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Codon Usage Bias in Opisthopappus taihangensis(Y. Ling)
C. Shih Chloroplast Genome

HU Xiaoyan',MENG Wenrui*, 1.1 Haoyang®, FENG Yugqi’, DU Shuhui’
(1.College of Food Science and Engineering, Shanxi Agricultural University, Jinzhong 030801, China;
2.College of Forestry,, Shanxi Agricultural University, Jinzhong 030801, China )

Abstract: Opisthopappus taihangensis(Y. Ling) C. Shih is native to China with restricted distribution area, important
ornamental and medicinal value. In order to study codon usage bias in O. taihangensis(Y. Ling) C. Shih chloroplast genome, in
this study, 53 protein coding sequences with the length longer than 300 bp in O. taihangensis chloroplast genome were taken as
the object, the factors influencing codon usage bias and the optimal codon in O. taihangensis chloroplast genome were analyzed
by softwares such as Codon W. The results showed that GC content was different at three sites of codon in the O. tathangensis
chloroplast genome with GC,(38.82%) > GC,(37.87%) > GC4(36.35%), and all the condon preferred the ends with A/T.
The average value of effective number of codon(ENC) was 50.95, indicating the codon usage randomness was strong and bias
was weak in O. taihangensis chloroplast genome. Correlation analysis indicated that ENC had only significant correlation with
GC; showing that GC; had an important influence on codon usage bias and it was related to the generally lower probability of
non synonymous mutations in plants. The results of neutral plotting, ENC-plot, and PR2-plot analysis showed that the
factors influencing codon usage bias in O. taihangensis chloroplast genome were natural selection and mutation, but natural
selection played the major role, this was attributed to the specific evolutionary history and environmental adaption strategy of
O. taihangensis. In addition, based on ENC values, the high and low expression gene library was constructed and 22 codons
including UUU, UUA, CUU and AUU etc. were defined as the optimal codons and all had the ends with A or U, which may

be attributed to the specific transcription regulatory mechanism.
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Tab.1 Analysis of basic group composition in CDS sequence codons in O. taihangensis chloroplast genome

HEH Gene T,/ % Cy/ % A/ % Gy/% GC/% GC,/% GCy/% GCp/% GC/% ENC
rpsl2 19.35 33.33 38.64 37.50 49.59 30.08 54.00 39.84 46.30 52.16
PpsbA 41.96 29.37 30.21 25.71 32.86 50.14 42.00 41.50 43.80 55.37
matK 51.91 14.35 42.33 20.45 38.93 32.61 25.30 35.77 33.00 46.94
rpoB 29.89 28.44 38.65 36.95 37.08 26.89 46.90 31.99 38.90 57.18
rpoCl 38.25 21.49 41.70 24.40 27.87 49.78 35.60 38.83 39.60 52.92
rpoC2 30.62 28.08 39.44 33.71 37.35 29.34 44.80 33.35 39.10 57.52
rps2 47.37 14.21 47.40 16.56 43.04 41.35 23.20 42.20 37.10 46.48

