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Codon Usage Bias of Chloroplast Genome in Liparis bootanensis
LIU Jiangfeng
(Management Office of Yushan Scenic Park, Fuzhou, Fujian 350001, China)

Abstract: [Objective]l The coden usage bias and its infulence factor in the chloroplast genome of Liparis bootanensis were
analyzed in this study. [Method] CodonW and CUSP software were used to analyze the codon usage bias based on 47 codon
DNA sequences of the chloroplast genome of L. bootanensis. [Result] The GC content in the 3" position of the codons was
27.99%, which was lower than those in the 1™ and the 2™. The effective number of codons ranged from 40.85 to 56.80,
averaging 47.27. The ENC showed no significant correlation to GC1 and GC2 but a significant positive correlation to GC3. The
correlation between GC12 and GC3 was not significant with a coefficient of 0.05. The frequency of ENC ratio of 47% genes
was distributed between —0.05 and 0.05, while that of 53% genes outside -0.05 and 0.05 range. A PR2-plot analysis indicated
the base usage frequencies to be A>T and G>C. There were 17 codons selected after screening. [ Conclusion] The 3¢
position of codons was rich in A or T. The codon usage bias was weak, complex, and affected by mutation and selection besides
other factors.
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1.1 FHIHE

B 2 L p i S A I PR 4 B3O8 R VR T NCBI £
J# ( GenBank S50 MN627759 ), 4-Kh 158325bp,
b GC it 36.9%, L&A 83 4 CDS™. R
REEATRGER, ABDHARRZE, B Seqkit
HBRER A, RIGHEELU ATG HRIEHH T, U
TAA. TAG. TGA AN L%+, HmiXFaHK
JEE L 300 bp RYEEFH, HA53] 47 4% CDS.
1.2 #HARFE

FHME GC & & (GCall), %5 1, 4
2 M4 347 ) GC & & (GCl. GC2 il GC3) i i
CUSP ( http://emboss.toulouse.inra.fr/cgi-bin/emboss/
cusp) TF B 5 A XA L% S F il (Relative
synonymous condon usage, RSCU), £ &% 51 %
( Effective number of Codon, ENC ) i# i1 CodonW
( http://mobyle.pasteur.fi/cgi-bin/portal . py?form=codonw )
15, iz A1 SPSS 25.0 X} B Hs A7 A Xt . DA
GC3 MMM AR, GCI2 (GCl I GC2 I FH41MH ) A4
AR PEZ I B BL GC3s ([A] X145 3 iz
GC & ) AHEAEFR, ENCIH MO\ bR, 2 ENC-
Plot — ZEwt s B, b it 2624 20 ENC=2+GC3+29/
[GC3™ (1-GC3) *], F-454 ENC oAl 43 A #E 47 4%
Brs LLG3/(G3+C3) Misktr, A3/ (A3+T3) K
PARFR i — e HUR B, #6147 RP2 R far oA s i b
TR 3BT LA A 3 R St A R DR 2 % R - ) i
JH A P o R 1O R s e kB T T R
W o A, LA LA 0 % AR R L
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2.1 FEWFERSHT
HEE 1A, 47 ZR 0 SR IR 3R 4 0 35k (R 2% 1 1

3AERFEFH) GC & 38.13%, GC3 H 27.99%, &
T GCI1 (47.00% ) Fl GC2 (39.41%), % W% i ¥
AR E I GC EF RN, DL AT LS, 2 0%
fith—Ffifi AR R 5 5 ENC (B 4 40.85~56.80, F
YIH oy 47.27, W1 H 55 v SR AL DN 241 % 1 1
(RSB EREEN

ST SR T, R 2 AIAL, GCall
5 GC1. GC2. GC3 ZI[a[ ¥ 21 W #4H ¢ (7=0.802,
P<0.01; r=0.758, P<<0.01; =0.396, P<<0.01)., GCI
5 GC2 B W FEA X (,=0390, P<0.01), GC3 5
GC1., GC2 HIRFEHK (1=0.047, P>0.05; r=0.035,
P>0.05), ULHIZ T2 1 A0S 2 400 i s 3k 2H A
L, 555 3 (iR EEA BUAFE 2% % . ENC 5 GC1. GC2
ZIETCRIERR (7=0.022, P>0.05; r=—0.277, P>
0.05), 5 GC3 2B IFME (/=0.455, P<0.05),
Ul B 2505 -5 3 A0 i 5 4 Bl % %86 )~ g 2 5 e 38
K; ENCHIZEMFHHE (N) ZE TR EHKE (=
0.196, P>0.05), M N X ENC B2 M55 .

