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Abstract
Twenty-four populations of Gynura procumbensfrom different geographical regions were studied to
determine the genetic differences using ITS and trnL-trnF sequences. The ITS sequence had an aligned
length of 718 bp and a G+C content of 49.8%, with 5 variable sites and 3 parsimonious informative sites.
The trnL-trnF sequence had an aligned length of 835 bp and a G+C content of 35.0%, with 6 variable sites
and 3 parsimonious informative sites. The phylogenetic tree based on trnL-trnFsequences showed that all
populations of Gynura procumbens clustered into one branch, indicating that this sequence has strong
identifying abilities in genetic difference studies. Furthermore, the phylogenetic analysis using both ITS
and trnL-trnF sequences showed similar results. Populations collected from Taiwan and Indonesia were
grouped into one clade, while those collected from Guizhou, Guangxi, Fujian, and Guangdong shared a
close relationship, corresponding to their geographical distribution pattern.

Introduction
Gynura procumbens (Lour. ) Merr. (longevity spinach) is a medicinal and edible plant that belongs to the
Compositae family. It has creeping herbaceous stems that are light brown, glabrous, or pubescent when
young. The leaves are oval or elliptical, with wavy or entire margins and yellow pubescence on both
sides[1–2]. This perennial herb is mainly distributed in Yunnan, Guangxi, Hainan, and other regions in
China, and has a sweet, light, and flat taste[3]. Its medicinal effects include dredging meridians and
activating collaterals, anti-inflammatory and cough relief, removal of blood stasis, swelling reduction, and
promoting blood circulation and muscle generation[4–5]. G. procumbens is a medicinal material with high
nutritional value, as it contains 12 fatty acids, of which unsaturated fatty acids constitute 68.89% of the
total fatty acid content[6].

The propagation techniques of G. procumbens mainly include tissue culture[7–8] and cutting
propagation[9]. The latest research indicates that longevity spinach is suitable for interplanting under the
forest and has ideal economic benefits[10].

Plant nuclear ribosomal internal transcribed spacer (nr DNA ITS) has a fast evolution rate and provides
rich information sites, making it widely used in the study of phylogenetic relationships between plant-
related genera and species[11–13]. Shen[14] used ITS sequences to identify Paulownia fortunei, providing a
new method for the study of the phylogenetic and genetic diversity of this species. The trnL-trnF fragment
in the chloroplast genome DNA is a gene spacer without selection pressure, with moderate length and a
greater evolutionary rate than functional coding regions. Therefore, it is often used in phylogenetic
studies of intergeneric and subgeneric taxa[15–16]. Feng[17] used trnL-trnF fragment sequences to
systematically analyze the interspecific relationships of wild peonies in 15 populations.

In this study, the ITS sequence and trnL-trnF sequence of 24 different populations of G. procumbens were
compared and analyzed to discuss genetic differences and relationships between different populations.
This research provides a basis for the systematic study and breeding of G. procumbens.
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Material and Methods

Test materials and DNA extraction
A total of 24 geographical populations of G. procumbens were collected from various provinces in China,
including Jiangxi, Guangdong, Guangxi, Yunnan, Guizhou, Fujian, Taiwan, as well as from Indonesia and
other locations in 2014–2015 (Table 1). Each sample consisted of 5 genotypic provenances, resulting in
a total of 120 genotypes. The collected plants were cultivated in the greenhouse of Jiangxi Environmental
Engineering Vocational College in Ganzhou City, Jiangxi, China. Fresh young leaves were collected in July
2015, and genomic DNA was extracted using the CTAB method. The purity was assessed using 1%
agarose gel electrophoresis, and after determining the concentration by spectrophotometer, the DNA was
stored at -20°C for later use.

Target sequence and PCR amplification
The primers used for PCR amplification of the ITS sequence were EC1 (5′-GAGGAAGGAGAAGTCGTAAC-
3′) and EC2 (5′-GTTCGCTCGCCGTTACTAAG-3′). The primers used for PCR amplification of the trnL-trnF
sequence were trnL_F (5′-CGAAATCGGTAGACGCTACG-3′) and trnL_R (5′-ATTTGAACTGGTGACACGAG-3′).
The reaction system consisted of 25µl: 1µl DNA template, 1µl primer, 15.25µl ddH2O, 0.25µl TaKaRa LA
Taq, 4µl dNTP Mixture, and 2.5µl 10× LA PCR Buffer (Mg2 + Plus). The PCR amplification procedure was
as follows: denaturation at 94°C for 30 s, annealing at 52°C for 45 s, extension at 72°C for 1 min, for 35
cycles; with an initial denaturation at 95°C for 2 min, and a final extension at 72°C for 4 min. The PCR
products were detected by 1.2% agarose gel electrophoresis and sent to Beijing Zhongke Xilin
Bioengineering Co., Ltd. for sequencing. The ITS and trnL-trnF sequences of Gynura formosana were
obtained from GenBank.
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Table 1
Detailed information for the 24 populations of G. procumbens (Lour.) Merr.

