 46.2 46.2 45.6 52.18 0.204
12 443 459 42.6 44.2 52.96 0.186
13 51.5 50.8 45.8 49.3 58.40 0.197
14 51.1 50.8 45.7 49.2 58.43 0.197
15 51.6 50.7 45.7 49.4 58.46 0.198
16 45.1 45.6 40.8 43.9 52.56 0.186
17 44.7 46.1 41.9 44.2 53.28 0.189
18 44.7 46.4 41.9 443 52.81 0.186
19 44.9 45.7 41.1 43.9 52.16 0.182
20 44.5 46.2 42.1 443 52.87 0.186
21 44.7 46.0 42.6 44.4 53.16 0.185
22 43.8 43.2 41.4 42.8 52.56 0.185
23 43.8 43.2 41.4 42.8 52.56 0.185
24 44.0 43.4 41.6 43.1 52.92 0.182
25 453 45.4 44.4 45.0 53.80 0.207
26 44.2 42.8 41.6 42.9 53.17 0.188
27 43.7 42.6 41.1 425 52.87 0.190
28 43.9 42.6 41.4 42.6 52.78 0.182
29 46.5 50.0 44.6 47.0 53.92 0.187
30 46.1 50.1 44.4 46.8 53.99 0.187
31 43.8 41.8 41.4 423 52.97 0.193
32 60.9 56.1 59.3 58.7 40.84 0.231
33 60.7 54.0 59.0 57.9 44.88 0.198
34 61.4 52.1 59.1 57.5 52.12 0.210
35 61.1 51.8 59.1 57.3 52.31 0.210
36 63.9 54.8 62.1 60.2 54.67 0.197
37 63.9 54.8 62.1 60.2 54.67 0.197
38 50.2 43.4 53.5 49.0 53.88 0.221
39 68.7 61.4 67.6 65.9 41.94 0.243
40 53.0 49.6 59.7 54.0 43.46 0.253
41 52.4 48.2 58.2 52.9 46.71 0.252
42 51.6 48.4 56.7 52.2 47.64 0.257
43 57.6 50.1 63.2 57.0 44.60 0.242
44 60.8 49.3 56.8 55.6 54.51 0.208
45 57.6 52.1 57.8 55.8 54.67 0.266

- 14 50.58 48.48 49.33 49.45 49.81 0.203




268 o AE A F AR

%44

22 HHELESSH

ABI3 JEH P B AT R o (Bl 1),
45 > ABI3 LR AR R i JLF- YU 5 B Hhou f 2 4%
i, AL B0 FXMLL L, £ ABI3 S 2L
ZARIL S AE W, ok H AN BRI 1IN
GCy, 75 Bl K 43.50%~65.05%, GC, 5 GCs Y [
I A% K 0.6103, R*=0.7928, P<0.05, A
e AR S, 5 A el 5 2 i Xt 2 )~ i P A —
FEFRIE I 52 Bl AL A% 1) 5%

Q
@o 3=0.6103x+19.424
éﬁ?_ 5 R=0.7928
23 :
< * .« *
(-;: > . . LR
c §
2 1 1 1 1 1 J
40 50 60 70 80 90
GG, & i
GC; content

B 1 diELELH
Fig. 1 Neutrality plot analysis
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Tab. 3 Correlation analysis of each gene’s
related parameters

i H

ENC
Hom GC GCy GC3 GCal

GC» 0.839™
GCs 0927 0.739”

GCay 09837 08777  0.962"
ENC -0371" -0.288"  -0.534" —0.441"
Laa —-0.681""  -0.477" -0.744"  —0.696"  0.449"

FE:FOR B EAMI(P<0.05) ; TR F ML (P<0.01),
Notes:” indicates significant correlation (P<0.05); ™" indicates
extremely significant correlation (P<0.01).