F € 3 A[ %1, RSCU>1 &S T34 30 4, H
TACHE 1 EWEFLULGE R, HR29 M Ei5 N
DL AS UZE; RSCU<I W FI4 16 4, H
3BT GE CE R, HApA 134108 A S
U 45ke.

22 HHKESH
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Table 1 GC content in various positions of codon in chloroplast gene
H[H Gene GC1/% GC2/% GC3/% GCall/% ENC FE[H Gene GC1/% GC2/% GC3/% GCall/% ENC
rps12 52.42 47.58 25.00 41.67 43.84 petd 53.89 35.51 26.17 38.53 48.43
psbA 49.44 43.22 32.20 41.62 43.05 rps18 37.25 45.1 30.39 37.58 43.24
atpA 54.72 40.35 23.43 39.50 43.05 rpl20 36.67 44.17 29.17 36.67 54.03
atpF 45.95 33.51 28.65 36.04 48.25 clpP 57.56 37.07 28.29 40.98 56.80
atpl 48.39 36.69 24.60 36.56 45.27 psbB 53.83 46.17 31.04 43.68 48.68
rps2 43.22 40.25 27.97 37.15 47.67 petB 47.69 41.2 30.09 39.66 43.21
rpoC2 4591 37.29 27.30 36.83 48.68 petD 50.61 37.8 24.39 37.60 43.52
rpoCl 50.15 38.09 29.85 39.36 49.05 rpoA 45.00 34.71 26.47 35.39 48.64
rpoB 49.30 38.38 28.10 38.59 48.53 rpsll 53.24 51.8 23.74 42.93 43.04
psbD 52.26 42.94 30.23 41.81 42.10 rps8 40.15 37.12 18.94 32.07 40.85
psbC 53.38 45.99 33.97 44.44 45.89 rpll4 53.66 35.77 27.64 39.02 43.44
rpsl4 43.56 46.53 27.72 39.27 41.37 rpll16 52.21 52.94 25.74 43.63 41.93
psaA 52.06 43.41 32.22 42.57 49.71 rps3 44.29 33.79 22.83 33.64 45.82
vef3 47.34 39.05 24.85 37.08 53.43 rpl22 41.40 35.67 22.93 33.33 44.99
rps4 48.02 38.12 30.20 38.78 51.44 yef2 42.53 35.21 37.34 38.36 53.23
ndhJ 47.17 37.74 30.82 38.57 53.38 ndhB 41.88 39.92 32.29 38.03 47.85
ndhK 41.53 42.80 30.08 38.14 50.43 rps7T 53.85 46.15 23.72 41.24 47.64
ndhC 49.59 34.71 29.75 38.02 51.42 cesA 34.37 38.08 29.10 33.85 47.69
atpE 50.37 42.22 28.15 40.25 44.72 ndhE 43.14 33.33 30.39 35.62 54.50
atpB 55.29 41.32 31.74 42.78 51.77 ndhG 40.11 36.16 25.42 33.9 45.14
rbeL 57.69 42.31 28.54 42.85 47.79 ndhA 42.03 37.09 20.05 33.06 42.54
accD 36.44 34.99 25.67 32.37 4491 ndhH 48.22 35.79 27.66 37.23 47.50
vefd 43.78 41.08 31.89 38.92 48.68 vefl 35.72 26.67 25.69 29.36 46.69
cemA 41.74 26.52 33.04 33.77 47.70 FHIE AVG 47.00 39.41 27.99 38.13 47.27
*2 HIMEERBBFSHEHOEXMGE PR 0 5 05 1A S PR BR T 2 8 B R 2w A, ik 52 3
Table2 Correlations among individual related parameters of R A R 22 g S R B
genes .
i H Items GCl1 GC2 GC3 GCall ENC N 2.5 %1 %-‘Eg%ﬁ*ﬁ
GCl 1.000 I ST RO =R S v 1 Y . Y e R TR
ae2 0.390%* 1000 #HY ARSCU>0.08 f A 25 DMEIL T, HrPA 6 M
GC3 0.047 0.035 1.000
GCall 0.802**  0.758** 0.396** 1.000 EE&F“ LLA %% 11 /\ m? Bu? % 2 /\ ﬁ%%
ENC 0022  —0277  0455%*  0.029 PLG g5, 6 MBS TLLC LR, 458 M1y
N —0.126 —0.286 0.296* -0.118 0.196 1.000

