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Abstract: To comprehend the codon usage pattern of chloroplast genome in Dalbergia
odorifera, the 52 coding DNA sequences was analyzed to obtain to the results of neutrality plot,
ENC-plot and PR2-plot analysis using Codon W 1.4.2 and online software CUSP in the present
study. The results showed that the GC content in the three positions of codons from the chloroplast
genome of D. odorifera was GC; (46.01%) >GC, (38.98%) >GC; (27.80%) successively. The
range of effective number codon was from 37.66 to 54.43, and there were 37 genes when ENC
value was greater than 45. There were 29 genes when RSCU value was greater than 1, including
the ending of 16 genes were U and 12 genes were A. These suggested that the codons preferred
ends with AT, and had a weak bias. The neutrality plot showed that there was no significant
correlation between GC; and GCy,, the correlation coefficient was 0.250, and the regression
coefficient was 0.394; ENC-plot analysis revealed that there were 39 genes which ENC ratio
located in the section from -0.05 to 0.15; PR2-plot analysis showed that U>A and G>C in the base
usage frequency. These all illustrated that the codon usage bias in the chloroplast genome of D.
odorifera was mainly affected by mutation; 19 codons were identified as the optimal codon. The
present study could be useful in the chloroplast genetic engineering and genetic diversity analysis
of D. odorifera.
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Table 1 GC proportion in different position of each CDS from the chloroplast genome of
Dalbergia oleifera

A LA
GC, GC, GC,4 GCy ENC GC, GC, GC; GC, ENC
Genes Genes

acch 38.84 3486  29.08 3426 4554 | psbA 49.72 4322 3164 4153 4235
atpA 54.60 4012 2798 4090 4767 | psbB 5521 46.56 3045 44.07 49.03
atpB 56.91 40.88  28.46 4208  48.09 | psbhC 5338 4578 3228 4381 4764
atpkE 47.76 3881 27.61 38.06 47.90 | pshD 5198 4322 31.64 4228 4456
atpF 45.65 32.07 30.98 36.23  49.66 | rbcL 57.14 4349 29.83 4349 4775
atpl 47.98 35.08 25.00 36.02 4230 | rpl14 5041 374 2846 38.75 51.06
ccsA 29.63 36.73  25.93 30.76  41.62 | rpll6 50.00 5294 2941 4412 42.05
cemA 38.26 29.13 3174 33.04 5355 | rpl2 5092 4835 315 4359 5443
clpP 58.38 36.55 30.46 41.79 51.97 | rpl20 35.00 3750 2500 3250 4831
matK 36.24 29.26  28.68 3140 4951 | rpoA 4398 30.12 253 3313 44.62
ndhA 40.66 3791 2115 3324 4348 | rpoB 4958 3735 28.85 3859 49.33
ndhB 42.19 39.15 31.85 37.73 4936 | rpoC1 49.19 37.19 25.18 37.19 49.00
ndhC 45.45 3388 24.79 3471 4488 | rpoC2 4147 3519 26.16 34.27 46.81
ndhD 37.70 3796  30.37 3534 4725 | rpsll 5252 5468 2446 43.88 5152
ndhE 39.22 33.33 2647 33.01 4395 | rpsl2 5242 4839 3226 4435 4285
ndhF 35.98 33.07 2354 30.86  42.76 | rpsl4 4356 4752 2475 38.61 39.85
ndhG 44.63 3559 23.16 3446 4413 | rpsl8 36.54 4038 25.00 33.97 37.66
ndhH 51.27 3553  25.63 3748  49.12 | rps2 4051 4093 27.85 3643 46.71
ndhl 41.57 36.14  23.49 33.73 4731 | rps3 4292 3379 21.00 3257 47.49
ndhJ 49.69 3711 27.04 37.95 48.08 | rpsd 50.99 36.14 2475 3729 4540
ndhK 45.79 4439 2757 39.25 4767 | rps7 5256 44.87 23.72 40.38 46.53
petA 53.58 3645 2991 39.98 4700 | rps8 37.78 40.74 26.67 35.06 41.20
petB 46.76 41.67  30.09 3951 4220 | ycfl 3356 2821 25.09 28.95 47.45
petD 50.31 39.13 2112 36.85 38.83 | ycf2 4184 3414 3646 3748 5254
psaA 51.66 4328 3249 42.48 5163 | ycf3 4793 3846 30.18 38.86 5150