atpl 31.77 25.52 33.96 35.86 37.65 27.94 46.80 32.80 39.90 57.90
atpF 41.30 20.29 45.83 23.01 33.70 46.20 32.50 39.95 39.00 42.84
atpA 49.38 15.21 42.66 14.58 56.39 39.49 23.50 47.94 40.40 46.13
psbD 41.20 28.24 27.49 25.79 30.59 52.41 42.40 41.50 43.40 57.06
psbC 45.68 18.52 39.27 14.89 53.38 46.20 27.70 49.79 43.70 45.18
rpsl4 33.33 34.72 43.75 25.42 49.00 36.00 43.50 42.50 44.00 50.70
psabB 52.08 14.26 38.11 17.21 48.16 42.99 24.50 45.58 40.20 47.14
psaA 45.65 17.55 39.96 17.60 52.73 43.68 28.00 48.21 42.90 49.02
yef3 29.41 27.94 44.55 21.36 32.14 47.62 40.30 39.88 41.70 53.50
rps4 35.22 22.64 37.76 27.56 26.87 53.23 39.20 40.05 41.60 47.26
ndhJ 51.56 16.41 38.53 20.83 50.94 36.48 27.50 43.71 39.90 45.43
ndhK 45.79 16.84 46.71 13.25 43.81 44.25 24.00 44.03 38.40 51.83
ndhC 53.47 8.91 43.68 14.86 44.63 33.06 17.90 38.85 33.90 49.89
atpE 45.37 14.81 44.95 14.89 52.99 41.04 23.40 47.02 40.40 52.41
atpB 22.87 25.22 34.68 43.85 41.26 28.66 53.20 34.96 43.40 60.59
rbcL 51.79 18.88 37.43 16.32 56.79 42.59 27.70 49.69 43.40 48.13
accD 38.70 23.16 46.92 24.34 30.74 41.32 34.90 36.03 37.90 49.40
yef4 38.24 22.79 34.15 34.55 41.30 28.80 42.30 35.05 39.30 61.00
cemA 36.57 25.71 40.41 25.81 28.38 29.69 38.50 29.04 34.10 51.04
petA 47.66 19.92 38.43 19.28 52.34 36.76 29.90 44.55 40.20 50.19
rps18 46.84 11.39 40.23 23.08 37.25 43.14 27.30 40.20 36.60 48.21
rpl20 26.37 27.47 51.72 24.32 46.03 26.98 38.40 36.51 39.10 47.57
clpP 25.74 29.41 30.71 49.14 37.76 28.06 56.70 32.91 42.60 45.49
psbB 38.19 26.97 30.32 28.98 30.71 54.33 43.40 42.52 44.70 54.12
petB 33.13 24.54 26.87 40.32 41.86 25.58 50.00 33.72 41.40 55.31
petD 47.73 31.82 20.79 17.44 25.00 51.25 40.40 38.13 40.60 41.11
rpoA 29.96 27.31 45.45 29.95 31.34 30.15 41.30 30.75 36.30 54.81
rpsll 15.79 30.53 41.84 41.94 57.35 24.26 54.80 40.81 46.90 57.00
rps8 43.00 18.00 40.51 38.16 26.87 40.30 38.50 33.59 36.80 51.99
rpll4 18.52 28.40 37.04 46.67 38.52 25.41 56.30 31.97 41.30 46.98
rpll6 30.56 32.41 24.14 37.50 21.48 51.85 54.60 36.67 44.90 52.90
rps3 39.52 20.36 49.64 24.60 24.31 45.87 32.70 35.09 35.30 51.73
rpl22 31.13 19.81 45.87 33.33 40.65 25.81 38.50 33.23 37.10 54.59
rpl2 31.12 29.08 38.73 32.28 32.36 50.18 45.80 41.27 45.90 56.52
yef2 41.34 24.55 42.03 19.82 36.72 42.11 33.80 39.42 38.90 51.12
ndhB 43.05 21.64 41.87 13.25 41.68 38.55 28.40 40.12 37.50 49.10
rps7 29.60 32.00 38.18 27.27 23.23 53.55 45.90 38.39 42.10 42.87
ndhF 54.30 11.11 41.88 15.53 36.66 35.58 19.90 36.12 32.20 44.42
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Tab.1(Continued) Analysis of basic group composition in CDS sequence codons in O. taihangensis chloroplast genome
HM Gene T,/ % Cy/ % A,/ % Gy/ % GC,/% GCy/ % GC,/%  GCu/%  GC/% ENC

cesA 44.35 18.83 43.15 25.31 37.65 24.07 31.00 30.86 33.50 50.46
ndhD 40.48 21.69 39.13 29.39 37.52 28.34 37.10 32.93 37.30 54.41
ndhE 55.13 26.92 30.00 21.95 17.82 41.58 34.10 29.70 32.60 50.71
ndhG 46.88 14.37 40.60 17.59 45.20 35.03 24.60 40.12 35.80 54.59
ndhl 36.00 23.20 33.91 36.08 36.14 25.90 43.20 31.02 36.30 56.20
ndhA 48.08 11.54 47 .44 9.41 44.51 39.29 17.20 41.90 34.80 42.75
ndhH 48.87 12.62 48.43 15.85 50.76 36.29 21.20 43.53 37.80 48.19
yefl 36.87 23.95 52.37 21.48 27.59 24.96 31.80 26.28 30.00 51.79