ENC

0.4 0.5 0.6 0.7 0.8 0.9
GG,

2 ENC 5 GC; (B4 #7
Fig. 2 Analysis of ENC and GCj relationship
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X LA [R) SL %% 06 14 4% B AIL A FH 3 RSCU>1
A 28 1~ (BN 46.67%)
HAPPT(U) REMAE 121, AGREIRA 74,
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Tab. 4 RSCU analysis of ABI3 gene coding region in Orchidaceae

HIEMR AA  EHST Codon RSCU HIHIR AA  #1HF Codon RSCU HHIR AA ST Codon RSCU
Phe uuu 1.01 Tyr UAU 1.11 Ser UCU 1.48
uucC 0.99 UAC 0.89 ucc 115
Leu UUA 0.68 His CAU 1.19 UCA 1.24
UuG 1.04 CAC 0.81 UCG 0.62
CuUU 1.53 Pro CcCu 1.45 AGU 0.59
cuc 1.40 ccc 0.80 AGC 0.92
CUA 0.61 CCA 110 Cys UGU 0.72
CUG 0.75 CCG 0.64 UGC 1.23
Ile AUU 1.42 Thr ACU 1.26 Arg CGU 0.86
AUC 0.87 ACC 0.99 CGC 1.37
AUA 0.71 ACA 1.20 CGA 0.63
Val GUU 1.42 ACG 0.55 CGG 0.75
GUC 0.96 Asn AAU 1.01 Gln CAA 1.07
GUA 0.42 AAC 1.00 CAG 0.93
GUG 1.21 Lys AAA 0.99 Arg AGA 1.25
Trp UGG 1.00 AAG 113 AGG 1.14
Ala GCU 1.30 Asp GAU 1.23 Gly GGU 0.83
GCC 1.00 GAC 0.77 GGC 1.07
GCA 1.00 Glu GAA 1.03 GGA 1.41
GCG 0.60 GAG 0.97 GGG 0.7

W TR IEFER RSCU>L, %55 006 F A R A X 45

Note: The codon with underline means RSCU>1 and shows that the codon is used relatively frequently.
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Tab. 5 Preferred codons in ABI3 genes of Orchidaceae
HHER AA ST Codon  ARSCU REM AA  #HWSF Codon  ARSCU AIHFR AA IS F Codon  ARSCU

Leu uuG™ 0.890 Gly GGA™ 0.550 Ser ucu™ 0.544
Leu cuu™ 0.650 Pro cce™ 1.124 Ser ucc™ 1.768
Leu cuc™ 2.202 Pro CCA™ 0.502 Ser ucG” 0.482
Ile AUU™ 0.688 Pro CCcG™ 0.414 Arg cGe™ 2214
Val GUU™ 0.322 Pro ccu’ 0.296 Arg AGA™ 1.054
Val Guc™ 0.808 Thr ACU™ 0.552 Arg AGG"™ 0.498
Ala Gcu™ 0.836 Thr ACA™ 0.702 His CAU™ 0.826
Tyr UAC™ 0.952 Asp GAU™ 1.024 His CAC™ 0.826
Tyr UAU™ 0.954 Asp GAC™ 1.024

Note: " indicates ARSCU=0.2; ™ indicates ARSCU=0.3; *" indicates ARSCU=0.5.

AT 2B P — 3, LHRZELL T (U)
SR 5 H AL 2 BUR R ) 3 N &
C/G G5B AR, W/h4 CBLA K%
T8 Aux/TAA B[R F SRS 7% e %t
22 TR O 5 DR A 28 A - 2R A D e 0 B v A R
WA GC Sk, M GC
Bt , U BH A T R e 4 R B VT REBE Y
ol Al g L T AR ARG Y

A T T RS AR DR B S
£S5 HARERE . (RNA EFE | BIIFNCE ., EA
JRINAE, W oA A 2 i A0 il b 2
43H7 . ENC 5 GC3 A3 A1 A &5 (5 e 4543 B, Ui
W] = BHEY) ABI3 J A 32 il 5L 5 A8 52 e #0K, [ s
W52 BHAW K R 520, ks gy MR
()05 TR I it B v, — sz fh il 3k 28 A8 il
FRERRSF 2 LI, i RE e P s i &
M4 A B I . ZHOU B3R5y i) — s fh 1
PSR R N H T . RHREPIR NS
BSOS T X DI S 60 BE T SR R L A
HEr; ABSEh N ESIEH, 5
IR A ST SR K BB ALY CHS LN, 38
Z HIRVEBSE I, AN, RN ENC (H DL M %565
AR A7 Bl 5 2 15 0 A T A DG e AT AR
GC;. GC,. GC; WFEAMK, VLR LH ¥ 3 4>
g A S s, LR A HE A —E T
1] A8 R 7 )52 32K 5 ABI3 S PR [ S %85 A i
SL T A A7 R i 38 X i R B 0 i 2 1
A —E R

