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An Analysis on Codon Usage Bias of Chloroplast Genome of Rosa odorata var. gigantea

NIU Yuan,XU Qiong” , WANG Yu-de,DAI Li-lan,ZHUANG Jian,ZHAO Ya-lan

(Lanzhou Agro-technical Research and Popularization Center ,Lanzhou,Gansu 730010, China)

Abstract : Taking chloroplast genome of Rosa odorata var. gigantea as research object, fifty-four genes were
analyzed by CodonW and other software to explore the main factors affecting codon usage bias. The results
were as follows. 1)Neutral mapping analysis showed that the correlation coefficient between GC,, and GC,
was 0. 141,and the correlation was not significant,indicating that there was no significant correlation be-
tween the first two and the third base composition variation of codon. 2) ENC plot analysis showed that on-
ly a few genes in the genome were distributed along the expected value curve or near the expected value
curve,which bias were weak,while most genes were distributed below the expected value curve, which bias
were strong. 3) RSCU based correspondence analysis showed that the first axis explained 10. 35% of the to-
tal variation of the gene and was negatively related to CAI and CBI. 4) PR2-plot analysis showed that the
third base of codon usage was biased., where pyrimidine was used more frequently than purine. 5) Thirty
preferred codon were identified finally,which all ended with A and T. In conclusion,the codon usage bias is
formed under less effect of mutation and more effect of other factors such as selection pressure.
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Table 1 GC content of different positions of each gene classified according to function

GC & &’/ %
F0 RH ENC
GC, GC, GC;y GCa

GCo®/%

00 FEH ENC

GCy GC, GCs GCq

1 rpsld 43.56 48.51 33.66 41.91 44.00
rps18 36. 27 43.14 25.49 34.97 38.27
rpl20 37.29 39. 83 23.73 33.62 46.02
rpll4 55. 28 38. 21 25. 20 39.57 48. 81
rps8 39. 26 40. 00 27.41 35.56 35.94
rpsil 51. 80 56.12 28.78 45.56 51.48
rpl22 45.71 39.29 28.57 37.86 57.45
rps7 52.56 44, 87 23.08 40,17 44,08
rpsd 50. 99 37.13 29.70 39.27 51.91
rps3 48. 40 31.51 26.48 35. 46 52.92
rps2 43. 46 42.62 29.96 38.68 52.44
rpll6 49. 64 53.28 27.74 43.55 40. 38
rpl2 51.09 48.19 31.16 43.48 52.37
rpsl2 51.61 47.58 27.42 42. 20 42.53

2 ndhE 39.22 34,31 33.33 35.62 52.99
ndhC 47.93 33.88 27.27 36. 36 43.27
atpE 50. 00 39.55 32.09 40. 55 55.43
ndh] 50. 94 37.74 30.19 39.62 50. 57
ndhl 41. 67 36.31 20.83 32.94 44,49
ndhG 42.94 33.33 27.68 34. 65 53.74
atpF 45.95 32.97 34.59 37.84 52.91
ndhK 45.37 45. 81 28.63 39. 94 52.08
atpl 49.19 36. 29 26.21 37.23 47,17
petA 54.52 36. 14 33.33 41.33 52.19
psbA 49.72 42.94 31. 64 41.43 40. 31
psbD 52.26 43.22 34.46 43.31 45,74
ndh H 52.54 36. 04 29.70 39.42 51.58

3 yefd 43.78  41.08

4 rpoA  46.08  32.23  27.11

2 petD 50.93 39.13 23.60 37.89 39.69

rbcl 57.35  43.49  29.41  43.42  46.35
petB 47.96  40.72  28.51  39.06  41.60
psbC  54.22 46,20  32.70  44.37  46.82
atpB 57.40  43.00 26,77  42.39 44,67
ndhD  39.92  37.92  29.54  35.80  47.56
atpA  56.10  39.37  29.72  41.73  49.13
psbB 54.62  46.17  30.26  43.68  47.49
psaB 48.71 42,99 31.84  41.18  48.43
ndhB  41.49  39.14  31.51  37.38  48.79
ndhF 37.83  36.10  24.33  32.75  44.55
psaA 53.00  43.28  32.89  43.05  50.75
ndhA  43.41 38,46  23.90  35.26  45.10
34.59  39.82  57.63
yef3 47.93  37.87  30.18  38.66  55.27
yefl 37.04  28.92  26.14  30.70  49.07
yef?2 41.45  33.99  36.80  37.41  53.28
35.14 50,12
rpoCl  50.66  38.25  20.34  39.42  50.44
rpoB  50.61  37.91  28.76  39.09  49.51
rpoC2  45.85  37.62  29.53  37.67  50.61

