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Codon bias of transcriptomic genes in Cinnamomum camphora
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Abstract; In order to understand the genes codon bias of transcriptome in Cinnamomum camphora, all transcriptome
data of C. camphora were downloaded, screened against their quality. The screened data were assembled and annotated
in gene structure after low-quality reads were deleted. Then 37 Mb gene sequences initiated with AUG were extracted by
perl script with 34 931 genes. The codon bias was analyzed using CodonW software. The results were as follows: GC
content ranged from 0.273 to 0.742 with the average of 0.452; ENC ranged from 26.29 to 61.00 with the average of
52.76; CAI ranged from 0.064 to 0.401 with the average of 0.199; There were 27 genes whose RSCU were greater than

1, of which 22 genes ended with U or A ; Neutral plot analysis indicated that a great many genes were not on the line and
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ENC-plot showed the similar results. The above results elucidate that the gene codon bias of transcriptome was weak, and

most ended with U or A; Selection played more important role than mutation in codon bias; Finally, GUU, CAG, GAA,

UCU, GCU and GGU were taken as the optimal codons. This will provide a solid foundation for improving traits of

C. camphora via the codon revision of the targeted genes.

Key words: Cinnamomum camphora, transcriptome, genes, codon, bias

FHE ( Cinnamomum camphora ) 5255 B J& 1Y
— MR GERTIAR N EEE gAY,
o3 A IR mE B P RS A (P R A B v A
VG 514 ,1982) . R AR J& B I
SURME , FLAR R i AR F A - 35 AT B2 R i A
R, s+ iz, BA R RN N,

TR AR B B R K R 5, AR
PRI A2 oy 25 5, B RE AT 4 S AR D5 R A0
F5 (R 2 e R A 2 D12, 1982) 5 WA
ANIRFTY 1 F , B4 I AR AR A b A 3 A A 22
S EFESE 2019) , ARl A 0 R i
FIZE M AT R AR 2R (B A ,2019) , AN
Wik Y LR, SR AR TR R K 2 5 (X
3£,2019) , F & ML AR 50 7 18 10 5 17 35 1% 2
RABE T RAFABEUR st 4% ok R R FH 4 58 5%
FEG 0 J7 TR TT R, SR 3% e 7 A A R K AR
L EHMEREARNLE, W TF 8 MEEA SR
Sl S B AR E PR BT B

REFRP TR ELER HOf &
HE . Liu et al. (2015) F) FH [A] U5 o0 [ 14 725 ol
THERE CeBBM, IF #5471 5% AL 5 1iF ; Chen et al.
(2018) FI] F e s 4 0 A At il 28 26 ) 5 U6 PR O
T YT AN W IE N BN RS [ AR 27 B 43
BRI K FEFE N CcHMGRs ( ¥BI1L %5 ,2020a) |
CcPMK (3L 4, 2020b) S NBS-LRR &1 9% & [H]
FETT I S AR 20 DI RE 70 M 1 TAE (R AR 46
2018) ; [\ i it 35 3 (2009 ) FTRE H B (2014) 5E )5
FENT T A AR A0 M B A R R I LTI Barnase |
PaFT CBF3 I DREB1 Z53L % A | N HFREA
] B 43 B A L B 38 ML BB 2RIt 4% U0 L B 5
fih, R TREMES TFEMOEZE T EZ —,
HA R RORm bR B 6 S 05 (G
TR ,2014) , BT 38 3 2R 1 A i ( Krebs
et al., 2018) . AN [A] %) %% 5 5~ X & (K %) 3 35 A 3y
HEF= A= 8 K % W ( Hershberg & Petrov, 2008 ; Zhou
et al., 2016) . /A [H] 4 Fh % 65 F I 4 1 A7 7R 5K
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FastQC. 6% s 41 4 e 371 Joi o, O 0 5040 oo 4 oo
B%E A AR, FA A Trimmomatic 18 BT 25 B {K
R H0 A Sk, AE LR AL BRI Trinity X 5%
SEL AT %E, A FH TransDecoder T3 i FE K 25 44
FEHLLL AUG FF3k BB FH T A SCRY IS 220007
1.2 HIEHH
1.2.1 ZF T R4 A %43 DUk 9 4 659 55 1
FERNBFFEXT 42 K CodonW 1.4.2 B A% 53 b7 %
PP S8 A SRS 40 H (ENC) %0
TIE N HR KL (CAT) 2518 1 1 48 50 ( CBT) L #x
P2 i~ FIA3 38 (Fop ) | & A 3R 3k 1 2 11 B i 7K
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Table 1 Range of codon bias parameters
28 &/ME SN Sfiel 28 &/ME RKME H{H
Parameter Min. Max. Average Parameter Min. Max. Average
GC1 0.245 0.913 0.511 ENC 26.29 61.00 52.76
GC2 0.179 0.858 0.408 GC3s 0.077 0.937 0.412
GC3 0.108 0.939 0.434 GC 0.273 0.742 0.452
CAI 0.064 0.401 0.199 L_sym 83 4 586 351.885
CBI -0.513 0.364 -0.056 L_aa 86 4765 366
Fop 0.153 0.634 0.384 Gravy -2.747 1.436 -0.259
Aromo 0.000 0.324 0.085
®2 FHTRIFESHENEXE
Table 2 Correlation of codon bias parameters
Parameler GCl1 GC2 GC3 CAI CBI Fop ENC GC3s GC N Gravy
GC2 0.172*
GC3 0.185* 0.100
CAI 0.176™ -0.096 " 0.166
CBI 0.150™ 0.173™ 0.508 0.605
Fop 0.143™ 0.210™ 0.478 0.698 0.962 ™
ENC 0.060™ -0.45" 0.066 0.002 0.049 ™ 0.037™
GC3s 0.212™ 0.113™ 0.994 " 0.179™ 0.521™ 0.494™ 0.065 ™
GC 0.599 ™ 0.555™ 0.785" 0.142™ 0.473™ 0.465™ 0.048 0.798 ™
N 0.145™ 0.023™ -0.103" 0 -0.037" -0.024™ 0.036™ -0.094" -0.014"
Gravy -0.222"  -0.122" 0 -0.094™" 0.079" -0.102" 0.031" -0.025" -0.140" -0.088"
Aromo -0.451" -0.201" 0.016™ -0.008 -0.013"  -0.055" 0.039” -0.023" -0.255" -0.159" 0.442"

