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Characterization and phylogenetic analysis of chloroplast genome of
Cynanchum wallichii and Cynanchum otophyllum
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Abstract: Cynanchum wallichii and Cynanchum otophyllum belong to the genus Cynanchum in the family
Apocynaceae, and are important medicinal plants. In this study, we sequenced and assembled the chloroplast
genomes of C. wallichii and C. otophyllum, and performed a phylogenetic analysis of the structural characteristics
of their chloroplast genomes and their phylogenetic positions. The results showed that the chloroplast genomes of
both C. wallichii and C. otophyllum had a typical tetrad structure, with 133 genes annotated, and the total GC
contents of both were similar. Codon preference analysis showed that the relative synonymous codon usage in the
chloroplast genomes of C. wallichii and C. otophyllum differed slightly, but the differences were not significant,
and there was a strong A or U preference at the third codon position. In both chloroplast genomes, 91 and 103
simple sequence repeats were detected respectively, and the largest proportion of A/T type repeats. Nucleotide
polymorphism analysis showed that the nucleotide diversity of the intergenic sequences in the chloroplast genome
of genus Cynanchum were generally higher than those of the common gene sequences. A pair of primers was
designed based on the high variation region of the chloroplast genome to identify C. wallichii and C. otophyllum.
The phylogenetic analysis showed that the C. wallichii and Cynanchum thesioides were the closest relatives, while
the C. otophyllum, Cynanchum bungei and Cynanchum wilfordii formed a stable monophyletic clade within the
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genus Cynanchum, and the three species were closely related. The comparative analysis of the chloroplast genomic

characteristics and phylogeny of C. wallichii and C. otophyllum will provide a theoretical basis for the species

identification of the two plants and for the study of genetic diversity and phylogeny of the genus Cynanchum.
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FH PacBio Sequel II°F & X 2 BH AR et Jig 347 00 17, #4) 4
A BN 20 kb [ SCFE . f# FH Trimmomatic v0.39 X}
J 0t b 3 AT s i g8, i & 3K clean reads H T )5
BRI A AR R AR,

MR AEEREBEERFMFERE A GetOrganelle
v1.7.5 %F Mumina W 77 %5 4 3 47 4 2%, 53 1 H BWA
v0.7.17 ¥ B W AR e ik — AR 4 3% /7 4] L X 3] Pacbio =

Table 1 List of selected species and their informations

No. Species From Accession
1 Cynanchum wallichii This study 0Q198623
2 Cynanchum otophyllum This study 0Q928061
3 Cynanchum bungei NCBI OK271106
4 Cynanchum thesioides NCBI MW864598
5 Cynanchum chinense NCBI NC 057432
6 Cynanchum wilfordii NCBI NC_029459
7 Cynanchum wilfordii NCBI KX352467
8 Cynanchum auriculatum NCBI NC_029460
9 Cynanchum auriculatum NCBI KU900231

10 Cynanchum sibiricum NCBI 0Q390041

11 Vincetoxicum mongolicum NCBI NC 065505
12 Vincetoxicum forrestii NCBI NC 060305
13 Vincetoxicum pycnostelma NCBI OK271107

14 Vincetoxicum versicolor NCBI NC_052877
15 Vincetoxicum lindleyi NCBI NC_069945
16 Vincetoxicum hainanense NCBI NC_051946
17 Calotropis gigantea NCBI NC_041431
18 Calotropis procera NCBI NC 041440
19 Asclepias syriaca NCBI NC 022432

20 Asclepias nivea NCBI NC_022431

21 Hoya pottsii NCBI NC_042246

22 Hoya liangii NCBI NC_042245

23 Hoya thomsonii NCBI NC_067612

24 Hoya meliflua NCBI NC_069571

25 Gymnema sylvestre NCBI NC 047175

26 Pentasachme caudatum NCBI MW136321

27 Apocynum pictum NCBI NC_070061

28 Apocynum venetum NCBI NC_053902

29 Nerium oleander NCBI NC_ 025656
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FERNTT EZAE N [0 9 43 FEASEAT PCR SEB KIE (R 2)o
i 126t rps16-trnQ-UUG ¥ 3 A J T % 52 B WA el 7k
MEHFEZ. rpsl6-trnQ-UUG 7 51519 (F: 5'-ATTG
GTTTGTAGACATCGTA-3', R: 5'-TAAAGTCTAATGT
TAGCTGGA-3") i b4 TAY) TRA R A F 4.
PCR ¥ #8K F 25 pL Jx N.AK &, 345 2xEasyTag” PCR
SuperMix (AL X E EWHARAR A ) 12.5 uL, k=
TUFEIY (2.5 umol- L) % 1 L, DNA#i4) 2 uL, ddH,0
8.5 uL. H HEFEF: 94 °C T A 1% S min; 94 °C7E %
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Table 2 Samples used to verify the specific DNA barcode

. Sample .
Species part Number Sample No. Location
C. wallichii Leaf BGTA-B Baoshan, Yunnan
C. otophyllum  Leaf QYSA-B Lijiang, Yunnan