5 orf188 48.15 40. 21 20.11 36. 16 44.68

cemA 38. 26 27.39 30. 43 32.03 48. 88
cesA 34.16 37.27 26. 40 32.61 46. 31
accD 39.55 37.70 30.53 35.93 47.55
matK 39.29 31.75 28.37 33.13 51.17
clpP 58.16 38.78 32.65 43. 20 57.25

T ENC VA U T4 GCr BV T4 1 ALRY GC & 4k GO, IV 728 2 LAY GC &4k GCs BVE RS T45 3 A1) GC & 4k s GCu 3
78 GC Bt s 20 1 FOoR B IR IR (A g 3k B 28000 2 FosotA MR G EE 1 2 i 3 1 5 28001 3 SR n PR ST JE IR e /5 2001 4 3o 88 4% 25 4 A
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Table 2 Correlation analysis of gene related parameters

E-Y GC,y GC, GCs GCa
GG, 0.395"

GCy 0.165 0. 066

GCa 0.823* 0.757"~ 0.452*

ENC 0.117 —0.271~ 0.4727~ 0.081

o« fRFE P<C0.05; * «fR3FE P<<0.01. F4[H.
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Fig. 1 Neutrality plot analysis
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Fig. 2 Analysis of relationship between GC; and ENC
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Table 3 Frequency distribution of ENC ratio

20 R (X)) 2 HAEL 21 i
—0.2~—0.1 —0.15 3 0. 056
—0.1~0.0 —0.05 19 0. 352
0.0~0.1 0.05 23 0.426
0.1~0.2 0.15 7 0.130
0.2~0.3 0.25 2 0. 037
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Table 4 Correlation between the measurement index % éﬂ El/] HE'i ﬁE % EEE % . Eﬂ EE'?L gg bﬁ TTT.CTT,
and the first axis TCA.ACA,TAT,TAA,CAT.AAT .GAT,TGT,
Axisl CAI CBI Fop GC3 ENC CGA\AGT %ﬂ GGA % 13 /I\gh-%% aﬂ_ﬁju A ﬁ T
CAT  —0.509" LR HFP 8L TER.5 ML AS
CBI —0.350** 0.704**
Fop —0.362** 0.739** 0.966" * 1.0
GC3 0.018 0.230 0.216 0.296"
ENC 0.069 —0.093 —0.292* —0.205 0,472 *
GC  —0.221 0.320* 0.483* % 0.497** 0.443** 0.080 ; .
& * .° L
2.6 BHREBFHH g A . 'j“.\: .
$ 54 4 CDS fE l— KT codonW i 51 o84,
4 RSCU fH ., ¥ RSCU>1 [ %5 5 F hy 125 5 25 1 °
FL 00 TTT.TTA % 30 AN%65 7 KAEF KA FE
MR E R (R S L TR BoR) . B 0 — :
codonW i+& 5319 ENC K /NEF , 17T 10 % (i ’ G3/(G031C3)|4 i

5 2B KA B = FE B FE P L 5 10 260 K B AIE e 35 5
B 40 BI85 58 T 48 2 A~ 5 A e b 9 RSCU W E RS SRET RN NEF . G/ (G +Cy) |4 BF X
0 P B 1 ARSCU=0. 08 (9 % 5 F-» B TTT (95%)°K 0.480320. 029, As /(A +T3) |4 B 15X 0] (95%) K 0. 445

+0.021,
CTT % 32 AN 7y 75 % 35 E BB 9 T (5 5 o B4 PR2 bineolon 547
D %i’%i_\‘) ’/ﬁ\:tpﬁlz/l\u(}égl:% ’8/|\[)/{Tégl: Fig. 4 Analysis of PR2 bias plot
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Table 5 Determination of preferred codons in chloroplast genome of Rosa odorata var. gigantea

o A AL R 41 IR 35 B P 4 FHEA
AR HiT ARSCU

¥ H RSCU ¥ H RSCU ¥ H RSCU

Phe TTT * * 27 1.50 25 1.06 0. 44 820 1.36
TTC 9 0.50 22 0.94 —0. 44 386 0. 64

LeT TTA 20 1.69 30 2.17 —0.48 760 2.02
TTG 14 1.18 19 1.37 —0.19 450 1. 20

CIT * 19 1.61 21 1.52 0.09 479 1.27

CTC * * 4 0.34 0 0. 00 0.34 139 0.37

CTA 5 0. 42 12 0.87 —0.45 281 0.75

CTG % * % 9 0.76 1 0.07 0. 69 148 0. 39

Ile ATT 37 1.42 42 1.58 —0.16 948 1.52
ATC 14 0.54 18 0.68 —0.14 345 0.55

ATA * 27 1.04 20 0.75 0.29 576 0.92

Met ATG 23 1. 00 30 1.00 0. 00 492 1.00
Val GTT 13 1.16 23 1.70 —0.54 435 1.45
GTC * * 4 0. 36 0 0. 00 0. 36 129 0.43