T " FRR R R BEKE,

Note: ™ indicates extremely significant level;

00 45 7 9 09 B il B A TrasnsDecoder 45 &
Swissprot ZUHE B A1 pfam— A U4 22 1 [6) P48 & K
KAE & T I 2 ) B8 FF B 12 HE (opening reading
framework , ORF) (1) SO ME A1 E B 4 ] e Ay S
A REAAAE—Se B Y\ ¥ Fli G Ak . SR AE H BTRA
AR IE D 2H (1 D0, e s A IR 235 08 1 0 e AT
SRAT IR EE 5%

64 Fl S+ i i 20 P& LR, o 3 R &
1L, 53 AUG F1 UGG 43 i) H Bp 7 2 £y
B R AN R, oAy 59 Rl T 4 i 18 Al
FEPR (R X B AR K %, 20165 Krebs et al.,
2018) ., 18 P MR h M A KR T DA 2 F
BT YR WA 6 P& S 1 %5 ( Nelson &
Cox,2017) , H1 T[] 49 b B[] — 9y Ao AN ] s A
2R FHAS [6) 2% 15 - g A ) — 2 L R ( S R 4%,
2018,2019 ; #i Fif B 25, 2019 ) , K ok 7= A= %% 1 1
et T 608 e e A

7 1o I S (AR I R 20 %8 05— - 2 i 1 2 B G
T AP (FR LR, 2018) AR SO S T
T -t S8 ENC $894H K 52.76 , KT it iR L 41

" indicates significant level.

1 ENC , 7 1 & 85 55 5% 40 35k R 38 68 1 i 4 1 kb i
SRR S, kR VLA R — B T R SR A
B 7 Xof B 1R A5 R FD B (1 D RE S 3 /N . RSCU 43
BT I, i i o3k 21 3 DR S35 0 1 A5 8K 1) L A B
U 258 3% 55 M0ME 5% 53 4 % A 1 O - ek R 0L (i
Bk 5E,2019)

