oL OR Mk K F F IR, 2021, 38(3): 476-484
Journal of Zhejiang A&F University
doi: 10.11833/}.issn.2095-0756.20200390

20 T ERFEY rbcL R ZFERRTFIES

;él-s [ENI,ZJ»’ )@ﬁ:g%l@ﬁ’ 7[%—\ %1,2,3’ E Z'EI’Z,S

(1. WA 2 R R GBS 2E b, WL A0 3113005 2. BRTTAHR A2 Wity B pfor o fh B ) 3 5 1
TSI R, WiV AU 3113005 3. WiTLAR MR 2= RE 5 el oAE P b 5 6] 3 5 701 1) Aol R o D Ry 2 o5 SIE 6
%=, WL Bl 311300)

WE: [ B8] 54T R EH Lythraceae M4y rbcl & B F T4 AT, 918 F BT dftei Pra W&, ik rbel &
B R AKX iR A SE Sk, [ F% ] AE2BEEBRAHH AR L P& (NCBI) KB 20 #r-F & F AW 69 rbel £ B
A% %R 55 (CDS) 44, &M CodonW., EMBOSS f= DAMBE #k 44 55 B B 48 Ak 28 5% Am 55 20 T4 A AR 45 PE 69 AR 2 A
B, s iEEAD TR rbel AREREBF O mERALY R E, [£R] TREHMEY rbcl £ W GC 4%
(GC) # 0.425~0.437, FHF % 3 2 mdk GC 4 F (GCy) #H 0.275~0.300. GCs,. GC 5 7 2k % A F 4 (ENC) 2 ¥ 40 %
(P<0.01); ENC-GC3, # & B a4, PHRABIM . FRBESNHEN . MRTREES, ARKFEASTREH
AW rbel R BTN RITHAYaE R, A TRXES TSR EY ZAREL CDS AREMERIF S —5, 5
TR FEA rbel KR F AT T34 MM B, KM% A B Escherichia coli. 7+ Saccharomyces cerevisiae. k& I
Arabidopsis thaliana. YA Nicotiana tabacum #=% %5 Solanum lycopersicum 23\ 18 28, 26, 20, 19 F= 17 A& A 37 £ 48
EBRGERT, [ ] T EEHY rbel KRR L B E T AT HBAL, BIRIFEALH AT 5565
BT rbel AR BEATAERRFRL SAHREZLRER, BARAREEIARIEZRNE,;, TATRITUGORAARETA
RAR B RRBANE ; BB B ESAEH T BERMY rbcl KB FR AR ZH, Fin LESEH rbel & B A AL Fe
HREAT S0 LA B 6 & 3 532

KR WA RBEREA; REREN; RESH; 2K

FESAES: S718.3 YRR : A NERS: 2095-0756(2021)03-0476-09

Codon usage bias analysis of #bcL genes of 20 Lythraceae species

ZHENG Gang"**, GU Cuihua"*’, LIN Lin"**, WANG Jie"**

(1. College of Landscape Architecture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. Zhejiang
Provincial Key Laboratory of Germplasm Innovation and Utilization for Garden Plants, Zhejiang A&F University,
Hangzhou 311300, Zhejiang, China; 3. Key Laboratory of National Forestry and Grassland Administration on
Germplasm Innovation and Utilization for Southern Garden Plants, Zhejiang A&F University, Hangzhou 311300,
Zhejiang, China)
Abstract: [Objective] With an analysis of the codon usage characteristics of the rbcL genes in Lythraceae
species, this study is aimed to clarify the influencing factors of codon bias, and screen the optimal receptor for
heterologous expression and genetic transformation. [Method] After rbcL gene CDS of 20 Lythraceae species
were obtained from NCBI, CodonW, EMBOSS, and DAMBE software were utilized to compute relevant

parameters of gene base composition and codon usage bias before an analysis is conducted of the usage bias of
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such genes and its incluencing factors using SPSS and Origin software. [Result] The GC content of the rbcL
gene from Lythraceae species ranged from 0.425 to 0.437, with GC;4 being 0.275 to 0.300 and there was a
significant correlation between GC;,, GC, and ENC(P<<0.01). As was shown in the analysis of ENC-GCj; plot,
the neutral plot and PR2, natural selection pressure affected the codon usage bias of the rbcL gene from
Lythraceae species more heavily than mutation pressure. The result of clustering analysis based on RSCU is
partially consistent with that of the neighbor-joining tree based on CDS. Compared with the average codon
usage frequency of the rbcL gene from the 20 Lythraceae species, Escherichia coli, Saccharomyces cerevisiae,
Arabidopsis thaliana, Nicotiana tabacum, and Solanum lycopersicum possessed 28, 26, 20, 19 and 17 codons,
respectively, with significant differences in usage frequency. [Conclusion] In terms of the base composition of
the rbcL gene from 20 Lythraceae species, there was a tendency towards A/T bases and codons with A/T base at
ther termonal were generally preferred. Also, of all the factors having an influence on codon bias, natural
selection pressure was the most important one. Systematic clustering is a good complement for phylogenetic
analysis. S. cerevisiae is more suitable as a heterologous expression receptor, while S. lycopersicum is more
suitable to act as a receptor material for genetic transformation and function research of »bcL gene. [Ch, 6 fig. 3
tab. 32 ref.]

