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Abstract: Gentiana rhodantha is a characteristic medicinal material of Miao Ethnomedicine. It has significant
curative effect in the treatment of acute jaundice hepatitis, dysentery, pediatric pneumonia and bronchitis, etc.
However, the evolutionary relationship and taxonomic identification of G. rhodantha are controversial. In this
study, we sequenced the chloroplast genome of G. rhodantha using the second and third generation sequencing
technology. Then, the structural characteristics and suitability evolution characteristics were analyzed. The results
showed that the G. rhodantha chloroplast genome was 148 844 bp in length with 37.75% GC content, consisting of
a large single copy region (LSC) of 80 076 bp, a small single copy region (SSC) of 17 596 bp and an inverted repeat
region (IR) of 25 586 bp. A total of 124 genes were annotated, including 80 protein-coding genes, 36 tRNA genes,
and 8 rRNA genes; the chloroplast genome of G. rhodantha has a weak codon preference, and the influencing
factors are mainly natural selection. The optimal codons are CUU, UCU, UCA, CCA, and ACU. A total of 169

W F: 2022-05-05; &[5 H 1H: 2022-05-30.

S

TH: Bx ARR ST 00N s O I E (U1812403-1); B K & SR i RIZ 855 H (2019YFC1711100).

*J@ HAEH E-mail: 1x1ang@1cmm.ac.cn, Irx1125@126.com
DOI: 10.16438/1.0513-4870.2022-0537



XS PR LA E gt R DR 4 A O T A A A - 3241 -

SSRs were found in MISA, of which the single nucleotide repeats were the most (114, 67.50%), followed by
dinucleotide repeats (43, 25.44%). The phylogenetic analysis support that G. rhodantha belong to Sect. Stenogyne

which can be clearly distinguished from other groups. Compared with other species, the Ka/Ks value of chloroplast

genes of G. rhodantha is basically less than 1 except for psal, rpl22 and rpslil, indicating that they have been

subjected to strong purification selection in the long-term evolutionary process. The photosynthesis gene psal and

the expression-related genes rpl22 and rpsil showed differences between groups, which supported the view that

Sect. Stenogyne was an independent genus. This study will provide a reference for future researches on chloroplast

genetic engineering and molecular breeding of G. rhodantha.
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Figure 1

Chloroplast genome map of G. rhodantha exported with CPGAVAS2. Genes inside and outside the circle are transcribed in

clockwise and counter clockwise direction, respectively. Genes are color-coded based on their functions. The inner circle represents the

linear relationship of the genes
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Table 1 Basic features of the chloroplast genome of G. rhodantha

Genome feature Feature value

Genome size/bp 148 844
The length of IR/bp 25586
The length of LSC/bp 80 076
The length of SSC/bp 17 596
GC content of genome/% 37.75
GC content of IR/% 43.47
GC content of LSC/% 35.53
GC content of SSC/% 31.23
Number of total genes 124
Number of protein-coding genes 80
Number of rRNA genes 8
Number of tRNA genes 36
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Table 2 Genome classification and quantity of the chloroplast genome of G. rhodantha

Gene group Gene name Number
ATP synthase atpE, atpl, atpA, atpB, atpF, atpH 6
Photosystem II psbD, psbJ, psbN, psbl, psbL, psbF, psbZ, psbT, psbE, psbM, psbK, psbB, psbC, psbH, psbA 15
Rubisco large subunit rbel 1
RNA polymerase rpoB, rpoA, rpoC2, rpoCl 4
Ribosomal proteins (LSU) rpl32, rpl23, rpl20, rpll6, rpl22, rpl33, rpi2, rpl14 8
Other genes cemA, ccsA, accD 3
Cytochrome b/f complex petG, petD, petB, petA, petL, petN 6
Transfer RNAs trnG-GCC, trnR-UCU, trnW-CCA, trnA-UGC, trnS-CGA, trnS-GCU, trnE-UUC, trnC-GCA, trnV-GAC, 26
trnT-UGU, trnP-UGG, trnD-GUC, trnK-UUU, trnM-CAU, trnT-GGU, trnN-GUU, trnY-GUA, trnS-GGA,
trnL-UAG, trnL-UAA, trnF-GAA, trnH-GUG, trnR-ACG, trnL-CAA, trnS-UGA, trnQ-UUG
Ribosomal RNAs rrn23S, rrnSS, rrn4.58, rrnl6S 4
Protease clpP 1
Hypothetical chloroplast vef4, vefl, yef3, yefl5 4
reading frames
Ribosomal proteins (SSU) rpsi4, rps12, rps8, rps2, rpsll, rpsi8, rpsl19, rps3, rps7 9
NADH dehydrogenase ndhG, ndhF, ndhJ, ndhl, ndhK, ndhH, ndhA, ndhE, ndhD, ndhC, ndhB 11
Photosystem I psad, psaC, psaB, psal, psaJ 5
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Figure 2 Phylogenetic analysis of G. rhodantha and its closely related species. The tree was constructed with 12 chloroplast genomes

