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Abstract; The codon usage bias of chloroplast genomes of 24 Lonicera Linn. materials were analyzed by
using softwares including CodonW1.4.2 and SPSS 22.0, and a phylogenetic tree was constructed based on
the chloroplast genome sequences. The results show that the GC content of 1 314 protein-coding genes in
chloroplast genomes of 24 Lonicera materials is 38.7%, and the GC content at the third base position of
codon (GC;) is the lowest, which is only 31.4% , indicating that their codons prefer to end with A or U;
1 314 genes are divided into 5 categories based on gene function, and each category shows specific codon
characteristics ; the effective number of codon (ENC) of chloroplast genomes of 24 Lonicera materials is
50.2, indicating that the codon usage bias is relatively low. The codon adaptation index ( CAI), codon
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bias index (CBI), and frequency of optimal codon ( FOP) show significant or extremely significant
correlations with GC, value, total GC content (GC,, ), and GC content at the third base position of
synonymous codon (GC,,), indicating that the base composition of the third base position of codon has a
great influence on gene expression. The neutral mapping, PR2-plot, ENC-plot, and correspondence
analysis results show that the factors affecting codon usage pattern are not single, and natural selection
plays a dominant role, while mutation pressure plays a secondary role. Based on relative synonymous
codon usage (RSCU) and RSCU difference between high and low expression groups (ARSCU) , 29 high
frequency codons and 18 optimal codons are identified in total, and most of them end with A or U. The
phylogenetic analysis result shows that 24 Lonicera materials can be clustered into one branch, and the
evolution among each species is similar and their genetic relationships are relatively close. The
comprehensive analysis result shows that the codon usage bias of chloroplast genomes of 24 Lonicera
materials is low and they are rich in A or U, and they are under dual influences of natural selection and
mutation pressure, in which natural selection plays a major role.

Key words: Lonicera Linn.; chloroplast genome; codon usage bias; natural selection; mutation pressure
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Table 1 Basic information of chloroplast genomes of 24 Lonicera
Linn. materials"
] R G
Material hp ccession n, ny
number
B4 L. japonica 155078  KJ170923.1 130 55
P& L. japonica 155 060 MH028738.1 130 57
SARZA L. maackii 155 318  NC_039636.1 130 57
SR B4 L. maackii 155 318 MH028741.1 130 57
KL L. macrantha 154 897  MH579750.1 130 55
KAEB A L. macrantha 155515 MW493344.1 129 56
RAEZ A L. macrantha 155 126 MW795592.1 123 51
LIk B A4 L. nervosa 154 862  MK176510.1 128 55
LK Z 4 L. nervosa 154 862 NC_040961.1 128 55
YEEEHA L. similis 155207 MZ241297.1 121 51
HH ER A L similis 155 463  MW970104.1 129 56
FEM B4 L. tragophylla 155545  MG738667.1 128 54
FE 24 L. tragophylla 155545 NC_037953.1 128 54
R B4 L. ferdinandi 154 513 MK176512.1 128 55
B B4 L. ferdinandi 155 182  MH028743.1 128 55
BB L maximowiczii 155 123 MH028742.1 130 57
LA L. maximowiczii 155 584 MN986996. 1 129 55
W24 L. hispida 154 553 MK176511.1 128 54
KAZA L ruprechtiana 154 611  MW296954.1 131 57
TER A L. stephanocarpa 155 056 MG738668. 1 128 55
HIERAAE L. tatarica 154 677 MW340876.1 131 55
B 24 L. confusa 155 157  MW795591.1 123 51
BAEZAE L. praeflorens 154 892 MH028740.1 130 56
R B4 L. acuminata 155249  MZ241298.1 119 51

D1, FEHAKE Length of genome; ny: JFUIA S F 5150 Number of
original coding sequence; n, : W HU 2 B ) 41 % Number of selected

coding sequence.
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Table 2 GC content in protein-coding genes of chloroplast genomes of 24 Lonicera Linn. materials (X+SD)!

