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Analysis of codon usage bias of chloroplast genome in seven Glycyrrhiza species
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Abstract: Objective To explore codon usage patterns and affecting factors of chloroplast genome in seven Glycyrrhiza species.
Methods A total of 49 common protein coding sequences were screened from the complete chloroplast genomes of seven
Glycyrrhiza species in China downloaded from the NCBI database. The relative parameters of codon usage bias were analyzed by
codonW 1.44, EMBOSS, SPSS 26.0. Results All of the GC content of different codon positions in seven Glycyrrhiza species
were less than 50%. The third base of 28 codons were A/U among 29 high-frequency codons, and all the third base of 17 optimal
codons were A/U. The ENC values of all the chloroplast genomic protein coding genes in seven Glycyrrhiza species were more
than 35, showing the weak codon usage bias. The analysis of PR2-plot, ENC-plot and neutral plot analysis revealed that both of
mutation pressure and natural selection were the important factors influencing the formation of codon usage preference, but
natural selection contributed more in the process. The similarity between phylogenetic tree based on the chloroplast coding
sequences and RSCU cluster analysis indicated that the codon usage preference was associated with the phylogenetic relationship.
Conclusion The third position of codon tends to use A/U base in seven Glycyrrhiza chloroplast genome, and natural selection is
the main factor affecting the formation of codon usage bias.
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Table 1 Basic parameters of codon usage bias of chloroplast genome in Glycyrrhiza

Py Fp BRS GCl GC2 GC3 GCall ENC N
HEH MT120754 0.465 0.387 0.271 0.374 46.78 20 036
Fe R H MT120770 0.465 0.388 0.27 0.374 46.75 20 031
Ji S MT120775 0.465 0.387 0.27 0.374 46.72 20 043
ISy MZ052084 0.465 0.387 0.271 0.374 47.04 20 047
B MT120787 0.466 0.387 0.272 0.375 47.12 20 024
H MN709826 0.465 0.387 0.271 0.374 46.75 20029
L HE MT120792 0.466 0.387 0.271 0.375 46.93 20033
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Fig. 1 GC content of chloroplast protein coding genes of Glycyrrhiza genome
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Table 2 Correlation analysis of codon parameters in Glycyrrhiza species

M GC3 5 ENC 2REHK, K 7 MH @y
WOl it B2 G728 3 AR B s
W, 5F5 1 SEANER 2 1 A B 2H RROAS S 2
TR R E . B4, N5 ENC MR,
L PR X BB A M (RS2 R N o

W4 iH LES
GC1 GC2 GCI12 GC3 GCall ENC

HEH®E GC2 0.576™

GCl12 0.905" 0.870*

GC3 0.173 0.194 0.205

GCall 0.867" 0.841* 0.962* 0.465™

ENC 0.179 -0.028 0.093 0.339" 0.179

N -0.177 -0.273 -0.249 0.188 -0.173 0.108
T GC2 0.579**

GCl12 0.905™ 0.871*

GC3 0.191 0.194 0.216

GCall 0.870™ 0.840* 0.962* 0.473*

ENC 0.174 -0.038 0.085 0.327" 0.167

N -0.179 -0.272 -0.250 0.197 -0.171 0.112
AR H GC2 0.576™*

GC12 0.905™ 0.869*

GC3 0.188 0.207 0.222

GCall 0.867" 0.841* 0.962* 0.478"

