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Abstract: The chloroplast genome of Nyssa yunnanensis was taken as the research object, the codon usage
bias of 52 genes from the chloroplast genome of N. yunnanensis was analyzed by the software Codon W
1. 4. 2,and the main factors affecting the formation of codon usage bias was explored. The results showed
as follows 1) According to the analysis results of the software Codon W and CUSP,the GC content of the
3" base composition of the codons was 28. 40 % ,there were 39 genes when ENC value was greater than 45,
therefore,these phenomena illustrated that the codons preferred to end with AT,and had a weaker bias. 2)
Neutrality analysis revealed the correlation coefficient of GC,, and GC; was 0. 161 2, these had no signifi-
cant correlation, which declared that the 1 two base composition and the 3™ of the codons existed signifi-
cant variation. 3) The combination of ENC plot with ENC ration table indicated that most genes were far
from the standard curve, which suggested that the codon usage bias was principally affected by selection
pressure. 4) PR2-plot analysis revealed that the 3" codon base composition in the frequency of utilization, T
>A and G>C, which stated the codon usage bias was affected by multi-factors. 5) The optimal codons
were determined as UUG,UCA,GCU,AAU,GAU and GGA. It was summarized that the codon usage bias

of the genes from the chloroplast genome of N. yunnanensis was mainly affected by selection pressure,oth-
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er factors,such as mutation presented little effect.
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Table 1 The GC content of 3 positions and ENC value of the codons {from chloroplast genome in Nyssa yunnanensis

A GC /%  GC/%  GCy/%  GCai/% ENC 3 GCi /%  GC/%  GCs/%  GCu/% ENC
psbA 50. 28 43.79 33.05 42,37 55.23 rpsl2 51.61 48.39 29.03 43.01 46. 40
matK 41.19 32.08 29.11 34.13 50. 82 clpP 60. 71 37.76 29.59 42.69 43.57
atpA 55.12 40.75 27.17 41.01 51.83 psbB 55.01 46.17 33.01 44.73 44,70
atpF 47.62 35.45 31.75 38.27 49.55 petB 49.07 41,20 30. 09 40.12 50.05
atpl 48.79 37.90 27.42 38. 04 53.48 petD 50.93 39.13 24,22 38.1 44,56
rps2 44.73 44, 30 29. 54 39.52 50. 25 rpoAA 14,38 31.95 26. 92 34.42 48.54
rpoC2 46. 44 37.87 30.09 38.13 51.97 rpsll 54.56 57.55 24. 46 45.56 46. 22
rpoCl 50. 80 37.99 27.51 38.77 53.13 rps8 40,74 41,48 24, 44 35.56 49. 54
rpoB 50. 79 37.63 27.54 38.66 149.52 rplld 56.10 37. 40 26. 83 40. 11 47,47
psbD 52.26 43.22 31. 36 42,28 46. 50 rpll6 48.91 51.82 24. 82 41. 85 48.03
psbC 53.59 46. 20 32.49 44,09 49.97 rps3 47,49 33.33 26. 94 35.92 47.51
psaB 48. 84 42.99 30. 75 40. 86 48. 24 rpl22 44. 30 36.08 24.68 35.02 45. 81
psaA 52.73 43. 54 32.62 42.96 51.37 rpl2 51.09 48.55 32.25 43. 96 45,19
vef3 47. 34 38. 46 29. 59 38. 46 50. 38 yef2 41. 64 34. 50 36.95 37.70 43. 54
rpsi 51.49 38.12 26.73 38.78 45,73 ndhB 41. 49 38. 36 31.31 37.05 46.13
ndh] 51.57 37.74 31. 45 40. 25 47. 34 rps7 53.21 45.51 23.72 40. 81 46. 21
ndhK 45.58 44,25 25. 66 38.50 48.05 ndhF 37.72 36. 11 24.70 32.84 39.85
ndhC 44.63 33.88 24.79 34. 44 47. 35 ccsA 33.85 38. 20 25.47 32.51 43. 94
atpE 51.49 39.55 28. 36 39.8 47.67 ndhD 41.03 37.08 27.61 35.24 40, 47
atpB 56.31 42.28 28. 66 42,42 45.5 ndhE 38.24 35.29 26. 47 33.33 42.52
rbeL 58.19 43.70 30. 67 44.19 48.8 ndhG 44,07 33.90 23.73 33.90 38.79
aceD 40. 39 36. 31 31.07 35.92 45.91 ndhl 42.01 37.28 26. 63 35.31 41.83
ye f4 42.70 40. 54 31.89 38.38 46.72 ndhA 44,51 39.01 23.08 35.53 37.46
cemA 40. 43 29.57 30. 87 33.62 47.21 ndh H 51.27 37.06 30. 20 39.51 37.78
petA 52.34 37.07 31.15 40.19 52.77 yef1 37.07 29.56 26. 65 31.09 40,77
rps18 34,31 43,14 25. 49 34.31 48. 36 S H) {8 47.31 39.71 28. 40 38.47 46. 92
rpl20 38.98 14.07 26. 27 36. 44 49.27
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Table 2 Correlation analysis of the parameters of the codons in

chloroplast genome of N. yunnanensis

GCl GC2 GC3 GCall N

GC, 0.421**

GGy 0.241 0.014
GCa 0.862" " 0.749** 0.433"
N —0.152 —0.274*  0.367*~ —0.120
ENC 0.272 —0.081 0.424** 0. 239 0.298~
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Table 3 RSCU analysis in the chloroplast genome of N. yunnanensis

