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Abstract Codon usage bias (CUB) is an important genetic characteristic formed during the evolution of organisms.
Chloroplast is a unique organelle of plants with its own independent genome. Analysis and comparison of codon
preference of chloroplast genomes in different plants can provide useful information for the origin of chloroplasts
and species evolution, and also provide theoretical basis for organelle genetic engineering and bioreactor research.
To understand the codon bias and its influencing factors in barley chloroplast genome, this study systematically

compared and analyzed the codon bias of chloroplast genomes of three types of barley, including cultivated barley,

wild barley and Tibetan hulless barley. Results showed that, on the whole, the codon usage patterns of the chloroplast

FEETH: AT E R B SRR 4 (U22A20453) F1E ZK S A Q08 LRI E 5% 3h(202110712250)3 [7] % B



K FE M SRR R (8 FH Al e P L 5 93 H

Comparative Analysis of the Codon Usage Bias of Chloroplast Genomes in Barley

genes of cultivated barley and Tibetan hulless barley were completely consistent, while they displayed some
difference from that of wild barley, which was basically accordance with their phylogenetic relationships. The
effective codons of the three barley chloroplast genomes ranged from 35 to 61, with the average of 49.7. The
numbers of codons with RSUC values greater than 1 were 32, and the third codon was mostly A or U. Furthermore,
neutral PR2 and ENC plotting analysis all found that they had the similar codon usage bias patterns, which were
mainly resulted by natural selection and mutation. Finally, 9 optimal codons were identified in wild barley
chloroplast genome, as well as 12 and 13 optimal codons were identified in the chloroplast genomes of Tibetan
hulless barley and cultivated barley respectively. This study conducted the systematic comparison and analysis of
codon usage bias of three barley chloroplast genomes, which provided the useful information for further gene
expression and genetic engineering research of chloroplast gene in barley.

Keywords Barley (Hordeum vulgare L.); Chloroplast genome; Optimal codons; Codon usage bias

K (Hordeum vulgare L) [E T3 % 4t S fe \ BN @B 2 —, FORME T AURLE = B3 5 A oK
BRAEWEE IR KRR A N RIS E 2 —, s NSO T U R A 5 %2 5 X (Sato,
2020). KFEHARH MR WFEEEE, FAERNaM. R L T ERNME, 7EMIm AR R
TV HIFERS ek B S AR 5 bR A B 2 (4 4 ) (Rani and Bhardwayj, 2021). JE4E%K, KERLAEEREEA.
EEAE R YR AR ORESE « =PI 1R TR T R A DA MR i T KR 32 B F AW (Du et al.,
2019),

AL B TR ARG AL (5 B 5 E AR B RN 22, 1ESERUEAL (5 BAR Al Uy T B G
TERI (5K LARRAE, 2022) 7ERBVRIEFE R, REMSEN PR A — PRl BB 1A [F) 3 A0 R AR [F] SRS 1. TEANIR]
(Pl 2 [ AR AN [ A R R, FH SR G [ — S IR ) 25 1 S AN T, B[ SC25 01 (4 FH AR AN
IXFPE SRR A T i 1E(CUB) (Grantham et al., 1980). X A& AEWI7E K IEAC L RE A BT B — Rkl
IRIVB AR . B0 AT B0 i i v = AR 0 R K L R R COOF R T KB 9, #2072 MR,
“UEPR-FRATIERS T RN YRS R (Mazumdar et al., 2017).  “IEFE-FEAR-IER 7 BRI AR
Toft £y 28 ol PR A 2 2 52 B B A0 B8 B 7 (R 3 36 I 0 R0 IR IR) SO R 1 () 28 48 - AS R SR, 17 — 2% R S R 4
FAVRE T T8 FH (3559 7 (Chen et al., 2004; XIEZE 2017).  “rPPEEAE” UL IE D1 (48 P X
N2 EARE R IR, R SCR ST 1 98 JE T M PR (R IEH %5, 2013). Bh4h, B4 GC & &, k-
T TR P A TR 2L B 2 B I 2 ) 1 AR &7 14 (Irarte et al., 2021)