ENC 0.189 -0.019 0.105 0.352" 0.192

N -0.177 -0.273 -0.249 0.199 -0.169 0.111
R H B GC2 0.623*

GC12 0.915™ 0.886™

GC3 0.168 0.224 0.215

GCall 0.872™ 0.861* 0.962" 0.475*

ENC 0.063 —0.680 0.002 0.292" 0.084

N -0.180 -0.279 -0.250 0.163 -0.180 0.056
7] S H % GC2 0.594**

GC12 0.910™ 0.874*

GC3 0.218 0.230 0.250

GCall 0.873" 0.845™ 0.963" 0.503**

ENC 0.205 0.097 0.174 0.290" 0.224

N -0.183 -0.273 -0.251 0.151 -0.182 0.056
HH GC2 0.574**

GC12 0.904™ 0.869*

GC3 0.191 0.187 0.213

GCall 0.869™ 0.837" 0.962** 0.472**

ENC 0.190 -0.140 0.107 0.346" 0.194

N -0.180 -0.269 -0.249 0.194 -0.171 0.115
P = A GC2 0.585™

GC12 0.907" 0.872"

GC3 0.212 0.184 0.223

GCall 0.875™ 0.835* 0.961* 0.483"*

ENC 0.167 -0.057 0.072 0.315" 0.153

N —0.188 -0.270 -0.253 0.175 -0.178 0.076

TP<0.01 FRMREFEM; "P<0.05 R AR
*P <0.01 indicates a very significant correlation; **P < 0.01 indicate a significant correlation
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Fig.2 Chloroplast genome RSCU values of each specie
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Table 3 Optimal codons analysis of chloroplast genome in Glycyrrhiza species