1, BEHE 17 M RIEEST, 458 UUU, UUG,
CUU. AUU. GUU, UAU. GAA. UCU. CCU. ACU,
ACA. GCA. CGU. CGA. AGU. AGA. GGU,

W SRIARTE0.057KF ERZEMR; *RIRIE0.01KTF AR EAR R,
Note: * means significant correlation at 0.05 level; ** means extremely

significant correlation at 0.01 level.



632 CEZ L %36 %

®3 HEMNEXEBFERES R
Table 3 RSCU analysis on protein coding region

IR Amino acid Z45F Coden % & Number RSCU FIER Amino acid #H13F Coden % &= Number RSCU

uuu 649 1.37 Ser UCU 410 1.71

Phe
uucC 359 0.63 uccC 231 0.98
UUA 584 2.09 UCA 283 1.25
UuuG 379 1.16 UCG 114 0.43
CUU 384 1.31 Pro CCU 287 1.47

Leu
CcucC 127 0.38 CCC 172 0.89
CUA 259 0.74 CCA 206 1.15
CUG 126 0.32 CCG 75 0.31
AUU 770 1.48 Thr ACU 379 1.69
Ile AUC 312 0.57 ACC 154 0.68
AUA 492 0.95 ACA 289 1.16
Met AUG 432 1.00 ACG 103 0.47
Val GUU 369 1.45 Ala GCU 444 1.82
GUC 119 0.39 GCC 133 0.59
GUA 377 1.44 GCA 309 1.23
GUG 165 0.73 GCG 93 0.36
Tyr UAU 527 1.68 Cys UGU 157 1.51
UAC 130 0.32 UGC 53 0.36
Ter UAA 22 1.40 Ter UGA 11 0.70
UAG 14 0.89 Trp UGG 322 0.87
His CAU 330 1.45 Arg CGU 260 1.60
CAC 97 0.47 CGC 63 0.37
Gln CAA 528 1.59 CGA 246 1.31
CAG 162 0.41 CGG 83 0.43
Asn AAU 695 1.50 AGA 359 1.71
AAC 190 0.45 AGG 116 0.59
Lys AAA 772 1.50 Ser AGU 292 1.31
AAG 249 0.41 AGC 75 0.31
Asp GAU 638 1.62 Gly GGU 405 1.30
GAC 131 0.38 GGC 122 0.41
Glu GAA 822 1.52 GGA 499 1.68
GAG 271 0.48 GGG 206 0.62

W: Phe: EHNEAME, Leu: F&M, lle: &M, Met: HAM, Val: SR, Tyr: W&, His: A&, Gln: SEBE, Asn: RAWE,
Lys: &R, Asp: REAM, Glu: %M, Ser: %, Pro: W&, Thr: HEMR, Ala: WM, Cys: FMEE, Trp: R, Arg: BR
R, Gly: HER, Ter: KL, RSH.

Note: Phe: phenylalanine; Leu: leucine; Ile: isoleucine; Met: methionine; Val: valine; Tyr: tyrosine; His: histidine; Gln: glutamine; Asn: asparagine; Lys: lysine;
Asp: aspartic acid; Glu: glutamic acid; Ser: serine; Pro: proline; Thr: threonine; Ala: alanine; Cys: cysteine; Trp: tryptophane; Arg: argnine; Gly: glycine; Ter:

