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Codon Usage Bias Analysis of the Chloroplast Genome of Persicaria odorata

SONG Zhi-jiao', LI E', YANG Ping', LI Gui-xiang”, CHEN Wen-hua"
(1. College of Resources and Environmental Sciences Baoshan University , Baoshan, Yunnan Province 678000, China;

2. Yunnan Academy of Forestry and Grassland, Kunming, Yunnan Province 650201, China)

Abstract: To investigate codon usage bias of Persicaria odorata, we sequenced the chloroplast genome of P.
odorata using the Next-Generation Sequencing. The raw sequencing data were quality control filtered,
assembled, annotated and constructed a physical map. Furthermore, we systematically analyzed the codon
usage bias of 52 protein-coding sequences. Our comprehensive analysis shows that the chloroplast genome was
159 897 bp in length, with a typical quadripartite structure consisting of a large single-copy region (LLSC), a
small single-copy region (SSC), and two inverted repeat regions (IR). The overall GC content of codons in
the P. odorata chloroplast genome was 38.88% , with GC1>GC2>GC3, showing a preference for codons
ending with A/U. The effective number of codons (ENC), the codon adaptation index (CAID), the codon bias
index (CBD and the frequency of optimal codons (Fop) ranged from 36. 29 to 54. 14, 0.10 to 0. 30, —0. 26 to
0.19, and 0. 26 to 0. 53, respectively. These analysis collectively indicated weak codon usage bias in the chlo-
roplast genome of P. odorata. Neutrality plot analysis, ENC-plot analysis, and PR2-plot analysis revealed
that codon usage bias in the P. odorata chloroplast genome resulted from both mutation pressure and selection
pressure and was primarily determined by the selection pressure. A total of 10 optimal codons were identified.
Our study established a fundamental framework for functional genomics and molecular breeding of P. odorata
by providing: (1) theoretical foundations and molecular marker resources for further functional analysis of chloro-
plast genes, (ii) evolutionary studies, and (iii) molecular breeding within Polygonaceae.
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Fig.1 Morphological features of P. odorata
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Note: (A) Overall view of the aerial parts. (B) Ocrea of P. odorata
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Fig.2 Circular map of the P. odorata cpgenome
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Table 1 Chloroplast genome gene information of P. odorata
R Irie Rk B4
Gene funcition Gene classification Gene name
EAEIEH ATP £ BB 3£ Subunits of ATP synthase atpA atpB atpE atpF .atpl

Photosynthesis JE A 40 11 W% Subunits of photosystem 11

NADH i £ ## 1 3 Subunits of NADH-dehydrogenase
2 €53 54 44 b/ £ 3 Subunits of cytochrome b/f complex

JEZ 58 1 3 Subunits of photosystem |
RuBisCO W2 Subunit of rubisco
EEYL H Bl K 7 2 Large subunit of ribosome
Self—replication
Fi B (& /N 3 Small subunit of ribosome
HAvig
Other functions
£ 11 Envelop membrane protein
1 i Protease
AT Maturase

{5 AR5 I A T JC 352 HE Consserved hypothetical chloroplast ROF

& DNA ) RNA 2 41 DNA dependent RNA polymerase

LT S ¥R AL HE Subunit of Acetyl-CoA-carboxylase
A € C #£ M c-type cytochrom synthesis gene

PpsOA psbB psbC psbD
ndhA .ndhB ndhC .ndhD .ndhE .ndhF .ndhG .ndhH ndhl .ndhJ .ndhK

petA peth

psaA psaB
rbcL

rpl2 rpl14 . rpl16 .rpl20 rpl22
rpoA rpoB rpoC1.rpoC2
1ps2.rpsd rpsd rps7 rps8 . rps11 rps12 rpsld rps1S
accD
cesA
cemA
clpP
matK
yef1yef2 yef3 \yefd
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Table 2 GC composition of P. odorata chloroplast genome codon

