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Analysis of Structure and Codon Usage Bias in the
Chloroplast Genome of Malus sikkimensis
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(1.School of Life Science, Liaocheng University, LLiaocheng 252059 ,China; 2.Editorial Department,
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Abstract In order to study the chloroplast genome structure of Malus sikkimensis and determine the use pattern of
its chloroplast genome codon,the chloroplast genome of Malus sikkimensis was assembled using NOVOPlasty , Ge-
neious and codonW software, and the chloroplast genome structure was analyzed after annotation. The 53 protein
coding sequences (CDS) were screened for codon bias analysis. The results showed that the chloroplast genome of
Malus sikkimensis was 160088bp with GC content of 36.6%.The GC contents of different base positions were GC1
(46.98%6)>GC2(39.46 %) >GC3(28.30 %) ,indicating that their codon terminal bases were biased to end with A/
U.Neutrality plot analysis showed none significant correlation between GC12 and GC3, that is, there were some
differences between the first and second bases of the codon and the third base. ENC-plot analysis and PR2-plot anal-

ysis show that codon preference is mainly affected by natural selection.Finally,14 codons,including UUG,CUU
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and AUU, were identified as the optimal codons for the chloroplast genome of Malus sikkimensis. The results of

this study will provide data support for future studies on the kinship,phylogeny,and species identification of Malus
stkkimensis ,and provide a theoretical basis for optimizing target genes, seed identification,and heterologous expres-
sion gene modification.

Key words malus sikkimensis ;chloroplast genome;codon preference
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AN EEF ARSCU  AA HT ARSCU
Bk RSCU it RSCU o RSCU it RSCU
Phe Uuu 18 1.42 100 1.40 0.02 Tyr  UAU” 18 1.80 97 1.57 0.23
uucC 21 0.58 84 0.60 —0.02 UAC 6 0.20 25 0.43 —0.23
Leu UUA 22 1.74 65 2.05 —0.31 His CAU 10 0.88 68 1.61 —0.73
uuG* 17 1.41 77 1.15 0.26 CAC** 8 0.72 16 0.39 0.33
cuu* ** 18 2.20 75 1.24 0.96 Gln CAA" " 21 1.87 83 1.43 0.44
cuc 0 0.00 28 0.36 —0.36 CAG 1 0.13 35 0.57 —0.44
CUA 11 0.61 41 0.61 0 Asn AAU 26 1.40 134 1.57 —0.17
CUG 1 0.04 28 0.59 —0.55 AAC* 13 0.60 43 0.43 0.17
Tle AUU" 35 1.34 97 1.18 0.16 Lys AAA 33 1.37 122 1.54 —0.17
AUC 15 0.46 59 0.62 —0.16 AAG 6 0.23 61 0.46 —0.23
AUA 25 1.21 87 1.20 0.01 Asp GAU 8 0.69 143 1.71 —1.02
Met AUG 26 1.00 68 1.00 0 GAC* ** 8 1.31 30 0.29 1.02
Val GUU*** 21 2.01 41 1.27 0.74 Glu  GAA* 33 1.50 116 1.36 0.14
GUC 1 0.11 22 0.59 —0.48 GAG 10 0.50 62 0.64 —0.14
GUA 17 0.98 37 1.49 —0.51 Cys UGU 4 1.00 25 1.17 —0.17
GUG 2 0.30 23 0.65 —0.35 uGC 2 0.60 13 0.83 —0.23
Ser UCU*** 26 2.30 72 1.61 0.69 Trp UGG 16 0.80 56 1.00 —0.20
ucc 7 0.52 54 1.03 —0.51 Arg  CGU* 17 1.29 28 1.14 0.15
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ACA* 10 1.33 42 1.19 0.14 GGC 5 0.23 15 0.49 —0.26
ACG 0 0.00 20 0.78 —0.78 GGA 20 1.52 75 1.91 —0.39
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