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Abstract; To explore the codon usage bias and its affecting factors of chloroplast genome of Glehnia
littoralis F. Schmidt ex Miq., 51 protein-coding genes were screened out based on the chloroplast genome
sequencing data of G. littoralis in this study, and the codon usage pattern was analyzed. The results show
that the total GC content ( GC,,) of codons in chloroplast genome of G. littoralis is 38.8% , the GC
content of the third base of codon (GC,) is the lowest, which is only 29.2%, and the GC contents of
base at three positions are all less than 50%, indicating a preference for the use of A or U as codons in
chloroplast genome of G. litioralis. The effective number of codon ( ENC) in chloroplast genome of G.
littoralis is 34.6—54.5, the codon adaptation index ( CAI) is 0.100-0.270, the codon bias index ( CBI)
is =0.190-0.226, and the frequency of optimal codon ( FOP) is 0.276-0.550, indicating the codon
usage bias in chloroplast genome of G. litioralis is relatively week; the correlation analysis result shows
that the composition of the third base of codon in chloroplast genome of G.littoralis has a great impact on
gene expression. The results of neutral mapping analysis, PR2-plot analysis, ENC-plot analysis, and
correspondence analysis show that the codon usage bias of chloroplast genome of G.littoralis is co-affected
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by natural selection and mutation, and natural selection plays the dominant role. A total of 16 optimal
codons are obtained based on the relative synonymous codon usage ( RSCU) and the RSCU difference
(ARSCU) between high and low expression groups, and most of them are ended with A or U. The
comprehensive analysis results show that the codon usage bias of chloroplast genome of G. littoralis is
relatively weak, and is mainly affected by natural selection.

Key words: Glehnia littoralis F. Schmidt ex Miq. ; chloroplast genome ; codon usage bias; optimal codon
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Table 1 Base composition and expression characteristics of codons in chloroplast genome of Glehnia littoralis F. Schmidt ex Miq."

