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Abstract: Objective To study the codon preference of chloroplast genome protein encoding genes and influencing factors in
Androsac. Methods The chloroplast genome of Androsace mariae was sequenced, and the sequences of the other nine species were
downloaded from NCBI. According to the sequence screening conditions, a total of 41 common sequences were obtained. CodonW
1.4.2 was used to calculate the relevant parameters, Python was used to process the data, R was used for correlation analysis and
drawing figures. Results The GC content at the first, second and third positions of the codon was GC1 > GCz > GCs, and the GC
content at the third position was the minimum. The correlation of GC content between GC1 and GCz was extremely significant, but not
significant for GC3 between GCi or GCz, indicating that the change mechanism of GC content at the three sites was different. The GC
content of all three sites was less than 50%, indicating that the codons tended to use A/U bases, especially the third position. A total of

13—17 optimal codons were identified from 10 species. Effective number of codons (ENC) of all genes were greater than 35,
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indicating that the overall bias was weak. Neutral-plot, ENC-plot and PR2-plot analysis showed that the main factor causing codon

bias was natural selection, but mutation pressure also had an important influence on the codon bias of most genes. Phylogenetic and

cluster analysis showed that codon bias was conserved in species. Conclusion The protein coding genes of the chloroplast genome

tend to use codons encoded by A/U bases, and natural selection is the main factor affecting codon preference. The results of this study

can provide the basis for molecular evolution, phylogeny and chloroplast genetic engineering.
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Fig.1 Map of A. mariae chloroplast genome
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Table 1 Basic parameters of codon usage bias of chloroplast genome in Androsace

Yywh GenBank 1D KB lbp GC1/% GC2/% GCa/% GCaill% ENC
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FOR R NC_034641.1 152 110 47.32 39.26 27.53 38.04 47.60
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Fig.2 GC content of chloroplast protein coding genes in Androsace
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Table 2 Correlation analysis of codon composition parameters

o AR R
Yor & GC GC2 GCs GCa ENC

e ity GC2 0.542™

GCs 0.371" 0.275

GCail 0.871™ 0.825™ 0.598"™

ENC 0.175 -0.026 0.137 0.116

L aa -0.225 -0.273 -0.062 -0.261 -0.012
RS GC 0.539™

GCs 0.341" 0.231

GCail 0.867™ 0.815™ 0.579™

ENC 0.197 -0.191 0.205 0.072

L aa -0.189 -0.247 -0.083 -0.238 -0.043
JERYA=R: L GC2 0.521*

GCs 0.291 0.101

GCail 0.864™ 0.803™ 0.501™

ENC 0.129 -0.217 0.235 0.027

L aa -0.206 -0.251 -0.096 -0.261 -0.085
AL GCo 0.502"

GCs 0.365" 0.194

GCail 0.870™ 0.794™ 0.573™

ENC 0.173 -0.109 0.333" 0.136

L aa -0.201 -0.253 -0.045 -0.238 0.017
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L aa -0.203 -0.258 -0.115 -0.265 -0.094
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*P<0.05 *"P<0.01.
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Fig. 3 RSCU values of chloroplast gene codon in each species

R3 RiEEXYMHREEERARAESLT

Table 3 Optimal codons of chloroplast genome in each species of Androsace

P RIEEGT =
flide Sl UCU. UGU. UUA. UAA, CUA. AUU. AAU. AAA. GUU. GCU. GGU. GUA. GAA 13
SRAHME  UCU. UGU. UUA. UAA, CUU. CGU. AUU. AAU. AAA. GUU. GCU. GAU. GGU. GUA. GAA 15
B A UCU. UAU. UGU. UUA, UAA, CCU. CGU, AUU. AAU. AAA, GUU, GCU. GAU. GGU. GUA. GAA. GGA 17
ZAbgiE  UCU. UGU. UUA. UAA. UUG, CCU. CGU. CCA. AUU. ACU. AAA. GCU. GGU. GUA. GAA 15
M A UCU. UGU. UAA. UUG. CCU. CUA. CGA. AUU. AAA. GUU. GCU. GGU. GUA. GAA 14
SM A UCU. UGU. UUA. CUU, CCU. CAA. ACU. ACA. AAA. GUU. GCU. GGU. GUA. GAA 14
ZEAME  UCU. UGU. UUA, CGU. CGA. AUU. AAU. AAA. GUU. GCU. GAU. GGU. GUA 13
JiE A UCU. UAU. UGU. UUA. UAA. CUU, CGU. CGA. AUU. AAU. AAA. GUU. GCU. GGU. GUA. GAA 16
/8 S UCU. UGU. UUA. UUG, CCU. CGA. AUU. ACU. AAA, GUU. GCU. GGU. GUA. GAA 14
b it UCU. UGU. UUG. CCU, CGU. CGA. AUU. ACU. ACA. AAA. GUU. GCU. GGU. GUA. GAA 15
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