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Abstract: Objective To analyze the genomic information sequence characteristics of the chloroplast of Tetrastigma hemsleyanum from
Huaiyu Mountain and determine its systematic position in the genus of Tetrastigma. Methods The chloroplast genome sequence of T.
hemsleyanum from Huaiyu Mountain was obtained by sequencing with Illumina high throughput sequencing platform NovaSeq6000, and

Ir#SEHER: 2023-02-03

EemB: ExHRRIFELSTEIHIE (31960079); 2022 4 bl BHE L HUINE Gkl &[2023]5 S4: &3 (2022A008); VLPGEFHLT H
U T RI— 5T H (20202BBG73010); YL VG4 A T RHEBAB 71 H (GJJ201704): e Fli i 7 & #ifi gt 1% 151 H (20203001)

TEEBMNY: R (1974—), #d%, FENHHMAEDB A 5t T/, Tel: (0793)8153721  E-mail: hongsenrong@163.com



¢ 8% 2023587 H54% H 164 Chinese Traditional and Herbal Drugs 2023 August Vol. 54 No. 16 * 5359

bioinformatics tools such as GeSeq, tRNAscan SE, MISA, VISTA tools, DNADNaSP6.0, JSHY Cloud, CodonW1.4.2, Pasteur Galaxy, Mafft
7.0, fasttree 2.1.10 were used for sequence analysis, codon preference analysis, genome comparative analysis and phylogenetic research of
Tetrastigma. Results The chloroplast genome of T. hemsleyanum from Huaiyu Mountain is a covalently closed double stranded ring
molecule with a length of 160 165 bp, including 1 LSC, 1 IRa, 1 IRb and 1 SSC; the chloroplast genome of T. hemsleyanum from Huaiyu
Mountain has been annotated with 133 genes in four categories: photosynthesis genes, self-replication genes, other genes and unknown
functional genes, including 88 CDS genes, 37 tRNA genes and eight rRNA genes; Sixty three SSR loci were detected in the chloroplast
genome of T. hemsleyanum from Huaiyu Mountain, including 56 single base repeats and seven double base repeats; The variation range of
nucleotide diversity of the chloroplast genome of T. hemsleyanum from Huaiyu Mountain was 0—0.234 18, and the variation rates of
trnS-GCU-trnG UCC, rps16-trnG UCC and gene ycfl were the highest. The codon of chloroplast genome of T. hemsleyanum from Huaiyu
Mountain had a strong preference for ending in A or U. Mutation had a strong impact on codon preference, while other factors such as
natural selection had a small impact on codon preference. The chloroplast genome of T. hemsleyanum from Huaiyu Mountain had 31
high-frequency codons, 16 ending in U, 13 ending in A, and two ending in G, of which 13 were the optimal ones. T. hemsleyanum from
Huaiyu Mountain was close to T. hemsleyanum from Fujian MW375708 and T. hemsleyanum from Guangxi MW375709, and far from T.
hemsleyanum from Zhejiang MT827073, T. hemsleyanum from Zhejiang MW375707, T. hemsleyanum from Zhejiang KT033563
(NC_029339), T. hemsleyanum from Sichuan MW375710 and T. hemsleyanum from Zhejiang MW375711, which showed that there was
little correlation between the genetic relationship and the geographical location. Conclusion The genetic relationship between T.
hemsleyanum is not closely related to its geographical location. In this study, the chloroplast genome of T. hemsleyanum from Huaiyu
Mountain is analyzed comprehensively and deeply for the first time by using bioinformatics analysis method, which will provide theoretical
basis for genetic diversity analysis of medicinal plants and genetic breeding research of new strains of Tetrastigma.
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Fig. 1 Chloroplast genome map of T. hemsleyanum from Huaiyu Mountain
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Fig. 2 Comparison on boundary locations of LSC, SSC and IR in chloroplast genome of 11 species of Vitaceae
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Fig. 3 Comparison of chloroplast genomes of 11 species of Vitaceae
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Fig. 4 Nucleotide diversity of chloroplast genomes of 11 species of Vitaceae
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Table 3 RSCU of amino acids of T. hemsleyanum from Huaiyu Mountain
T R RSCU & EAEER IR RSCU i
GCA Ala 1.1017800 387 UUA Leu 17914900 842
GCC Ala 0.6434160 226 UuUG Leu 1.2383000 582
GCG Ala 0.4384340 154 AAA Lys 1.467 3200 1044
GCuU Ala 1.816 3700 638 AAG Lys 0.532 6770 379
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GAU Asp 1.596 050 0 889 AGU Ser 1.1629500 408
UGC Cys 0.5776400 93 UCA Ser 1.282 6600 450
uGuU Cys 1.4223600 229 ucc Ser 0.963 420 0 338
CAA Gln 15432700 740 UCG Ser 0.544 4180 191
CAG Gln 0.456 7260 219 uCu Ser 1.6931100 594
GAA Glu 1.509 5400 1068 UAA Ter 1.4659100 43
GAG Glu 0.4904590 347 UAG Ter 0.784 0910 23
GGA Gly 1.640 8600 747 UGA Ter 0.750 000 0 22
GGC Gly 0.366 8310 167 ACA Thr 1.2553000 429
GGG Gly 0.6457990 294 ACC Thr 0.711 046 0 243
GGU Gly 1.346 5100 613 ACG Thr 0.4184350 143
CAC His 0.486 9830 159 ACU Thr 1.6152200 552
CAU His 15130200 494 UGG Trp 1.000 000 O 471
AUA lle 0.8981720 688 UAC Tyr 0.3782700 188
AUC lle 0.629 2430 482 UAU Tyr 1.6217300 806
AUU lle 1.4725800 1128 GUA Val 1.488 950 0 539
CUA Leu 0.859574 0 404 GUC Val 0.527 624 0 191
cuc Leu 0.4255320 200 GUG Val 0.585 635 0 212
CUG Leu 0.434 0430 204 GUU Val 1.397 7900 506
CuUuU Leu 1.251 060 0 588
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Box below represented all codons encoding each amino acid, and the height of the column above represented the sum of the RSCU values of all codons
5 RSCU #IRE
Fig. 5 Relative synonymous codon usage (RSCU)
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GCi, means average GC value of the first and second position of these codons; GC3 means the GC value of the third position of these codons;
Letters A— K represent SYQ. Tetrastigma hemsleyanum, Tetrastigma planicaule, Tetrastigma voinierianum, Tetrastigma rafflesiae,