VEARRD TR AT e S E R A3, ek B s i BRI 24H,  HOK/IME 107~218 kb 2 [H], B
g7 B REHIFGRED 70~90 MM, LAREREAE Iy AT 8 1415 B A% % (Daniell et al., 2016). BEFH T
BARMIAWT K, WSk DR A K B A AT, L2 e PR RS R iR R 2 AN Ay A R R P
LB SO R T B R, T HO SRS DR TREANAE W S B R B E T BRI . A B T 6 Fh
WL %@ (Camellia L)W SRR B IR 1K 2605 T 43T, RIS AT B0 7 RS SR — 2 (AR B, 3L AAA.
ATT. GAA. AAT FI TTT f# FI#i% 55, TGA. TAG. TAA. TGC. CGC f#i FI#iR Mk, %W RN
2% 8 1) 2 2R FU 4R T BB AR (L et al., 2019); EA WX 18 NEF A KFE(Oryza rufipogon Griff.)#ll
BHEIKFE(Oryza sativa L)W GRARFE R H RS HEAT 2007, RINAE )@ i SR AR B R 20 1 B 1 A PR RIS, 3%
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W2 3 Ml AT 45R, Howmlrth 322 AORE R TR A sm, Horh 3SR £ mT At £ 2 AEH
(Chakraborty et al., 2020). TETZH(Miscanthus)H 4R AAFERI A, JLAGINE) 21 ANH W) EAE g1 11 A4
BRAEEI T, HEW TR AR E 2 3 R IEBE N, R E IF (Arabidopsis thaliana) H A 57
EARAR B A, AT R R R R A 1K 15 3 (Sheng et al., 2021). {H H B <K Z M SR fA %L
D] 2 Rl A X B LT S R PRI 983 2R L A

BT, ARRFFCLAERR BIE KR A RS 3 R (SRR SE R A0 5, 0 LG 1 IR SR AR R
ML AE R DU R AR PESEEAT T R LA 0T, S e IR T, B 7 ST R ir %
FRIIRZ M R 28, I SRR B T U PR T R 2 A 3t T 285 5., RIS 9 R S A PR
WGRIE . AW LR SR A T HR A
1 &R 5571
1.1 K M- 4 BRI 20 O 5 RS 7 O EE A e Atk 43

T % SR AR R 2 b CDS [ Ak AT %, MIBRACEE /N T 300 bp P41, BRATRIES] 53 KB AE K
F. 51 AHRAM 51 485 KN CDS B AT EB PR (R 1) BAERKERRNAL GC F&N
39.1%, T HImAIEE R K34 GC &8 38.4%, A #5513 MIER GC S EZRER, GCiv GCy H
GC3 H7r 7N 45.7%- 38.0%H1 30.1%, ZAWERHES, b GC & RS GCa & &4k, 5
GCi. GG HELRZES, GCss N 27.2%. TH MM KZ &S HE w2, HERNALN GC SEY
N 39.0%, TgmE%IE R P4 GC &8N 37.9%, GCiv GC fl GC; I Aifi i i GCi>GC>GCs, GCss
N 27%. ENC {H 2 F KA 2 %00 7w i AR FE 4R bR, UE X IRIFE 20 31 61 2 J8], HAEMEEIT 20 RR%
M7 i mPE ks, 5T 20 WRR —MEE AU RIS — MR ERGE ML), BUEBET 61 RREDFH
MRS, 25T 61 IR R Z DT AR 55T W &F) (Dilucca et al., 2020). B 4= K32 ) ENC {84 49.86,
1 75 FRAIARSE K1) ENC B 49.66, 3K B K2 IS 5 [K 41 5 R - 47 A i

¥ 3 FOREIIL IS R A I A —&FF], 03 RSCU E. ZRER, 3 MRENARFZELFH
RSCU fH A —5, RILHAH D TR mWIECGE 2). £ 3 Bk, BIRILT 32 M1 RSCU
EAT 1, HiX 32 MEMFHE 29 NEID TR A/U BRIESE R, KSR AN X 32 AN T
HAME R, HARLFER A/U B2 R .
1B, FRR, BRI GRS AL F

Table 1 Comparison of chloroplast genome characteristics of wild barley, Tibetan hulless barley and cultivated barley

W KNbp) BaE CDS CDS>300 bp # i . 5 GC 2 1i(%) ENC
Species Size (bp) GenBank No. Codon count Content of GC (%)

