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ABSTRACT

We employed a pair of universal primers for PCR amplification of Cardamine hup-
ingshanensis leaf DNA collected from the soil of a unique selenium-rich deposit in
Yutangba, Enshi, China. Then the PCR products were sequenced to obtain the 852-bp
DNA sequences containing internal transcribed spacers (ITS). The ITS DNA sequences
of different Cardamine species were aligned and spliced to obtain a “reference”
sequence. Next, the base differences were compared between the ITS sequences of
different Cardamine species and the “reference” sequence. Our results showed that
Cardamine hupingshanensis had the greatest differences (17) compared with the “ref-
erence” sequence, much more than those between the ITS sequences of other Carda-
mine species and the “reference” sequence and 3.2 times higher than the average. It is
speculated that some Cardamine species growing in selenium-rich regions of Enshi for
a long time produce genetic variations that can adapt to high selenium soil stress and
develop a super selenium enrichment capacity, thus evolving the new species Cardamine
hupingshanensis. Therefore, we proposed the hypothesis of accelerated evolution of
Cardamine hupingshanensis under high selenium soil stress.
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RESUMEN

Empleamos un par de cebadores universales para la amplificacion de PCR del ADN
foliar de Cardamine hupingshanensis recolectada del suelo de un depoésito tinico rico
en selenio en Yutangba, Enshi, China. Luego se secuenciaron los productos de PCR
para obtener las secuencias de ADN de 852 pb que contienen espaciadores transcritos
internos (ITS). Las secuencias de ADN de ITS de diferentes especies de Cardamine
fueron alineadas y empalmadas para obtener una secuencia de “referencia”. A conti-
nuacion, se compararon las diferencias de base entre las secuencias ITS de diferentes
especies de Cardamine y la secuencia de “referencia”. Nuestros resultados mostraron
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que Cardamine hupingshanensis tenia las diferencias mas altas (17) en comparacion con
la secuencia de “referencia”, mucho mas que las que habia entre las secuencias ITS de
otras especies de Cardamine y la secuencia de “referencia” y 3.2 veces mas alta que la
media. Se especula que algunas especies de Cardamine que crecen en las regiones ricas
en selenio de Enshi durante mucho tiempo, producen variaciones genéticas que pueden
adaptarse al estrés del suelo con alto contenido de selenio y desarrollar una capacidad
de enriquecimiento de stper selenio, evolucionando asi a la nueva especie Cardamine
hupingshanensis. Por lo tanto, proponemos la hipdtesis de una evolucion acelerada
de Cardamine hupingshanensis a causa de un elevado estrés de selenio en el suelo.

INTRODUCTION

Cardamine hupingshanensis, a new species
discovered in China (Bai et al. 2008), is a super-
selenium-rich plant that can tolerate high selenium
content in the soil to accumulate selenium in large
quantity. Yuan et al. (2013) measured 1965 mg/kg
dry weight of selenium in the Cardamine hupingsha-
nensis leaves, and Shao et al. (2014) also measured
1427 mg/kg dry weight of selenium in these leaves.
It is the only super-selenium-rich plant discovered in
China. Its ability to accumulate such a high content
of selenium indicates that it has a unique enrichment
mechanism. Studies on the physiological, biochemi-
cal and molecular mechanisms of selenium enrich-
ment as well as the scientific principle of selenium
enrichment of this species may contribute to the
genetic regulation of selenium content in agricul-
tural products and provide selenium-rich agricultural
products for people in need of selenium (Wang et al.
2021, Zuo et al. 2020).

Cardamine hupingshanensis germplasm resourc-
es collected from the field were previously identified
by traditional taxonomy, so professional identifica-
tion requirements were higher and identification
by molecular biological means will provide conve-
nience for researchers who lack experience (Ma et
al. 2021, Raza and Su, 2020). With the advancement
in molecular biology, scientists have developed bar
code recognition technology to identify the species
(Geng et al. 2018, Zhao and Li 2020). For example,
determining plants’ internal transcribed spacer (ITS)
sequences provides convenience for scientific and
technical personnel (Chen et al. 2010, Liu et al. 2022).

TABLE I. PRIMER INFORMATION.

