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Codon Usage Bias of the Chloroplast Genome in Co f fea arabica "Typica
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Abstract : To dissect the codon usage bias of the chloroplast genome codons and contributing factors,52 pro-
tein coding gene sequences from the chloroplast genome of Cof fea arabica "Typica’ were studied. CodonW
and CUSP online software were used to analyze the characteristics of its codon usage. It was found out that
the GC, ,GC, and GC, contents were 47. 47%,39. 52% and 27. 92% , respectively, among the 30 high-fre-
quency codons,53. 33% ended with U,43. 33% ended with A,and 3. 33% ended with G,indicating that the
chloroplast genes of C. arabica “Typica’ preferred to NNA and NNU codons, especially NNU codons. The
effective codon number (ECN), codon adaptation index (CAI) and optimal codon frequency (Fop) were
46.85,0.167 and 0. 352, respectively,suggesting that the codon bias of the genome was weak. The Neutral
plot analysis, ENC-plot analysis, PR2-plot analysis and correspondence analysis showed that codon usage
bias was influenced by selection and other factors. Finally, 20 codons,including AUU,GUU and UCU, were
identified as the optimal codons. In summary,the codon usage bias of C. arabica “Typica’ is weak,and prefers to
the AU ending codons. Multiple factors contribute to the codon usage bias,such as selection and mutation.
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Fig. 1 Codon usage bias parameters of Cof fea arabica ‘Typica’
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Table 1 Correlation coefficients between codon usage bias parameters of C. arabica ‘ Typica’
H GC GC, GC, GC, Ay T, Cay Gy, ENC CAI Fop Length  Aromo
GC 1
GG, 0.830" 1
GC, 0.787° % 0.452° " 1
GGy 0.483° " 0.191 0.121 1
Ay, —0.307" —0.158  —0.067 —0.582° " 1
Ty —0.470" " —0.301" —0.481" " —0.210  —0.451" " 1
Csq 0.402° % 0.295°  0.022 0.726" " —0.427" " —0.138 1
Gy, —0.067  —0.209  —0.181 0.434° % —0.095 —0.132  —0.163 1
ENC 0.121 0.098  —0.127 0.418" " —0.076  —0.097 0.413" " 0.305" 1
CAI 0.368" " 0.436" " 0.021 0.379" " —0.534" " 0.325 0.603" " —0.367" " 0.078 1
Fop 0.525° " 0.459" " 0.302" 0.388" " —0.408" " —0.017 0.619° " —0.376" " —0.102 0.7637 7 1
Length  —0.117  —0.160  —0.252 0.307° —0.045 0.016 0.213 0.307°  0.301°  0.059 —0.017 1
Aromo  —0.284" —0.325° —0.332°  0.189  —0.350"  0.498"* 0.166  —0.110 0.084 0.285° —0.029  0.176 1
Hox  BEMK(P<0.05); * * MRBHFMKP<0.0D),
Leu CUA 080 CUGO039 CUCO0.35 1.00
Ser UCG 058 AGC0.34
Arg AGG0.58 CGG047 CGC 042
Val GUG 048  GUC 0.44 0.00 0.00
Pro CCCO81  CCG0.50 0.00 0.00
Thr ACC0.80 ACG 0.40 0.00 0.00
Gly GGG 0.71  GGC 0.47 0.00 0.00
Ala GCC0.65 GCG0.42 0.00 0.00
Ile AUC 0.53 0.00 0.00 0.00
TER UGA 075  UAG 0.69 0.00 0.00 0.00 0.00
Phe UUC 0.65 0.00 0.00 0.00 0.00
Cys UGC 0.53 0.00 0.00 0.00 0.00
Tyr UAC 0.38 0.00 0.00 0.00 0.00
His CAC 0.53 0.00 0.00 0.00 0.00
Gln CAG 0.46 0.00 0.00 0.00 0.00
Asn AAC 0.42 0.00 0.00 0.00 0.00
Lys AAG 0.48 0.00 0.00 0.00 0.00
Asp GAC 0.36 0.00 0.00 0.00 0.00
Glu GAG 0.46 0.00 0.00 0.00 0.00
Met 0.00 0.00 0.00 0.00 0.00
Trp 0.00 0.00 0.00 0.00 0.00
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Fig. 2 Usage of synonymous codons of the chloroplast genes in C. arabica ‘ Typica’
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Fig. 3 Neutrality plot analysis in the chloroplast genes of

C. arabica ‘Typica’
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Table 2 Optimal codons in the genome of C. arabica ‘Typica’
AR BT ARSCU
B H RSCU A RSCU
Phe uuuU 21 8. 60 97 7.00 1.60
Leu UUA’ 20 8.07 55 6. 90 1.17
uuG 19 7.97 84 7.14 0.83
CcuuU 13 9.68 80 6. 96 2.72
Ile AUU 27 8.42 108 6.04 2.38
Val GUU 15 11.85 42 5. 28 6.57
GUA 15 5. 69 44 8.76 —3.07
Ser uCu 11 8. 81 78 6. 47 2.34
UCA 6 6.75 58 6.62 0.13
AGU 7 4.72 51 7.44 —2.72
Pro CCU 9 4,31 48 7.82 —3.51
CCA 10 4,31 39 5.91 —1.60
Thr ACU™ 13 6.53 40 5.94 0.59
ACA 13 7.86 42 6.05 1.81
Cys UGU 5 8.00 23 5.31 2.69
TER UAA 4 12. 00 2 6. 00 6. 00
Tyr UAU” 14 10. 00 92 7.90 2.10
His CAU 10 8.00 57 8.07 —0.07
Gln CAA 12 7.47 83 6.62 0.85
Asn AAU 21 8.30 139 7.52 0.78
Lys AAA” 36 8. 69 117 6.94 1.75
Asp GAU 9 4.60 136 8.45 —3.85
Glu GAA 21 7.10 119 7.33 —0.23
Arg cGU™ 14 8.19 34 6.61 1.58
CGA 24 7.66 54 9. 66 —2.00
AGA 25 9.50 64 9. 06 0. 44
Gly GGU™ " 22 8.57 43 5.12 3.45
GGA 16 8.08 75 8.95 —0.87
Ala Geut 15 10. 21 45 7.34 2.87
GCA™ ™" 15 6. 34 27 4.91 1.43
W % . ARSCUZ0. 08, * * . ARSCU=0. 3, * % * ., ARSCU=0. 5, F ¥4 F /R @ M Hi5 T,
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Fig. 7 Chloroplast genes correspondence analysis of

C. arabica ‘Typica’genome
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