Tetrastigma lawsonii, Causonis japonica, Cyphostemma juttae, Cyphostemma humile, Cyphostemma adenopodum and Cyphostemma

sandersonii respectively, same as below
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Fig. 6 Composition analysis of chloroplast genome codons of 11 species of Vitaceae
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11 species of Vitaceae
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Fig. 9 PR2-plot analysis of chloroplast genome codons of
11 species of Vitaceae
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Table 4 Screening of optimal codons for chloroplast genes of T. hemsleyanum from Huaiyu Mountain

T R RSCU i RSCU fk £ ik B RSCU &Ik = RSCU #1#
GCU Ala 181637 638 1.655 170 12 1.655 170
UUA Leu 179149 842 1.034 480 5 1.866 670 14 0.832 190
ucu Ser 169311 594 0.272 727 1 1.785 710 10 1512983
GGA Gly 164086 747 1.333330 6 2.074 070 14 0.740 740
GAU Asp 159605 889 0.800 000 2 1.428 570 10 0.628 570
ccu Pro 158296 446 1.538 460 5 1.882 350 8 0.343 890
CAA Gln 154327 740 1.200 000 3 1733330 13 0533330
GUA val 148895 539 1.142 860 4 1.454 550 12 0.311 690
UAA Ter 146591 43 0.600 000 1 1.200 000 3 0.600 000
CGU Arg 128416 354 0.833333 5 1.315790 5 0.482 457
UCA Ser 128266 450 1.636 360 6 1.964 290 1 0.327 930
uuu Phe 125198 949 1.230 770 8 1.680 000 21 0.449 230
CCA Pro 115350 325 0.615 385 2 0.705 882 3 0.090 497
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Fig. 10 Phylogenetic tree of 13 species in Vitaceae based on
chloroplast genome
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Fig. 11 Phylogenetic tree of 15 species in Vitaceae based on
chloroplast genome
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