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Abstract: Objective To investigate codon usage patterns and influencing factors in the chloroplast genome of Poncirus polyandra.
Methods The 53 protein-coding genes of the P. polyandra chloroplast genome were used as materials to organize and analyze the
codon usage patterns and nucleotide composition using CodonW software, CUSP online program and R language.. Results The
results showed that the GC content of the codons in the chloroplast genome of P. polyandra varied in each position, and the
preference ended with A/U; The ENC value ranged from 39.79 to 59.37, and the codon usage bias was weak; There was a significant
positive correlation between the third codon base GC3 and ENC, and the codon usage bias was correlated with the third base. The
results of neutral mapping analysis, parity preference analysis and effective codon mapping analysis showed that natural selection
had an important influence on codon usage patterns, and the 12 optimal codons further proved that codon usage bias ended in A/U.
Conclusion The third codon base of P. polyandra chloroplast genome codon is preferred to end in A/U. Codon usage bias is most
affected by natural selection and is also affected by a combination of mutations and other factors.
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Table 1 GC content of different positions of codon in chloroplast genome of P. polyandra
GC/%

% GC GG, GGC;s GCi2 GCan ENC CAI
rps18 38.24 43.14 26.47 40.69 35.95 39.79 0.10
ndhl 44.64 36.90 22.02 40.77 34.52 40.77 0.21
psbA 55.91 39.37 29.92 47.64 41.73 40.88 0.32
atpF 45.95 3243 31.35 39.19 36.58 41.26 0.13
rpsi4 34.65 47.52 43.56 41.09 4191 41.43 0.14
petD 50.93 39.75 27.95 45.34 39.54 42.74 0.16
rps7 53.21 44.87 23.72 49.04 40.60 44.23 0.19
cesA 34.28 39.31 28.93 36.80 34.17 4430 0.13
rpll6 48.18 51.09 31.39 49.64 43.55 4431 0.13
rpsi2 51.61 48.39 30.65 50.00 43.55 44.88 0.15
rps8 42.34 40.15 33.58 41.25 38.69 45.28 0.12
accD 39.92 37.50 29.03 38.71 35.48 4593 0.20
psbC 53.80 45.99 32.28 49.90 44.02 46.57 0.21
ndhA 4451 39.29 25.00 41.90 36.26 46.73 0.13
ndhF 38.71 36.29 27.55 37.50 34.18 47.48 0.14
rpl20 38.98 43.22 27.12 41.10 36.44 48.13 0.10
ndhC 47.11 32.23 29.75 39.67 36.36 48.60 0.20
psbD 52.54 43.22 35.03 47.88 43.60 48.75 0.24
atpB 56.71 41.68 32.87 49.20 43.75 48.87 0.19
psbB 54.81 46.17 3143 50.49 44.14 49.14 0.19
atpA 5591 39.37 29.92 47.64 41.73 49.28 0.20
matK 42.94 31.76 32.16 37.35 35.62 49.39 0.16
ndhE 39.22 35.29 32.35 37.26 35.62 49.72 0.15
petB 47.23 40.85 36.17 44.04 41.42 49.82 0.21
rpli4 43.56 47.52 34.65 45.54 4191 49.85 0.16
ndhB 42.07 38.55 32.29 40.31 37.64 50.13 0.17
rps3 46.82 33.18 21.82 40.00 33.94 50.24 0.14
atpl 49.60 37.50 30.24 43.55 39.11 50.38 0.16
ndhG 45.25 34.64 27.93 39.95 35.94 50.43 0.15
psaB 48.98 43.13 34.29 46.06 42.13 50.44 0.18
rpoCl 51.10 38.33 29.07 44.72 39.50 50.81 0.15
ndhH 51.01 36.62 28.03 43.82 38.55 50.82 0.18
ndhD 42.40 37.60 33.20 40.00 37.73 50.85 0.13
rpoB 50.79 37.91 30.63 4435 39.78 50.92 0.16
psad 53.00 43.28 34.89 48.14 43.72 50.96 0.19
rps4 51.49 37.62 26.24 44.56 38.45 51.52 0.15
rbecL 58.19 43.91 33.40 51.05 4517 51.88 0.25
yef68 48.06 48.06 51.94 48.06 49.35 52.10 0.14
petA 52.02 37.07 33.02 44.55 40.71 52.23 0.18
rpoC2 47.65 37.89 32.12 42.77 39.22 52.45 0.15
yef2 42.11 34.95 37.31 38.53 38.12 53.58 0.16
ndhK 42.54 45.61 29.39 44.08 39.18 53.59 0.17
atpE 48.51 39.55 30.60 44.03 39.55 53.76 0.16
rpoA 45.59 3343 32.22 39.51 37.08 53.92 0.17
rps2 47.26 43.46 31.22 45.36 40.65 54.29 0.16
rpl2 51.64 49.09 33.09 50.37 44.61 55.29 0.14
rpsll 56.83 60.43 30.22 58.63 49.16 55.42 0.15
yef4 43.78 40.00 35.68 41.89 39.82 55.62 0.16
ndhJ 52.83 37.11 33.33 44.97 41.09 57.36 0.16
yef3 49.11 37.87 31.36 43.49 39.45 58.10 0.17
cemA 41.70 29.36 32.34 35.53 34.47 58.15 0.20
yefl 40.93 31.04 35.44 35.99 35.81 58.34 0.18
clpP 55.84 39.09 38.07 47.47 4433 59.37 0.16
“EI{E 47.41 40.18 31.59 43.80 39.73 49.83 0.17
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Table 2 Correlation analysis of chloroplast genomic codons