1 22 B AR AR B 0 1 R U 1 o
TR, BPA L R WG . WIS 2 BHE
AR A BRI R A T A B R ) E R

J& A AR A% O ) 8 2 — (8 211 & . ABI3
JER T BT T, B RGBSR 4
WA E Z LI, o e MR he 5
SEBCG IO I PR T RERIF 5 76 W24 3 DR T A A dR
BRI AR, Rk, AR AR, 1R
1 A BHEY ABI3 A 1 2B 7K, S ik 22 BT
YR T A BRI E R R 2 — . AN s
B ABI3 25 5 {14 -0 6 1 26 NI AL ST,
HARALE R AL EISARIE , 7545 ABI3 SEH 4L
LRI, AT LA AR R A R A T I 2
R 2R, A B s H R IR RO,
AR T EE B R T2 0 & 0 22 BHEFT

Sk

(11 #ds, sk BB, IREAN, MITEL A RIFIEAHE I 25
THIEAHTN. AR R R4, 2006, 27(1): 13-16.
HU G B, ZHANG S L, XU C J, LIN S Q. Analysis of codon
usage between different Citrus species[J]. Journal of South
China Agricultural University, 2006, 27(1): 13-16. (in Chi-
nese)

[2] YENGKHONM S, UDDIN A, CHAKRABORTY S. Deci-
phering codon usage patterns and evolutionary forces in
chloroplast genes of Camellia sinensis var. assamica and
Camellia sinensis var. sinensis in comparison to Camellia
pubicosta[J]. Journal of Integrative Agriculture, 2019, 18(12):
2771-2785.

[3] GUSTAFSSON C, GOVINDARAJAN S, MINSHULL 1J.
Codon bias and heterologous protein expression[J]. Trends in
Biotechnology, 2004, 22(7): 346-353.

[4] WANG X X, WU L, ZHOU P, ZHU S F, AN W, CHEN Y,
ZHAO L. Analysis of synonymous codon usage patterns in

the genus Rhizobium[J]. World Journal of Microbiology and



552 4

FiEms . 2R ABI3 HE K Ay S T M o By

271

(3]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

Biotechnology, 2013, 29(11): 2015-2024.

BIIRE, JTH, 2, BRMAK, TR, B, SN
CoNRTL.1 JERE T TR A0 (0], TLIRA A4,
2019, 35(4): 896-903.

HU Z M, WAN Q, LI H, LI R L, WANG F, YANG Y Y.
Analysis of codon usage features of CSNRT1.1 gene in Ca-
mellia sinensis[J]. Jiangsu Journal of Agricultural Sciences,
2019, 35(4): 896-903. (in Chinese)

X0, wEAILL, REDy, AN, XV, BOBCRE DR 4 2
TR BT[] TEAOLRE, 2022, 50(5): 16-22.
LIU C, HAN L H, WU L F, DAI X B, LIU J. Genome-wide
codon usage bias analysis of Capsicum annuum[J]. Jiangsu
Agricultural Sciences, 2022, 50(5): 16-22. (in Chinese)
BEEM, B3, BER, fER, REZE, FHIE, &N
T I A TR 2 5 ) (o T A S PR 20T (0], P VR
2FR, 2021, 42(8): 2143-2150.

TANG Y J, ZHAO Y, HUANG G D, FUH T, SONG E L,
LI R W, JIN G. Analysis on codon usage bias of chloroplast
genes from mango[J]. Chinese Journal of Tropical Crops,
2021, 42(8): 2143-2150. (in Chinese)

IR, XI5, e, FEIRE. Bl AR A (A PR 21
B 0 P A P 9 2 BT (9], R RO BE7, 2011, 44(2):
245-253.

SHANG M Z, LIU F, HUA J P, WANG K B. Analysis on
codon usage of chloroplast genome of Gossypium hirsu-
tum[J]. Scientia Agricultura Sinica, 2011, 44(2): 245-253. (in
Chinese)

A, AR, EUBE. SEE G AR R A T T R e
S0, WAL R, 2019, 47(8):1300-1305, 1445,

LEI H, LI G, WANG N Y. Analysis of codon usage bias in
the chloroplast genome of Trollius chinensis Bunge[J].
Journal of Shanxi Agricultural Sciences, 2019, 47(8):
130-1305, 1445. (in Chinese)

TR, TUE, £, hEZFHEYRE IR AR
B, AWZ A, 2003, (1): 70-77.