using the Neighbor-joining method (NJ) by MEGA7 (p-distance; bootstrap method; 1 000 replications), and using Maximum Likelihood

method (ML) by IQtree (GTR+G model; 1 000 bootstrap replicates) with C. roseus and G. barbata serving as the outgroups. Numbers above

nodes are support values with NJ on the left and ML bootstrap values on the right. The results of the two methods are consistent
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Figure 3 CDS gene relative synonymous codon usage (RSCU). Different codons for the same amino acid are represented by different

colors
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Figure 4 Codon analysis. A: Neutral drawing analysis, the correlation coefficient of GC12 and GC3 is 0.085 8, the correlation is not

significant; B: Association analysis of ENC and GC3, most of the genes are below the standard curve and are far from the curve, indicating

that the codon preference is greatly affected by natural selection;

C: PR2-plot drawing analysis, the distribution of each gene in the four

quadrants is uneven, and most of the genes are distributed in the lower and right sides of the plan, indicating that there is inconsistency in the

use frequency of the four bases
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Table 4 Relative synonymous codon usage of each amino acid in G. rhodantha chloroplast genome
Ami‘no Codon RSCU High expression ~ Low expression ARSCU Ami-no Codon RSCU High expression ~ Low expression ARSCU
acid Number RSCU Number RSCU acid Number RSCU Number RSCU
Phe uuu 1.38 39 1.47 37 1.42 0.05 His CAU 1.51 18 1.57 10 1.54 0.03
uucC 0.62 14 0.53 15 0.58 -0.05 CAC 0.49 5 0.43 3 0.46 -0.03
Leu UUA 2.16 23 1.45 38 2.4 -0.95 Gln CAA 1.57 31 1.44 25 1.67 -0.23
uuG 1.1 18 1.14 19 1.2 -0.06 CAG 0.43 12 0.56 5 0.33 0.23
CUU 1.23 28 1.77 25 1.58 0.19 Asn AAU 1.52 30 1.4 22 1.63 -0.23
CucC 0.33 2 0.13 4 0.25 -0.12 AAC 0.48 13 0.6 5 0.37 0.23
CUA 0.8 12 0.76 9 0.57 0.19 Lys AAA 1.56 37 1.42 37 1.85 -0.43
CUG 0.38 12 0.76 0 0 0.76 AAG 0.44 15 0.58 3 0.15 0.43
Ile AUU 1.52 45 1.23 39 1.72 -0.49 Asp GAU 1.61 35 1.63 15 1.67 -0.04
AUC 0.56 25 0.68 5 0.22 0.46 GAC 0.39 8 0.37 3 0.33 0.04
AUA 0.92 40 1.09 24 1.06 0.03 Glu GAA 1.53 46 1.44 27 1.64 -0.2
Met — AUG 1 20 1 27 1 0 GAG 047 18 0.56 6 036 02
Val GUU 1.51 26 1.49 29 1.59 -0.1 Cys UGU 1.52 6 1.2 4 2 -0.8
GUC 0.4 10 0.57 7 0.38 0.19 UGC 0.48 4 0.8 0 0 0.8
GUA 1.59 26 1.49 29 1.59 -0.1 Trp UGG 1 19 1 16 1 0
GUG 0.49 8 0.46 8 0.44 0.02 Arg CGU 1.4 18 1.8 18 2.08 -0.28
Ser uCu 1.68 21 1.66 11 1.29 0.37 CGC 0.39 4 0.4 1 0.12 0.28