FEH I BE Gene function M Gene  GC/%  GC,/% GCy/% GC,/%  ENC CAI CBI Fop
ATP 45 B I atpA 55.51 39.37 28.15  41.01 49.65 0.21 —0.01 0.41
Subunits of ATP synthase atpB 56.11 42.08 28.46 42.22 46.11 0.19 —0.06 0.38
atpE 52.24 40.30 29.10 40.55 50.60 0.15 —0.09 0.35
atpF 48.65 32.97 31.89 37.84 45.02 0.17 —0.07 0.37
atpl 50.00 36.69 27.02 37.90 47.25 0.17 —0.10 0.34
ARG PsbA 49.44 43.22 31.64 41.43 38.29 0.30 0.19 0.53
Subunits of photosystem II psHB 54.42 46.37 30.65 43.81 45.99 0.18 —0.10 0.36
psbC 54.01 45.99 34.18 44.73 47.28 0.18 —0.03 0.39
psbD 52.54 43.22 33.33 43.03 46.95 0.24 0.04 0.44
NADH i & il 37 ndhA 45.05 38.74 23.08 35.62 44.79 0.11 —0.20 0.26
Subunits of NADH-dehydrogenase ndhB 42.07 39.14 32.09 37.77 47.61 0.17 —0.09 0.36
ndhC 47.93 32.23 24.79 34.99 40.80 0.23 0.01 0.39
ndhD 40.32 37.72 30.14 36.06 47.91 0.13 —0.14 0.31
ndhE 41.18 33.33 32.35 35.62 52.72 0.17 —0.10 0.34
ndhF 38.53 36.53 24.67 33.24 43.66 0.16 —0.15 0.32
ndhG 42.94 31.64 24.29 32.96 41.02 0.13 —0.19 0.28
ndhH 50.00 37.06 29.70 38.92 49.15 0.14 —0.13 0.33
ndhl 43.27 36.84 24.56 34.89 43.43 0.20 —0.09 0.36
ndhJ 51.57 36.48 32.70 40.25 51.74 0.16 —0.12 0.34
ndhK 43.81 43.81 28.76 38.79 51.42 0.15 —0.19 0.30
RN R N VAR 2 petA 52.96  35.83 3240  40.39  50.61 0.17 —0.09  0.36
Subunits of cytochrome b/f complex petB 48.15 41.20 31.02 40.12 44.43 0.21 —0.01 0.39
FHRG I psaAA 52.86 43.68 33.95 43.50 51.04 0.19 —0.09 0.36
Subunits of photosystem I psaB 48.57 43.13 32.52 41.41 46.66 0.18 —0.10 0.36
RuBisCO W3 Subunit of rubisco rbcl 57.98 43.91 30.25 44.05 46.22 0.27 0.10 0.48
AZMHE R K I rpl2 50.00 48.55 32.61 43.72 49.16 0.13 —0.09 0.36
Large subunit of ribosome rpl14 53.66 37.40 31.71 40.92 49.14 0.17 —0.01 0.40
rpll6 51.47 52.94 25.00 43.14 40.04 0.12 —0.06 0.38
rpl20 35.94 38.28 29.69 34.64 52.14 0.13 —0.16 0.33
rpl22 40.00 38.67 26.00 34.89 49.55 0.18 0.00 0.42
A DNA 1) RNA R4 B rpoA 46.43 33.63 27.68 35.91 50.33 0.17 —0.11 0.35
DNA dependent RNA polymerase rpoB 50.79  38.38  30.63  39.93  47.31 0.15 —0.13  0.34
rpoC1 50.51 38.18 28.49 39.06 47.47 0.15 —0.11 0.34
rpoC2 47.64 38.94 32.01 39.53 49.07 0.15 —0.15 0.33
A A /)N IF e rps2 43.04 43.46 30.38 38.96 51.30 0.17 —0.15 0.33
Small subunit of ribosome 7ps3 47.03 34.70 25.57 35.77 45.79 0.15 —0.10 0.36
rpsd 50.75 36.18 30.15 39.03 50.50 0.17 0.02 0.41
rps7 53.21 45.51 24.36 41.03 45.68 0.19 —0.05 0.39
rps8 42.22 40.00 28.89 37.04 41.57 0.10 —0.09 0.35
rpsll 55.40 54.68 33.09 47.72 52.89 0.17 —0.06 0.38
rps12 51.61 47.58 30.65 43.28 41.83 0.14 —0.08 0.35
rpsl4 41.58 46.53 33.66 40.59 36.29 0.14 —0.15 0.32
rps18 38.10 40.95 29.52 36.19 48.59 0.13 —0.11 0.34
TR S R AL accD 39.79 36.00 30.11 35.30 45.97 0.19 —0.16 0.34

