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engineering of chloroplast was an effective way to improve the important traits of plant. In order to improve the important
traits of C. oleifera, it was necessary to carry out the analysis on codon preference of its chloroplast genome. The whole
genome sequence of chloroplast in C. oleifera taken as raw material, 51 CDS who were longer than 300 bps, started with
ATG and not repeated were screened for future analysis. The codon preference was conducted by the CodonW
software. The results indicated that the GC content of the third base of genetic code was 27.55% and effective number of
codons ranged from 35.23 to 56.67 with an average of 46.09 and then 29 codons of 30 whose RSCU were more than 1 en-
ded with A or U. Neutral plot analysis showed the correlation between GC,, and GC, was not significant and the coeffi-
cient of correlation and regression was 0.143 and 0.057 3, respectively. Frequency analysis showed 55% and 25% of the
ENC ratio of genes focused on the region of 0~0.1 and 0.1-0.2. Correspondence analysis indicated the first axis accoun-
ted for 10.12 variation and the rested three axises accounted for 9.36%, 7.97% and 7.46% and the first four axises ac-
counted for 34.91% in total. All the methods used in this study showed that codon preference was affected by not only
mutation and but also selection. Finally the 18 optimal codons including CUU, AUU, GUU, GUA, UAA, CAA, AAA,
GAC, GAA, CCU, ACU, GCU, GCA, UGU, CGU, AGU, UUG, GGU were determined. This work provides plenty of
information for improving important traits of C. oleifera utilizing the genetic engineering of chloroplast.

Key words: Camellia oleifera, chloroplast, codon preference, effective number of codon, relative synonymous codon usage
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Wl 9 A% ( Camellia oleifera ) J2& 11 2%
(Theacae) LUZEJ& ( Camellia) —ZKAEY), EHEH
J7 B B RS & F AR R Bl 2 — (5 TR 4

2016) , HAT, A S M E W EB AR, 45
KM E 5 22 Pl AR i B A 25 10 B 20, X T 42

AR P f B AP A AR K52 T, I 2 A AR f 22
IRV e I S T PR O R — R R R T Y
1, 5 AR T AT 5 [R) B 2 K i
A ZMA 5 T KR o1, S T Wi, Jo il ot
ST LA 4 FH 1 9 1) 24 78 R0 s Akt i R (O
Bibk, 2007) s H SR 52t K BT &= | F 4 4 = F2F 4
E N CIRYYA D SR (I N I LR = ST
BRA s ARFRA AT LA B 422 F T 4 4R I R B 4 s e
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P, e EE Y o S R EE K R iR
AESRAB Y I AR 7 R AL A SR B b T AR
FEYE R B A AR EBR (RSN, 2016) . EIK &
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i A5 B FE L IS 7 AR AT K R i A A
oo, e IARRR LY R, B E TN IR, 2 Eh 2R
FhAf 1 AR 24 K 426.67 J7 hm*( %= ,2016)

T iR 223 H IR A5 AR 77 ik 23 0 B

DATR ), B 5t 3 47 R T AR 28 s 3 0 & 2R
WA I , R s 0 it Jib g (A T R AR AR R
2015) 3 HLUR, KA HUE /G H B, Qi 52 R, 2 B
WA 58 = i I AS I BT R 55 T OIS Tl A5 A
BRAET %, RIS IE 4 T8 1 BRAR )™ & ( A4k
MR 20125 BRAKLSE ) 2014) 55, I ZS B S BC
SRR AL ™ FE S A T AT A 7 A R R A )N
18 2016; WHEEES 2016) .