In this study, we extract DNA from Cardamine
hupingshanensis collected from the soil of a unique
selenium-rich deposit in Yutangba, Enshi, and
amplify the ITS sequences of the plant by PCR
with universal primers to obtain the corresponding
reference sequences, laying a foundation for the ac-
curate identification of Cardamine hupingshanensis
germplasm resources. Additionally, the differences in
ITS sequences of different Cardamine species were
analyzed, providing clues for further study.

MATERIALS AND METHODS

Test materials

Cardamine hupingshanensis, collected from
selenium-rich soil in Yutangba, Shuanghe Com-
munity, Xintang Town, Enshi, Hubei Province, was
transplanted into a pot in our laboratory. After three
months of growth, fresh young leaves were collected
for DNA extraction.

DNA extraction and PCR amplification

DNI14 kit produced by Aidlab Biotechnologies
Co., Ltd. was used for DNA extraction; 2 x F8
FastLong PCR Master Mix produced by Aidlab Bio-
technologies Co., Ltd. was used for PCR amplifica-
tion (denaturation temperature: 94 °C, renaturation
temperature: 56 °C, extension temperature: 72 °C,).

Selected primer sequences

The primers were synthesized by Nanjing Gen-
Script Biotechnology Co., Ltd., and codes, positions
and sequences of the primers are listed in table 1.

Primer codes ~ Primer sequences

Primer position Primer direction

ITC-5 TCGTAACAAGGTTTCCGTAGGTG
ITC-3 CCTCGTGGTGCGACAGGGTC

Forward
Reverse

18S gene
28S gene
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PCR product sequencing: after being detected and
identified by agarose gel electrophoresis (AGE), the
PCR products were sequenced by Nanjing Qingke
Biotechnology Co., Ltd., and the DNA sequencing
map was displayed by Chromas software.

Sequence analysis

Poor quality parts of the sequences obtained at
both ends were removed, and the rest was spliced
using Contigexpress software; ITS sequences of other
Cardamine species required were obtained in NCBI
website; variations of ITS sequences of different
Cardamine species were analyzed using SeqMan,
the sub-software of Lasergene 7.1. A phylogenetic
tree was constructed using Clustalx1.83 and MEGA6
software.

RESULTS AND ANALYSIS

Acquisition of ITS sequences of Cardamine hu-
pingshanensis

A combination of ITC-5 and ITC-3 (primer
sequences are listed in Table I) was used for PCR
amplification of DNA of ITS sequences of Cardamine
hupingshanensis, and DNA products with a length of
about 900 bp were obtained. Results of 1.5% agarose
gel electrophoresis of PCR products are shown in
figure 1.

Then the same primers were used for the sequenc-
ing of PCR products to obtain the original DNA se-
quences. Unreliable parts of the obtained sequences
at both ends were removed, and the rest was spliced
using Contigexpress software to obtain the 852-bp
DNA sequences (He et al., 2020). DNA sequences
containing part of 18S gene sequence, complete [TS1
(internal transcriptional spacer 1) sequence, complete
5.8S gene sequence, complete ITS2 (internal tran-
scriptional spacer 1) sequence and part of 28S gene
sequence have been submitted to the GenBank, with
the sequence ID (Accession number) of MW282045.

Phylogenetic analysis of ITS2 sequences among
different species

A phylogenetic tree was constructed for the ob-
tained ITS sequences of Cardamine hupingshanensis
and the ITS sequences of other Cardamine species
by neighbor-joining (NJ) using Clustalx1.83 and
MEGA 6 software, with the ITS sequence (Accession
number: AJ232900) of Arabidopsis thaliana as the
reference sequence. Results are shown in figure 2.

According to figure 2, Cardamine species were
divided into three classes:

100bp

250bp
500bp

750bp
1000bp

M 1

Fig. 1. Agarose gel electrophoresis map of PCR products.

The first class included Cardamine digitata
(Accession number: EU819328, the same
below), Cardamine purpurea (EU819358),
Cardamine blaisdellii (EU819312), Carda-
mine cutat (EU819356), Cardamine umbellate
(EU819379), Cardamine victoris (EU819382),
Cardamine nuttallii (EU819350), Cardamine
rupicola (EU819368) and Cardamine macro-
phylla (EU819344).

