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Abstract: To comprehend the codon usage pattern of chloroplast genome in Dalbergia odorifera, the 52 coding DNA
sequences were 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 were as follows: The GC content in the three positions of
codons from the chloroplast genome of D. odorifera was GC1 (46.01%) > GC2 (38.98%) > GC3 (27.80%)

successively. The range of effective number codon was from 37.66 to 54.43, and there were 37 genes when ENC value
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was greater than 45, and there were 29 genes when RSCU value was greater than 1, including 16 genes ending with U

and 12 genes ending with A. These suggest that the codons prefer ends with A and U, and have a weak bias. The

neutrality plot showed that there was no significant correlation between GC3 and GC12, the correlation coefficient was

0.250, and the regression coefficient was 0.394; ENC-plot analysis revealed that there were 38 genes which ENC ratio

located beyond the section from —0.05 to 0.05; 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 contents in different positions of each CDS from the chloroplast genome of Dalbergia odorifera
C%enme GC1 GC2 GC3 GCall ENC C%enme GCl GC2 GC3 GCall ENC
accD 38.84 34.86 29.08 34.26 45.54 psbA 49.72 43.22 31.64 41.53 42.35
atpA 54.60 40.12 27.98 40.90 47.67 psbB 55.21 46.56 30.45 44.07 49.03
atpB 56.91 40.88 28.46 42.08 48.09 psbC 53.38 45.78 32.28 43.81 47.64
atpkl 47.76 38.81 27.61 38.06 47.90 psbD 51.98 43.22 31.64 42.28 44.56
atpF 45.65 32.07 30.98 36.23 49.66 rbeL 57.14 43.49 29.83 43.49 47.75
atpl 47.98 35.08 25.00 36.02 42.30 pll4 50.41 37.4 28.46 38.75 51.06
cesA 29.63 36.73 25.93 30.76 41.62 pll6 50.00 52.94 29.41 44.12 42.05
cemA 38.26 29.13 31.74 33.04 53.55 mpl2 50.92 48.35 31.5 43.59 54.43
clpP 58.38 36.55 30.46 41.79 51.97 pl20 35.00 37.50 25.00 32.50 48.31
matK 36.24 29.26 28.68 31.40 49.51 rpoA 43.98 30.12 25.3 33.13 44.62
ndhA 40.66 37.91 21.15 33.24 43.48 rpoB 49.58 37.35 28.85 38.59 49.33
ndhB 42.19 39.15 31.85 37.73 49.36 rpoC1 49.19 37.19 25.18 37.19 49.00
ndhC 45.45 33.88 24.79 34.71 44.88 rpoC2 41.47 35.19 26.16 34.27 46.81
ndhD 37.70 37.96 30.37 35.34 47.25 rps11 52.52 54.68 24.46 43.88 51.52
ndhE 39.22 33.33 26.47 33.01 43.95 rps12 52.42 48.39 32.26 44.35 42.85
ndhF 35.98 33.07 23.54 30.86 42.76 psl4 43.56 47.52 24.75 38.61 39.85
ndhG 44.63 35.59 23.16 34.46 44.13 ps18 36.54 40.38 25.00 33.97 37.66
ndhH 51.27 35.53 25.63 37.48 49.12 ps2 40.51 40.93 27.85 36.43 46.71
ndhl 41.57 36.14 23.49 33.73 47.31 ps3 42.92 33.79 21.00 32.57 47.49
ndhJ 49.69 37.11 27.04 37.95 48.08 rps4 50.99 36.14 24.75 37.29 45.40
ndhK 45.79 44.39 27.57 39.25 47.67 ps7 52.56 44.87 23.72 40.38 46.53
petA 53.58 36.45 29.91 39.98 47.00 ps8 37.78 40.74 26.67 35.06 41.20
petB 46.76 41.67 30.09 39.51 42.20 yefl 33.56 28.21 25.09 28.95 47.45
petD 50.31 39.13 21.12 36.85 38.83 yef2 41.84 34.14 36.46 37.48 52.54
psaA 51.66 43.28 32.49 42.48 51.63 yef3 47.93 38.46 30.18 38.86 51.50
psaB 48.57 43.13 30.34 40.68 48.28 yef4 42.19 39.06 32.81 38.02 50.02

T 46.01 38.98 27.80 37.60 46.76

Average

¥ GCall R TS T 20 & T35,

Notes: GCall represents the average of different positions of codons.

GUA,UCA, AGU, CCA, UAU, GCA, CAU, CAA,
AAU AAA, GAA  UGU,CGA,AGA,GGU # GGA
F94, H 124 LA SR, T AL U SR,

3 W5 &%

TEAPI R R, 8 T 6 A% TR R 2 3 J5 A Rl 8
75 Py 18 T B AR Y AN [ 4 6 T )
PIARAFAE 2 e, 3K Fof 0 A% ek i e 1 2 0 b D
L DR YT Al R 2R 05 B9 3 0 o R R R, R

