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Codon bias and phylogenesis analysis of chloroplast genome in medicinal plants
of Lilium
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Abstract: Objective To explore the codon usage preferences and influencing factors of chloroplast (cp) genes in medicinal plants of
the genus Lilium L. and provide a theoretical reference for breeding medicinal plants in Lilium. Methods CodonW1.4.2, CUSP, and
SPSS software were employed to analyze the codon preferences of nine medicinal plants in Lilium. Results  All of the GC content of
different codon positions in nine Lilium species was less than 50%, with GC1>GC2>GC3. The effective number of codons (ENc) in
the cp genomes of Lilium species is all more significant than 45. A total of 21 optimal codons were identified. Among them, 20
concluded with A/U bases. The PR2 plot analysis, ENC plot analysis, and neutral plot analysis demonstrated that the codon usage bias
in the cp genomes of Lilium species is primarily influenced by natural selection and mutational factors. Furthermore, the phylogenetic
tree of ¢p protein-coding sequences and the cluster analysis of relative synonymous codon usage (RSCU) values supported that Lilium
The codon

preferences in the cp genomes of nine plants within the Lilium exhibit a relatively weak bias. Natural selection is the main factor

concolor should be separated from the Sect. Lophophorum and merged into the Sect. Sinomartagon. Conclusion

affecting codon preference and placing L. concolor in the Sect. Sinomartagon is a more plausible classification.
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Table 1 Basic parameters of codon usage bias in chloroplast genome of Lilium

Ywh GCl1 GC2 GC3 GCall A3s T3s G3s C3s ENC
EFt 0.473 7 0.394 3 0.281 7 0.383 2 0.4319 0.477 5 0.1630  0.1603 46.54
B EE 0.474 1 0.394 7 0.282 8 0.383 8 0.4311 0.476 3 0.1636  0.161 4 46.66
HES 0.4727 0.394 1 0.282 8 0.383 2 04336 04752 0.1623 0.162 4 46.67
M E A 0.473 8 0.394 6 0.281 6 0.383 3 0.431 8 0.477 5 0.1629  0.1603 46.54
&t 0.473 9 0.394 6 0.281 6 03834 04317 04776  0.1629  0.1603 46.54
HE 0.474 0 0.394 7 0.282 6 0.383 8 04310 04767  0.1633 0.161 4 46.64
HbE A 0.473 6 03944 02814 03831 0.432 1 04776  0.163 1 0.160 0 46.53
OiEE A 0.473 2 03940  0.2828 0.383 3 04326  0.4752 0.163 1 0.1618 46.69
HRHES 0.4718 03925 0.282 6 0.3823 0.4329 0.476 8 0.164 3 0.160 7 46.67
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Fig. 1 Correlation analysis of chloroplast genome related parameters in Lilium
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Fig.2 Chloroplast genome RSCU values of each specie
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Table 2 Optimal codons of chloroplast genomes in Lilium
G T
B BEES HEAS it Lt HE Aeas SEEES HRAES
Arg CGU" cGuU™ cGuU™ cGu™ cGu™ CcGU™ cGuU™ cGuU™ cGuU™
- AGA” - - - - - - -
Ser ucu” ucu™ ucu™ ucu™ ucu™ ucu™ ucu™ ucu™ ucu™
AGU" - - AGU" AGU" AGU" AGU" AGU" AGU"
- - UCA® - - - - - -
Thr ACA”" ACA™ ACA”™ ACA™ ACA™ ACA™ ACA™ - ACA™
- ACU” ACU" - - - - ACU™ ACU"
Leu UUA" UUA™ UUA™ UUA" UUA" UUA" UUA" UUA" UUA"
uuG” - - uuG™ uuG* uuGg™ uuG* UuuG” uuG™
Ala GCU" GCu™ GCcu™ GCU™ GCU" GCU" GCU" GCcu™ GCU"
Pro Cccu* - - ccu* ccu™ - ccu™ - ccu*
Lys AAA” AAA” AAA™ AAA” AAA” AAA” AAA” AAA™ AAA”
Val GUA" - - GUA" GUA" GUA" GUA" GUA™ GUA™
- GUU™ GUU" - GUU” GUU" GUU" GuU” GUU"
Gly GGU* GGU* GGU" GGU* GGU™ GGU" GGU™ GGU™ GGU”
Gln - CAA" CAA” - - CAA” - - -
Asn - AAU* AAU* - - AAU* - - AAU*
Cys - - - - - uGuU* - uGU" -
lle - - - - - - - AUU -
Asp - - - - - - - GAU" -
His - - - - - - - CAU" -
it 11 12 12 11 12 14 12 15 14

*FR ARSCU=0.08, “#F7" ARSCU=0.3, "%/~ ARSCU=0.5,
*ARSCU > 0.08; **ARSCU > 0.3, **ARSCU > 0.5.
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