N

Gene

GC/% GCy/% GCy/% GCo/% ENC CAL CBI FOP | 21 GC/% GC/% GCy/% GCu/% ENC CAI GBI FOP

Gene

psaA 52.5 434 325 42.8 472 0.196 -0.109 0.352 || psbB 54.6  46.8 32.2 445 46.4 0.198 -0.025 0.401
accD 41.8 359  29.0 35,6 439 0.198 -0.154 0.349 || psbC 532 46.0 30.8 433 422 0.181 -0.026 0.393
atpA 56.7 39.6 256 40.6  46.0 0.215 0.009 0.419 || psbD 523 432 336 43.0 46.3 0.236 0.042 0.441
atpB 555 421 30.5 42.7  49.2 0.197 -0.025 0.398 || rbcL 58.8 433 33.0 45.0 47.8 0.270 0.107 0.485
atpkl 51.1 39.7 29.8 40.2  52.1 0.158 -0.055 0.378 || pli4 553 38.2 325 42.0 439 0.169 -0.002 0.398
atpF 484 352 341 39.2  49.2 0.135 -0.173 0.316 ||rpli6  50.0 529 228 41.9 369 0.127 -0.062 0.381
atpl 49.2 375 29.0 38.6  48.8 0.177 -0.059 0.361 || pl2 50.9 494 334 44.6  51.7 0.132 -0.123 0.343
cesA 34.8 354 265 322 443 0.141 -0.170 0.306 || rpl20  38.8 39.5 27.1 35.1 47.7 0.100 -0.185 0.301
cemA 39.1 256 29.6 31.4 427 0.180 -0.106 0.342 ||rpl22 412  35.8 29.1 354 504 0.178 -0.096 0.365
clpP 57.6 374 328 42.6  50.8 0.175 -0.111 0.339 | rpoA 46.6 330 294 36.4 497 0.152 -0.121 0.341
matK  39.9 340  28.7 342 493 0.150 -0.158 0.316 || rpoB 50.5 37.7 28.3 38.8 457 0.149 -0.132 0.335
ndhA  43.7 39.3 22.2 35.1 42.3 0.128 -0.139 0.303 || poCI  49.8 37.3 29.0 38.7 49.6 0.155 -0.117 0.339
ndhB 419 389 317 37.5 472 0.162 -0.092 0.350 || rpoC2 457  36.8 29.1 37.2 483 0.155 -0.146 0.332
ndhC 479  33.1 25.6 35.5 483 0.207 -0.058 0.351 {|mpsi] 54.0 554  28.1 458 51.8 0.144 -0.153 0.323
ndhE 412 343 18.6 31.4 358 0.157 -0.190 0.289 ||mpsi2 52.4 484 274 427 457 0.138 -0.085 0.352
ndhF  36.2  35.1 23.6 31.6  42.1 0.151 -0.155 0.315 ||rpsi4 455 485 35.6 432 46.9 0.139 -0.028 0.396
ndhG 469 350  26.0 36.0 44.0 0.148 -0.189 0.276 || rpsIi8  37.2  43.1 30.4 369 46.8 0.105 -0.151 0.313
ndhH  50.8 36.8 27.9 38.5 472 0.155 -0.126 0.331 || rps2 43.6  40.7 28.8 37.7  47.2 0.170 -0.152 0.326
ndhl 40.5 36.9  26.2 345 456 0.198 -0.114 0.350 || rps3 47.5 33.3 24.7 35.2  48.0 0.157 -0.112 0.352
ndhJ  49.7 36.5 30.8 39.0 429 0.157 -0.165 0.309 || rps4 51.5 38.6  30.2 40.1 52.1 0.159 0.001 0.403
ndhK 442 447 27.0 38.6  48.6 0.161 -0.168 0.318 || rps7 532 455 23.1 40.6 445 0.194 -0.057 0.387
petA 526 374 315 40.5 50.7 0.186 -0.031 0.390 || rps8 40.0 37.8 24.4 34.1 34.6 0.104 -0.059 0.364
petB 49.1 41.7 29.6 40.1 42.8 0.215 -0.024 0.385 || y¢f2 41.5 35,0 36.1 37.6  51.0 0.153 -0.140 0.334
petD 51.6  39.1 23.0 37.9  36.4 0.161 -0.155 0.281 || y¢f3 47.9 385 32.0 39.4 545 0.143 -0.157 0.348
psaB 49.1 43.3 32.6 41.7  46.1 0.199 -0.062 0.381 || ycf4 449 422 373 41.4 545 0.159 -0.061 0.371
psbA 50.0 435 34.5 427 41.5 0.312 0.226 0.550 | M 47.6  39.8 29.2 38.8  48.1 0.168 -0.090 0.356

DGC,: BT 1 AIERY GC 4 GC content of the first base of codon; GC,: FEHS T4 2 Sl FEAY GC &4 GC content of the second base of
codon; GCj: W4 3 ALY GC F 4 GC content of the third base of codon; GC, : ¥ B GC 4 Total GC content of codon; ENC; HEL
XH T4 Effective number of codon; CAI; 53 W F8 4L Codon adaptation index; CBI: ST T 45 %L Codon bias index; FOP . F A
FHAR Frequency of optimal codon. M: #4{H Mean.
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Table 2 Correlation analysis of related indexes of codon usage bias of chloroplast genome of Glehnia littoralis F. Schmidt ex Miq."

kR ZABFRIEIIAHIE 2B Correlation coefficient between indexes

Index GC, GG, GG, GCyy ENC CAI CBI
GC, 0.433 =

GCy 0.250 0.161

GC 0.822 #* 0.770 ** 0.557 =

ENC 0.181 0.025 0.577 == 0.307 *

CAI 0.435 = 0.037 0.269 0.339 = -0.016

CBI 0.512 == 0.297 = 0.367 == 0.541 == -0.037 0.745 =

FOP 0.495 *x 0.327 * 0.432 s 0.569 s 0.053 0.758 0.971 =*=

DGC,: BT 1 ABFERY GC 54 GC content of the first base of codon; GC,: BS54 2 fiHlFEAY CC &1 GC content of the second base of
codon; GCj: BT 3 AL GC 4L GC content of the third base of codon GC : ¥ B GC &4 Total GC content of codon; ENC.; B
WL FH Effective number of codon; CAI; B3 B 5 %X Codon adaptation index; CBI; BT T i F8 4% Codon bias index; FOP . F
JEEETESS Frequency of optimal codon. * ; P<0.05; #* . P<0.01.