Subunit of Acetyl-CoA-carboxylase
YA R CHL B ccsA 34.89 35.51 28.66 33.02 46.12 0.14 —0.20 0.29

c-type cytochrom synthesis gene

15 3 1 Envelop membrane protein cemA 38.77 26.87 31.72 32.45 44.94 0.19 —0.07 0.36
#E 1§ Protease clpP 54.63 37.89 33.48 42.00 47.44 0.16 —0.14 0.33
AT Maturase matK 39.45 33.14 29.39 33.99 47.93 0.16 —0.15 0.32
RS VR AR 15 2k A T 0 ) 2 HE yefl 39.86 30.65 30.65 33.72 49.46 0.16 —0.13 0.35
Conserved hypothetical chloroplast ROF yef2 42.91 34.96 37.98 38.62 52.77 0.16 —0.13 0.34
vef3 48.24 38.82 34.71 40.59 54.14 0.14 —0.26 0.29
yef4 44.32 41.62 32.43 39.46 48.37 0.15 —0.02 0.39

FH{H Average 47.16 39.45 30.02 38.88 47.23 0.17 —0.09 0.36
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Table 3 Correlation analysis of parameters in P. odorata chloroplast genome codons
25 Variation GC, GC, GC, GC,, ENC CAI CBI
GC, 0.163
GCy 0.108 0.139
GC,, 0.710" 0.700™ 0.526™
ENC 0.775" 0.750™" 0.161 0.924™
CAI 0.027 —0.224 0.134 —0.056 —0.125
CBI 0.200 —0.085 0.045 0.086 0.080 0.082
Fop 0.296" 0.052 —0.023 0.191 0.232" —0.180 0.632™
TE xR AR 5 A 5 (P<C0. 01) s #3683 A1 56 (P<<0. 05)
Note: ** means a significant correlation at P<Z0. 01; * means a significant correlation at P<Z0. 05
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Fig.3 RSCU analysis of amino acids in P. odorata chloroplast genome
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Gene function

© ATP & R IF FE Subunits of ATP synthasc

® NADH Jlii & Jiff 7. % Subunits of NADH-dehydrogenase
RuBisCO 3t Subunit of rubisco

® {45 Envelop membrane protein

® [RSPPER 2R T ) 332HE Conserved hypothetical chloroplast ROF
S Maturase

» 5 [ [if§ Protease
FeZ4: | WA Subunits of photosystem [

@ &4 [ WAL Subunits of photosystem 11

o BRI K Large subunit of ribosome

® ZBE{AE 3 Small subunit of ribosome

® 22 C HH c-type cytochrom synthesis gene

® {02 2 AR b/ 7L Subunits of cytochrome b/f complex

® {{Hfi DNA fiy RNA %41 DNA dependent RNA polymerase
el S #RALEG Subunit of Acetyl-CoA-carboxylase
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Fig.4 Neutrality plot analysis of the chloroplast genome in P. odorata
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Gene function

® ATP 4 R 4 Subunits of ATP synthasc

® NADH [i £ i} IF 4 Subunits of NADH-dehydrogenase
RuBisCO iV #£ Subunit of rubisco

® £JJJ5 45 9 Envelop membrane protein

® (RSB S TT AL REEHE Conserved hypothetical chloroplast ROF
JEJiG Maturase

o 45 H i Protease
Y6 Z4¢ 1 4 Subunits of photosystem |

® S 24 11 WHE Subunits of photosystem 11

o AZMEARK T 3 Large subunit of ribosome

© FZBHARTE 3 Small subunit of ribosome

® A0z C FA c-type cytochrom synthesis gene

® YL (0,2 541 b/f 7.5 Subunits of cytochrome b/f complex

® {{iffi DNA ) RNA Z-4iff DNA dependent RNA polymerase
Z ekl S $RLHG Subunit of Acetyl-CoA-carboxylase
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Fig.5 ENC-plot analysis of the chloroplast genome in P. odorata
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Fig.6 PR2-plot analysis of the chloroplast genome in P. odorata
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Table 4 Optimal codon analysis of the chloroplast gene of P. odorata

BT AR i #i5%E W High expression gene k#2353 K Low expression gene RSCU ARSCU
Codon Aminio acid %t H Number RSCU ¥t H Number RSCU )