GCai GCg GCi GC2 GCs;  GCss

WA KFE 136 537  KC912689 83 53 17 426 39.10 38.40 45.70 38.00 30.10 27.20 49.86

Wild barley
R 136462  KT962228 83 51 17072 39.00 37.90 46.80 39.70 29.90 27.00 49.66
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Tibetan hulless
barley
Iz KL 136 462  EF115541 83 51 17 072 39.00 37.90 46.80 39.70 29.90 27.00 49.66

Cultivated barley

AR 2 3 BIORZE SR S R A 1 - AU A ) 3L 1M FH 48 (RSCU i)

Table 2 Average relative synonymous codon usage (RSCU value) in the 3 barley chloroplast genomes

IR EACE HHX G 5 AR ENT FRR B RS7{ F BE
Amino acid Codon RSCU |JAmino acid Codon RSCU
BWHEREZ  HHR IR BERE HER VeI
Wild barley  Tibetan Cultivated Wild barley  Tibetan Cultivated
hulless barley barley hulless barley barley
Phe UUUF) 1.32 1.33 1.33 Tyr UAU(Y) 1.57 1.59 1.59
UUC(F) 0.68 0.67 0.67 UAC(Y) 043 0.41 0.41
Leu UUA(L) 2.07 2.10 2.10 His CAUH) 145 1.46 1.46
UUG(L) 1.11 1.12 1.12 CAC(H) 0.55 0.54 0.54
CUU(L) 1.28 1.28 1.28 Gln CAA(Q) 1.55 1.55 1.55
CUC@L) 0.39 0.38 0.38 CAG(Q) 045 0.45 0.45
CUA(L) 0.87 0.85 0.85 Asn AAUN) 1.50 1.49 1.49
CUG(L) 0.28 0.28 0.28 AAC(N) 0.50 0.51 0.51
Ile AUUI)  1.50 1.51 1.51 Lys AAAK) 147 1.48 1.48
AUC(I) 055 0.56 0.56 AAG(K) 0.53 0.52 0.52
AUA() 095 0.93 0.93 IAsp GAUD) 1.54 1.55 1.55
Met AUG(M) 1.00 1.00 1.00 GAC(D) 0.46 0.45 0.45
Val GUU(V) 149 1.51 1.51 Glu GAA(E) 148 1.48 1.48
GUC(V) 0.49 0.48 0.48 GAG(E) 0.52 0.52 0.52
GUA(V) 151 1.51 1.51 Cys UGU(C) 1.51 1.51 1.51
GUG(V) 0.51 0.50 0.50 UGC(C) 0.49 0.49 0.49
Ser UCU(S) 1.66 1.68 1.68 Trp UGG(W) 1.00 1.00 1.00
UCC(S) 1.08 1.07 1.07 IArg CGUR) 1.38 1.40 1.40
UCA(S) 1.0l 1.03 1.03 CGC(R) 0.54 0.54 0.54
UCG(S) 0.53 0.52 0.52 CGAR) 1.26 1.25 1.25
Pro CCU®P) 1.59 1.60 1.60 CGG(R) 041 0.40 0.40
CCC(P) 0.91 0.90 0.90 Ser AGU(S) 1.28 1.28 1.28
CCA(P) 1.08 1.09 1.09 AGC(S) 0.44 0.43 0.43
CCG(P) 042 0.41 0.41 IArg AGAR) 1.76 1.75 1.75
Thr ACU(T) 1.71 1.71 1.71 AGG(R) 0.66 0.65 0.65
ACC(T) 0.70 0.70 0.70 Gly GGU(G) 1.25 1.26 1.26
ACA(T) 1.13 1.13 1.13 GGC(G) 047 0.47 0.47
ACG(T) 047 0.47 0.47 GGA(G) 1.57 1.55 1.55
Ala GCUA) 1.76 1.77 1.77 GGG(G) 0.71 0.72 0.72
GCC(A) 0.59 0.58 0.58
GCA(A) 1.20 1.20 1.20
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Figure 1 Neutrality plot analysis