GTA 20 1.78 24 1.78 0. 00 464 1.55

GTG * 8 0.71 7 0.52 0.19 168 0.56

Ser TCT 13 1.66 25 2.54 —0.88 445 1.68
TCC * * 7 0. 89 5 0.51 0.38 259 0.98

TCA * 7 0. 89 7 0.71 0.18 286 1.08

TCG * * 6 0.77 3 0.31 0. 46 165 0.62

Pro CcCT 12 1.66 20 1.70 —0.04 338 1.48
Ccce 4 0.55 10 0.85 —0. 30 186 0.81
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ZRS
[SESre ik fRFRRILFE A A
IR LATES ARSCU
HH RSCU HH RSCU E RSCU
CCA 7 0.97 13 1.11 —0.14 256 1.12
CCG * * 6 0.83 4 0. 34 0.49 134 0.59
Thr ACT 11 1.07 23 1.92 —0.85 429 1.56
ACC 10 0.98 12 1. 00 —0.02 211 0.77
ACA * * * 16 1.56 12 1.00 0.56 335 1.22
ACG * * 4 0.39 1 0.08 0.31 122 0. 44
Ala GCT 29 1.78 39 2.44 —0.66 543 1.81
GCC * * * 12 0.74 3 0.19 0.55 192 0. 64
GCA 14 0. 86 16 1.00 —0.14 316 1.06
GCG x 10 0. 62 6 0.38 0. 24 147 0.49
Tyr TAT x 27 1.74 19 1.46 0.28 660 1.62
TAC 4 0.26 7 0.54 —0.28 153 0.38
TER TAA x % x 4 2.40 3 1. 80 0. 60 30 1.67
TAG 0 0. 00 2 1. 20 —1.20 13 0.72
His CAT * 7 1.27 8 1.14 0.13 381 1.49
CAC 4 0.73 6 0. 86 —0.13 130 0.51
Gln CAA 24 1.45 19 1. 90 —0.45 607 1.54
CAG x % 9 0.55 1 0.10 0.45 179 0.46
Asn AAT x 30 1.46 31 1.32 0. 14 794 1.53
AAC 11 0.54 16 0. 68 —0.14 241 0.47
Lys AAA 27 1.64 28 1.75 —0.11 858 1.53
AAG * 6 0.36 4 0.25 0.11 260 0.47
Asp GAT * % 26 1.68 12 1. 20 0. 48 713 1.62
GAC 5 0.32 8 0. 80 —0.48 166 0. 38
GIT GAA 44 1.40 37 1.64 —0.24 860 1.49
GAG x 19 0. 60 8 0. 36 0. 24 295 0.51
Cys TGT * 6 1.50 3 1. 20 0. 30 177 1.51
TGC 2 0.50 2 0. 80 —0.30 58 0. 49
TER TGA * x * 1 0. 60 0 0. 00 0. 60 11 0.61
Trp TGG 14 1.00 17 1. 00 0. 00 379 1. 00
Arg CGT 8 0.76 18 1.46 —0.70 291 1.38
CGC 5 0.48 5 0.41 0.07 88 0. 42
CGA x 18 1.71 19 1.54 0.17 286 1.36
CGG * 6 0.57 4 0. 32 0.25 98 0. 46
Ser AGT * * 11 1.40 9 0.92 0. 48 327 1.24
AGC 3 0.38 10 1.02 —0. 64 105 0. 40
Arg AGA 16 1.52 23 1.86 —0.34 374 1.77
AGG * * * 10 0.95 5 0.41 0. 54 129 0.61
Gly GGT 18 1.29 36 2.00 —0.71 493 1.31
GGC * 10 0.71 8 0. 44 0.27 170 0.45
GGA * 18 1.29 21 1.17 0.12 562 1.50
GGG * * 10 0.71 7 0.39 0.32 278 0. 74
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