FE R T AR AR o AR Y R A T
BE (F AR 2245, 2014) , MR AR 5L R 4 2 1R
UG EAA 2 F B RS b | ] B 8 A b 2
R 7 45 ) 7E B {IR 72 B2 ( Daniell & Chase,
2004) , MERAARSE P AL A AR B TR AT, i HAS
[F5) 47 o ] %5 0~ 4 25 57 8. 3 ( Morton, 1999 Liu
& Xue, 2005) . A T HAF M T i R 4R g 2k R ik
MR, HE— 25 ) - S AR L TR R B R A
HEPRAR AR AR A 7 A A3 A A%
I 2 A 56 DR 2 28 O 4+ 0 b 2

1 A5 7
1 B3I

FR A8 B 48 A SR I R 2H B9 GenBank ¢ 5
5 NC_023084.1( Shi et al, 2013) , &l NCBI %4
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J% ( https://www. ncbi. nlm. nih. gov/) , # & I T %
50 B 50 T A% SR AR SE I 417 51 K H: CDS ( Coding
DNA Sequence) , JF81 B JE K156 971 bp, My &
87 A HMASEE 1Y CDS, W T-H 3 41 Jo ik IE i 153
F RS T 50 (Wright, 1990) , 4 T J /b AEA 1%
25 AW PE L ATG ARG HS T ImAEE T A
KK T 300 bp W HIE1T M7
1.2 Fik
1.2.1 BTG AHAHGTH DIBEHUY CDS M 5R
X4 CodonW 1.4.2 A4 FITELFEF CUSP (ht-
tp://imed.med. ucm. es/ EMBOSS/ ) 437 % i ¥t F]
iS50, WA 086 T8 ( Effective Number of Co-
don, ENC) AHXJ ] X % it F &£ ( Relative Syn-
onymous Codon Usage, RSCU) ,GC,GC, GC, GC,,
GC,., Hh, GC.GC,.GC, GC, 2 Bt £ T 2 A
CDS JF A1 GC e 7 & F A5 7 1 6 N o7 8 1Y
GC i, GC3s A SUHI 55 =i GC &,
1.2.2 P LB 5 P EE Rl w2 H
AT 5 M) 25 el T O - PRV R 9 s . B TR
5 GC, Ml GC,HY-F-YME GC,, , FFLATTE i 97 34
TE AR, DL GC, oA A A H A 1B BT b g —
AR AL E YRS E AT A
DT %) A AL B L R AR AL Y e &R, AT
I VT 3 el P Ol e 28 72 sk e R o A
1.2.3 ENC-plot 2B Ll GC, WK AL FR , ENC M4
A b, B T 4RO A IR AE B A g ENC (B Y
PR 2 B A~ 55 DR A5 o0 A 76 A o il 4 B O, 3
B F G- R A2 B T 5 AR A A2,
WAL SR A WU h 26N 7, R S 1
it b B 22 32 S BERE )

PR M £ B9 2 AR (Wright, 1990) .

29

GC2 + (1 - GC,y)?
1.2.4 sy g X YRS & —Fh R 2 o058
THRFEAS [ 3 P % 1 7 A2 S i #am or vk, A
CodonW HR A1) RSCU Xt 43 A DI fig , #4415 4
A 21 59 Zk o) 523 ], AT et 28 A0 FH it 44
S T B R R S T ) % A (]
(B AR SSRE T D BOR RS T b R A= R A
1.2.5 ZRFAFH L LU ENC f i1k br i HE

ENC = 2 + GC, +

¥, Wi 518 Y 109% 3 R, 43 531) e 7 v A1 O P 2
BUR JE P ARSCU>0.08 1) 25 B 14 Ay e 22 35 410 bk
HF (M EABAE, 2012; M EES%, 2015), %
1o AR G B - 5 R U R A LR, A
Bt % 1 7 COR) BR 3 A IR h, 2004 22 R 4%,
2010; B ut% | 2015; HIHVS4E, 2016) .

2 EREA

2.1 BHFAERSH

AR A5 2 B8 1 ) O i 53 BT & 0K, A S 2t )
51 %% CDS, A CodonW #A4:F1 CUSP #4255 %t
e CDS AT 40 M, & 1 4R K] B 15
—NiH GC &M 46.86% 55 A N39.28% |
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PIDE Y GC i, 1) HLAH 22 58K, 156 BH 353 Jh A5
SRS TR A: T A 1 U 458, ENC JE 78
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Table 1  GC content of different positions of codon in chloroplast of Camellia oleifera

