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Evolutionary analysis of chloroplast genomes of Sect. Isika (Lonicera) species
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Abstract: Objective To explore the characteristic of chloroplast genomes and phylogenic relationship of 16 species of Sect. Isika (Lonicera).
Methods The codon usage bias parameters of 16 Sect. Isika plants were analyzed by CodonW, EMBOSS, and Excel. Comparative analysis
of chloroplast genome was performed using IRscope, mVISTA and DNAsp. And the phylogenetic tree was constructed by PhyloSuite using
maximum likelihood method and Bayesian method. Results The results showed that the ENC values were 46.54—47.37, all of which were
greater than 35, indicating a weak codon bias. The GCan content ranged from 38.92% to 39.22%, all values being less than 40%, which revealed
a clear A/U bias as well as GC1>GC2>GC:s pattern, and the third position of codon tends to use A/U base. Through the analysis of neutrality
plot, ENC-plot and PR2-plot, it was determined that natural selection was the primary factor influencing codon usage bias. Seven optimal
codons of 16 Sect. Isika plants were screened out, and the third position of the codons all ended with A/U. The ycf1 pseudogenes were found
inall 16 Sect. Isika plants. The IR boundaries were conserved, with little difference. The variable regions were mainly in the non-coding regions
and the nucleotide polymorphism of the single-copy region was greater than that of the inverted repeat region, and there were more variable
sites. The results of phylogenetic analyses showed that the phylogenetic positions of the species within the safflower subgroup and the purple
flower subgroup differed from those of Flora Reipublicae Popularis Sinicae. Conclusion Factors affecting the codon bias of Sect. Isika
(Lonicera) were revealed. By combining comparative chloroplast genome analysis and phylogenetic analysis, the study could enhance the
understanding about evolutionary and adaptive mechanisms of this genus.
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Fig.1 Chloroplast genome map
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Table 1 Gene of chloroplast genome in L. ligustrina var. pileata
H LSSl A
HAEEHERX HRAI psaA~ psaB. psaC. psal. psaJ
HRAI psbA. psbB. psbC. psbD. psbE. psbF. psbH. psbl. psbJ. psbK. psbL-
psbM. psbN. psbT. psbZ
NADH Sk J5 i 522 A ndhA*s ndhB*Q2)« ndhC- ndhD- ndhE. ndhF. ndhG. ndhH. ndhl. ndhJ.
ndhK
IR b/f B A1k petd. petB*. petD’. petG. petL. petN
ATP i atpA~ atpB. atpE. atpF". atpH. atpl
T ERRAL IR R A RIS rbel
HILEHIER R e R rpll4. 1pll6*s rpl2*(2)s mpI20 rpl22+ rpl23+ rpl32. rpl33. rpl36
TR /N3 rpslls rps12™(2) rpsl4. rpsl5< rpsl16”s rpsl18< rpsl19< rps2 rps3. rpsd.
rps7(2)~ rps8
RNA KA rpoA~ rpoB. rpoCIl*. rpoC2
1z HER RNAs rrnl6(2)~ rrm23(2)~ rrn4.5(2)~ rrm5(2)
32 RNAs trnA-UGC"(2)~ trnC-GCA~ trnD-GUC~ trnE-UUC~ trnF-GAA. trnG-GCC-
trnG-UCC"*~ trnH-GUG"~ trnl-CAU(2)- trnl-GAU"(2)~ trnK-UUU". trnL-
CAAQ2)~ trnL-UAA"~ trnL-UAG~ trnM-CAU. trnN-GUU(2). trnP-UGG-
trnQ-UUG~ trnR-ACG(2)~ trnR-UCU. trnS-GCU. trnS-GGA~ trnS-UGA-
trnT-GGU. trnT-UGU~ trnV-GAC(2)~ trnV-UAC"~ trnW-CCA~ trnY-GUA-
trnfM-CAU
HoAh LR A B matK
HEN clpp
(ENS 4 S PP cemA
C HBIYHM 8 R A LN cesA
LSS S S infA
RANERH 1B I S A [ A yefl yef15(2)~ yef2(2) yef3™\ ycf4
SNETHN L 2N ET N2 (): 28 IUER, n ¥ L

*-contains an intron; *-containing two introns; (n): multi copy gene, n is copy number.
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Table 2 Codon characteristics of 16 Sect. Isika chloroplast genome

) NCBI 5% 5 GCa/% GC1/% GC2/% GC3/% GC3s/% ENC
MIBAL OR146745 39.15 47.68 39.74 30.04 30.09 47.13
SR NC064373 38.99 47.48 39.45 30.07 30.08 47.36
E YIRS NC050941 39.20 47.78 39.82 29.99 30.03 46.81
TILAA MW801018 39.04 47.63 39.57 29.91 29.97 46.84
AN SRS NC040961 39.04 47.63 39.57 29.91 29.95 46.84
LS| FER S MN524606 39.15 47.74 39.82 29.90 29.95 47.02
s R4 NC058578 39.05 47.54 39.71 29.89 29.94 47.01
RIEA4 NC039635 39.04 47.49 39.61 30.04 30.06 47.02
R4 MN524603 39.05 47.39 39.46 30.31 30.32 47.34
B B4 MW242825 39.22 47.79 40.09 29.77 29.84 46.55
JEE R A OP388440 39.07 47.60 39.56 30.03 30.04 47.37
IPNFERS OP388441 38.92 47.49 39.47 29.80 29.84 47.17
THEMHRA NC064932 39.09 47.75 39.68 29.85 29.88 47.18
WRAL OP345475 39.04 47.48 39.71 29.92 29.97 47.02
ZIESFSES MN524605 39.16 47.64 39.91 29.94 29.99 47.09
TERBL NC037954 39.17 47.83 40.21 29.48 29.57 46.54
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LI (1) RSCUS 1 BRI AR - P 5 235 6
THCH 29 /> RSCU 1B fi =i 1 9 i AS 20K (1) 2 1
T AGA. L7 RSCU=2 I, HHsRMmiFE,
RALM AGA %51 RSCU N 2.07>2, FALZ
% RSCU 154 2.00=2, UiHHIX 2 MIRA M8 1)
RiFrE. K50 AU S5 RINA 24 A, Ui Rl
FFmIEE R AU 258, IR EH G/IC 452
(11 G £y 25 RS 1