C. auriculatum  Root FHCR Fenghuang, Hunan
FHAS, FHBS Fenghuang, Hunan

FHAL, FHBL Fenghuang, Hunan

C. auriculatum  Stem

NN = NN

C. auriculatum Leaf
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Table 3 Composition and characteristic of chloroplast genome in C. wallichii and C. otophyllum

Speci Genome LSC IR SSC
ecies
P Length/bp G+C/% Length/bp G+C/% Length/bp G+C/% Length/bp G+C/%
C. wallichii 159 808 37.87 90 901 36.15 23982 43.70 20943 31.92
C. otophyllum 161 050 37.79 92 009 36.13 24 604 43.21 19 833 32.01
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Figure 1 Map of chloroplast genome of C. wallichii and C. otophyllum
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Table 4 List of annotated genes in C. wallichii and C. otophyllum chloroplast genome. “Indicates that it contains two copies of genes

Category Gene group Gene name Number
Gene for Photosystem 1 psad, psaB, psaC, psal, psaJ 5
photosynthesis ~ Photosystem II psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK, psbL, psbM, 15

psbN, psbT, psbZ
Cytochrome b/f complex petd, petB, petD, petG, petL, petN 6
NADH dehydrogenase ndhA, ndhB*, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK 12
Subunits of ATP synthase atpA, atpB, atpE, atpF, atpH, atpl 6
Rubisco large subunits rbel 1
Self-replication Lange subunits of ribosome rpl2°, rpll4, rpll6, rpl20, rpl22, rpl23°, rpl32, rpl33, rpl36 11
Small subunits of ribosome rps2, rps3, rpsd, rps7°, rps8, rpsll, rps12°, rpsl4, rps15, rpsl6, rps18, rps19 14
RNA polymerase rpoA, rpoB, rpoCl, rpoC2 4
Ribosomal RNA genes rrnd.58°, rrn5S°, rrnl6S°, rrn238° 8
Transfer RNA genes trnd-UGC*, trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnfM-CAU, trnG- 37
GCC, trnG-UCC, trnH-GUG, trnl-CAU", trnl-GAU", trnK-UUU, trnL-CAA®,
trnL-UAA, trnL-UAG, trnM-CAU, trnN-GUU", trnP-UGG, trnQ-UUG, trnR-
ACG®, trnR-UCU, trnS-GCU, trnS-GGA, trnS-UGA, trnT-GGU, trnT-UGU,
trnV-GAC®, trnV-UAC, trnW-CCA, trnY-GUA
Other genes Protease clpP 1
Maturase matK 1
Translation initiation factor infA 1
Envelop membrane protein cemA 1
Subunits of acety-CoA-carboxylase accD 1
C-type cytochrome synthesis cesA 1
Unknow gene  Hypothetical chloroplast reading frames ycf1®, ycf2*, yef3, ycf4, yef15* 8
Total 133
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Figure 2 Relative synonymous codon usage (RSCU) of C. wallichii (A) and C. otophyllum (B). The lower box represents all codons

encoding each amino acid; the height of the upper column represents the sum of RSCU of all codons; the height of the column represents the

RSCU value of each codon
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Figure 3 Simple sequence repeat (SSR) analysis of chloroplast genome of C. wallichii and C. otophyllum

JLB

4bp
Cynanchum wilfordii 91 995 bp I

JSB JSA

ndhF S 653 bg 377 377bp
i >

24 658 bp

161 241 bp 4 Pyefl _|__809 bp trnN (D2 H
] @P i) “377op] 260 211bp a s B
Cynanchum wallichii 90 901 bp. [[2231982'6p 120 943 bp 723 982 bp]
159 808 bp 14bp ﬁ}nﬂ
166 bp trnN 1 bp
Cynanchgm thesioides 91162 bp " 24645 b [[18'862'6p 24 645 by
159314 N 1366 by
P 4b Nefl 329%@ ndhF o1 P N Ll
Cynanchum sibiricum 91322 bp Iy 689 bp 19713 6p 2246895
160 413 bp 8 bp R | mi’ -
E . 155 bp mﬁzF L 5653bp,377bp iy Thp e
Cynanchum otophyllum 92009bp 24 604 bp_ 19833 bp‘ 24 604 by
161 050 by mﬁmm&l [ 2 |
P 4 bp 377 bp\ F08bp pdhF bp 1N S

pl22
Cynanchum chinense 89 958 bp

T bp R

158 615 bp

24 621 bﬁ.
1bp l

7 bp

8 bp
91 847 bp

Cynanchum bungei

I

24 482 bp|

ndhF  ycfl 1115 by
1 FF“ _H1pbe
19761 bp

24482bp I

160 572 bp

A v o Tt i 5 47Lbp 358 bp by o
yefl 5 858 b p
Cynanchum auriculatum 91973 bp _ 24 600 bp [[719 667 bp [[224°600 bp

160 840 bp

rpl2
383 bp| 394 bp

trn.
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Figure 5 Sequence identity among the chloroplast genomes of eight species from Cynanchum, with C. auriculatum as reference
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Figure 6 Comparison of nucleotide diversity (Pi) value for gene regions and intergenic spacer regions among eight species in Cynanchum.

A shows the nucleic acid polymorphism analysis of gene regions, and B shows the nucleic acid polymorphism analysis of intergenic spacer
regions
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