WM W ARSCU -
MBS oREw  RHE  RRHE  WRHE Hw c@ie
Phe uUuu -0.452 —0.450 —0.450 -0.472 —-0.254 —-0.452 —0.462
uucC 0.454™ 0.452™ 0.452™ 0.474™ 0.256" 0.454™ 0.464™
Leu UUA 0.508™"" 0.490™ 0.600™" 0.544™" 0.222" 0.488™ 0.570™"
UuG —0.490 -0.472 —-0.580 -0.602 —0.110 —-0.474 —-0.432
CUU 0.654™ 0.650™" 0.650™" 0.654™" 0.760™" 0.654™" 0.670™"
CcucC -0.230 -0.230 -0.230 —0.188 -0.070 -0.230 -0.240
CUA 0.012 0.014 0.014 0.026 —0.098 0.012 —0.108
CUG —0.462 —0.462 —0.462 —0.436 —-0.708 —0.462 —0.468
Ser UCu 0.408™ 0.414™ 0.416™ 0.456™ 0.526™" 0.390™ 0.416™
ucCcC 0.390™ 0.390™ 0.392*" 0.288" 0.210" 0.382™ 0.332*
UCA -0.012 -0.106 -0.116 -0.130 —0.138 -0.120 —0.110
UCG -0.272 -0.282 -0.276 -0.166 -0.366 —0.280 —-0.282
Tyr UAU 0.310™ 0.330™ 0.330™ 0.286" 0.138" 0.336™ 0.290"
UAC -0.310 -0.330 -0.330 —0.286 —0.138 -0.336 -0.290
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%3R3
R N ARSCU
AR ERT Ty ippa WRRE AR E WRRE HE ZEHE
Cys UGU -0.394 -0.394 —-0.394 -0.172 -0.506 -0.394 -0.406
uGC -0.006 -0.006 -0.006 —-0.228 0.106" -0.006 0.006
Pro CCU 0.558"" 0.568"" 0.568™"" 0.568™"" 0.576™" 0.600™" 0.552™"
cce 0.100° 0.088" 0.088" 0.094" 0.306™ 0.066 0.100"
CCA 0.164" 0.176" 0.176" 0.140" -0.126 0.164" 0.168"
CCG -0.016 -0.026 -0.026 0.002 0.046 -0.026 -0.014
His CAU —-0.308 —-0.308 —-0.308 —-0.108 —-0.394 —0.308 —-0.318
CAC -0.092 -0.092 —-0.092 -0.292 -0.006 -0.092 -0.082
Gin CAA 0.402*" 0.398™ 0.400™ 0.332™ 0.282" 0.398* 0.390™
CAG ~0.402 ~0.398 ~0.400 ~0.332 ~0.282 ~0.398 ~0.390
Arg CGU 0.394™ 0.394™ 0.394™ 0.398"* 0.358" 0.394" 0.412"
CGC -0.142 -0.142 -0.142 0.052 -0.108 -0.142 -0.144
CGA 1.016" 1.018"* 1.018"* 0.940™* 0.978™* 1.016"* 0.958™*"
CGG ~0.092 ~0.092 ~0.092 ~0.208 ~0.278 ~0.092 ~0.104
Lie AUU 0.186" 0.186" 0.212° 0.206" 0.030 0.186" 0.184"
AUC -0.106 -0.106 -0.132 —-0.182 0.078 -0.106 -0.106
AUA -0.080 -0.080 —0.080 -0.018 -0.106 -0.080 -0.078
Thr ACU 0.752"* 0.756"" 0.756"™" 0.652™™ 0.718" 0.756™" 0.756™"
ACC —-0.152 —-0.160 —0.160 —-0.070 —0.148 -0.160 -0.160
ACA -0.166 -0.164 —-0.164 -0.154 -0.230 -0.164 -0.184
ACG -0.436 —-0.434 —-0.434 —-0.428 -0.340 -0.434 -0.412
Asn AAU 0.208" 0.204* 0.206" 0.222% 0.188" 0.206" 0.208"
AAC -0.208 -0.204 -0.206 -0.222 —0.188 -0.206 -0.208
Lys AAA —-0.270 —-0.302 —0.300 —-0.292 -0.152 -0.302 -0.356
AAG —0.128 —0.096 —0.098 —0.108 —0.246 -0.096 -0.106
Ser AGU —0.620 —0.620 —0.618 —0.654 -0.510 —0.568 -0.622
AGC 0.198" 0.198" 0.198" 0.198" 0.274* 0.194" 0.198"
Arg AGA —-0.642 —-0.638 —-0.638 -0.780 —-0.398 —-0.642 -0.610
AGG -0.542 -0.550 -0.550 -0.410 -0.556 -0.542 -0.526
Val GUU 0.658™" 0.592"** 0.592*** 0.568™"" 0.418™ 0.592*** 0.594™**
GUC 0.424™ 0.422 0.422* -0.580 0.364™ 0.422** 0.418™
GUA —0.626 —0.618 —0.618 —0.468 -0.250 —0.618 —-0.624
GUG —0.398 —0.400 —0.400 —0.520 —-0.534 -0.400 -0.392
Ala GCU 1.098*** 1.110™" 1.110™" 1.120" 0.898"** 1.110™* 1.110™*
GCC —0.826 —-0.824 —0.824 —0.764 —0.598 -0.824 -0.824
GCA -0.224 —-0.238 -0.238 -0.326 -0.272 —-0.238 -0.216
GCG -0.046 -0.046 -0.046 -0.028 -0.028 -0.046 -0.066
Asp GAU 0.248" 0.248" 0.246 -0.134 -0.332 0.246" -0.154
GAC —-0.248 —-0.248 -0.246 0.134" 0.332™ -0.246 0.154*
Glu GAA 0.456™" 0.462™* 0.460™" 0.416™ 0.314™ 0.464™ 0.260"
GAG —0.458 —0.464 —0.462 —-0.416 -0.316 —-0.466 -0.262
Gly GGU 0.388" 0.388" 0.388" 0.396™" 0.232" 0.468™ 0.394™
GGC —-0.266 —-0.266 —-0.266 —-0.254 —-0.208 -0.266 —0.268
GGA 0.066 0.066 0.066 -0.138 -0.122 0.066 -0.060
GGG -0.076 -0.186 -0.186 -0.002 0.094* -0.266 -0.068

%R ARSCU>0.5; “F/r ARSCU>0.3; %78 ARSCU>0.08
*** means ARSCU>>0.5; ** means ARSCU>0.3; "means ARSCU>>0.08
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