psaB 48.57 43.13  30.34 40.68 48.28 | ycf4 4219 39.06 3281 38.02 50.02
o

Average 46.01 38.98  27.80 37.60  46.76

e GCy BRI 15 AL B T35
Notes: GC, represents the average of different position of codons.
x2 BT &ALE GC EE. BES ENCEHMAH M

Table 2 Correlation analysis of GC content of different codon position, numbers and ENC value

R GC, GC, GC, GCu ENC
Variation

GC, 0.504%*

GC, 0.249 0.201

GCy 0.861%* 0.805%*  0.515**

ENC 0.251* -0.088 0.466**  0.230
HTHU(N) -0.156 0.277%  0262*  -0.142 0.270*

Codon numbers(N)
TE: **E 0.01 K P EEFEMIR; *E 0.05 KT EEFMK.




Notes: ** means significant correlation at P< 0.01; * means significant correlation at P< 0.05.

* 3 FEA A IR RSCU i
Table 3 RSCU analysis of protein coding region in Dalbergia oleifera
AA BT #H RSCU AA HfT #H RSCU AA HiT  #H RSCU
Codons  Number Codons  Number Codons  Number
Phe uuu 843 1.36 Pro CcCU 324 1.50 Lys AAA 938 1.55
uucC 393 0.64 CCC 245 0.99 AAG 271 0.45
Leu UUA 738 1.99 CCA 246 114 Asp GAU 694 1.65
uuG 492 132 CCG 117 0.54 GAC 147 0.35
cuu 447 1.20 Thr  ACU 430 1.63 Glu GAA 847 149
CcucC 134 0.36 ACC 197 0.75 GAG 293 0.51
CUA 286 0.77 ACA 331 125 Cys UGU 176 1.46
CUG 133 0.36 ACG 99 0.37 UGC 65 0.54
lle AUU 932 1.46 Ala  GCU 524 1.80 Arg CGU 297 141
AUC 350 0.55 GCC 192 0.66 CGC 80 0.38
AUA 633 0.99 GCA 332 1.14 CGA 290 1.37
val GUU 414 1.48 GCG 119 0.41 CGG 82 0.39
GuUC 124 0.44 Tyr  UAU 656 1.65 AGA 391 1.85
GUA 429 1.53 UAC 141 0.35 AGG 127 0.60
GUG 155 0.55 His CAU 388 1.56 Ser  UCU 468 1.79
Gly GGU 506 1.36 CAC 110 0.44 ucc 245 0.94
GGC 148 0.40 Gin  CAA 613 1.59 UCA 301 1.15
GGA 589 1.58 CAG 160 0.41 UCG 152 0.58
GGG 246 0.66 Asn  AAU 838 1.57 AGU 303 1.16
AAC 229 0.43 AGC 127 0.38

e TRIGFRBRAINEN T
Notes: The codon having underline represents the optimal codon.
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F 4 ENC LEAE > A 3R
Table 4 Distribution of ENC ration

HE A e LIk LIES
Class range Class mid value Frequency number  Frequency
-0.15~-0.05 -0.10 5 0.10
-0.05~0.05 0 14 0.27
0.05~0.15 0.10 25 0.48
0.15~0.25 0.20 6 0.12
0.25~0.35 0.30 2 0.04

it Total 52 1
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Fig.3 Analysis of PR2 bias plot
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Table 5 Preferred codons in chloroplast genome of Dalbergia odorifera