Population Location Collection
time

Origin

1 Ganzhou City, Jiangxi Province 2013.06.15 Cultivated

2 Indonesia 2014.07.08 Cultivated

3 Taiwan Province 2014.8.17 Wild

4 Shanghai City 2014.10.10 Cultivated

5 Wuxi City, Jiangsu province 2014.10.10 Cultivated

6 Institute of Plant Protection, Chinese Academy of
Agricultural Sciences

2014.10.10 Cultivated

7 Qiandongnan 1, Guizhou Province 2014.10.10 Wild

8 Qiandongnan 2, Guizhou Province 2014.10.10 Wild

9 Huangshan city, Anhui Province 2014.10.11 Cultivated

10 Yongxing Town, Hainan Province 2015.04.05 Wild

11 Shishan Town 1, Hainan Province 2015.04.05 Wild

12 Shishan Town 2, Hainan Province 2015.04.05 Wild

13 Zuntan Town, Hainan Province 2015.04.05 Wild

14 Jianfengling Forest Park, Hainan Province 2015.04.04 Wild

15 Nanning City, Guangxi Province 2015.04.08 Cultivated

16 Liuzhou City, Guangxi Province 2015.04.10 Cultivated

17 Baise City, Guangxi Province 2015.04.10 Cultivated

18 Fangchenggang City, Guangxi Province 2014.10.10 Wild

19 Zhongshan city, Guangdong province 2015.04.12 Wild

20 Huizhou City, Guangdong Province 2014.08.17 Wild

21 Kunming city, Yunnan province 2014.10.10 Wild

22 Dali city, Yunnan province 2014.07.10 Wild

23 Zouma Town, Chongqing City 2015.04.12 Cultivated

24 Nanping city, Fujian province 2015.04.12 Wild

Data Analysis
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The DNA sequence of G. procumbens was obtained by sequencing and integrated with the selected
outgroup sequence, after removing the primers at both ends. Clustal X software was used to perform
multiple sequence alignment, and manual correction was done on individual sites after alignment. MEGA
software was utilized to calculate the base composition frequency, conversion/transversion ratio,
mutation sites (sites with more than two base types), and the number of parsimony information sites
(special mutation sites where there are not only two or more base types at this site, but each base type
appears in more than two groups). The Maximum Parsimony analysis was performed to construct a
phylogenetic tree. The evolutionary distance between sequences was calculated using the Kimura-2
parameter, and the bootstrap method was used to test and evaluate the phylogenetic tree with 1000
replicates. The bootstrap value was interpreted as follows: <50% indicates no support, 50%-74% indicates
weak support, and 75%-100% indicates strong support. The nucleotide diversity and haplotype diversity
of G. procumbens were analyzed using DnaSP software.

Results
ITS and trn L-trn F sequence characteristics of different populations of G. procumbens

The ITS and trnL-trnF sequences were amplified using PCR, sequenced, and compared using BioEdit
software. The ITS sequence was 718 bp in length, with a G + C content of 49.8%. It contained 5 variable
sites, 3 parsimony informative sites, and 2 single sites. The trnL-trnF sequence was 835 bp in length, with
a G + C content of 35.0%. It contained 6 variable sites, 3 parsimony informative sites, and 3 single sites.
The genetic distance among ITS sequences ranged from 0.000 to 0.035, with an average of 0.002, and
some populations had a genetic distance of 0. The genetic distance between trnL-trnF sequences ranged
from 0.000 to 0.012, with an average genetic distance of 0.007, and the distance between most
populations was 0. The overall genetic distance of the ITS sequence was smaller than that of the trnL-
trnF sequence (Fig. 1).

Phylogenetic analysis of ITS and trn L-trn F sequences of different populations of G. procumbens

Two phylogenetic trees of G. procumbens were constructed using the ITS sequence and trnL-trnF
sequence, respectively, by the maximum parsimony method (Figs. 1 and 2). Figure 1 shows that the
outgroup of Gynura divaricate is located at the base of the tree, and all G. procumbens are clustered into
one branch with a self-supporting rate of 100%. Among them, sequences collected from Taiwan,
Indonesia, Hainan, Yunnan, and Beijing were grouped with a self-supporting rate of 60%. The remaining
sequences were grouped into another branch, with a self-supporting rate of 79%. Each cluster has
multiple parallel branches, such as specimens collected from different locations in Hainan Province
forming typical parallel branches. Additionally, the G. procumbens species collected in Jiangsu, Jiangxi,
Anhui, Chongqing, and Shanghai also formed parallel branches in this phylogenetic tree.