Note: A: Tibetan hulless barley; B: Cultivated barley; C: Wild barley
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A RZ OB 2C; B 30) 5 H ML, ENC (S R H %60 7 F m 58, FLECS 2 T e bni th 28
b0 R R L, 0 SRR [ SR I B0t SRR FET AR XS M A B A - P R A S E T, R K2
AREEHR 8, BAEFMEME; B4 KN ENC fl GCss ML R LN 0.63, BB BFM KM, XLt
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Figure 2 Analysis of ENC and GC3 relationship
Note: A: Tibetan hulless barley; B: Cultivated barley; C: Wild barley
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Figure 3 Correlation analysis of codon-related parameters

Note: A: Tibetan hulless barley; B: Cultivated barley; C: Wild barley
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DAERVIRIR, 58— RIREMinn, RPELTHE 3 LM A FHRET T, E/H C BRI T G,
YT EE 3 ALORIEAEAEAE WA, 4 AR T, G R ISR B (] 4A). fERE KZ2 (18 4B) 1B AL
RZE(E 40, SHERELL, BRI T. G WA AR ST A, CHBLR. RUIEIX 3 MRZmH %
LR, W E TR ER R A AR, E8IE ). FPoHK AR HAl 2 R R B 2o s
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Figure 4 PR2-plot analysis of the codons
Note: A: Tibetan hulless barley; B: Cultivated barley; C: Wild barley

1.5 REM- SRR HBEREE T

X 3 R ZE SR AR R 2 ) e AL B 35 AT AT (3R 3), 45 RBoR, R A REM AR RA S, e
BT 9B FENS T, 4358 UUU. CUA. CUG. AUU. GUA. GCU. GAU. CGC. GGA, H1 77.8%
(TR BTG T25 3 A A/Us TESRRMSRAZER A b, L% 8T 12 MR, 438 UUU.
CUA. CUG. CCU. CCG. AUU. GUA. GCU. GAU. CGC. AAA. GGA, Ht1 75%LL A/U 45; Tk
B KFEM AR EER A, 13 MRIREN T, METHER, 27 CGU, HLL AU ZREMEMR LT
N 76.9%. GERFH], 3 TR SGARIER A, KEBURMH T L A/U £52, BAYRM A/U WIFTE.
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R 3 KA M R ARIE R H E R 1 1) % E

Table 3 Putative optimal codons in the 3 barley chloroplast genomes

B EWT O BERE L PN AR EWT EERE HR IR
Amino Codon Wild barley  Tibetan hulless Cultivated IAmino  Codon  Wild barley Tibetan Cultivated barley
acid barley barley acid hulless barley
Phe uuu * * * Tyr UAU
uucC UAC
Leu UUA His CAU
UuUG CAC
Ccuu Gln CAA
CcucC CAG
CUA * * * IAsn AAU
CuUG * * * AAC
Ile AUU * * * Lys AAA X *
AUC AAG
AUA IAsp GAU * * *
Met AUG GAC
Val GUU Glu GAA
GUC GAG
GUA * * * Cys UuGU
GUG UGC
Ser uCu Trp UGG
ucCC Arg CGU *
UCA CGC * * *
UCG CGA
Pro CCU * * CGG
CCC Ser AGU
CCA AGC
CCG ¥ * Arg AGA
Thr ACU AGG
ACC Gly GGU
ACA GGC
ACG GGA * * *
Ala GCU * * * GGG
GCC
GCA
GCG

I RN E N T NRNENT
Note: * represents the optimal codon

2 TR
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BTl 4 A B 1 G o R oGt [ SRS T IR Y S A, RAFIEA R, T LA R AL
ML SRR R (TR LAB AR, 2022)0 KEWFFURIL,  H: PR AR AN 3 R0NE 2 5 0 25 55 T SF PR ) R ZE R 3
7 I 2 1 SRR 2 SRR T A L R DR R T K S 58t 2 B e BB 7 i & 14 (T 45 %%, 2019; Diilucca et
al., 2020). AHIF TN 3 TR 2 S A4 R 4 1) 5 A - A R 0 BT I, T RRRIAR S K22 B e e — U
A AR, TS A K 3 b T R R s K 1 B A - R R A P B — 28 2 57, R RAH B T 5 7
R, ARG K BA I RGO R, X5 A0 N F: TR R 2 T 45 18— 5(Tao et al., 2022).
I, o2 AT PR2 e P 7 B 50 B, 3 b oK 32 i S 58 DRI 2L ) 3 Al 8 = 32 | RO 65, T
ENC-plot 7 #7322 B [ SRR S AR A6 3500 T i e — B I REI . X 55 /N2 (Triticum aestivum) (Zhang et
al., 2012). 7K#%(Chakraborty et al., 2020) S ¥ (Panicum miliaceum) (X %5, 2017). 75 %i(Sheng et al., 2021)
SR —8, 5RO (Kandelia candel) (BARRS5, 2020)2552 825 540 B KA BT AN, 220 SRR SE R 41
P25 R i 47 Ve (0 2 ) ERL SR AEAS IR AR AE — B I 22 5, S A G