T2 IR AR A S5 R, o g AR f g 4R
VEPE I % B4 Y AR 1) EE 52 1 P (Romero et
al., 2000; Xu et al., 2011), &4k 240 1T
A VEF 0 40 RS R A A X A ST 1 B R s AR
FENYUE B, o S o 3 9 41 78 8 R W R kAl R
[ b B) SR 2% OC R W 6 7 4 1 HL R AN
[ i P R 5 PR T DR G T v i e ik & 2 S5
AUE R R W 3 TR A9 F 5T B AT ( Wiright,
1990; Duret, 2000) . [ I, A7 4 - & 44 5L [ 4 %%
s~ (58 ) i 1 P9 10F 9 R 0% 488 7 ) o 35 PR A4 30 Ak 5
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Table 2 Correlation analysis of GC contents, numbers

and ENC values of different codon positions

A5

\y;aitiun GCl1 GC2 GC3 GCall  ENC
GC2 0.504

GC3 0.249  0.201

GCall 0.861 ** 0.805 #* 0.515 #*

ENC 0.251 % —0.088 0.466 = 0.230

LT -0.156 —-0.277 % 0.262 * —0.142 0.270 *

Codon numbers
(N)

TE: s FIRAE 0.01 /K EEFAG; = FRIRAE 0.05 KF b
WERE

Notes: #*#* means significant correlation at 0.01 level; * means

significant correlation at 0.05 level.

FERFEPMHE,

FP PR R BEIE A O B R 528 L AR 1 B )
(CERCHIRRVA T R iUs A PR ok o i AR 1)
(Sharp et al., 1993)  RI3E # 25571055 1 47 56 2
PLBRAE A A 72 2 T il g B Sk TR ) AU T3S 3
S B TR 72 ) o 2 TR 4 A JC R R, AT LA O
B A P i A1 5 o R P X Al e 6 5 1
AR D 4 25 5% O B T A — A 2 ke i R
R — i A B AR A HL R 5 [ R % 5 5 3£
S HA B HOFE R BN E SR T GC3 H Y
SR o P A A AR S AR DRl R
GC3 My i folf A 220 B 9 B 24K 4l (G et
al., 2004 ; Ingvarsson, 2007) , ANWF5E P[5 7 ¥ 18
-2 R BE R 41 855 - 19 GC3 & B AR TR A

®3 BREAESEERM RSCU S
Table 3 RSCU analysis of each amino acid in Dalbergia odorifera

S L 3% % 5 HL 5 ¥ SR % ¥
TR R TR T A
Phe uuu 843 1.36 Pro CCU 324 1.50 Lys AAA 938 1.55
uuc 393 0.64 CcC 245 0.99 AAG 271 0.45

Leu UUA 738 1.99 CCA 246 1.14 Asp GAU 694 1.65
uuG 492 1.32 CCG 117 0.54 GAC 147 0.35

CUU 447 1.20 Thr ACU 430 1.63 Glu GAA 847 1.49

cuc 134 0.36 ACC 197 0.75 GAG 293 0.51

CUA 286 0.77 ACA 331 1.25 Cys UuGU 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 1.41
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
GUC 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 Uucu 468 1.79

Gly GGU 506 1.36 CAC 110 0.44 ucc 245 0.94
GGC 148 0.40 Gln 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

I TRILFRRLEDT,

Notes : The codon having underline represents the optimal codon.
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Class middle  Frequency
Class range Frequency
value number

-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
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7 3 ANLE W GC & = IEAT LR, RIS TR & 15
GC1(45.24%)>GC2(37.30% ) >GC3(28.97%) , ¥
HETE GC1(45.5%) >GC2(36.8% ) >GC3(26.9%) ,
3R SRS TR F 3 M E B GC
a8 A ERBIE A e ES, P
PR B R SRS 50 1 RS 2 7 556 3 1
BRI 2H A7 7 W 35 25 5l H GO i B AR
S, BT RAE R, SR A
—3 (4 E A%, 2015) ; [A] B 45 & ENC-plot £l
PR2-plot %543 M7 77 3 & 304 A 8 A it ¢ R Ok [R1 241
W T 1R AF M A2 Z R R R 2R A 52, 3 5
R ik #%, XA 45 5 HFERHEY R B 1E (9
555, 2015) — 3, K7 0 10 I S R 56 Y 4 %5
7w ar DL AT 25 B, B H &t %5 7 & UUU,
UUA, 5 K Z50m S 0 B L %75 F NNA \NNU
B — B (I RE A 2011) , X APl T
BT RER TR A T &/ EE AT
B Bl S O A 3 25 5 W TE 2R Ak
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Table 5 Optimal codons in chloroplast genome of Dalbergia odorifera
GE =1 RFIAIEN === 1 RFIAIEN
st sy Migh expression gene Low expression gene ey || EHR T High expression gene Low expression gene -
W odon BH RSCU A RSCU " oo Ly RSCU L RSCU
Number Number - Number Number "

Phe UUU s 43 1.69 132 1.07 0.62 Ala GCU 17 1.39 70 1.62 -0.23
uuc 8 0.31 114 0.93 -0.62 GCC 6 0.49 31 0.72  -0.23

Leu UUA sk 56 3.23 85 1.25 1.98 GCA =3 21 1.71 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
cuc 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 Gln CAA =3 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 s 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 s 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 =3 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 CCU 14 1.30 57 1.42 -0.12 CGG 5 0.38 24 0.60 -0.22
CCC = 10 0.93 33 0.82 0.11 AGA s 29 2.20 70 1.75 0.45
CCA = 15 1.40 46 1.15 0.25 AGG 7 0.53 39 098 -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 3 15 1.11 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 s 26 1.86 100 1.54 0.32
UAC 2 0.14 30 0.46 -0.32

. % R ARSCU=0.08; s sk ARSCU =0.3; ##x /8 ARSCU =0.5,

Note; * means ARSCU =0.08; #** means ARSCU =0.3; ##*%* means ARSCU =0.5.
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