H GC, GG, GC, GC NG H P GC, GG, GC, GC NG
Gene (%) (%) (%) (%) Gene (%) (%) (%) (%)
psbA 49.72 43.50 32.49 40.90 40.60 matK 39.00 32.00 27.60 32.87 46.95
atpA 55.51 40.19 23.82 39.83 42.89 atpF 45.95 34.05 35.68 38.56 43.86
atpl 49.19 37.90 26.61 37.90 44.59 ps2 43.46 42.19 27.85 37.83 47.62
rpoC2 45.75 37.82 28.44 37.33 49.24 rpoC1 50.00 37.72 28.36 38.69 50.15
rpoB 50.14 38.00 27.82 38.66 48.33 psbD 51.69 43.22 31.36 42.09 43.19
psbC 53.16 46.41 31.43 43.67 43.75 rpsl4 43.56 47.52 31.68 40.92 37.46
psaB 48.84 42.99 30.75 40.86 47.80 psaA 52.20 43.54 31.69 42.48 49.13
yef3 47.93 38.46 28.99 38.46 56.67 ps4 50.00 37.13 25.74 37.62 47.88
ndh] 50.31 37.74 31.45 39.83 51.41 ndhK 41.34 42.05 25.44 36.28 46.88
ndhC 46.28 33.88 24.79 34.99 45.99 atpE 50.75 38.06 27.61 38.81 47.78
atpB 56.71 41.48 28.06 42.08 44.79 rbelL 58.61 43.70 30.04 44.12 48.16
accD 40.44 36.02 29.38 35.28 47.84 yef4 43.78 41.08 29.19 38.02 46.79
cemA 38.36 26.72 31.47 32.18 49.65 petA 52.34 37.07 28.04 39.15 48.56
rps18 35.29 43.14 26.47 34.97 35.64 pl20 43.97 41.38 27.59 37.64 47.60
clpP 58.67 37.76 25.51 40.65 49.00 psbB 54.81 46.17 30.84 43.94 48.32
petB 48.61 41.67 30.56 40.28 42.69 petD 50.93 39.13 26.09 38.72 43.64
rpoA 44.64 32.14 25.00 33.93 48.80 rpsll 52.52 57.55 20.86 43.65 47.80
ps8 42.65 41.18 27.21 37.01 41.79 pl14 56.10 36.59 26.02 39.57 44.21
pll6 51.47 52.21 19.12 40.93 35.23 ps3 47.03 31.51 22.83 33.79 47.33
pl22 41.03 37.18 25.00 34.40 43.00 pl2 50.18 47.64 32.36 43.39 54.12
¥ef2 41.67 34.36 37.10 37.71 53.25 ndhB 41.29 38.55 31.90 37.25 47.36
ps7 51.92 45.51 23.08 40.17 45.81 ndhF 36.72 35.78 22.70 31.73 41.72
cesA 33.54 36.96 24.53 31.68 47.27 ndhE 39.22 32.35 24.51 32.03 40.93
ndhG 42.37 32.77 22.03 32.39 42.88 ndhl 42.26 37.50 27.98 35.91 49.81
ndhA 42.03 39.01 20.60 33.88 41.23 ndhH 50.76 36.04 24.37 37.06 46.64
yef1 35.07 28.84 24.84 29.58 46.37

M Average  46.86 39.28 27.55 37.88 46.09

FI2M0.191 2~0.371 0, GC,,'5 GC, i & R %N
0.143, FH & M K ik 2] B F K F, B IE REH
0.057 3, UL GC, 1 GC, i AH P 55, 28 48 Xt
BT — N B A AT AR = A e 2 ) B
WANTE], 4% LI ERIEEXT f R i 07, IF HIAH
XL BRI E XL, 978 AN S A

PEFE R 32 B R R ROk, 3 3 9 A% AR R 2
B B O 22 A7 R PR (R R,
2.3 ENC-plot 4 &

PLGCoh X Bl ENC S Y BlifER (B 2) &l 2
HgC i O BRI A A O, AR IR R A% R AR
FOIEAE TR UEIT R J5 . T RETE B3 1 i
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Table 2 Correlation analysis of each gene’ s

related parameters

i
it G, Ge, GC, Ge ENC

Ttem

GC, 0.445 = *

GC, 0.078 -0.010

GC 0.829 xx 0.766 = 0.379 **

ENC 0.147 -0.217  0.350 = 0.100

N -0.160 -0.235  0.281 = -0.116  0.291 =

W oxx FRIRTE 0.01 KF EREFAAL; = RIRTE0.05 KF |
WEMK,
Note: * * means significant correlation (P<0.01); * means

significant correlation ( P<0.05).