AT AIAE R A K22 BRI S R 2 S B R A S e B 9 12 R 13 MR &g 7, Hp iy
HERFEARERRREL T, CCU. CCG. AAA HRE AR KEZ M RME T, T CGU &K K
% TR B R RS, A A4S SRR RS M A B R A AR AR, (R BRI B FIE R A —E MR,
X ] RE 5L R 3 60805 M 55 (Zhang et al., 2012). ARFFEE R EIR, 3 FiORE - GH4K 1 B0 200 1 i
PLA/U g5, (LLERTE 75%LA b 38H, TENm sl RS = & AU KR, & Fmis T AU 45
JFe(Liu et al., 2020). AHF TS5 FALIRTE T -S040 e 4 B d e oy Se A b A sk i, (BAT XK 2GR A 1Y
TR LT T B 43T L S FE TR 308 75 B — B IR 9T
3 MR 55
3.1 [ 7 51 B 3REL

M NCBI Genebank ## b T80 K. BAERE . HRAIIHSHAFER A5, GeneBank k5
G198 KC912689 KT962228. EF115541. Ay iy B 1w i v o (v v, % T 8k 3R45 1) CDS 3413
1T bR, 5IBRE S KK FE/NT 300 bp (1) CDS J¥41, HT G20 Hr(XIE4E, 2017).

3.2 BT RIS HIRNTHE

BT CodonW 1.4.2 HAFXT BT AP HEHEAT 23T, 23 Sl TH S 200% 5 $ (effective number of codons,
ENC). ZEAZEL T A GC FEMER GC F 8. FhT&EMNFE % (codon adaptation index, CAI). HL %G
A% (frequency of optimal codons, FOP). %53~ fi 4 £ (codon bias index, CBI)FIAH X [H] S 2511 FH FE
(relative synonymous codon usage, RSCU) . H| H 7£ £k M % Emboss explorer H' [f] CUSP Ijj g
(https://www.bioinformatics.nl/cgi-bin/emboss/cusp) Tt 5 & 125 1. 2.3 i) GC F&E (7 M H GCi, GC2, GC;3
#R), K H IBM SPSS Statistics 26.0 #fF, T /R AH I & 4 (Pearson correlation coefficient) i1 5 %24
[ P A DR
3.3 ENC-plot 2347



K FE M SRR R (8 FH Al e P L 5 93 H

Comparative Analysis of the Codon Usage Bias of Chloroplast Genomes in Barley

XT3 AN KM GARFE R A A 1) A BE ], R GCas M E RIS ENC i, AAAAN: #Hid
ENC 1H=2+GC3s+29/(GC3s’+(1-GCss)%). AR ENC NMWAHR, GCis NREALFRZH] ENC-plot itk HH£E,
SRIGHRE FLSEPR ENC B /W1 N SR RFEARUE B 28 B0 A 99 B 18 R U Yo (Rl 3=, 2
DR R FE AR e 28 BT BB MR, M2 i o 252 3 R B PR RS, B AL T AnitE th 261
75 (Wright, 1990).

3.4 PR2 (Parity rule 2){Rfar P47

BT E AT 3 AL B AL Ty Gy CIIERGILL As, Ts, Gs, C3ER), BT AT RAR T
REHLELRHI. L GG +Co) NHEARER, As/(As+Ts) WAL FREEST PR2 ST /ER . RS
SN A=T H. G=C. # 4ith 5 K 1) % A5 1 4 112 56 4% 1 RAZPGE IS, A/T G/C REi%srAid45), BRI A=T.
G=C, BB st AiTE 4 N RIRH.