P Mean  39.23 22.39 39.63 25.80 38.82 37.87 36.35 38.34 39.32 50.95
IRAT 58 W 2 (K e DR) 28 0 35 2 1l 4% 415 s AH G A% oer

IFE AR 2R, GC 5 GC, GO 2 7% 7 O'S_

2 (P<<0.05) , T GC, 5 GC M AR 1.3 5 GC oal

HIGC. 2 BHMA(P<0.05) GCMGCRBBHF o

X (P<0.01) ,GC 5 ENCHIHEARRF. =~ |

LRI, RATH T SR SE ] GC, A GO, [l 2 ol y=-0226 11 +0.465 6

OB — B T 5 Gy i B8 2 A AR K 2% 57 ' _ _ _ e

0 0.1 0.2 03 0.4 0.5 0.6

ENC 5 GC, 2t 8 3 1E A 2= (P<C0.01) , F B % 4
T 30 Bl F 2 B X % A 5 PR A R

F2 XKITHHREERFEACDSFIIHE
4H R 5 18 8 K 1 S A
Tab.2 Correlation analysis among base composition
parameters of CDS sequences in O. taihangensis

chloroplast genome

ZH Parameter  GC, GC, GC, GC ENC
GC, 1.000
GC, -0.321" 1.000
GC, -0.313"  -0.188 1.000
GC 0.256 0.326"  0.559"  1.000
ENC -0.076 -0.299"  0.4617  0.180  1.000

T U R S ) 2540 5E (P<<0.05) 5 #+ LR A S 4]
B 35 15 (P<<0.01)

Note: * indicated significant correlation among different param -
eters(P<<0.05), ** indicated extremely significant correlation among

different parameters(P<20.01).
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Fig.2 Neutrality plot analysis of CDS sequence codons

in O. taihangensis chloroplast genome
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Fig.3 ENC-plot analysis of CDS sequence in

O. taihangensis chloroplast genome
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Tab.3 Frequency distribution of ENC ratio
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& L ]
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_ _ 0 0.5 1.0
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Fig.4 PR2-plot analysis of CDS sequence in
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O. taihangensis chloroplast genome
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Tab.4 Analysis of optimal codons for O. taihangensis chloroplast genome

HHR GRS . AL ik 2 B . N4 Genome
Amino acid Codon High expressed gene Low expressed gene ARSCU
#H Number  RSCU  #(H Number RSCU #H Number  RSCU

Phe uuu™ 95 1.57 110 1.04 0.53 860 1.25
uuc 26 0.43 102 0.96 -0.53 521 0.75

Leu UUA™ 80 2.65 85 1.06 1.60 613 1.62
UuG 27 0.90 118 1.47 -0.57 479 1.26

cuu™ 49 1.62 85 1.06 0.57 450 1.19

cuc 2 0.07 54 0.67 -0.60 207 0.55

CUA 18 0.60 73 0.91 -0.31 315 0.83

CUG 5 0.17 68 0.84 -0.68 211 0.56

Ile AUU™ 73 1.52 94 0.96 0.56 788 1.38
AUC 22 0.46 86 0.88 -0.42 401 0.70

AUA 49 1.02 113 1.16 -0.14 528 0.92

Met AUG 35 1.00 106 1.00 0.00 430 1.00
Val Guu™ 38 2.08 51 1.10 0.99 336 1.35
GUC 9 0.49 39 0.84 -0.35 160 0.64