PR R R VA Y S WO A R USSR N - Al O N SIATEE B (3 3) R (RSCU fH KT 1 B3 T4 30
2.1.3 AAsTRE SUE AT R Z (RSCU) 2 #  RSCU A, FEHIIX 30 AR A PR, SRy A R
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Table 3 Analysis on relative synonymous codon usage of chloroplast genome of Glehnia littoralis F. Schmidt ex Mig."

AA C n RSCU AA C n RSCU AA C n RSCU AA C n RSCU
Ala GCU = 504 1.81 Gln  CAA = 512 1.49 Leu  CUC 124 0.37 Ser AGU = 293 1.26
Ala GCC 175 0.63 Gln  CAG 177 0.51 Leu  CUA 269 0.81 Ser AGC 73 0.31
Ala  GCA = 303 1.09 Glu  GAA = 714 1.49 Leu  CUG 117 0.35 Thr  ACU * 409 1.67
Ala GCG 129 0.46 Glu  GAG 246 0.51 Lys AAA = 670 1.51 Thr  ACC 182 0.74

Arg  CGU = 266 1.43 Gly GGU = 469 1.49

Arg  CGC 78 042 || Gly GGC 160  0.70
Arg  CGA* 260 140 || Gly GGA* 518 1.51
Arg  CGG 91 049 || Gly GGG 245 0.49
Arg  AGA* 309 1.66 || His CAU# 353 1.47

Arg AGG 113 0.61 His CAC 115 0.57
Asn  AAU = 648 1.53 Ile AUU 773 0.96
Asn  AAC 200 0.47 Ile AUC = 298 1.51
Asp  GAU = 619 1.60 Ile AUA 506 0.49

Asp  GAC 154 0.40 Leu UUA = 646 1.95
Cys UGU = 155 1.53 Leu  UUG = 406 1.23
Cys UGC 47 0.47 Leu  CUU = 426 1.29

Lys AAG 216 0.49 Thr  ACA = 285 1.16
Met  AUG 435 1.00 Thr  ACG 104 0.42
Phe  UUU = 681 1.32 Trp UGG 339 1.00

Phe UUC 351 0.68 Tyr UAU = 566 1.61
Pro CCU = 312 1.57 Tyr UAC 139 0.39
Pro CCC 148 0.74 Val GUU = 409 1.50
Pro CCA = 207 1.04 Val GUC 125 0.46
Pro CCG 128 0.64 Val GUA = 398 1.46
Ser UCU = 397 1.71 Val GUG 159 0.58
Ser ucc 230 0.99 UAA = 29 1.71
Ser UCA = 253 1.09 UAG 12 0.71
Ser ucG 147 0.63 UGA 10 0.59

D AA: E AR Amino acid; C: %%T Codon; n: % T4 Coden number; RSCU: Xt [a] X %1% T-fdi 11 Relative synonymous codon usage. * :

A2 ST High frequency codon;
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Fig. 1 Neutral mapping analysis of chloroplast genome of Glehnia
littoralis F. Schmidt ex Miq.
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Fig. 3 ENC-plot analysis of chloroplast genome of Glehnia littoralis
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Fig. 4 Correspondence analysis of chloroplast genome of Glehnia littoralis F. Schmidt ex Miq.
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Table 5 Analysis on optimal codons in chloroplast genome of Glehnia littoralis F. Schmidt ex Miq."

