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Codon usage bias analysis of chloroplast genome
of camphora tree ( Cinnamomum camphora)
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Abstract ; In order to analyze the codon usage patterns of the chloroplast genome of camphora tree, 53 CDS( coding DNA
sequences ) were selected from the chloroplast genome of camphora tree and the codon usage pattern and bias were ana-
lyzed by CodonW, EMBOSS, R language and other softwares. The results showed that the effective codon number
(ENC) of the chloroplast gene ranged from 36.82 to 59.30, indicating that bias of codons was weak. There were 32 co-
dons with relative codon usage greater than 1, of which 28 were rich in A and U, indicating that the 3rd position of co-
don prefers A and U genetic bases. Neutral analysis found that the correlation between GC, and GC,, was not significant,
and the slope of the regression curve was 0.049, suggesting that codon bias was mainly affected by natural selection,
while the ENC-plot analysis found that most genes fell below and around the curve. It was shown that the mutation also

affected the formation of codon bias. Eventually,nine codons (UUU, CUU, UCA, ACA, UAU, AAU, GAU, UGA,
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GGA) were identified as the optimal codons for the chloroplast genome of camphora tree.

Key words: Cinnamoum camphora, chloroplast genome, codon bias
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vembre , 2002) Fl[w] %% fth 4 XF i ] BE ( relative
synonymous condon usage, RSCU) ( Sharp & Li,
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Table 1  GC content of different positions of each gene in the chloroplast genome of Cinnamomum camphora
A GC & GC content( %) : GC &1 GC content( %)
i ENC i ENC
cc,  GC, GC, GC, cc,  GC, GC, GC,

rps12 41.94 51.61 48.39 25.81 42.31 rpl20 40.11 39.83 51.69 28.81 47.04
psbA 42.28 49.72 43.79 33.33 42.62 rps12 41.46 47.90 48.74 27.73 45.19
matK 36.18 43.88 32.62 32.04 52.93 clpP 43.07 58.91 37.62 32.67 55.32
atpA 42.39 56.30 40.55 30.31 49.82 psbB 44.86 54.81 45.97 33.79 52.93
atpF 39.28 51.35 35.14 31.35 50.25 petB 40.90 49.54 41.67 31.48 45.28
atpl 39.25 50.00 37.50 30.24 46.54 petD 40.08 51.53 39.26 29.45 44.72
ps2 39.38 41.35 43.46 33.33 52.53 rpoA 36.67 46.47 34.12 29.41 49.35
rpoC2 38.72 46.61 38.31 31.24 51.18 rps1l 44.53 54.20 54.96 24.43 49.29
rpoCl 39.67 51.02 39.04 28.95 50.58 ps8 36.59 42.11 40.60 27.07 48.44
rpoB 40.56 50.33 39.30 32.05 51.43 pl14 40.38 55.28 36.59 29.27 44.71
psbD 42.84 51.69 43.50 33.33 45.37 pl16 44.44 51.11 54.81 27.41 36.98
psbC 44.80 54.22 45.99 34.18 47.31 ps3 37.25 50.23 33.48 28.05 53.47
rpsl4 42.24 43.56 47.52 35.64 37.89 pl22 38.12 41.49 42.55 30.32 50.08
psaB 42.27 49.12 42.72 34.97 51.27 yef2 37.38 41.27 33.82 37.05 53.72
psaA 43.63 53.00 43.54 34.35 51.09 ps7 39.96 53.21 44.23 22.44 47.57
yef3 39.05 47.34 40.24 29.59 54.44 ycf68 50.43 47.86 51.28 52.14 47.88
rps4 39.11 50.00 40.59 26.73 51.35 yefl 32.75 38.31 30.31 29.62 49.50
ndhJ 42.14 51.57 38.36 36.48 54.1 ndhH 39.68 52.03 36.29 30.71 51.94
ndhK 38.81 42.31 43.71 30.42 50.81 ndhA 37.86 46.20 40.76 26.63 45.48
ndhC 38.29 49.59 34.71 30.58 47.37 ndhl 35.73 39.78 39.23 28.18 51.4
atpkl 41.73 50.37 40.74 34.07 50.24 ndhG 37.29 46.89 35.59 29.38 46.18
atpB 43.02 56.91 41.68 30.46 48.63 ndhE 34.31 40.20 35.29 27.45 48.23
rbcL 45.73 58.61 43.91 34.66 51.37 cesA 34.60 34.70 40.06 29.02 50.14
accD 37.04 41.27 39.88 29.96 47.01 ndhF 34.81 38.26 37.99 28.19 47.90
yef4 40.72 43.78 42.16 36.22 59.30 yefl 34.90 38.78 31.63 34.29 53.62
petA 41.12 53.27 36.14 33.96 54.99 rps7 39.96 53.21 44.23 22.44 47.57
rps18 34.64 35.29 43.14 25.49 36.82 A1t Total 40.62 49.04 40.99 31.84 49.24