AA WA B RSCU AA W B RSCU AA AR L6 RSCU

Phe Uuu 751 1.29 Pro CCU 361 1.63 Asp GAU 714 1. 60
uucC 411 0.71 cce 159 0.72 GAC 180 0. 40

Leu UUA 716 1.92 CCA 259 1.17 Glu GAA 861 1.51
UuG 463 1.24 CCG 109 0. 49 GAG 281 0. 49
cuu 475 1.27 Thr ACU 443 1.64 Cys UGU 170 1.46
cuc 148 0. 40 ACC 197 0.73 UGC 63 0.54
CUA 296 0.79 ACA 326 1.21 Arg CGU 285 1.34
CUG 140 0.38 ACG 113 0. 42 CGC 82 0.39

Val GUU 422 1.45 Ala GCU 544 1.85 CGA 279 1.31
GucC 128 0. 44 GCC 185 0.63 CGG 102 0.48
GUA 446 1.54 GCA 330 1.12 AGA 393 1.85
GUG 166 0.57 GCG 119 0. 40 AGG 133 0.63

Ser uCu 467 1.75 Tyr UAU 649 1.62 Gly GGU 489 1.31
ucce 250 0. 94 UAC 152 0.38 GGC 161 0.43
UCA 312 1.17 His CAU 404 1.53 GGA 594 1.59
UCG 148 0.55 CAC 124 0.47 GGG 251 0. 67
AGU 333 1.25 Gln CAA 602 1.54 Ile AUU 873 1.43
AGC 91 0.34 CAG 178 0. 46 AUC 384 0.63

Lys AAA 816 1.52 Asn AAU 788 1.56 AUA 574 0. 94
AAC 224 0. 44 AAG 260 0.48
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Table 4 Distribution of ENC ratio
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Table 5 The determination of preferred codons in chloroplast genome of N. yunnanensis
AR LTS ARSCU || & %z Y ARSCU
¥ H RSCU ¥ H RSCU ¥ H RSCU H RSCU
Phe Uuu 105 1.08 23 1. 64 —0.56 Tyr UAU 105 1.65 15 1.76 —0.11
uucH *~# 89 0.92 5 0. 36 0. 56 UAC* 22 0.35 2 0.24 0.11
Leu UUA 66 1. 15 23 2.19 —1.04 His CAU 63 1.47 6 2.00 —0.53
uuG* 92 1. 60 16 1.52 0.08 CAC* *~ 23 0.53 0 0 0.53
CuUu 84 1. 46 19 1. 81 —0.35 Gln CAA 90 1.34 16 1. 88 —0.54
cucr 30 0.52 2 0.19 0.33 CAG* "~ 44 0.66 1 0.12 0. 54
CUA™* *~ 47 0.82 2 0.19 0.63 Asn AAU~ 154 1.57 24 1.41 0.16
cuG~ -~ 26 0.45 1 0. 10 0. 35 AAC 42 0.43 10 0.59 —0.16
Ser UuCcu 77 1.53 12 1.71 —0.18 Lys AAA 140 1.33 30 1.76 —0.43
uccr - 60 1. 20 6 0. 86 0. 34 AAG™ ¥ 71 0.67 4 0. 24 0.43
UCA~ 56 1.12 7 1. 00 0.12 Asp GAU™ * 155 1.65 10 1.25 0. 40
ucG 39 0.78 7 1. 00 —0.22 GAC 33 0.35 6 0.75 —0.40
AGU 51 1.02 10 1.43 —0.41 Glu GAA 138 1. 37 21 1.62 —0.25
AGC* ~* 18 0. 36 0 0 0. 36 GAG™ 63 0.63 5 0. 38 0.25
Pro CCU 52 1.32 13 1.58 —0.26 Cys UuGuU 26 1.33 4 2.00 —0.67
CCC 36 0.91 9 1. 09 —0.18 UGC* * 13 0.67 0 0 0.67
CCA 46 1. 16 9 1.09 0.07 Arg CGU 35 0.92 14 1. 25 —0.33
CCG™~ 24 0.61 2 0.24 0. 37 CGCr 14 0. 37 0 0 0. 37
Thr ACU 44 1.24 11 1.22 0.02 CGA 54 1. 41 22 1.97 —0.56
ACC 28 0.79 10 1.11 —0.32 CGG*~ 21 0.55 2 0.18 0. 37
ACA 45 1.27 14 1.56 —0.29 AGA 73 1.91 24 2.15 —0.24
ACG* 25 0.70 1 0.11 0.59 AGG* ¥ 32 0. 84 5 0. 45 0. 39
Ala GCU~ 52 1. 64 14 1.51 0.13 Gly GGU 50 1.03 19 1.73 —0.70
GCC~ 26 0.82 5 0. 54 0.28 GGC 18 0. 37 4 0. 36 0.01
GCA 35 1.10 13 1.41 —0.31 GGA™ 81 1. 66 17 1.55 0.11
GCG 14 0. 44 5 0. 54 —0.10 GGG "~ 46 0. 94 4 0. 36 0.58
Val GUU 53 1.49 14 1.51 —0.02 Ile AUU 125 1. 30 31 1. 45 —0.15
GUC* 19 0. 54 2 0.22 0.32 AUC* 69 0.72 12 0. 56 0.16
GUA 43 1.21 17 1. 84 —0.63 AUA 94 0.98 21 0. 98 0
GUG™~ 27 0.76 4 0.43 0.33
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