250 gt CarENCobs ) o 4 ENC LA, T
ENCexp

it ENC WWE 1Y 40 A (£ 4) o SEC A o,
55% W3 ) ENC HUIESE H 43 i 7E 0~0.1,25%
(I ENC FUAE 20 A 7E 0.1 ~0.2 1Y X JH] , 45 5 3%
Bl ENCexp 5 ENCobs fi 25 5., % Wl ENCexp 5
ENCobs 3T i, 3¢ B3 [ 19 %505 ¥ 52 28 A8 52 i) 5 A
T ENCexp 5 ENCobs 47 22 578 K, B LA 3% 38 7
AR 2 A4 JE TR 21 %% 05 4 B 22 52 3 B 1 52 i)
(AR, 2016)
2.4 RIS M

RSCU [ XF Nz 43 B 485 SR R W, 48 — ) o il o
10.12% W22 5 55 1 s il 7 9.36% 25 5, Ak
P> 9 R 7.97% 1 7.46% , Wi 4 W Bt H N
34.91% , i HA 575 — %ih o) 3K 388 JHh 4% - o A Rk TR 4 %%
T~ Qi G s I R B e e K, A8 — S GCL A
Ktk R 0.215 F1 ENC BAHSCHE R 0,104, B4 A
W UL GC, 2 X 538 i A% i 2 1R 25k PR 4 %
B O 4o e i 2 ) ) S K, 8 B 1) i 4 A2
PN HMZ HEEENEW, DL Axis 1 AR,
Axis 2 AL R, A FE DR FE 5 — 8 ey o A
(B 3) &, 5 18t 4% 45 k6 A0 5C Y 2 (5] 43 A7 A8 % LE
IR TR U I AN 2 3 IR A0 0 il HE A
AT A T A 25 ) 5 DXL AT R O P Ry %% A ol A
HORIA], 3 A LA H

2.5 RIEBFWF S

DL RS 1 504 RO ENC b il it T A 3 A
1) CDS JEFN AT HEIT , 2 DHE T 25 S 10 19 i 4% 1%
B 5 AN BE R 43 00 2 87 v 2% 3K R R PRG3R 5K B R
J5 s SRS ] CodonW 358 W5 4> 34 2 rh ) RSCU
{8, I35 B AR ARSCU {8 (3 5) ; | Jm i 8 22
ANBERG T (R RS0 ) S 38 T A8 S SR
HEFIREL T ,10 ML U Z5RE 6 DL A 45
BSALLCERM1ALLG 4

ek 22 A RS A T 3 M
30 /> A 1 F A L8R, SRS ok B A ) 2 R R
YE RIS 1, B Ja i g T 18 D55+ 8 538
AT M 2 R 3 9 4 et % ST, 4 ik CUU
AUU, GUU., GUA, UAA , CAA, AAA , GAC ., GAA .
CCU, ACU. GCU. GCA, UGU, CGU ., AGU, UUG,
GGU, Hifg 2 M 7L G 5 C 25, HiAv I 16
MNEMFPILL A o U 25

3tk

FE 20 FREFEER  , BR T H OB A R R iR R
B IAS B A Hofl 18 Flva JL 1R A £ Fh 35
T, RIS AL 2505 7 A7 76 8 3t . 25 05 7 17 O e
WRAES M ENFL(RXFEMERK L,
2016) , Rl G735 il A% I 2t R ik DR 2 i 66 241 ok P
K ,GC, . GC, W E MK, GC, 5 GC, ,GC,MH KA
WE, H GCy/NT GC, I GC,, Ut WA 34 3 i 45 i 4%
AL PR 2 A B SR 2L 1 i 1) T A ORI T, 568 3 67 51
WHELLA TR, X5Z28HY, 002 (4
M35, 2012) (EFR(F AR, 2015) \#93% (B0
g, 2016) IR (Z2/R5%, 2010) A ETE (B
FE AT, 2015) SE PR 0 4R a5 — 2,