in P. polyandra
= XA
GC GC2 GC; GCan
GC2 0.304"
GC3 —0.110 0.215
GCan 0.686™ 0.773" 0.539"
ENC 0.204 -1.270 0.302" 0.174

CRAMRMERE (P<0.05), “FRMRMEREE (P<0.01).
“indicates significant correlation (P < 0.05) and **indicates highly

significant correlation (P < 0.01).
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Fig.1 Neutral map analysis of the chloroplast genome of P,
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Fig. 2 ENC-plot analysis of P. polyandra
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Fig. 3 PR2-plot analysis of P. polyandra
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Table 3 Optimal codons for chloroplast genome of P. polyandra

e g s x IR I ] (RFEEH

AW ikl ¥ H RSCU % H RSCU ARSCU
EHR AN Uuu 21 0.93 43 1.35 -0.42
uucC 24 1.07 23 0.65 0.42
=R UUA 27 2.00 32 1.63 0.37
UUG 21 1.56 15 0.76 0.80
CUU 16 1.19 27 1.37 -0.18
cucC 2 0.15 13 0.66 -0.51
CUA 10 0.74 17 0.86 -0.12
CUG 5 0.37 14 0.71 -0.34
B AUU 45 1.80 39 1.29 0.51
AUC 18 0.72 22 0.73 -0.01
AUA 12 0.48 30 0.99 -0.51

AR AUG 25 1.00 34 1.00 0
GRATR GUU 16 1.52 24 1.41 0.11
GUC 2 0.19 9 0.53 -0.34
GUA 22 2.10 27 1.59 0.51
GUG 2 0.19 8 0.47 -0.28
2E W UCU 17 1.70 21 1.62 0.08
ucCc 8 0.80 12 0.92 -0.12
UCA 9 0.90 13 1.00 -0.10
UCG 4 0.40 12 0.92 -0.52
AGC 5 0.50 5 0.38 0.12
AGU 17 1.70 15 1.15 0.55
it s CCU 21 221 15 1.30 0.91
CccC 3 0.32 14 1.22 -0.90
CCA 9 0.95 9 0.78 0.17
CCG 5 0.53 8 0.70 -0.17
G ACU 20 1.78 17 131 0.47
ACC 13 1.16 10 0.77 0.39
ACA 11 0.98 18 1.38 -0.40
ACG 1 0.09 7 0.54 -0.45
B GCU 38 2.34 21 1.56 0.78
GCC 4 0.25 14 1.04 -0.79
GCA 15 0.92 11 0.81 0.1
GCG 8 0.49 8 0.59 -0.10
T TR UAU 15 1.25 47 1.68 -0.43
UAC 9 0.75 9 0.32 0.43
28 1| 8550 T UAA 4 2.40 3 1.80 0.60
UAG 1 0.60 0 0 0.60
HATR CAU 10 1.05 20 1.43 -0.38
CAC 9 0.95 8 0.57 0.38
PN i CAA 25 1.79 29 1.49 0.30
CAG 3 0.21 10 0.51 -0.30
ATz AAU 34 1.39 41 1.49 -0.10
AAC 15 0.61 14 0.51 0.10
W AAA 23 1.53 33 1.18 0.35
AAG 7 0.47 23 0.82 -0.35
R R GAU 19 1.46 32 1.64 -0.18
GAC 7 0.54 7 0.36 0.18
A GAA 36 1.50 65 1.55 -0.05
GAG 12 0.50 19 0.45 0.05
S UGU 12 1.71 6 1.00 0.71
UGC 2 0.29 6 1.00 -0.71
28 1w UGA 0 0 2 1.20 -1.20

05 % UGG 15 1.00 24 1.00 0
AW CGU 21 1.80 9 1.02 0.78
CGC 5 0.43 3 0.34 0.09
CGA 18 1.54 16 1.81 -0.27
CGG 2 0.17 6 0.68 -0.51
AGA 15 1.29 14 1.58 -0.29
AGG 9 0.77 5 0.57 0.20
HER® GGU 33 2.40 14 0.92 1.48
GGC 6 0.44 10 0.66 -0.22
GGA 11 0.80 23 1.51 -0.71
GGG 5 0.36 14 0.92 -0.56

TR R DT

Glid line is the optimal codon.
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