FEH GO FE/% || N GCTE/% || HEH GCHER/% || N GCHFE/% || N GCEHE/% || N GCER/%
Gene GC content Gene GC content Gene GC content Gene GC content Gene GC content Gene GC content

PRG ndhE 33.320.3 psaA 43.1+0.1 pl2 41.8+0.2 rpsd 39.4£0.1 yef2 38.7+0.1
atpA 41.0+0.1 ndhF 32.5+0.1 psaB 41.2+0.2 pl20 38.1+0.2 ps7 38.5+0.2 ¥ef3 37.5+0.1
aipB 42.9+0.1 ndhG 35.7+0.3 psbA 42.6+0.1 pl22 35.8+0.2 ps8 36.2+0.3 yef4 39.1+0.2
aipk 40.60.1 ndhH  38.7+0.1 psbB 44.6+0.2 mpsll 46.0+0.3 || SRRG HABIEH Other genes
atpF 35.9+0.2 ndhl 35.5+0.1 psbC 43.9+0.1 rpsi2 40.4+0.0 rpoCl 38.5+0.1 aceD 41.8+1.2
atpl 38.1+0.1 ndh]J 40.0+0.3 psbD 43.2+0.1 rpsl4 42.7+0.3 rpoC2 38.2+0.1 cesA 32.9+0.2
ndhA 34.1+0.1 ndhK 39.1+0.1 rbcL 45.0+0.2 rpsl6 35.6+0.3 rpoA 36.2+0.8 cemA 34.5+0.2
ndhB 37.7+0.1 petA 40.6+0.2 RPRG rpsl8 35.8+0.4 rpoB 39.7+0.1 clpP 42.9+0.2
ndhC 36.5+0.2 petB 38.0+1.3 pl14 41.4+0.2 ps2 38.7+0.2 yef A yef genes matK 35.1+0.2
ndhD 36.2+0.0 petD 38.1+0.3 pl16 36.0£2.5 ps3 33.4+0.2 yefl 32.2+0.3

DPRG: YeAEHMIIIERN Photosynthesis related genes; RPRG: # MRS FIAIIEEEN Ribosomal protein related genes; SRRG: [ & HilAHSEHE

Self-replicating related genes.

£33 UNBEEHRMEEERATE AR R OB EERMNRIEFE

Table 3 Base composition and expression characteristics of different functional genes of chloroplast genomes of 24 Lonicera Linn. materials')

YIREFE A Functional gene GC/% GCy/% GC3/% GCy/% GCy/%  ENC CAI CBI FOP
Fe B AEFAHIEFLF Photosynthesis related genes 47.4 39.1 31.2 39.2 28.1 49.8 0.18 -0.08 0.36
AR ZE AR 524 Ribosomal protein related genes 443 413 30.8 38.8 28.4 49.4 0.16 -0.07 0.37
93052 HIAE 2 FE D Self-replicating related genes 46.5 38.0 30.2 38.2 28.2 50.8 0.15 -0.15 0.33
yef #H yef genes 41.5 36.6 34.4 37.5 31.9 52.2 0.16 -0.12 0.35
HAhFH Other genes 43.0 34.2 33.0 36.7 29.8 52.6 0.16 -0.15 0.32
EUE Overall 45.6 39.1 31.4 38.7 31.4 50.2 0.17 -0.09  0.36

I)GCI . RS 1SRN BN GC &4k GC content at the first base position of codon; GC,: WAL 5 2 ML B Y GC A it GC content at the
second base position of codon; GCj: WAL THE 3 BRI B A GC & GC content at the third base position of codon; GC, : L GC &4 Total GC
content; GCs, : [F] LS T5 3 B E 1) GC & GC content at the third base position of synonymous codon; ENC: A %% 1% T 4L Effective
number of codon; CAIL: #§5%F i N #8%L Codon adaptation index; CBI; %1% F 354X Codon bias index; FOP; fth @& IR Frequency

of optimal codon.
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Fig. 1 Gene distribution of chloroplast genomes of 24 Lonicera Linn.
materials at different GC content levels
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Table 4 Correlation analysis of related indexes of codon usage bias of chloroplast genomes of 24 Lonicera Linn. materials!

Fek FFEZREL  Correlation coefficient

Index GC, GC, GG, GCy GC;, ENC CAI CBI FOP
GC, 1.000

GC, 0.316 # 1.000

GCy —0.266 ** -0.063 * 1.000

GCy, 0.702 = 0.724 % 0.266 * * 1.000

GCs, —0.321 #:x -0.076 #* 0.976 == 0.209 == 1.000

ENC —0.152 = =0.304 =3 0.410 = -0.034 0.394 =% 1.000

CAIL 0.499 0.135 ** =0.072 #=* 0.364 ** =0.157 =% -0.018 1.000

CBI -0.044 0.014 =0.174 == =0.100 = —0.158 =% =0.205 == -0.027 1.000

FOP 0.331 =*x= 0.346 == 0.070 = 0.425 == 0.058 = =0.097 = 0.614 == =0.374 = 1.000

