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Abstract: Cirsium souliei (Asteraceae) is a perennial medicinal herb of Cirsium with important medicinal and
ecological values. Here, we sequenced the complete chloroplast (cp) genome of C. souliei based on high-throughput
sequencing technology, then assembled and annotated it, and analysed the structure and characteristics of the cp
genome. The result indicated that the cp genome of C. souliei was a typical quadripartite circular structure of
152 470 bp in length, and GC content was 37.7%. The cp genome of C. souliei encoded 134 genes, including 89
protein-coding genes, 37 tRNA genes and 8 rRNA genes. Meanwhile, we detected 188 simple sequence repeats
(SSR) loci in the cp genome, which were mainly composed of mononucleotide repeats. Codon bias analysis
showed that leucine (Leu) was the highest amino acids with frequency (10.51%), and there were 30 codons with
the value of relative synonymous codon usage (RSCU) above one, of which mostly ended with A/U. Additionally,
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the result from phylogenetic analysis based on 46 cp genomes of Carduoideae showed that C. souliei and C. vulgare
were sister species, and had the closest relationship with 100% bootstrap within Cirsium. This study provides
theoretical basis for future studying genetic diversity, population genetic structure, systematics and evolution, and

speciation mechanism.
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Figure 1 Circularized map of the chloroplast genome of C. souliei
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Table 1  Gene annotation of the chloroplast genome of C. souliei. "Present an intron and two introns in protein-coding genes, respectively;
‘Presents duplicated genes

Gene category Gene group Gene name
Genes for photosynthesis Subunits of photosystem | psaA, psaB, psaC, psal, psaJ
Subunits of photosystem |1 psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK, psbL, psbM,

psbN, psbT, pshZ
Subunit of cytochrome b/f complex  petA, petB, petD, petG, petN, petL

Subunits of ATP synthase atpA, atpB, atpE, atpF?, atpH, atpl
Subunits of NADH dehydrogenase  ndhA, ndhB™, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK
Large subunit of Rubisco rbcL

Self-replication DNA dependent RNA polymerase rpoA, rpoB, rpoC1? rpoC2
Small subunit of ribosome rps2, rps3, rps4, rps7¢, rps8, rpsll, rpsl2°, rpsl4, rpsis, rpsls6, rpsls8, rpsl9
Large subunit of ribosome rpl2®, rpl14, rpl162 rpl20, rpl22, rpl23°, rpl32, rpl33, rpl36
Transfer RNA gene trnA-UGC"™, trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnG-GCC, trnG-

UCC?, trnH-GUG, trnl-CAUS, trnl-GAU™, trnK-UUU?, trnL-CAA, trnL-UAA?,
trnL-UAG, trnfM-CAU, trnM-CAU, trnN-GUU°, trnP-UGG, trnQ-UUG, trnR-
ACG", trnR-UCU, trnS-GGA, trnS-GCU, trnS-UGA, trnT-GGU, trnT-UGU,
trnV-GAC®, trnV-UAC?, trnW-CCA, trnY-GUA

Ribosomal RNA gene rrn4.5° rrn5°%, rrnl6°, rrn23°
Translation initiation factor infA

Other genes Maturase matK
Envelop membrane protein cemA

c-Type eytochrome synthesis gene  ccsA
Submit of acetyl-CoA-carboxylase  accD
ATP-dependent protease subunit P clpP®
Genes of unknown function  Conserved open reading frame ycfl, yef2®, yef3®, ycf4, yefl5, ycf6s

Table 2 Relative synonymous codon usage of each amino acid in C. souliei. "Represents termination codon

Amino acid Codon Number RSCU Ratio Amino acid Codon Number RSCU Ratio
Phe uuu 935 1.29 5.68% Ala GCU 606 1.77 5.37%
uucC 511 0.71 GCC 213 0.62
Leu UUA 824 1.85 10.51% GCA 399 1.17
UuG 569 1.28 GCG 149 0.44
Cuu 571 1.28 TER" UAA 38 1.58 0.28%
cucC 173 0.39 UAG 18 0.75
CUA 363 0.81 UGA 16 0.67
CUG 177 0.40 His CAU 465 1.54 2.37%
lle AUU 1049 1.46 8.48% CAC 138 0.46
AUC 434 0.60 Gln CAA 681 1.51 3.54%
AUA 677 0.94 CAG 220 0.49
Met AUG 596 1.00 2.34% Asn AAU 972 1.56 4.88%
Val GUU 486 1.44 5.30% AAC 272 0.44
GUC 170 0.50 Lys AAA 1016 1.48 5.39%
GUA 513 1.52 AAG 358 0.52
GUG 182 0.54 Asp GAU 832 1.59 4.11%
Ser ucu 573 1.76 7.68% GAC 214 0.41
ucc 301 0.92 Glu GAA 977 1.46 5.24%
UCA 396 1.21 GAG 359 0.54
UCG 170 0.52 Cys UGU 206 1.47 1.10%
AGU 393 121 uUGC 74 0.53
AGC 123 0.38 Trp UGG 450 1.00 1.77%
Pro CCu 401 1.51 4.17% Arg CGuU 335 1.29 6.12%
CcC 189 0.71 CGC 102 0.39
CCA 312 1.18 CGA 339 1.31
CCG 159 0.60 CGG 123 0.47
Thr ACU 510 1.62 4.95% AGA 489 1.88
ACC 235 0.74 AGG 170 0.65
ACA 390 1.24 Gly GGU 565 1.30 6.85%
ACG 127 0.40 GGC 199 0.46
Tyr UAU 793 1.61 3.88% GGA 679 1.56
UAC 195 0.39 GGG 302 0.69
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Figure 3 SSR types and distributions in the chloroplast genome of C. souliei. A: Types and numbers of SSR in the chloroplast genome of

C. souliei; B: Distribution of SSRs in the coding DNA sequence (CDS), intergenic spacer (IGS) and intron regions
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Figure 4 Boundary analysis of IR regions in chloroplast genomes from nine Cirsium species
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Figure 6 Phylogenetic tree of 46 species in Carduoideae based on the chloroplast genomes using maximum likelihood (ML). " % " Repre-

sent fully supported nodes
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