termination codon. Same for Table 5.
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05 L =0.064 9x+0.4139 s & _ e Table 4 Distribution of ENC ratios
R*=0.0025 " .
04 r 04 J! ‘. ZHBR Hrp HE H A
8 03 | N * Class limits Class mid value Frequency number Frequency
g 0
02 r -0.25~-0.15 —-0.20 1 0.02
0.1 ~0.15~-0.05 -0.75 5 0.11
0 1 1 1 1 I
0 0.1 0.2 0.3 0.4 0.5 —0.05~0.05 0.00 22 0.47
GC3
0.05~0.15 0.10 19 0.40
1 R LE SR
e
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Table 5 Analysis on preferred codon
eSS w7 IR IR LR e B FE IR
IR L High expressed gene Low expressed gene LR R T High expressed gene Low expressed gene
. . ARSCU . . ARSCU
Amino acid Coden o oy Amino acid Coden i .
Hopscu A pseu Hoopscu A pseu
Number Number Number Number
Phe uuyu* 53 1.61 25 1.46 0.15 Ser UCU*** 28 1.86 11 1.15 0.71
uuc 19 0.39 9 0.54 -0.15 UCC* 12 1.14 9 0.93 0.21
Leu UUA 47 1.70 21 1.89 -0.19 UCA 16 1.07 14 1.55 —0.48
UuUG* 17 1.05 9 0.81 0.24 UCG 2 0.28 5 0.57 -0.29
CUU* 26 1.76 18 1.48 0.28 Pro CCU*** 21 1.89 10 0.91 0.98
Ccuc 6 0.43 5 0.37 0.06 CCCH** 10 1.03 3 0.29 0.74
CUA 24 0.84 10 0.90 —0.06 CCA 11 0.93 9 0.90 0.03
CUG 8 0.22 7 0.56 —0.34 CCG 2 0.15 3 0.29 —0.14
Ile AUU* 47 1.36 28 1.22 0.14 Thr ACU* 23 1.53 13 1.36 0.17
AUC 10 0.30 13 0.61 —0.31 ACC* 11 0.97 8 0.76 0.21
AUA* 39 1.33 26 1.16 0.17 ACA* 18 1.37 9 1.14 0.23
Met AUG 27 1.00 20 1.00 0.00 ACG 3 0.13 6 0.74 —0.61
Val GUU*** 27 2.19 17 1.55 0.64 Ala GCU 37 1.69 27 2.08 -0.39
GUC* 10 0.41 4 0.29 0.12 GCC 6 0.47 8 0.52 -0.05
GUA 20 1.15 14 1.43 -0.28 GCA*** 26 1.50 14 0.93 0.57
GUG 4 0.24 5 0.73 —0.49 GCG 6 0.34 6 0.47 —0.13
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SRR T High expressed gene Low expressed gene SR T High expressed gene Low expressed gene
Amino acid Coden el el ARSCU Amino acid Coden e o ARSCU
Number RSCU Number RSCU Number RSCU Number RSCU

Tyr UAU* 31 1.88 30 1.67 0.21 Cys UGU 10 1.73 5 1.73 0.00
UAC 4 0.12 6 0.33 -0.21 UGC 2 0.27 2 0.27 0.00

Ter UAA 3 1.80 3 1.80 0.00 Ter UGA 1 0.60 1 0.60 0.00
UAG 1 0.60 1 0.60 0.00 Trp UGG 28 1.00 13 0.80 0.20

His CAU 15 1.50 15 1.54 —0.04 Arg CGU** 21 1.60 12 1.21 0.39
CAC 2 0.50 5 0.46 0.04 CGC 3 0.26 3 0.36 —0.10

Gln CAA 28 1.61 24 1.75 -0.14 CGA* 21 1.64 13 1.38 0.26
CAG* 7 0.39 4 0.25 0.14 CGG 1 0.08 7 0.79 —0.71

Asn AAU 27 1.50 33 1.82 —0.32 AGA** 22 1.83 15 1.50 0.33
AACH* 10 0.50 4 0.18 0.32 AGG 7 0.60 8 0.76 —0.16

Lys AAA 34 1.61 23 1.61 0.00 Ser AGU** 17 1.37 12 1.21 0.16
AAG 10 0.39 7 0.39 0.00 AGC 2 0.28 5 0.59 —-0.16

Asp GAU 18 0.97 31 1.92 —-0.95 Gly GGU*** 35 1.31 7 0.68 0.63
GAC* 8 0.24 2 0.08 0.16 GGC 13 0.44 8 0.60 —-0.16

Glu GAA*** 44 1.76 32 1.03 0.73 GGA 29 1.73 18 1.92 -0.19
GAG 6 1.03 15 0.97 0.06 GGG 11 0.52 5 0.79 -0.27

T F/RRSCU fHAF1 MF T *FARKARSCUZ0.08; **F/RARSCU=0.3; ***FK/RARSCUZ=0.5,
Note: Underlining indicates RSCU>>1; * means ARSCU=0.08; ** means ARSCU=0.3; *** means ARSCU=0.5.
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