DGC, . T 1 BIENIE M GC & GC content at the first base position of codon; GC,: T4 2 B/ B 1Y GC & GC content at the
second base position of codon; GC;: B F4 3 BRFENLE 1Y GC & 1 GC content at the third base position of codon; GC,;: & GC ¥ &t Total GC
content; GCs,: [7) SRS -5 3 B IE B Y GC & & GC content at the third base position of synonymous codon; ENC: A WUB IS T4 Effective
number of codon; CAI; SR 55 W F5 %% Codon adaptation index; CBI: EH TR I35 %% Codon bias index; FOP . AT B i A R Frequency

of optimal codon. * ; P<0.05; *% , P<0.01.
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Fig. 2 Neutral mapping analysis on chloroplast genomes of 24
Lonicera Linn. materials
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Fig. 3  PR2-plot analysis on chloroplast genomes of 24 Lonicera
Linn. materials

TRzs , B 280040 FhrE i 26T Jr, Ui B 5L i) 25 5
Tl R A PE £ A2 (AR BERE I RE I, o3BT A RO
W (ENC) FoAE BB or A & B, 621 LB (4
I 47.3% ) 434 7E[ -0.05,0.05) , B4 693 P IEP (5
Eb 52.7%) ¥ 43 A #E X A F AR, BEOUL 2R (A
(ENC,,,) SWIFHE(ENC,,, ) 22 5800, Wi ] B 4R 3%
FEXT 24 13 24 JE AR SRR BE PR A 1 %505 1 o8 FH O
SRR BT R, 28748 R ) I BT RA /N

0 20 40 60 80 100
GC, /%

GCs, : [F] SUERSTF45 3 BN B Y GC & GC content at the third base
position of synonymous codon; ENC: B BT %L Effective number of
codon.

B4 24 4 2EEMRITEEEELZA ENC-plot 5347
Fig. 4 ENC-plot analysis on chloroplast genomes of 24 Lonicera
Linn. materials
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Table 5 Distribution of ratios of effective number of codon ( ENC)

in chloroplast genomes of 24 Lonicera Linn. materials
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Fig. 5 Axis contribution rate of correspondence analysis on chloroplast genomes of 24 Lonicera Linn. materials
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Fig. 6 Correspondence analysis on chloroplast genomes of 24 Lonicera Linn. materials
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RSCU Z={H ( ARSCU ) X I £ 1 Ji PR 4 e 0 8 0 1 it ) UUA B RSCU fH (1.73) & H 7] L% %+ CUG
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Table 6 Relative synonymous codon usage (RSCU) in chloroplast genomes of 24 Lonicera Linn. materials