GUA 23 1.26 63 1.35 -0.09 354 1.42

GUG 3 0.16 33 0.71 -0.55 149 0.60

Ser ucu™ 43 1.43 33 0.94 0.50 400 1.26
ucce 26 0.87 44 1.25 -0.38 285 0.90

UCA 33 1.10 39 1.11 -0.01 383 1.20

UcCG 18 0.60 25 0.71 -0.11 204 0.64

Pro ccu™ 27 1.96 21 0.72 1.24 247 1.33
cce 4 0.29 23 0.79 -0.50 122 0.66

CCA 15 1.09 32 1.10 -0.01 213 1.14

CCG 9 0.65 40 1.38 -0.72 163 0.88
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Tab.4(Continued) Analysis of optimal codons for O. taihangensis chloroplast genome

WIER  EET B . ‘ JEPAL Genome
Amino acid Codon High expressed gene Low expressed gene ARSCU

#H Number RSCU #H  Number RSCU #H Number RSCU

Thr ACU™ 29 1.32 14 0.55 0.77 267 1.16
ACC 16 0.73 20 0.78 -0.06 187 0.81

ACA 31 1.41 35 1.37 0.04 305 1.32

ACG 12 0.55 33 1.29 -0.75 165 0.71

Ala Geu™ 29 1.73 9 0.61 1.12 299 1.54
GCC 9 0.54 16 1.08 -0.55 147 0.75

GCA 19 1.13 16 1.08 0.05 227 1.17

GCG 10 0.60 18 1.22 -0.62 106 0.54

Tyr UAU™ 55 1.57 66 1.02 0.55 636 1.39
UAC 15 0.43 63 0.98 -0.55 281 0.61

TER UAA™ 18 1.71 70 0.77 0.94 418 1.10
UAG 3 0.29 111 1.23 -0.94 343 0.90

His CAU™ 18 1.71 42 1.11 0.61 339 1.35
CAC 3 0.29 34 0.89 -0.61 165 0.65

Gln CAA™ 31 1.59 62 1.00 0.59 482 1.35
CAG 8 0.41 62 1.00 -0.59 232 0.65

Asn AAU” 56 1.42 78 1.05 0.36 598 1.32
AAC 23 0.58 70 0.95 -0.36 309 0.68

Lys AAA™ 63 1.70 126 1.02 0.68 836 1.36
AAG 11 0.30 121 0.98 -0.68 391 0.64

Asp GAU" 36 1.53 48 1.32 0.22 453 1.48
GAC 11 0.47 25 0.68 -0.22 158 0.52

Glu GAA™ 34 1.58 94 1.20 0.38 561 1.37
GAG 9 0.42 63 0.80 -0.38 257 0.63

Cys UuGuU" 17 1.17 25 0.93 0.25 237 1.04
uGC 12 0.83 29 1.07 -0.25 220 0.96

TER UGA 13 1.00 71 1.00 0.00 396 1.00
Trp UGG 34 1.00 76 1.00 0.00 461 1.00
Arg cGu™ 14 1.60 16 0.70 0.90 171 1.12
CGC 4 0.46 14 0.61 -0.15 81 0.53

CGA” 11 1.26 24 1.04 0.21 219 1.43

CGG 6 0.69 38 1.65 -0.97 142 0.93

Ser AGU™ 39 1.39 11 0.73 0.66 234 1.15
AGC 17 0.61 19 1.27 -0.66 173 0.85

Arg AGA™ 28 1.33 48 1.02 0.31 413 1.28
AGG 14 0.67 46 0.98 -0.31 231 0.72

GGU™ 36 1.22 15 0.50 0.72 291 0.99

. GGC 18 0.61 19 0.63 -0.02 173 0.59
ol GGA 36 1.22 38 1.27 -0.05 410 1.39
GGG 28 0.95 48 1.60 -0.65 302 1.03

o FRIZACE RSCUS 15 UKL & T ARSCUZ=0.08, L & ARSCU=0.3, #+f{ £ ARSCUZ=0.5; M HLAR 1 19 % 15 1 4 fe f %

Note: Underline indicated RSCU>>1; * indicated ARSCUZ=0.08, ** indicated /A RSCUZ=0.3, *** indicated /A RSCUZ=0.5; bold indi-

cated the optimal codons.

.97.
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