L RIS E R fRRiEEH - R ILHE R fRRIEE R
2k HE
LR High expression gene  Low expression gene T High expression gene  Low expression gene
i3 ARSCU i ARSCU
Codon ¥ H ¥H Codon ¥H
RSCU RSCU AA RSCU RSCU
Number Number Number Number

Phe Uyu*** 43 1.69 132 1.07 0.62 Ala GCU 17 1.39 70 1.62 -0.23
uucC 8 0.31 114 0.93 -0.62 GCC 6 0.49 31 0.72 -0.23

Leu UUA*** 56 3.23 85 1.25 1.98 GCA** 21 171 54 1.25 0.46
UuG 20 1.15 96 1.41 -0.26 GCG 5 0.41 18 0.42 -0.01
Cuu 21 1.21 94 1.38 -0.17 His CAU* 14 1.65 97 1.56 0.09
CcucC 0 0.00 36 0.53 -0.53 CAC 3 0.35 27 0.44 -0.09
CUA 5 0.29 63 0.92 -0.63 GIn CAA** 22 1.76 102 1.45 0.31
CUG 2 0.12 35 0.51 -0.39 CAG 3 0.24 39 0.55 -0.31

lle AUU 42 1.34 134 1.30 0.04 Asn AAU* 39 1.70 155 1.49 0.21
AUC 16 0.51 71 0.69 -0.18 AAC 7 0.30 53 0.51 -0.21
AUA* 36 1.15 105 1.02 0.13 Lys AAA** 49 1.75 144 1.38 0.37

Val GUU 15 1.33 56 1.27 0.06 AAG 7 0.25 65 0.62 -0.37
GUC 7 0.62 29 0.66 -0.04 Asp GAU 14 1.40 160 1.65 -0.25
GUA** 20 1.78 65 1.48 0.30 GAC* 6 0.60 34 0.35 0.25
GUG 3 0.27 26 0.59 -0.32 Glu GAA* 32 1.52 123 1.28 0.24

Ser UCu 21 1.62 89 1.61 0.01 GAG 10 0.48 69 0.72 -0.24
ucc 6 0.46 63 1.14 -0.68 Cys UGU** 8 1.78 33 1.43 0.35
UCA* 19 1.46 66 1.20 0.26 UGC 1 0.22 13 0.57 -0.35
UCG** 14 1.08 36 0.65 0.43 Arg CGU* 14 1.06 39 0.98 0.08
AGU* 17 1.31 58 1.05 0.26 CGC 3 0.23 16 0.40 -0.17
AGC 1 0.08 19 0.34 -0.26 CGA* 21 1.59 52 1.30 0.29

Pro CCuU 14 1.30 57 1.42 -0.12 CGG 5 0.38 24 0.60 -0.22
Cccec* 10 0.93 33 0.82 0.11 AGA** 29 2.20 70 1.75 0.45
CCA* 15 1.40 46 1.15 0.25 AGG 7 0.53 39 0.98 -0.45
CCG 4 0.37 24 0.60 -0.23 Gly GGU* 24 1.45 79 1.32 0.13

Thr ACU 18 1.33 62 1.39 -0.06 GGC 9 0.55 25 1.42 -0.87
ACC** 15 111 35 0.79 0.32 GGA 25 1.52 89 1.48 0.04
ACA 14 1.04 61 1.37 -0.33 GGG 8 0.48 47 0.78 -0.30
ACG 7 0.52 20 0.45 0.07