55 g % I’ FL IS
ikr%r% iy Bt RSCU %r%r% wis T Bk RSCU ﬁfﬁf T ik RSCU
acid Codon Number acid Codon Number acid Codon Number
Ala GCU 12 927 1.63 Arg CGU 7379 1.48 AUA 15 664 0.95
GCC 5162 0.73 CGC 2319 0.43 Val GUU 11 931 1.47
GCA 8516 1.12 CGA 8 538 1.27 GUC 4336 0.51
GCG 3697 0.52 CGG 3269 0.43 GUA 11 499 1.43
Tyr UAU 17 724 1.51 AGA 12 597 1.60 GUG 5203 0.60
UAC 5 386 0.42 AGG 5905 0.78 Ser UCU 14 086 1.61
His CAU 11 716 1.50 Gly GGU 12 113 1.25 ucc 8171 1.01
CAC 3530 0.60 GGC 4 551 0.45 UCA 9 109 1.14
Gln CAA 15 997 1.55 GGA 14 928 1.50 ucG 4 698 0.51
CAG 5 830 0.45 GGG 8 482 0.81 AGU 9512 1.31
Asn AAU 22 070 1.45 Phe uuu 23 168 1.35 AGC 3586 0.42
AAC 7 833 0.51 uucC 13 724 0.66 Pro CCU 9 487 1.33
Lys AAA 24 300 1.41 Leu UUA 17 781 1.73 CcCC 4 883 0.73
AAG 10 620 0.55 uuG 14 080 1.34 CCA 7 926 1.20
Asp GAU 21214 1.55 CUU 13 822 1.22 CCG 3788 0.59
GAC 5363 0.45 cucC 5612 0.50 Thr ACU 5905 0.78
Glu GAA 23 126 1.44 CUA 9 470 0.84 ACC 9512 1.31
GAG 10 356 0.53 CUG 4255 0.38 ACA 15 664 0.95
Cys UGU 5312 1.29 Ile AUU 23 271 1.44 ACG 10 952 0.61
uGC 2911 0.55 AUC 10 952 0.61
R7T URBRERHHHEEERARRKZBFHH
Table 7 Optimal codon analysis on chloroplast genomes of 24 Lonicera Linn. materials"
FERRIRA iESryil [HESu i fkikad
%EM T High :T)(()};I:bblon Low ;::‘)J;bblon ] fﬁgm i High ?::mbbwn Low C:([)):"Cbblon
mino & ARSCU || Amino sroup group ARSCU
acid Codon P e acid Codon P v
Number RSCU Number RSCU Number RSCU Number RSCU
Ala GCU 233 0.90 334 1.71 -0.81 GAC 0 0.00 210 0.54 -0.54
GCC 197 0.76 154 0.79 -0.03 Glu GAA 294 1.44 675 1.43 0.01
GCA 523 2.02 155 0.79 1.23 GAG 113 0.56 267 0.57 -0.01
GCG 82 0.32 137 0.70 -0.38 Cys UGU 34 2.00 320 1.31 0.69
Tyr UAU 212 1.25 561 1.32 -0.07 uGC 0 0.00 170 0.69 -0.69
UAC 127 0.75 289 0.68 0.07 Arg CGU 497 3.03 133 0.48 2.55
His CAU 99 1.19 409 1.55 -0.36 CGC 48 0.29 38 0.14 0.15
CAC 68 0.81 119 0.45 0.36 CGA 192 1.17 294 1.05 0.12
Gln CAA 285 1.89 364 1.11 0.78 CGG 0 0.00 299 1.07 -1.07
CAG 17 0.11 292 0.89 -0.78 AGA 240 1.46 543 1.95 -0.49
Asn AAU 212 1.38 698 1.27 0.11 AGG 6 0.04 366 1.31 -1.27
AAC 96 0.62 400 0.73 -0.11 Gly GGU 164 1.05 265 0.94 0.11
Lys AAA 881 1.66 1 007 1.43 0.23 GGC 48 0.31 116 0.41 -0.10
AAG 178 0.34 398 0.57 -0.23 GGA 289 1.86 371 1.32 0.54
Asp GAU 305 2.00 562 1.46 0.54 GGG 121 0.78 371 1.32 -0.54




20 B % IS O 5 R 532 %
£R7 Table 7 ( Continued)
[SESuY:| Rkl [HESuY | Rk A
ﬁ%mﬁ i High ;:(()[;r;sswn Low ;i})ﬁ;ssmn ) %mﬁ T High ;};[;tssmn Low ;:([))J;ssmn ‘
A;:So Codon — — ARSCU A;l;gu Codon _ g — ARSCU
szfnfer RSCU Nﬁnfer RSCU Na:&mfer RSCU N?fnfer RSCU
Phe uuu 286 1.38 605 1.10 0.28 Ser UCU 65 0.54 397 1.51 -0.97
vuc 127 0.62 494 0.90 -0.28 ucc 198 1.65 209 0.79 0.86
Leu UUA 393 2.27 468 1.28 0.99 UCA 131 1.09 320 1.21 -0.12
uuG 176 1.02 440 1.21 -0.19 UCcG 116 0.96 128 0.49 0.47
CUU 216 1.25 324 0.89 0.36 AGU 195 1.62 231 0.88 0.74
CUC 82 0.47 326 0.89 -0.42 AGC 17 0.14 297 1.13 -0.99
CUA 99 0.57 452 1.24 -0.67 Pro CCu 17 0.20 230 1.03 -0.83
CUG 72 0.42 179 0.49 -0.07 CcCcC 113 1.32 188 0.84 0.48
Tle AUU 509 1.75 785 1.14 0.61 CCA 156 1.82 292 1.31 0.51
AUC 17 0.06 587 0.85 -0.79 CCG 56 0.65 185 0.83 -0.18
AUA 345 1.19 697 1.01 0.18 Thr ACU 356 3.02 360 1.44 1.58
Val GUU 311 2.07 293 0.91 1.16 ACC 0 0.00 249 1.00 -1.00
GUC 34 0.23 213 0.67 -0.44 ACA 99 0.84 230 0.92 -0.08
GUA 205 1.36 432 1.35 0.01 ACG 17 0.14 162 0.65 -0.51
GUG 51 0.34 343 1.07 -0.73

DRSCU . AHX}A] L2615 F i FHJ¥ Relative synonymous codon usage; ARSCU: i k#3520 A9 RSCU 2% {H RSCU difference between high and low

expression groups.
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Fig. 7 Phylogenetic tree of chloroplast genome sequences of 24 Lonicera Linn. materials
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