SR T3 6 02 25 A T 4 I8 B Y 3 B DA
ENC-plot 7477 25 5 2 BH | 8 43 3 PR V& 0507 T s o
£k BRI, BE DAY S2BR ENC E 5 BE ENC (E A
— B, Ul B X S 5 A - I 47 A2 B GC B i (R AR)
BRI 36 RS 5 T A 22 000k TR 1) 9% 8 s 1 i 4 A
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Table 3 RSCU analysis on protein coding region in Camellia oleifera

LS w ¥ S LS B )
Aif Eiid &coﬁ?j N%(mEer RSCU Arfikn% Etid ﬁéﬁj N%%nger RSCU
Phe uuu 798 1.32 Ser ucu 486 1.81
uue 408 0.68 uce 241 0.90

Leu UUA 737 2.01 ucA 316 118
uuG 444 1.21 uce 136 0.51

cuu 453 1.24 Pro ccu 365 1.65

cuc 143 0.39 cee 156 0.70

CUA 285 0.78 CCA 259 1.17

cue 134 0.37 ove 106 0.48

Tle AUU 899 1.46 Thr ACU 436 1.65
AUC 356 0.58 ACC 193 0.73

AUA 595 0.96 ACA 324 1.23

Met AUG 514 1.00 ACG 103 0.39
Val GuU 433 1.50 Ala GCU 531 1.82
cuc 118 0.41 cee 181 0.62

GUA 445 .55 GCA 340 1.17

GUG 155 0.54 GCG 13 0.39

Tyr UAU 653 1.61 Cys UGU 173 1.52
UAC 158 0.39 uGe 55 0.48

TER UAA 27 1.56 TER UGA 14 0.81
UAG 1 0.63 Trp UGG 393 1.00

His CAU 411 1.57 Arg CGu 291 1.40
CAC 13 0.43 cce 71 0.34

Gln CAA 584 1.54 CGA 299 .44
CAG 175 0.46 e 83 0.40

Asn AAU 811 1.57 Ser AGU 345 1.28
AAC 224 0.43 AGC 87 0.32

Lys AAA 863 1.53 Arg AGA 380 1.82
AAG 264 0.47 AGG 126 0.60

Asp GAU 723 1.63 Gly GGU 478 1.30
GAC 163 0.37 GG 161 0.44

Glu GAA 868 1.54 GGA 590 1.61
GAG 262 0.46 GGG 239 0.65

w22 T RN IO P 20 BT 340 S R i S AS A A A ARS8 5 AR SO 4 SR Al BN IR T 2k £ I SR Ak 2
ZRAMBREILFEMEN, X5CME MO0 PR EE 0 (Morton, 1998) .

(ZEXMEEE, 2012) MBIME>E (SE/R%, 2010) AR AHIFGE R FH Fh i % 3k A R 2 RS R R AR
¥ (Zhou et al, 2008) FitFE (B HL4E 2015) 254 WPk W A 09 &, AT LIk S il T 7
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Table 4  Distribution of ENC ration

1B ikl IEl AL EER
Class limit ~ Class midvalue  Frequency number Frequency
-0.1~0 -0.05 5 0.10
0~0.1 0.05 28 0.55
0.1~0.2 0.15 13 0.25
0.2~0.3 0.25 5 0.10
J3T Total 51 1

EEATAE [T T B4R A, A E T CUU
AUU, GUU, GUA, UAA, CAA, AAA, GAC, GAA,

CCU, ACU, GCU, GCA, UGU, CGU, AGU, UUG,
GGU 25 18 /™48 % 1 Oy 5 308 3 4% P & A B R A9 B
DLREHS -, FESCHERN b AT RLIE Xk Ak R Y
AT LA, 38 i S DR Y AR R AT A X
IS 830 A% L B R B M S AN