Tyr UAU** 26 1.86 100 1.54 0.32
UAC 2 0.14 30 0.46 -0.32

*F7~A RSCU=0.08, **3FE/RA RSCU =0.3, ***3&K/RA RSCU =0.5,



* meanA RSCU =0.08, ** meanA RSCU =0.3, *** meanA RSCU =0.5.
3 Wik 4

FEAEIAR T, S AR AN B o BRI T I AR MY AR AT Y
A FBAATAE 22 57, T T B L)~ 2 1 2 A e 2R 58 PR S0 59 A RS 3858 PR B2 el 7 P
), BT 2R IR RE AT AE R, v SRARRN [ SR R 2 I RPN B PR R
(Romero et al., 2000; Xu et al., 2011). MR MEYIIEAT I EAE - RS, 783 A A Jd 7
MR RBL R IS S, #oH eIt AR SR s R AL . AN FEIRR ARG &R IFP e
S 77 TR B BEANAR; [F)I HERARE R AR R L T i RGRIE | 2 55 RS R O 2R R TR
(R 78 #4 s (Wright, 1990; Duret, 2000). [Hitk, e A Jik R 20 85 A e FH AR 2 10 19F 7 i
g R R Py A LR 2H A 0% 38 T A R TR 3R

P FEA AR D Y BRE T AR [ ARG #1583 B ARk P 5 i 2 1 T
PEF{)(Sharp et al., 1993), R Z6D5HISE 1 A0, 55 2 ArBdid i) 3 2 it g i FE IR 1 24
A, e 3 LB i3 M S8 HE B 2 i JC RE M, AT LAV D A 7056 P i PR AE R AR B2 B 0]
Al - B A FH 5 =l 4 B O B ) ) — P, 2 A AR b i —F B R AR [
I RIS 556 3 ALhiidd BA BRI S BN BT /) GCs 5 1 55 8 105 P i 12 ) S 2%
HRMESERIZ, JEH K GCs 1 8 i i HIAE 73 #r £ B 24K 45 (Gu et al., 2004; Ingvarsson,
2007) . AW 70 b B S AR I SR AR I R 300 T 1 GCs S Bl R T Wb, S e 1
(Medicago truncatula)(# [E %55, 2015). %1€ Ei 1& (Medicago sativa) (P %, 2017) %5+ 3
M E N GC S EBHTHE, BIEIEE TS GCy(45.24 %) > GC,(37.30 %) > GC4(28.97 %), #
H 15 GC1(45.5 %) > GC,(36.8%) > GC3(26.9 %), 3 MR- ALK 4 4E %Y 1 3 My B
by GC HFEEH B, HAKBIAE —ENZESR. PTIHEEER, B0 1AM
%2 55 3 MR AFAE 2 7 e, B H GC B m RS, HEM Rt 2%
W, HPEHE T (M EHELE, 2015); A 45 A ENC-plot 1 PR2-plot 2543 # 5 :k
IR B R S A R R L B ) 1 B R AP 52 2 R R R SR B e, R e PR RO % XA
£ 16 5 3L FURLHE 7% 32 16 (Medicago truncatula) (b [F 24, 2015)—E(, 4 Sof ottt
KIZHE W iF LA AT 25, HILREIS T8 UUU. UUA, 5 KRZHmESEEMINRILE
7 NNA. NNU FIE— S0 B IR A%, 2011) . X Fhas i1 AR ST B8 B T SRR L IR 41
hEAEER AT B, HHEW AR RS 2R, ARSI RBUL
WiE i EAB AR B RS A AR S, S A DR 2H 505 - ) e S AR A DG R BORAR ST . A
BT 0 o 7 T P S R L 3 R 1 i e P 2 52 SRAR TR ), [ Py 5 HAth R 3R — e 3[R A



T HEE TS, #iE T 19 MRMRE T, HI NNA FINNU B B s
IIATIXBONERG AR A, SRS T PUNR R b X (BRI EESE, 2019),
{EL P A SRR S A ik DR A S B 1 ) i 1k 5 A A R I AR — 5, RR I e b
Vi WS AL R ) 2 /075 2 R 1 O 4712 77 TR TN BN DR ST o« ASHITE 5 09 DA P SRR E e A i
PRI Y 1~ O H R ik . SR AR R AR B AL Z AR A e it 1 R IS %KY .
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