B TR AT 52 0 4 B | e BE 5248 (IRNA
BE R KR G K R0 G I 2 L R S
M, ENC JL-F-5 A 09 %65 7 S 800 3% A oG,
MXERBIMET 0.1, 5 GC2 Bk B E M, #H 56
ZBUH-0.45; 100 5 — %5 F iS50 CAT 54
[ LE GC & A 5, 5 S JE IR K B AH R B/,
P15 BH 5 0 Ml Pk S R A A Ok, AR K
FEA /N, CAT 5 CBI 2 Fop 14 % %% AH 56 2% B
FE Rl PR i Rk 1 RS -, 4 BT AT ENC - plot
A3 AT S B 9% A5 A 25 A5 F O S T B A T Ak
BAEX A R KR, ARSI EE 6 A~
T I R B L6 5%+ 43 il f GUU ,CAG .GAA \UCU |
GCU .GGU, It % 15 1) 1 o Sk 1 6 15 T2
AR M R AR T RS
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Table 3  Relative synonymous codon usage analysis

V=2 7 e Sl 5L V=3 7 3 Pas=N
IR LSS B . IR LU B L
Amino acid Codon Number RSCU Amino acid Codon Number RSCU
KN Phe UuU 304 100 1.13 22 R Ser UCuU 311 649 1.61
uuC 233 350 0.87 UCC 166 140 0.86
TR Leu UUA 147 757 0.71 UCA 257 999 1.33
uuG 300 758 1.45 uceG 89 171 0.46
CuuU 302 166 1.45 % 2 Pro CCU 233 779 1.48
cuc 186 741 0.90 cce 107 080 0.68
CUA 121 249 0.58 CCA 224 344 1.42
CcuG 188 771 0.91 CCG 67 821 0.43
2R e AUU 312 103 1.38 PRER Thr ACU 208 488 1.38
AUC 198 381 0.88 ACC 126 441 0.84
AUA 167 349 0.74 ACA 205 703 1.36
H i 2R Met AUG 322 582 1.00 ACG 63 477 0.42
AR Val GUU 318 663 1.53 R Ala GCU 325 497 1.49
GUC 153 611 0.74 GCC 160 934 0.74
GUA 132 957 0.64 GCA 301 653 1.38
GUG 228 953 1.10 GCG 86 780 0.40
Ji% 2R Tyr UAU 210 442 1.21 LR Cys UGU 125 865 1.05
UAC 136 369 0.79 UGC 114 030 0.95
2 EF TER UAA 9 611 0.92 2T TER UGA 14 082 1.35
UAG 7 489 0.72 {6 %R Trp UGG 162 726 1.00
ZH R His CAU 208 545 1.32 TR Arg CGU 90 400 0.77
CAC 106 626 0.68 CGC 69 857 0.59
B H B Gln CAA 234 428 0.99 CGA 81 950 0.70
CAG 241 418 1.01 CGG 78 056 0.66
RAWEME Asn AAU 331 926 1.26 22K Ser AGU 185 042 0.95
AAC 192 873 0.74 AGC 154 319 0.80
AR Lys AAA 339 397 0.91 WM Arg AGA 203 756 1.73
AAG 409 146 1.09 AGG 180 692 1.54
REHR Asp GAU 475 997 1.40 H 4 Cly GGU 242 575 1.14
GAC 205 874 0.60 GGG 157 721 0.74
B E R Glu GAA 432 745 1.04 GGA 264 126 1.25
GAG 399 622 0.96 GGG 184 049 0.87
1.0 [
09} 65.00-
0.8
0.7 60.00
o 06 55.00-
0 0.5
0.4 50.00 1
QO
03 Z. 45.00-
62 0.088 1x +0.421 4
y=0. X 2 i
0.1 R2=0.0345 40.00
0 1 1 " 1 )
0 02 0.4 0.6 0.8 1.0 35.001
GES 30.001
Bl 1 FARai a3 A 2 25.001
Fig. 1 Neutral plot of transcriptomic genes in 0.000 0.200 0.400 0.600 0.800 1.000
Cinnarrwmum camphom GC3s
2 R SR EL R ENC-plot 43 H7
H i , O A R e R s o S P B e 3 Fig. 2 ENC-plot analysis on transcriptomic genes in
IETERVAR TR, R st (8 AR R IEZ 2 58385 Cinnamomum camphora

BT (2009 ) K GFP B A B Aa iR g f e rh | il
ISR PCR AT Southern blotting 46l X 5% 3 19 38045 e AR 2 5 5 1 (2009) #% Barnase
WL T GFP 3NN G AETEILH A R, @ TA Il PaFT JEH 50 356 ABRESE AL, 8% 1 R X 3% A
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Table 4 ENC ratio of transcriptomic genes in

Cinnamomum camphora

ENC {5 H RS
Range of ENC Number Frequency (%)
-0.25~-0.15 22 0.06
-0.15~-0.05 580 1.66
-0.05~0.05 11178 32.00