DU F B I 0 FARR B A =T, C =G I}, %88 1l
FE I - P AN A7 35 £ RN 98 28 5% 1) ( Sueoka, 2001)
Bl 4 SR, 4 A Kk b ) 3 A S o A R ), 2
OT L E AN L, UL B R SR 30 B S Y o
R B bk, FLBRE A A Al R R & T
T, B84 C MR T G, Bk, AT #Eid
SRR I S AR 5 R 4] 5 A T i T A 35 B R R
2.5 BIMBWFHHE

XF 53 MR Y ENC E 3 THER T, Je
WA it 45 1R B 1090 1) 36 PR 3 ~7 vy IR 32 28 36 IR 5 4%
Ja THRE AN 235 FE Hh A F 1) RSCU B A1 A T2
H ARSCU B (3 3) s a5 iiE T 26 N0

RS I 28 R S PR 2 3 R IR W S T, X 26 % i
TEE 3 A AT oA, o DL U S5 IA S
ASLLVASERIAE 5 A, UL CL.G SRR 6 4
10 1, 456 26 M mRIAHMFME 132 4
AT RS T BEBU I AN L B E R E T 9
AR I G A 5 DR 2 o U % RS 1, 43 oA UUU
CUU .UCA ,ACA ,UAU ,AAU .GAU . UGA .GGA,
T A RS F DL U B A 2
2.6 ZEHUNMHHWES S

Ll A S A 5 DR 2 90 T DA s 30 2 ) R
HEZ B R Ge b4k 56 R | [) B i) B A 0 1 0 A A
K (Kim et al, 2015), JIEA T fif 5 B 76 A5 B}
FE P AL AR TN OC 2R WA vt 5 A 8 F i Bl A
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D449 0.8 ccec 209 [0H4
Leu 620 | 178 CCA 11238 67
454 B ccGg [ 118 [o.s3
430 BB Thr  ACU [[39s A9
cuc I 144 Mo4l ACC [230 [Ois6
CUA [ 291 [0I83 ACA [311 [y
cuGg [ 155 Mo.44 ACG || 126 Mo.47
lle 826 45  Aa Gccu 50 RN
366 0.64 Ggee 190 .66
520 [0lo1 GCA [1343 IR
Met 481 GeG I 114 Po.39
val GUU [ 431 Tyr  UAU [ 608 INIS8Y
Gguc [ 154 Mo.52 uac 162 Mo
GUA [ 419 TER UAA | 25 |42
D187 .63 UAG | 10 .57
Ser 1409 His CAU [ 4i0 SN
276 04 cac 1 137 Mos
1323 Gin cAaA 1563 e
178 .67 CAG 1206 [o.54
Arg 11296 Asn  AAU [17617 [NNS4N
ccge | 75 AAC 230 Mo.46
CGA [1293 Lys AAA [1792 48
CGG | 87 . AAG 280 [o.s2
AGA [1399 83N Asp  GAU [1669 [NISZE
AGG [ 160 16.73 Gac 185 Mo.43
Ser  AGU [1322 i3 Glu  GAA 840 a7
AGC | 85 Ho.32 1302 .53
Gy GGU [[456 26  Cys g1 NES
GGe 150 Mos uge | 62 [Mo.st
GGA 542 48 TER UGA | 18 [i62
GGG | 274 [0.75 Trp UGG [ 367 I

E: Phe. KHEMR; Leu. 52EMK; He. 2R ; Met. HZMR; Val. SiZM; Ser. ZH MR ; Arg. W& ; Gly. H&MR;
Pro. &R ; Thr. R &R ; Ala. W& ; Tyr. BEE R ; His. L& ; Gln. K& BENE; Asn. KARENE; Lys. BiERR
Asp. REAEHMR; Glu. BEBL; Cys. FMERL; Trp. &M ; TER F£mA % A AL ILF S AR, TR,
Note: Phe. Phenylalanine; Leu. Leucine; Ile. Isoleucine; Met. Methionine; Val. Valine; Ser. Serine; Arg. Argnine; Gly. Glycine; Pro. Proline;
Thr. Threonine; Ala. Alanine; Tyr. Tyrosine; Hls. Hlstidine; GIn. Glutamine; Asn. Asparagine; Lys. Lysine; Asp. Aspartic acid; Glu. Glutamic
acid; Cys. Cysteine; Trp. Tryptophane; TER indicates an amino acid with a blank or internal termination symbol. The same below.