3.5 L E ST

YRR GC 5 GCs YRR B, 8% T4 Hr A G £ He Iy xof 5 DR il 28 B R 52 (Yang et all,
2014). & GCi 5 GCs Z I A WM CVERT, 2B B HE 1 1A FH (s 4 PR S A B2 i B0 K 4 (B3 R
VT 1B, ULEAEI TR 3 AR MTC I 2 R, A i 1 52 AR R B K
3.6 FE 05 F AR SR A3 4

RS FH AR A (RSCU) A 25 75 - S o 8 A e 15 78 25 7 1R 2 B R ) S 18 Sk v ) S5 1
B 200 1 1 PO AR [ L% . 4 RSCU IR 1.0, FoRREERR T 7 UG T #5556 H
G A 24 RSCUERT 1, WIS RS 7A f F m, /NT 1 U350 B 85 650 - ) A5 FH A S A1 (v
HRZE, 2011),

3.7 BRIREE T

R4 ENC o0 #rah xR R L R 1) ENC (BT R/ANHERT, BUR SIS 10% 1528 43 5l 2 57
s RERIEFE R PR, SN A AN B 11 RSCU A A1 A RSCU, R4 A RSCU=0.08 JybrifE i
A5 R RS 1 B O B R % S (R 4%, 2017),

YE& TTEk

FNERREERAFRILI T3 F08T FURBLHT N LI S IHAT N, S i /i, 183
VIR SE: AICIE. sk ZEEE . XBZ AN S5 LR, RS R o BN EMREE
FEWH B RSN, 1RSSR BARAT. RSCEESB . A BE EIE [R R s A L
PN

L]
AT R B 2K 5 AR RE 23 42 (U22A20453) I E KR AE ST Ak vH R H (202110712250) 3% (7 22 B
e PN

Chakraborty S., Yengkhom S., and Uddin A., 2020, Analysis of codon usage bias of chloroplast genes in Oryza species: codon usage
of chloroplast genes in Oryza species, Planta, 252(4): 67.

Chen S.L., Lee W., Hottes A.K., Shapiro L., and McAdams H.H., 2004, Codon usage between genomes is constrained by genome-wide
mutational processes, Proc. Natl. Acad. Sci. USA, 101(10): 3480-3485.



Sy T E P
Molecular Plant Breeding

Daniell H., Lin C.S., Yu M., and Chang W.J., 2016, Chloroplast genomes: diversity, evolution, and applications in genetic engineering,
Genome Biol., 17(1): 134.

Dilucca M., Pavlopoulou A., Georgakilas A.G., and Pavlopoulou A., 2020, Codon usage bias in radioresistant bacteria, Gene, 742:
144554.

Du B., Meenu M., Liu H.Z., and Xu B.J., 2019, A concise review on the molecular structure and function relationship of B-Glucan, Int.
J. Mol. Sci., 20(16): 4032.

Grantham R, Gautier C., and Gouy M., 1980, Codon frequencies in 119 individual genes confirm consistent choices of degenerate
bases according to genome type, Nucleic Acids Res., 8(9): 1893-1912.

Iriarte A., Lamolle G., and Musto H., 2021, Codon usage bias: an endless tale, J. Mol. Evol., 89(9-10): 589-593.

Li W., Zhang C.P., Guo X., Liu Q.H., and Wang K.L., 2019, Complete chloroplast genome of Camellia japonica genome structures,
comparative and phylogenetic analysis, PLoS ONE, 14(5): e0216645.

Liu H., Wang M.X., Yue W.J., Xing G.W., Ge L.Q., Nie X.J., and Song W.N., 2017, Analysis of codon usage in the chloroplast genome
of broomcorn millet (Panicum miliaceum L.), Zhiwu Kexue Xuebao (Plant Science Journal), 35(3): 362-371. (X &, T2, &
SCA, TBOGER, BT, LN, RIVT, 2017, BET SRR EE TR A A 0 08 A 1 ) A A, R RHE R, 35(3): 362-
371.)

Liu H.B,, LuY.Z., Lan B.L., and Xu J.C., 2020, Codon usage by chloroplast gene is bias in Hemiptelea davidii, J. Genet., 99: 8.