0.05~0.15 19 209 54.99

0.15~0.25 3359 9.62

0.25~0.50 583 1.67

AL R BN AT % T ZE (2009) #5704
FPUIERL N AmEBP1 Fl AmGS %5 AT LN 4 | If
i o T RE I E e W A 5 DR Pk 10 T 9 BiE

A ERE . SRS ¥ (2009) F1E K % (2009)
FRIEA T B AL R 1 % 1 1 Fi2 BR ) Fh B A0 %5 S 1
HEATIH%E . Young & Purton (2016) BT AES
)38 1 A T — E R b AR el BHL LR 5 L H Y
BB RE, LIS T RS X b B W
FE PR AT 4 05 F A 08 i BE % K R b 2R IR Rk
P v B A SE PR R A I 9 R X
W TRERNREFHEEA EZNIE TR,

x5 FERFEEASAEBFIM
Table 5 Analysis of the optimal codons of transcriptomic genes in Cinnamomum camphora
y p p g P
(SN ES R I ik RIB
LR Low e:szssion High ::f;:ssion HER W Low ezg::ssion High e;(rf)er:ssion

Amino 3 & gene ARSCU | Amino T & gene ARSCU

acid Codon " " acid Codon 4 "

MR oo BA B o HA
Number RSCU Number RSCU Number RSCU Number RSCU

Phe uuu 1384 1.32 1 095 0.68 -0.64 Tyr UAU 969 1.35 894 0.70 -0.65
vucr T 716 0.68 2 134 1.32 0.64 UAC*** 464 0.65 1643 1.30 0.65
Leu UUA 750 0.83 520 0.51 -0.32 TER UAA ™" 90 0.87 118 1.19 0.32
uuG 1474 1.63 1309 1.29 -0.34 UAG 88 0.85 67 0.67 -0.18
Cuu 1208 1.34 962 0.95 -0.39 His CAU 730 1.32 909 0.93 -0.39
cuc” 767 0.85 1311 1.29 0.44 CAC™™ 380 0.68 1 054 1.07 0.39
CUA 631 0.70 369 0.36 -0.34 Gln CAA 967 1.11 1277 0.84 -0.27
cuG* " 582 0.65 1 620 1.60 0.95 CAG” 770 0.89 1 766 1.16 0.27
Ile AUU 1249 1.22 1 441 1.07 -0.15 Asn AAU 1391 1.35 1407 0.79 -0.56
AUC™ " 710 0.70 2 250 1.67 0.97 AAC""" 664 0.65 2 140 1.21 0.56
AUA 1102 1.08 347 0.26 -0.82 Lys AAA 1237 0.88 3001 0.88 0.00
Met AUG 1533 1.00 1 889 1.00 0.00 AAG 1 560 1.12 3 858 1.12 0.00
Val GUU" 903 1.22 2 088 1.35 0.13 Asp GAU 1771 1.42 3183 1.13 -0.29
Guc” 550 0.75 1589 1.03 0.28 GAC™ 728 0.58 2 455 0.87 0.29
GUA 460 0.62 836 0.54 -0.08 Glu GAA™ 1554 0.91 3953 1.06 0.15
GUG 1 037 1.41 1 683 1.09 -0.32 GAG 1874 1.09 3502 0.94 -0.15
Ser ucu” 1193 1.30 1783 1.50 0.20 Cys UuGU 526 1.18 555 0.80 -0.38
vcer 697 0.76 1 681 1.41 0.65 uGe " 366 0.82 836 1.20 0.38
UCA 1109 1.20 869 0.73 -0.47 TER UGA 132 1.28 113 1.14 -0.14
UCcG 609 0.66 788 0.66 0.00 Trp UGG 882 1.00 895 1.00 0.00
Pro CCU 1071 1.38 1278 1.15 -0.23 Arg cGu*** 500 0.48 718 1.40 0.92
CCcC 636 0.82 873 0.79 -0.03 CGC™"" 428 0.41 642 1.25 0.84
CCA 1 089 1.40 1318 1.19 -0.21 CGA 761 0.72 389 0.76 0.04
ccG™” 306 0.39 962 0.87 0.48 CGG 646 0.61 242 0.47 -0.14
Thr ACU 643 1.16 1 370 1.11 -0.05 Ser AGU 1078 1.17 756 0.63 -0.54
ACC* ™" 420 0.76 1897 1.54 0.78 AGC* 840 0.91 1268 1.06 0.15
ACA 833 1.50 870 0.71 -0.79 Arg AGA 1 988 1.89 596 1.16 -0.73
ACG 325 0.59 786 0.64 0.05 AGG 1 988 1.89 490 0.96 -0.93
Ala GCU” 827 1.20 2728 1.50 0.30 Gly GGU™ ™" 954 0.85 2 226 1.49 0.64
GCc* 548 0.80 2072 1.14 0.34 GGC* " 637 0.57 1815 1.22 0.65
GCA 950 1.38 1467 0.81 -0.57 GGA 1562 1.39 1316 0.88 -0.51
GCG 424 0.62 1016 0.56 -0.06 GGG 1 349 1.20 614 0.41 -0.79