BT R I (A PR 2 ) S T (0 PR 23 #

Fig. 1 Relative synonymous codons usage analysis on the chloroplast of Cinnamomum camphora

Py ity R S R 2 41 G [ b o R S R AR B
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Table 2 Correlation analysis of each parameter in the chloroplast genome of Cinnamomum camphora

WiH Item GC,, GCl1 GC2 GC3 ENC CN
GC,, 1.000
GCl 0.722 = = 1.000
GC2 0.662 * = 0.193 1.000
GC3 0.487 = = 0.058 0.020 1.000
ENC -0.066 0.074 —0.428 = = 0.274 = 1.000
CN -0.207 -0.165 0.355 0.186 0.262 = 1.000

T FoRMSCER B K (P<0.05) 5 % FoR HISEPEIL B 235 K1 (P<0.01) o

Note; * stands for significant correlation at the 0.05 level; #** stands for significant correlation at the 0.01 level.

0.6 7
] o .
0.5 1 e ®o8 .2. L4
] ° 80
0.4 1 . e o
] o ©
5 0.3 1
0.2 1
0.1 1
0 T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6
GGy

P2 ARARS I SR R A A v M 22 18] 23 #r
Fig. 2 Neutrality plot analysis in the chloroplast of

Cinnamomum camphora

SRR R % 6 R dcile, B 34 S R A )
R 8 D R OB V9 2 T e LA R AR 1Y 35 0 T D
TSR AR ) D 32 e I 7K AR I 2 A 356 ) 4 30F
T2 (K 6) F1 ENC-plot Z & (El 7) &8,
GC,,5 GC,ry Ml 4 R 4458 0( 4 0.053) , [l HE7E
ENC-plot Zx &I vh | K 4r B y& 7E I B it & i T
J5, W35 AR Uk B 18 £ 2 5 i T 7K A i 2 1 5 TR 4
AR EE R X GRS 4h
FAul, 2 B RE B sl R I A A E Al A B R AR ik
PP 2 X I A 3 PR 2 R F i Gk Y R
BK,

3 i

[F] S A AN [R] 49 o 18] 4 [7) — ) b 1) AN )
e DA i) e AR LA — i e, v 3R i A 2 [

W HAT fe 08 A 1 HLUH B 1 i 4 PR AR A B e
( Ghaemmaghami et al, 2003; Goetz & Fuglsang,
2005 ; Ingvarsson, 2007) . Zhou et al(2008b) 5%
R BRAE ) - ¢ A B PR 2 v 285 B 1 445 R A ) el o
it A BT, ARG AR AR I e (A [ 4
HGC,H GC, (GO MRA R, H GC i Lo =
A, P AR RS RULE R R mar 3 2 DL A
BT 4R, X533 R (Malus X domestica) (4 1AL
4, 2014) K2R ( Cunninghamia lanceolata) ( ¥R7% ¥
%, 2016) i ( Diospyros kaki) ({H 8L, 2017)
SR B TR AR — 2,