LUO Y B, JIAJ S, WANG C L. A general review of the
conservation status of Chinese orchids[J]. Biodiversity Sci-
ence, 2003, (1): 70-77. (in Chinese)

PRUE, RIcst, HIOA, IWgis, BE st E K
P A SRR X ZRUEY) 2 B KR PPN (0], AR
2R3, 2013, 31(5): 510-516.

LIN Q, WU J G, JIANG W J, MU X Y, CHENG J. Biodi-
versity and conservation of orchids in Songshan National
Nature Reserve, Beijing[J]. Plant Science Journal, 2013,
31(5): 510-516. (in Chinese)

XU, PRIA, SSGUR. RHEY R TR N BTIT R ).
AT, 2015, 34(6): 43-50.

LIU S S, CHEN J, GUO S X. Review on germination of or-

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

chid seeds[J]. Seed, 2015, 34(6): 43-50. (in Chinese)

hE. AME GA. ABA X/NEFFIE WD), 2%
7ROk, 2015.

FENG Y. Effects of exogenous GA and ABA on wheat seed
vigor[D]. Tai’an: Shangdong Agricultural University, 2015.
(in Chinese)

245, CRISPR/Cas9 /13004 Fd Al FNRJE K Zi i
FX[D]. M AREAIR AR, 2019.

LI R. Study on CRISPR/Cas9 mediated Fd and FNR gene
editing in Oncidium hybridum[D]. Fuzhou: Fujian Agricultu-
re and Forestry University, 2019. (in Chinese)

WRIGHT F. The effective number of codons used in a
gene[J]. Gene, 1990, 87(1): 23-29.

LU H, ZHAO W M, ZHENG Y, WANG H, QI M, YU X P.
Analysis of synonymous codon usage bias in Chlamydia[J].
Acta Biochimica et Biophysica Sinica, 2005, 37(1): 1-10.
SUEOKA N. Translation-coupled violation of parity rule 2
in human genes is not the cause of heterogeneity of the DNA
G+C content of third codon position[J]. Gene, 1999, 238(1):
53-58.

LR, M, YRR, SRR EY) CHS LR 25
TARENETI]. 7 TAEYIE R, 2017, 15(6): 2171-2178.
MA S C, YU XM, YAO H P. The codon usage analysis in
CHS gene within the Polygonaceae rheum[J]. Molecular
Plant Breeding, 2017, 15(6): 2171-2178. (in Chinese)

ZE, EER, REF, KRIK, M. KRELHW T
R AT]. A E 2G4, 2016, 41(22): 4165-4168.
LI Y, KUANG X J, ZHU X X, ZHU Y J, SUN C. Codon
usage bias of Catharanthus roseus(J]. China Journal of Chi-
nese Materia Medica, 2016, 41(22): 4165-4168. (in Chinese)
T, MR, IhaEg, P ¥, w3, FESEREA NBS
TP HE R RS 1 I P24 (0], - THE B, 2017,
15(3): 883-889.

FANG H, QU JJ, SUNJM, YIN L, HUANG Y. The codon
usage bias of NBS disease resistance genes in whole genome
of banana[J]. Molecular Plant Breeding, 2017, 15(3):
883-889. (in Chinese)

NIE X J, DENG P C, FENG K W, LIU P X, DU X H,
FRANK M Y, SONG W N. Comparative analysis of codon
usage patterns in chloroplast genomes of the Asteraceae
family[J]. Plant Molecular Biology Reporter, 2014, 32(4):
828-840.

X0, EEAILL, RERR, EEE, Ei, BRI, R
WRKY e 5 [ 1 i A B DA 20 S8 1 S AR A B 200 0. P
Il 2447, 2017, 48(9): 1691-1699.

LIU C, HAN L H, SONG P B, WANG D Q, WANG H B,
TANG L Z. Genome-wide identification and bioinformatics

analysis for mulberry WRKY transcription factors[J]. Journal



272 O AE B F R 5 44 %
of Southern Agriculture, 2017, 48(9): 1691-1699. (in Chi- SUNXL,HAOXY,LIR, XIANGLL,PENGLY,LIUF,
nese) TIAN N, CHENG C Z, LAI Z X, WANG T C. Codon bias