H . "™ R ARSCU>0.5; ™ %78 ARSCU>0.3; * %7~ ARSCU>0.08, BAKE SR 45 3% 3,

Note: ™ indicates ARSCU>0.5; ™ indicates ARSCU>0.3; *

indicates ARSCU>0.08. See Table 3 for abbreviations of specific amino acids.



12 4] TRIRER A . e AR S LR N R 1 (i 4 P 2 B 2083
2009. 1] FHE DA Tt 601 1 7 47 S ARl BT ol o B AR A7F 5
N [D]. &% AR R, ]
72%% STHK WANG GL, FANG HY, 2018. Plant genetic engineering

CHEN CH, ZHENG YJ, ZHONG YD, et al., 2018.
Transcriptome analysis and identification of genes related to
terpenoid biosynthesis in Cinnamomum camphora [ J]. BMC
Genomics 19: 550-564.

CHEN GM, 2014. Optimization of genetic transformation system
and transformation of cold resistant genes in Cinnamomum
camphora L. [ D]. Wuhan: Huazhong Agricultural University
[FRHB, 2014, SR BALEAL IR RO A0 S2 pT FE I I 1Y
¥ede [D]. sQBL: Al Ry, ]

Editorial Board Committee of Flora in China, 1982. Flora
Reipublicae Popularis Sinicae [ M ]. Beijing: Science
Press. [ RSB EALY) S i 2% B 2, 1982, P E
R [M]. dest: Bleg it ]

HERSHBERG R, PETROV DA, 2008. Selection on codon bias
[J] Ann Rev Genet, 42. 287-299.

JIANG Y, DENG F, WANG HL, et al., 2008. An extensive
analysis on the global codon usage pattern of baculoviruses
[J] Arch Virol, 153(12) ; 2273-2282.

KREBS JE, GOLDSTEIN ES, KILPATRICK ST, 2018. GENE
XII [ M]. USA Massachusetts Burlington: Jones & Bartlett
Learning.

LAI RL, FENG X, CHEN ], et al., 2019. Codon usage bias of
Canarium album (Lour.) R. transcriptome and its influence
factors [ J]. J Nucl Agric Sci, 33(1): 31-38 [ #fiFmik, 5
B, BREE, 55, 2019. MR s 2 00 1 ok A O 4k B G
N [J]. B, 33(1) : 31-38. ]

LIU QH, ZHANG CJ, CHENG YH, et al., 2016. Molecular
cloning, characterization, and functional analysis of CcBBM
gene from camphor tree ( Cinnamomum camphora L.)
[J]. Trees, 30: 1033-1043.

LIU S, 2019. Population genetic structure of Cinnamomum
camphora in China [ D ]. Nanchang: Jiangxi Agricultural
Univeristy [ X1 3&, 2019. v [ 4 44 FE 1 38t 4% 45 44 BF 50
[D]. FE: TLERRA:.]

LU YS, PENG C, CHEN Z, et al., 2018. Analysis of codon usage
bias in Clausena lansium through annotated transcn'ptome data
[J ] Mol Plant Breed, 18(18): 5904-5913 [ fi& 2k, w4F2,

i, 205, 2018, i S 5 4L I T L 0 1 )
[J]. 73 FHIMIEFR, 18(18) : 5904-5913.]

NELSON DL, COX MM, 2017. Lehninger principles of
biochemistry [ M ]. New York: W. H. Freeman and
Company.

QIN Z, ZHENG Y], GUI LJ, et al., 2018. Codon usage bias
analysis of chloroplast genome of camphora tree [ ] ].
Guihaia, 38(10) : 1346~ 1355 [ Z2 B, MK, LN,
S5, 2018. AR ARFE D) % 05 1 et o i (0] 1
VEAA, 38(10) : 1346-1355.]