GCA™ W Ala 16 0.281 1 0.110 1.12 0.171
Gece 7 0.123 3 0.333 0.72 —0.210
GCG 14 0.246 0 0.000 0.53 0.246

Geu” 20 0.351 5 0.556 1.62 —0.205

AGA™ & Arg 45 0.306 1 0.002 1.68 0.304
AGG 32 0.218 3 0.077 0.81 0.141

CGA™ 30 0.204 3 0.231 1.38 —0.027
CGC 7 0.048 2 0.231 0.36 —0.183
CGG 19 0.129 1 0.154 0.49 —0.025

CcGU™ 14 0.095 3 0.077 1.27 0.018
AAC KA Asn 33 0.277 1 0.333 0.50 —0.056

AAU™ 86 0.723 2 0.667 1.50 0.056
GAC KA R Asp 17 0.143 1 0.333 0.40 —0.190

GAU™ 102 0.583 2 0.667 1.60 —0.084
UGC L& R Cys 10 0.435 0 0.000 0.61 0.435

uGuU™ 13 0.565 3 1.260 1.39 —0.695

CAA™ AT Gln 53 1.003 2 0.742 1.50 0.261
CAG 20 0.274 0 1.050 0.50 —0.776

GAA™ 78 Glu 77 0.417 3 1.070 1.46 —0.653
GAG 55 0.417 0 0.000 0.54 0.417

GGA™ H& i Gly 32 0.368 9 0.529 1.53 —0.161
GGC 9 0.103 2 0.118 0.51 —0.015
GGG 21 0.241 0 0.000 0.72 0.241

GGU™ 25 0.287 6 0.353 1.24 —0.066
CAC 21 R His 13 0.260 0 0.000 0.47 0.260

CAU™ 37 0.740 1 1.020 1.53 —0.280
AUA S5 R Tle 49 0.312 8 0.421 0.96 —0.109
AUC 36 0.229 1 0.053 0.55 0.176

AUU” 72 0.459 10 0.526 1.49 —0.067
CUA FEEMR Leu 40 0.177 6 0.261 0.83 —0.084
cuc 21 0.093 5 0.217 0.42 —0.124
CUG 21 0.039 2 0.087 0.41 —0.048

cuu” 58 0.257 6 0.261 1.29 —0.004

UUA™ 30 0.133 3 0.130 1.77 0.003

uuG™ 56 0.248 1 0.043 1.28 0.205

AAAT PN 88 0.647 6 0.857 1.48 —0.210
AAG Lys 48 0.353 1 0.143 0.51 0.210
AUG B 2R Met 38 1.590 6 1.330 1.00 0.260
uucC N A Phe 68 0.463 5 0.385 0.69 0.078

uuu” 79 0.537 8 0.615 1.31 —0.078
CCA™ it % 2 Pro 22 0.244 1 0.200 1.07 0.044
cce 20 0.222 1 0.200 0.81 0.022
CCG 20 0.222 2 0.400 0.59 —0.178
ccu” 28 0.311 1 0.200 1.53 0.111
AGC 2253 Ser 13 0.067 1 0.231 0.44 —0.164

AGU™ 23 0.119 3 0.067 1.16 0.052

UCA™ 41 0.212 4 0.200 1.15 0.012
ucc” 39 0.202 5 0.267 1.00 —0.065
ucG 26 0.135 0 0.333 0.60 —0.198

ucu” 51 0.264 2 0.000 1.65 0.264
ACA” FRAETR Thr 23 0.261 1 0.133 1.25 0.128
ACC 11 0.125 1 0.100 0.71 0.025
ACG 23 0.261 0 0.100 0.53 0.161

ACU™ 31 0.352 8 0.000 1.51 0.352
UAC 1§ 2 1% Tyr 20 1.240 1 1.440 0.41 —0.200

UAU” 62 0.756 3 0.250 1.59 0.506
UGG {548 Trp 45 0.367 3 0.214 1.00 0.153

GUA™ RNy 21 0.269 8 0.800 1.42 —0.531
GuC Val 16 0.205 1 0.571 0.61 —0.366
GUG 15 0.129 2 0.071 0.54 0.058

GUU™ 26 0.333 3 0.143 1.44 0.190

e+ R R ARSCU0. 08, F ¥4k 7R 25 i 5% 1 1

Note: ** means ARSCU>>0. 08, underline indicates high-frequency codon
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