Key words: base composition; selection pressure; mutation pressure; clustering analysis; receptor
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BEE (https://www.ncbi.nlm.nih.gov/), TEWFE 1.
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1 CodonW 1.4.4 % {F A1 7 28 T. H. EMBOSS explorer(http://emboss.toulouse.inra.fr./) /1 [] CUSP Fl
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Table 1 Information of rbcL genes from 20 Lythraceae species

LYL GenBank#5¢5  CDS{ & Yy GenBank#$ 55 CDS{i &
WPEFE Cuphea hyssopifolia MNB833211  58955~60382|| FAVESEML Lagerstroemia siamica MK881628  55129~56556
JNEM Duabanga grandiflora MKS881638  56823~58250|| TR Lagerstroemia tomentosa  MK881632  54873~56300
4 Heimia myrtifolia MG921615  58612~60039|| PUXUSRBL Lagerstroemia venusta  MK881630  55159~56 586
RIS %8 Lagerstroemia calyculata  MK881636  54873~56300|| HUAAL Lawsonia inermis MK881631  58836~60263
JIES 2245 Lagerstroemia excelsa MKS881635  54910~56337|| THi3E Lythrum salicaria MK881629  59099~60526
B AL 455% Lagerstroemia fauriei  NC_029808 54810~56237|| A1 Punica granatum NC_035240 59017~60444
LA Lagerstroemia floribunda  NC 031825  54776~56203||  BIMA5453% Rotala rotundifolia MK881626 58 835~60262
FEMCEE R Lagerstroemia guilinensis ~ NC_029885  54697~56 124 REFZE Trapa maximowiczii NC 037023 58322~59770
TSP Lagerstroemia intermedia  NC_034662  54948~56375 FRZZ Trapa natans MKS881634 58387~59814
TR Lagerstroemia limii MKS881627  54830~56257 WFF1E Woodfordia fruticosa MKS881637  59444~60871
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Table 2 Base composition and codon usage characteristics of 7bcL genes from 20 Lythraceae species

Yk Asg T G, Cs GC GCy, GCy GCsq CAI ENC
PR 0.376 0.531 0.157 0.173 0.435 0.582 0.437 0.286 0.276 45392
VAN i) 0.380 0.526 0.152 0.180 0.431 0.571 0.433 0.288 0.278 45.942
v 0.390 0.508 0.145 0.194 0.434 0.571 0.433 0.296 0.283 46.540
RIECS 3 0.377 0.525 0.148 0.186 0.432 0.576 0.429 0.292 0.277 45.635
NI 567 0.376 0.526 0.149 0.187 0.432 0.571 0.431 0.294 0.275 45.743
IV 0.379 0.529 0.146 0.184 0.431 0.571 0.431 0.290 0.272 45.659
ZACEETY 0.378 0.526 0.148 0.184 0.432 0.576 0.429 0.292 0.276 45.625
[ERIS 0.376 0.526 0.149 0.187 0.432 0.571 0.431 0.294 0.275 45.743
PN 0.379 0.526 0.140 0.191 0.431 0.571 0.431 0.290 0.275 45.340
TR 0.379 0.531 0.142 0.184 0.430 0.571 0.431 0.288 0.274 45.564
FTESTR 0.379 0.526 0.140 0.191 0.431 0.571 0.431 0.290 0.275 45.340
PRE LT 0.377 0.525 0.148 0.186 0.432 0.576 0.429 0.292 0.277 45.635
[ESE< 0.379 0.526 0.140 0.191 0.431 0.571 0.431 0.290 0.275 45.340
HARTE 0.379 0.536 0.151 0.171 0.429 0.569 0.435 0.282 0.276 45.264
Tk 0.389 0.535 0.138 0.173 0.428 0.576 0.433 0275 0.285 45.007
rayi 0.381 0.518 0.153 0.184 0.436 0.578 0.437 0.294 0.275 46.153
(Bl -9 3% 0.379 0.536 0.151 0.171 0.429 0.569 0.435 0.282 0.276 45.264
EIESHES 0.387 0.532 0.154 0.165 0.425 0.567 0.431 0.277 0.274 44.181
(€S 0.387 0.532 0.154 0.165 0.426 0.569 0.431 0.277 0.274 44.029
HRFAE 0.376 0.516 0.163 0.184 0.437 0.576 0.435 0.300 0.270 46.458
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Figure 1 RSCU of rbcL genes from 20 Lythraceae species
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Table 3 Correlation between base composition and codon usage bias

ZH CAI  ENC GC GC;;, GGy GGy
ENC  0.062

GC —0.136 0.855%*

GC;, 0138 0403  0.712%*

GCy 0.029 0.229 0.348 0.314
GCss  —0.264 0.856** 0.846** 0.324 —0.074
GCy, 0.112 0.403 0.684** 0.869**  0.743** 0.190
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Figure 2 ENC-GCj, plot analysis of rbcL genes
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Figure 6 Ratios of codon usage frequency of Lythraceae species to model organisms
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