SHI XP, 2009. Enhancement of somatic enbryogenesis and
genetic transformation with Barnase and PaFT genes in
Cinnamomum caphora L. [ D ]. Wuhan: Huazhong
Agricultural Univeristy [ JliZ5 5, 2009. 440 igitEA
IR Z WAL F 5% 4L Barnase \PaFT ZEKRBWE5E [D]. 5%
DL ARl Rz,

WANG CX, 2009. Study on Cinnamomum camphora Presl new
germplasm with cold resistance through genetic engineering

[D]. Tai’ an; Shandong Agricultural University [ T4 %,

[M]. Beijing: Science Press. [ EIRM, Jr7Z#, 2014, #i
PR AR (M. deat. BleEliiet. ]

WANG JF, HUANG TH, AN JC, et al., 2019. A comparative
study on wood structure of timber and oil-used and timber-
used Cinnamomum camphora [J]. J W China For Sci, 48
(6): 15-20 [ E74%, wiEfe, %500, ¥, 2019. #1H
IR PN ARG A A4 3 XS LEATSE [T]. PEARAK
Wk, 48(6) : 15-20.]

WANG K, AN JC, ZHU CS, et al., 2019. Relationship
between leaf anatomical structure and drought resistance of
different chemotypes oil-used camphor trees [J]. J S Agric,
S0(11); 2525-2531. [ 3, LR, KRE &, %,
2019. AN [ AR AR I 1 g ) 4544 R B Lt 5
FedE (3] MR, 50(11) ¢ 2525-2531. ]

WANG PL, WU SC, YANG LP, et al., 2019. Analysis of
codon bias of chloroplast genome in Eucalyptus grandis
[J]. Guihaia, 39(12): 1583-1592. [ EM§ K, ZAUK, #
FPF-, 2, 2019, A% IS fACHE X 4 26 05 5 fiv - P 20
[J] . T VEHES, 39(12) : 1583-1592.]

WANG PL, YANG LP, WU HY, et al., 2018. Codon bias of
chloroplast genome in Camellia oleifera [J]. Guihaia, 38
(2): 135-144. [ EMSR, AT, RLIE, 45, 2018,
TSR R RE R L R T G A (0], ) P AR,
38(2): 135-144.]

YOUNG R, PURTON S, 2016. Codon reassignment to facilitate
genetic engineering and biocontainment in the chloroplast of
Chlamydomonas reinhardtii [ J]. Plant Biotechnol J, 14.
1251-1260.

ZHENG H, YU MY, PU CJ, et al., 2020a. Cloning and
expression analysis of 3-hydroxy-3-methylglutaryl coenzyme a
reductase (CcHMGR) genes in Cinnamomum camphora (L.)
Presl [J]. Acta Pharm Sin,55(1) :152-159 [ AL, BL5%
fﬁ BERLE, 55, 2020a. A 3-FR3-3- H L3 — BEA il

i Ji il (CcHM(;Rq) e IR 52 TR 1) 9 B R 2 3k 4y B
[J] oA, 55(1) ¢ 152-159.]

ZHENG H, YU MY, PU CJ, et al., 2020b. Cloning and
expression analysis of S5-phosphomevalonate kinase gene
(CePMK) in Cinnamomum camphora [ J]. Chin J Chin Mat
Med, 45(1); 78-84. [ F i, B 5E3%, W HH, %,
2020b. e R IR - 5~ BRI K| CePMK 1) SERERN
FIRHr (1], hERZiAeE, 45(1) ;. 78-84.]

ZHENG YJ, WU YF, LI J, et al., 2018. Identification of NBS—
LRR-like disease-resistant genes in Cinnamomum camphora
and clone of two CcRNL genes [ ] ]. Biotechnol Bull, 34(2) :
142-149 [JFRRAS, (h¥T7, 2570, 4§, 2018, Rt NBS-
LRR B HE I KM 5315 CeRNL SR 5e e [J]. 49
TR, 34(2) : 142-149.]

ZHOU ZP, DANG YK, ZHOU M, et al., 2016. Codon usage is
an important determinant of gene expression levels largely
through its effects on transcription [J]. Proc Natl Acad Sci
USA, 26: e6117-€6125.

ZHU SG, XU CF, 2016. Biochimestry [ M]. 4th ed. Beijing:
Science Press. [ AR5, Kk, 2016. =Pk [M]. 4
R AU, AR AL, ]

(HfEHRE F #)