uccC 0.87 11 0.87 6 0.71 0.16 CGA 1.38 13 1.3 14 1.62 -0.32
UCA 1.16 15 1.18 7 0.82 0.36 CGG 0.49 2 0.2 3 0.35 -0.15
UCG 0.58 7 0.55 11 1.29 -0.74 AGA 1.8 16 1.6 14 1.62 -0.02
AGU 1.31 11 0.87 15 1.76 -0.89 AGG 0.54 7 0.7 2 0.23 0.47
AGC 0.41 11 0.87 1 0.12 0.75 Gly GGU 1.3 19 1.1 30 1.82 -0.72
Pro CCU 1.56 13 1.11 26 1.89 -0.78 GGC 0.43 9 0.52 7 0.42 0.1
CCC 0.81 14 1.19 10 0.73 0.46 GGA 1.57 23 1.33 22 1.33 0
CCA 1.1 13 1.11 14 1.02 0.09 GGG 0.7 18 1.04 7 0.42 0.62
CCG 0.54 7 0.6 5 0.36 0.24 TER UAA 1.8 1 0.6 2 1.2 -0.6
Thr ACU 1.58 18 1.8 24 1.71 0.09 UAG 0.6 1 0.6 1 0.6 0
ACC 0.8 5 0.5 10 0.71 -0.21 UGA 0.6 3 1.8 2 1.2 0.6
ACA 1.21 12 1.2 16 1.14 0.06 Ala GCU 1.81 16 1.36 24 1.71 -0.35
ACG 0.41 5 0.5 6 0.43 0.07 GCC 0.66 9 0.77 4 0.29 0.48
Tyr UAU 1.63 38 1.73 25 1.72 0.01 GCA 1.12 16 1.36 20 1.43 -0.07
UAC 0.37 6 0.27 4 0.28 -0.01 GCG 0.42 6 0.51 8 0.57 -0.06
Table 5 SSR in G. rhodantha chloroplast genome by MISA
Repeat type SSR Number of repeats Total
3 4 5 6 8 9 10 11 12 13 14
Mononucleotide A/T - - - - 64 27 5 9 1 1 1 1 109
C/G - - - - 5 5
AG/CT - 19 19
Dinucleotide AT/AT _ 19 2 24
AAC/GTT - 1 1
Trinucleotide AAG/CTT - 1 1
AGG/CCT - 1 1
AAAT/ATTT 2 1 3
Tetranucleotide =~ AATT/AATT 1 1
ACAT/ATGT 2 2
AGAT/ATCT 1 1
Hexanucleotidle =~ AAGTAC/ACTTGT 2 2
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Figure 5 Select pressure analysis of 54 CDS. A: Ka/Ks heatmap of five groups of comparison calculated with DNAsp, Ka/Ks of psal,

rpl22 and rpsil are greater than 1 and are subject to positive selection. B: CDS structure and length of chloroplast genome
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Figure 6 The Ka/Ks ratio analysis. Genes with Ka/Ks greater than 1 were subject to positive selection. A: CDS associated with photosyn-
thesis, the Ka/Ks ratio of psal in group GR vs CR was greater than 1; B: CDS associated with expression, the Ka/Ks ratio of rp/22 and rpsi1/
in group GR vs GS were greater than 1; C: Other CDS
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Sect. Stenogyne are grouped together and can be distinguished from other groups, and basically consistent with the results of the whole

genome tree
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Figure 8 Visualization of base differences in 3 genes using Geneious (A: psal; B: rpsil; C: rpl22). SNP sites unique to Sect. Stenogyne are

framed in red. Sect. Stenogyne always exhibits more unique variation than other species. The size of the bases above indicates the frequency

in the genes of 12 species
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