Mazumdar P., Othman R.Y.B., Mebus K., Ramakrishnan N., and Harikrishna J.A., 2017, Codon usage and codon pair patterns in non-
grass monocot genomes, Ann. Bot., 120(6): 893-909.

Rani H., and Bhardwaj R.D., 2021, Quality attributes for barley malt: "The backbone of beer", J. Food Sci., 86(8): 3322-3340.

Sato K., 2020, History and future perspectives of barley genomics, DNA Res., 27(4): dsaa023.

Shang M.Z., Liu F., Hua J.P., and Wang K.B., 2011, Analysis on codon usage of chloroplast genome of Gossypium hirsutum, Zhongguo
Nongye Kexue (Scientia Agricultura Sinica), 44(2): 245-253. (MBI, XI5, 247, F3hyL, 2011, B mHaf i3 K 41 2
T I PE R 734, T ERA:, 44(2): 245-253.)

Sheng J.J., She X., Liu X.Y., Wang J., and Hu Z.L., 2021, Comparative analysis of codon usage patterns in chloroplast genomes of five
Miscanthus species and related species, Peer]J, 9: 12173,

Tao W.J., Bian J.X, Tang M.Q., Zeng Y., Luo R.H., Ke Q.L., Li T.T,, Li Y.H, and Cui L.C., 2022, Genomic insights into positive
selection during barley domestication, BMC Plant Biol., 22(1): 267.

Wang J., Wang T.Y., Wang L.Y., Zhang J.G., and Zeng Y.F., 2019, Assembling and analysis of the whole chloroplast genome sequence
of Elaeagnus angustifolia and its codon usage bias, Xibei Zhiwu Xuebao (Acta Botanica Boreali-Occidentalia Sinica), 39(9):
1559-1572. (4, FRE, TP =, ki, WK, 2019, ARGk 45K H P 1) K H AL % 7wk 2 b, vEdbAE
2R, 39(9): 1559-1572.)

Wright F., 1990, The ‘effective number of codons’used in a gene, Gene, 87(1): 23-29.

Wu Z.C., Wang J., Zhao Q.H., Zhu S.P,, Zi C., Wu S.L., and Bao W.B., 2013, Analysis of codon bias of lipopolysaccharide-binding
protein gene (LBP) in pigs (Sus scrofa), Nongye Shengwu Jishu Xuebao (Journal of Agricultural Biotechnology), 21(10): 1135-
1144, (RIEH, T¥, B, KEF, BE, RFR, G30K, 2013, B8 2 ML S 8 AR (LBP) L TR HT,
ANV AR, 21(10): 1135-1144.)

Yang X., Luo X.N., and Cai X.P., 2014, Analysis of codon usage pattern in Taenia saginata based on a transcriptome dataset, Parasit.
Vectors, 7: 527.

Zhang Y.R., Nie X.J., Jia X.0., Zhao C.Z., Biradar S.S., Wang L., Du X.H., and Song W.N., 2012, Analysis of codon usage patterns of
the chloroplast genomes in the Poaceae family, Aust. J. Bot., 60(5): 461-470.

Zhang Y.Z., Zeng W.Y., Deng L.Q., Zhang H.C., Liu Q.Y., Zuo T.H., Xie Q.Q., Hu D.K., Yuan C.M., Lian X.P., and Zhu L.Q., 2022,
Codon usage bias analysis of S-locus genes SRK, SLG, and SP11/SCR in Brassica oleracea, Zuowu Xuebao (Acta Agronomica
Sinica), 48(5):1152-1168. (FK LA, W02, XEMkER, skUTR, X%, ZoEDS, WWEEEE, $HIERL, RS, BANE, KRR,
2022, H i S-fL A SRK. SLG I SP11/SCR # A5 F bt 43 #7, 1EH2E4R, 48(5): 1152-1168.)

Zhao S., Deng L.H., and Chen F., 2020, Codon usage bias of chloroplast genome in Kandelia obovata, Senlin yu Huanjing Xuebao
(Journal of Forest and Environment), 40(5): 534-541. G, X714, BRZE, 2020, FKoifH- 234 35 R 40 25 65 105 F A - 0 A,
TR IR 23], 40(5): 534-541.)