[23] WPEE, EE, B, TIRHE. KPR MEiE N1 analysis of Aux/IAA gene family in banana[J]. Molecular
ICEL %85 7 1 20 #7 [J]. B 224k, 2012, 39(7): Plant Breeding, 2019, 17(8): 2467-2475. (in Chinese)
1341-1352. [30] LIN, LIY Y, ZHENG C C, HUNAG J G, ZHANG S Z.
SHI H, WANG Y, YANG L C, DING Z T. Analysis of Genome-wide comparative analysis of the codon usage pat-
codon bias of the cold regulated transcription factor ICE1 in terns in plants[J]. Genes & Genomics, 2016, 38(8) : 723-731.
tea plant[J]. Acta Horticulturae Sinica, 2012, 39(7): [31] LIUGM, WUIJY, YANG HM, BAO Q Y. Codon usage
1341-1352. (in Chinese) patterns in Corynebacterium glutamicum: mutational bias,

[24] ZHOU M, LONG W, LI X. Analysis of synomous codon natural selection and amino acid conservation[J]. Comp
usage in chloroplast genome of Populus alba[J]. Journal of Funct Genomics, 2010 (2010): 343569.

Forestry Research, 2008, 19(4): 293-297. [32] AAfFaE, SRoClR, R, WOW, wEEAE, R s

[25] KUMAR N, BERA B C, GREENBAUM B D, BHATIA S, A DR 201 %8 0 I 4 Pk 43 BT (0], BRI VR W 2 4, 2022,
SOOD R, SELVARAJ P, ANAND T, TRIPATHI B N, 43(3): 439-446.

VIRMANI N. Revelation of influencing factors in overall YANG X Y, CAI Y B, TAN Q L, QIN X, HAUNG X Y,
codon usage bias of Equine influenza viruses[J]. PLoS One, WU M. Analysis of codon usage bias in the chloroplast ge-
2016, 11(4): e0154376. nome of Ananas comosus[J]. Chinese Journal of Tropical

[26] BR¥E, #fRPI, THEAL JEVSME, skiGaL. JEE 0l Crops, 2022, 43(3): 439-446. (in Chinese)

FRRAFPESIATI]. B4R, 2017, 34(8): 946-955. [33] ZHOU M, LONG W, LI X. Patterns of synonymous codon
CHEN Z, HU F C, WANG X H, FAN H Y, ZHANG Z L. usage bias in chloroplast genomes of seed plants[J]. Forest
Analysis of codon usage bias of Ananas comosus with ge- Study of China, 2018, 11(4): 235-242.

nome sequencing data[J]. Journal of Fruit Science, 2017, [34] Zxidk, SFEA, THEER, skok. M5 4l di & m 1
34(8): 946-955. (in Chinese) PRIFHEAT]. LRI RRE, 2019, 47(2): 67-71.

[27] WU Y Q, ZHAO D Q, TAO J. Analysis of codon usage LIANG E, QI M J, DING Y Q, ZHANG L. Analysis of
patterns in herbaceous peony (Paeonia lactiflora Pall.) based codon bias in Panax japonicus transcriptome[J]. Jiangsu Ag-
on transcriptome data[J]. Genes, 2015, 6(4): 1125-1139. ricultural Sciences, 2019, 47(2): 67-71. (in Chinese)

(28] BASCHE, £ UK, BZE0E, XA, ML, FERRAL, £, [35] XUE, EXME, &3OK, TOLME, #3201, BhE, RIT.
bR, JER. /NFZ CBLA EER ST FIFFAE 4T (1. JBE T I S AT TR 2 0 1 P A P P 23 T D). AL L2
g AOL Bl 2018, 47(8): 11-16. 2F4R, 2017, 35(3): 362-371.

CHEN W H,JIAO Y R, YANGJF,LIUY W, YANG F, LIU H, WANG M X, QUE W J, XING G W, GE L Q, NIE
DONG F S, WANG H B, DU J M, ZHOU S. Analysis of X J, SONG W N. Analysis of codon usage in the chloroplast
codon bias of CBL4 gene in Triticum aestivum[J]. Journal of genome of broomcorn millet (Panicum miliaceum L.)[J].
Henan Agricultural Sciences, 2018, 47(8): 11-16. (in Chi- Plant Science Journal, 2017, 35(3): 362-371. (in Chinese)

nese) [36] NAMBARA E, MCCOURT P, NAITO S. A regulatory role

[291 #MNEmN, AfIIPH, ZR%%, DR, Zmix, X, HE, for the ABI3 gene in the establishment of embryo maturation

FYR, Wi, TR, FE AuIAA FED G5 %S 11
W, A THEIE RN, 2019, 17(8): 2467-2475.

in Arabidopsis thaliana[J]. Development, 1995, 121(3):
629-636.