3.2.6 EALEMT T MRHE RSCU (H M AL
¥ (58 3), 16 MEEHED SN ELTNT 15
AN HERBZ) ~194 GERZBL. RIBELMT
AL 2l &R s ELH 74,
I3 CGA R ER) . UGU CEVERER ). CAA (5
MEfEER ). GGU (H&MR ). UUA CGEEIR). AAA
BRI ) GUA CRER), 12 3 il A/U
SR, HHEM AU .

33 MERAEERMBELER S

331 JFAIER AT CASENE A Sk 4 gk
A FHNENSH, Xt 16 FhIEE HmYfH 444k
FRHBATHEN (B 6). 45 REH, gafdX (Exon)
72 BN, FLBE R A BSORHE B I 0 AR R 28 2  +
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Fig. 2 Analysis of neutrality plot 16 Sect. Isika species

rpl32-trnH-GUG M trnN-GUU-ycf1 4 FEH [A]F@ X .

332 WA MR REAKEEREN (O
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74~286 bp. #ME A%, S LU FILALW
JSB W1 FAE ndhF HE R 9, AR PR 5L R BE
JSB (SSC/IRb) #H 5~151 bp. PUJI| 2 &5 N
B, rps15 FERALT SSC XN, #H JSB S 132 bp,
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U4y AR — 85, (HIE IR K i 5 B S R
BEMAEAR. JLA (LSC/IRa) A5 onH FEH K
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b AR T R S A
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Fig.3 Analysis of ENc and GCs relationship 16 Sect. Isika species
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Table 3 Optimal codon analysis of 16 Sect. Isika species

i BIENT M
BWBL  GCU,CGA, UGU, CAA, GAA, GGU, AUU, CUA, UUA, AAA, CCA, CCU, UCA, ACU, UAU, GUA, GUU 17
BRZL  GCU,AGA, CGA, CGA, UGU, CAA, GAA, GGU, AUU, CUA, UUA, AAA, UUC, CCU, UCU, ACU, GUA, GUU 17
WEZL  GCU, CGA, CGA, UGU, CAA, GAA, GGU, AUU, CUA, UUA, AAA, UUC, CCU, UCU, ACU, UAU, GUA, GUU 17
TILZ&X  GCU, CGA, CGA, UGU, CAA, GAA, GGU, AUU, CUA, UUA, AAA, UUC, CCU, UCU, ACU, UAU, GUA, GUU 17
EE%E% GCU, AGA, CGA, CGA, UGU, CAA, GAA, GGU, AUU, CUA, UUA, AAA, UUC, CCA, CCU, ACU, UAU, GUA, GUU 18
Py GCU, AGA, CGA, CGA, UGU, CAA, GAA, GGU, AUU, CUA, UUA, AAA, UUC, CCU, UCC, ACU, UAU, GUA, GUU 18
Wrift X GCU,AGA, CGA, CGA, UGU, CAA, GAA, GGU, CUA, UUA, AAA, UUC, CCU, UCC, ACU, UAU, GUA 16
EBHEL  GCU,AGA, CGA, CGA, UGU, CAA, GAA, GGU, AUU, CUA, UUA, AAA, UUC, CCU, ACU, GUA, GUU 16
BEHAL  GCU,AGA, CGA, CGA, UGU, CAA, GGU, CUA, UUA, AAA, CCA, CCU, AGU, ACA, ACU, GUA 15
HILBAL  GCA,AGA, CGA, CGA, UGU, CAA, GAA, GGU, CAU, AUA, UUA, UUG, AAA, UUU, UCC, ACA, UAU, GUA 17
kB4 GCU,AGA, CGA, CGA, UGU, CAA, GGU, CUU, CUA, UUA, AAA, CCA, CCU, UCA, UCU, ACU, GUA 16
HRZL  GCU,AGA, CGA, CGA, UGU, CAA, GAA, GGU, AUU, CUA, UUA, AAA, CCA, CCU, UCU, ACC, ACU, UAU, GUA, GUU 19
NMIEZL  GCU,AGA, CGA, CGA, UGU, CAA, GAA, GGU, AUU, CUA, UUA, AAA, CCA, CCU, UCU, ACC, ACU, UAU, GUA, GUU 19
THEMAL  GCA, GCU,AGA, CGA, CGA, UGU, CAA, GGU, CAU, AUA, UUA, UUG, AAA, UUU, CCU, UCA, UCC, ACC, UAU, GUA 19
HERL  GCA,AGA, CGA, CGA, AAU, UGU, CAA, GAA, GGU, CAU, AUA, UUA, AAA, UUU, CCC, UCC, ACA, UAU, GUA 18
JEEZL  GCA,AGA, CGA, CGA, UGU, CAA, GAA, GGU, CAU, AUA, UUA, AAA, UUU, UCC, ACA, UAU, GUA 16

TRIZA 16 DMFEAWMICH WRRETT .

The underlines represent the optimal codons shared by the 16 Sect. Isika species.
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Fig. 6 Comparison of chloroplast genome sequences of 16 Sect. Isika species
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