In the phylogenetic tree constructed based on the trnL-trnF sequence (Fig. 2), the outgroup Brassica
chinensis was located at the base of the tree, and all G. procumbens were independent, with a bootstrap
support rate of 100%. Sequences collected from Taiwan, Indonesia, and Hainan were grouped in one
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branch with a self-supporting rate of 66%, while the remaining sequences were grouped into another
branch with a self-supporting rate of 76%. In this phylogenetic tree, groups collected from the same
province were grouped into one branch, and the geographical populations collected from different
provinces also had clear branches. However, the Beijing and Yunnan populations were grouped, which
was inconsistent with the geographical pattern, and the support rate was 89%, higher than the
phylogenetic tree based on the ITS sequence.

Discussion
Application of ITS and trnL-trnF sequences in genetic diversity analysis of different populations of plants

The ITS sequence exhibits high variation and is often used to distinguish species with close genetic
relationships[19]. For instance, Li[20] investigated the phylogenetic relationships of Torreya plants using
ITS sequences, while Li Yunxia[21] analyzed the phylogenetic relationships of Oxytropis using both ITS
and trnL-trnF sequences and found that it had stronger identification capabilities. However, some studies
have suggested that the ITS sequence is not suitable for phylogenetic analysis of species and
populations due to its variability, evolutionary history, and analysis methods[22]. This discrepancy may be
attributed to the differential identification abilities of ITS and trnL-trnF sequences in different groups.

The chloroplast genome is an essential molecular marker for plant molecular phylogeny and molecular
geography owing to its unique features such as single-parent inheritance, simple structure, multiple
copies, and low recombination[23]. The trnL-trnF sequence, which belongs to a non-coding intergenic
region, has a high evolutionary rate and can provide valuable information on mutation and variable sites.
This sequence is widely used in phylogenetic and phylogeographic studies of mosses, ferns,
gymnosperms, and angiosperms, including analyses of interfamily, intergeneric, and interspecific
relationships and intraspecific phylogeography[24–26]. For instance, Meng[27] explored the phylogeography
of Hippophae rhamnoides based on chloroplast DNA trnL-trnF sequences, while Zhang Xuemei[28] used
the trnL-trnF sequence to analyze the phylogenetic and phylogeography of Taxus wallichiana var. mairei.

Genetic relationship among different geographical populations of G. procumbens

In this study, we constructed a phylogenetic tree of 24 geographical populations of G. procumbens using
the nuclear gene ITS sequence and chloroplast gene trnL-trnF sequence. The phylogenetic tree based on
the two sequence fragments grouped the same collections from the same site into one branch, with a
high support rate. For example, collections from Jianfengling Forest Park in Hainan Province, Shishan
Town, Yongxing Town, and Zuntan Town in Haikou City were clustered together with a 100% support rate.
Furthermore, sequences from Taiwan and Indonesia were clustered into one branch and then with the
Hainan group in the two phylogenetic trees. The populations from Guizhou, Guangxi, Fujian, and
Guangdong were closely related in the phylogenetic tree, consistent with the geographical distribution
pattern of G. procumbens. However, in the phylogenetic tree based on ITS sequence and trnL-trnF
sequence, the Yunnan group and Beijing group were clustered into one branch, which was not consistent
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with their geographical distribution. The Beijing group in this experiment is cultivated, and its introduction
history lacks detailed records. Based on the branch relationship of the phylogenetic tree, it is speculated
that it may be introduced from the southern region adjacent to Hainan.

Comparative analysis of the two phylogenetic trees showed that different geographical populations of G.
procumbens could be clearly clustered in the phylogenetic tree based on the chloroplast trnL-trnF
sequence, indicating a similar genetic background. However, in the phylogenetic tree based on ITS
sequences, the groups collected from Jiangsu, Anhui, Jiangxi, Chongqing, and Shanghai could not be
completely clustered into one group, forming typical parallel branches. This result may be due to the
higher evolutionary rate of nuclear DNA than that of chloroplast DNA in angiosperms[29].

Conclusion
The phylogenetic tree based on trnL-trnF sequences showed that all populations of Gynura procumbens
clustered into one branch, indicating that this sequence has strong identifying abilities in genetic
difference studies. Furthermore, the phylogenetic analysis using both ITS and trnL-trnF sequences
showed similar results. Populations collected from Taiwan and Indonesia were grouped into one clade,
while those collected from Guizhou, Guangxi, Fujian, and Guangdong shared a close relationship,
corresponding to their geographical distribution pattern.
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Figures

Figure 1

Maximal parsimonious tree of G. procumbensbased on sequences of ITS.
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Figure 2

Maximal parsimonious tree of G. procumbens based on sequences of trnL-trnF.