SR SRSl ikt S EESul Rk A

Amino i')fif High expression group ~ Low expression group ARSCU|| Amino i’) Eﬁj High expression group ~ Low expression group ARSCU
acid n RSCU n RSCU acid RSCU n RSCU

Ala GCU# * 38 2.08 25 1.72 0.36 ||Leu cuc 0.14 0.50 -0.36
Ala GCC 9 0.49 15 1.03 -0.54 ||Leu CUA# 15 1.06 0.67 0.39
Ala GCA# * 20 1.10 10 0.69 0.41 ||Leu CUG 1 0.07 4 0.33 -0.26
Ala GCG 6 0.33 8 0.55 -0.22 ||Lys AAA# * 25 1.85 29 1.45 0.40
Arg CGU = 17 1.57 21 1.54 0.03 ||Lys AAG 2 0.15 11 0.55 -0.40
Arg CGC 4 0.37 9 0.66 -0.29 |[Met AUG 30 1.00 19 1.00 0.00
Arg CGA# = 18 1.66 20 1.46 0.20 ||Phe UUU# * 29 1.16 16 0.97 0.19
Arg CGG 3 0.28 8 0.59 -0.31 ||Phe uuc 21 0.84 17 1.03 -0.19
Arg AGA * 14 1.29 19 1.39 -0.10 ||Pro CCU# * 20 1.90 10 1.25 0.65
Arg AGGH# 9 0.83 5 0.37 0.46 ||Pro CCC# 7 0.67 0.50 0.17
Asn AAU * 31 1.27 37 1.64 -0.38 ||Pro CCA# * 13 1.24 9 1.13 0.11
Asn AAC# 18 0.73 8 0.36 0.38 ||Pro CCG 2 0.19 9 1.13 -0.93
Asp GAC# 6 0.57 4 0.29 0.29 ||Ser UCU# * 24 2.57 12 1.41 1.16
Asp GAU * 15 1.43 24 1.71 -0.29 ||Ser ucc 6 0.64 8 0.94 -0.30
Cys UGU# * 4 1.60 1.33 0.27 ||Ser UCA = 7 0.75 11 1.29 -0.54
Cys uGC 1 0.40 3 0.67 -0.27 ||Ser ucG 4 0.43 7 0.82 -0.39
Gln CAA# 13 1.73 28 1.47 0.26 ||Ser AGU * 10 1.07 12 1.41 -0.34
Gln CAG 2 0.27 10 0.53 -0.26 ||Ser AGC# 5 0.54 1 0.12 0.42
Glu GAA * 35 1.63 35 1.56 0.07 ||Thr ACU# * 18 1.64 16 1.49 0.15
Glu GAG 8 0.37 10 0.44 -0.07 ||Thr ACC# 11 1.00 7 0.65 0.35
Gly GGU# * 44 2.41 26 1.58 0.84 ||Thr ACA = 14 1.27 13 1.21 0.06
Gly GGC 6 0.33 5 0.30 0.03 ||Thr ACG 1 0.09 7 0.65 -0.56
Gly GGA * 18 0.99 25 1.52 -0.53 ||Trp UGG 17 1.00 12 1.00 0.00
Gly GGG 5 0.27 10 0.61 -0.33 ||Tyr UAU =* 20 1.43 24 1.71 -0.29
His CAU =* 1.13 1.64 -0.51 ||Tyr UAC# 8 0.57 4 0.29 0.29
His CAC# 7 0.88 0.36 0.51 ||Val GUU# * 26 1.73 15 1.33 0.40
Ile AUU# 44 1.57 31 1.26 0.31 ||Val GUC 2 0.13 9 0.80 -0.67
Ile AUC * 17 0.61 16 0.65 -0.04 ||Val GUA# * 29 1.93 11 0.98 0.96
Tle AUA 23 0.82 27 1.09 -0.27 ||Val GUG 3 0.20 10 0.89 -0.69
Leu UUA# * 28 1.98 22 1.83 0.14 UAA = 4 2.40 3 1.80 0.60
Leu UUG * 18 1.27 16 1.33 -0.06 UAG 1 0.60 1 0.60 0.00
Leu CUU# * 21 1.48 16 1.33 0.15 UGA 0 0.00 1 0.60 -0.60

D n: B Number; RSCU; R [A] SRS 7 FH E Relative synonymous codon usage; ARSCU ; B AKFIR4 Y RSCU Z1H RSCU difference between

high and low expression groups. #: = #iA %% T High-expression codon (ARSCU=0.08); * :

F Termination codon.
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