B i M B R 8RR 32 22 i TR R R e
BR T B B 58 AR R A SR 2k #E 5P (Rao et al,
2011) , B3 2 1% 2% 5+ ( Romero et al, 2000) & A
IS 45 H) ( Rao et al, 2011) (tRNA F & ( Novoa &
Pouplana, 2012) % 2 Ff X K s 25 52 e g 47 Pk
Horp (RNA (Y235 8 d5c ey, RH L 1% % 08 1~ O 2 1
WLk GE ( Duret, 2002 ; Hershberg & Petrov, 2008) ,
A I XA AR i g A DR 2 = AN AN R 7 |
%) 5 B 6 2 8 K % B 1 A OC R EGHE AT AT
2R 43 B L ENC-plot 43 87 1 PR2-plot 4 73 #T 5
T, A I B W A RS - S A DR 2 9 1 1 e
PER) FEZER R 5878 X5 535 55+ 19 D - M 52 e e /N
T8 Bili AR ( Gossypium hirsutum)) ( 15 B FRSE | 2011) |
J§& ¥~ ( Panicum miliaceum ) ( X255, 2017) 35 iy
%% ( Camellia oleifera) ( T K55, 2018) SFAHYI 1Y
I 2 A DR 2 9% 05 D 2 1k A B b AR B T
AHIE ST AR ALY 25 . SR T, 7R % 8L R ST R A B
(Zhou et al, 2008a, b) MZR{A 3k PR 21 %5 1 11 I
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Table 3 Optimal codons analysis in the chloroplast genome of Cinnumomum camphora
TR R IR EE A fRFEFE D
S TES High expressed gene Low expressed gene ARSCU
Amino acid Codon B B
Number RSCU Number RSCU
Phe UUU = 28 1.08 16 0.84 0.24
uuc 24 0.92 22 1.16 -0.24
Leu UUA 19 1.34 19 1.84 -0.5
uuG 19 1.34 17 1.65 -0.31
CUU = 23 1.62 15 1.45 0.17
CUC = 6 0.42 0 0 0.42
CUA 9 0.64 10 0.97 -0.33
CUG * # 9 0.64 1 0.1 0.54
lle AUU 34 1.15 33 1.52 -0.37
AUC * 26 0.88 16 0.74 0.14
AUA = 29 0.98 16 0.74 0.24
Met AUG 26 1 22 1 0
Val GUU 28 1.53 18 1.53 0
GUC 6 0.33 6 0.51 -0.18
GUA 23 1.26 20 1.7 -0.44
GUG = = = 16 0.88 3 0.26 0.62
Ser UCU 20 1.82 21 2 -0.18
ucc 10 0.91 12 1.14 -0.23
UCA # = 11 1 7 0.67 0.33
ucG 5 0.45 5 0.48 -0.03
Pro CCU 17 1.15 18 1.67 -0.52
CCC = 21 1.42 13 1.21 0.21
CCA 16 1.08 11 1.02 0.06
CCG = 5 0.34 1 0.09 0.25
Thr ACU 11 1.16 19 1.65 -0.49
ACC 11 1.16 15 1.3 -0.14
ACA = 10 1.05 11 0.96 0.09
ACG # = 3 6 0.63 1 0.09 0.54
Ala GCU 27 1.66 32 2.21 -0.55
GCC = = 12 0.74 6 0.41 0.33
GCA 21 1.29 18 1.24 0.05
GCG * 5 0.31 2 0.14 0.17
Tyr UAU = = 45 1.76 17 1.42 0.34
UAC 6 0.24 7 0.58 -0.34
TER UAA 2 1.2 4 2.4 -1.2
UAG * * = 1 0.6 0 0 0.6
His CAU 11 1.38 15 1.36 0.02
CAC 5 0.63 7 0.64 -0.01
Gln CAA 30 1.36 19 1.36 0
CAG 14 0.64 9 0.64 0
Asn AAU = = = 38 1.73 20 1.18 0.55
AAC 6 0.27 14 0.82 -0.55
Lys AAA 25 1.28 29 1.53 -0.25
AAG = 14 0.72 9 0.47 0.25
Asp GAU =* = 37 1.72 11 1.38 0.34
GAC 6 0.28 5 0.63 -0.35
Glu GAA 54 1.5 28 1.6 -0.1
GAG 18 0.5 7 0.4 0.1
Cys UuGU 5 1 7 1.75 -0.75
UGC * = * 5 1 1 0.25 0.75
TER UGA = = = 2 1.2 1 0.6 0.6
Tip UGG 18 1 15 1 0
Arg CGU 14 1.25 22 1.67 -0.42
CGC * 5 0.45 4 0.3 0.15
CGA 15 1.34 18 1.37 -0.03
CGG * = 6 0.54 2 0.15 0.39
AGA 16 1.43 27 2.05 -0.62
AGG * = = 11 0.99 [§ 0.46 0.53
Ser AGU 14 1.27 13 1.24 0.03
AGC 6 0.55 5 0.48 0.07
Gly GGU 22 1.19 29 1.71 -0.52
GGC 11 0.59 9 0.53 0.06
GGA = 30 1.62 23 1.35 0.27
GGG = 11 0.59 7 0.41 0.18

. # Fon ARSCU>0.08, # % F7n ARSCU>0.3, * *x F/x ARSCU>0.5,
Note: * means ARSCU>0.08, ** means ARSCU>0.3, # ** means ARSCU>0.5.
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