SE .
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Table 5 Codon usage of high/low expression sample group in Camellia oleifera
= 2y BRI High expression gene Low expression gene
azm W e ¢ P £ ARSCU
Amino acid Codon
4 H Number RSCU #UH Number RSCU
Phe uuvu 23 1.05 106 1.09 -0.04
uucC 21 0.95 89 0.91 0.04
Leu UUA 16 1.35 77 1.29 0.06
UUG * * 21 1.77 84 1.41 0.36
CUU = * 21 1.77 86 1.45 0.32
cucC 1 0.08 31 0.52 -0.44
CUA 11 0.93 52 0.87 0.06
CUG 1 0.08 27 0.45 -0.37
Ile AUU = 36 1.52 126 1.29 0.23
AUC 17 0.72 71 0.73 -0.01
AUA 18 0.76 95 0.98 -0.22
Met AUG 26 1.00 73 1.00 0.00
Val GUU # * = 19 2.00 51 1.38 0.62
GUC 0 0.00 23 0.62 -0.62
GUA # * = 18 1.89 45 1.22 0.67
GUG 1 0.11 29 0.78 -0.67
Tyr UAU 16 1.45 118 1.61 -0.16
UAC =* 6 0.55 29 0.39 0.16
TER UAA # % = 3 1.80 2 1.20 0.60
UAG 2 1.20 2 1.20 0.00
His CAU 14 1.47 78 1.61 -0.14
CAC = 5 0.53 19 0.39 0.14
Gln CAA 3% 18 1.71 92 1.35 0.36
CAG 3 0.29 44 0.65 -0.36
Asn AAU 23 1.12 155 1.51 -0.39




2 NG B AR 3 i A A R R 2 B O 4 S A 143
43RS
[SE STy 35| R HEH
PR, = - i
Af}fﬁid Jléfij High expression gene Low expression gene ARSCU
#H Number RSCU #H Number RSCU
AAC # 18 0.88 50 0.49 0.38
Lys AAA * % 28 1.70 143 1.32 0.38
AAG 5 0.30 74 0.68 -0.38
Asp GAU 11 1.47 164 1.65 -0.18
GAC = 4 0.53 35 0.35 0.18
Glu GAA = 31 1.59 143 1.35 0.24
GAG 8 0.41 69 0.65 -0.24
Ser ucu 19 1.70 86 1.62 0.08
ucc 12 1.07 61 1.15 -0.08
UCA 8 0.72 60 1.13 -0.41
uce 7 0.63 38 0.72 -0.09
Pro CCU = 13 1.68 54 1.38 0.30
cce 4 0.52 33 0.84 -0.32
CCA 9 1.16 45 1.15 0.01
CCG 5 0.65 25 0.64 0.01
Thr ACU # # = 17 1.89 48 1.33 0.56
ACC = 8 0.89 27 0.75 0.14
ACA 10 1.11 46 1.28 -0.17
ACG 1 0.11 23 0.64 -0.53
Ala GCU = * 39 2.36 54 1.73 0.63
GCC 6 0.36 28 0.90 -0.54
GCA * 20 1.21 31 0.99 0.22
GCG 1 0.06 12 0.38 -0.22
Cys UGU * % * 6 2.00 34 1.39 0.61
uGC 0 0.00 15 0.61 -0.61
TER UGA 0 0.00 1 0.60 -0.60
Trp UGG 15 1.00 67 1.00 0.00
Arg CGU # % * 23 1.97 37 0.88 1.09
CGC 3 0.26 17 0.41 -0.15
CGA 16 1.37 59 1.41 -0.04
CGG 2 0.17 24 0.57 -0.40
Ser AGU # = 17 1.52 57 1.08 0.44
AGC 4 0.36 16 0.30 0.06
Arg AGA 21 1.80 81 1.94 -0.14
AGG 5 0.43 33 0.79 -0.36
Gly GGU % 28 1.90 45 0.94 0.96
GGC 7 0.47 19 0.40 0.07
GGA 18 1.22 80 1.67 -0.45
GGG 6 0.41 48 1.00 -0.59

. % FI8 ARSCU > 0.08; =% /R ARSCU > 0.3; =3 F/8 ARSCU > 0.5,
Note: * means ARSCU > 0.08; #** means ARSCU > 0.3; ##% means ARSCU > 0.5.
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