The second class included Cardamine ampo-
ritana (AY260598), Cardamine amara
(KF988052), Cardamine hirsute (MH808258),
Cardamine flexuosa (DQ268409), Cardamine
scutata (DQ268475), Cardamine niigaten-
sis (DQ268493) and Cardamine clematitis
(EU819318).

The third class included Cardamine huping-
shanensis (MW282045), which had the lon-
gest genetic distance from other Cardamine
species.

Comparative analysis of ITS sequences of diffe-
rent Cardamine species

To further analyze and compare the variation in
the evolutionary process between Cardamine hup-
ingshanensis and other Cardamine species, these
ITS sequences were spliced using SeqMan, the
sub-software of Lasergene, to obtain a 617-bp “ref-
erence” DNA sequence containing ITS1 sequence,
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Fig. 2. Phylogenetic tree of ITS sequences of Cardamine species by neighbor-joining

(N).

5.8S gene sequence, and ITS2 sequence (Fig. 3).
Then, the ITS1 sequences and ITS2 sequences of
different Cardamine species were compared with
the “reference” sequence to investigate the variation
of the base at the corresponding position.

Table II shows that there were 5.2 variations on
average in each of the sequences of ITS1 and ITS2
regions, compared with the “reference” sequence.
Cardamine digitata had the least variations (2),
and Cardamine hupingshanensis had the most
variations (17). The variations were also 2.1 times
those of Cardamine niigatensis that had the second
most variations.

TCGTATCCTGTCCARAACAGAACGACCCGCGAACCARAGATCATCACTCA 50
CGGTGGGCCGGTTTCTTAGCTGAGATCGTGCCTGCCGAATCCGTGGTTTC 100
GCGAACAATCCTTACCGGGAGCTCTATCTCTGTTTGGGTTGTGCGCGTTG 150
CTTCCGGATATCACAAAACCACGGCACGAAAAGTGTCAAGGAACATGCAA 200
TTGAACAGCCAGCCTTCGCCTCCCCGGAGACGGTGTGTGTGCGGATGCTG 250
CGCTGCGATCTAAAGTCTAARACGACTCTCGGCAACGGATATCTCGGCTC 300
TCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAG 350
AATCCCGTGAACCATCGAGTCTTTGARCGCAAGTTGCGCCCCAAGCCTTC 400
TGGCCGAGGGCACGTCTGCCTGGGTGTCACAAATCGTCGTCCCTCTCATC 450
CTTTCAGGACGTGGGACGGAAGCTGGTCTCCCGTGTGTTACCGCACGCGG 500
TTGGCCAAAATCCGAGCTAAGGACGCCGAGAGCGTCACGACATGCGGTGG 550
TGAACTARAGCCTCTTCGTATCGTCGGTCGTTCTTGTCCATAAGCTCTCG 600
ATGACCCAAAGTCCTCA 617
Fig. 3. Reference sequence of ITS sequences of Cardamine species.
DISCUSSION

Cardamine hupingshanensis has the potential to
tolerate and accumulate selenium and can grow well
even on the soil of selenium deposit in Yutangba,
Enshi, the only sedimentary independent selenium
deposit in the world (Dai 2013, Luo et al. 2020, Wang
et al. 2010), suggesting that it has unique genetic
characteristics. To the best of our knowledge, this is
the first study that reported the extraction of DNA from
Cardamine hupingshanensis collected from the soil
of a unique selenium-rich deposit in Yutangba, Enshi,
laying a foundation for the accurate identification of
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TABLE II. VARIATION OF ITS1 AND ITS2 SEQUENCES OF DIFFERENT Cardamine species.

67

Species name Accession ITS1 variation ITS2 variation position Variation
number position and base and base
Cardamine hirsuta MH808258  56G/A, 124C/T, 138G/A, 139T/A 455C/T, 597C/T 6
Cardamine hupingshanensis MW282045 36A/G, 63T/C, 83T/A, 95G/T, 491C/T, 496C/T, 498C/T, 506C/T, 17
95-96 inserted with T, 100C/T, 603G/T
106C/T, 126-127 inserted
with A, 131T/A, 201T/A, 205A/G,
214C/T
Cardamine niigatensis DQ268493 56G/A, 124C/T, 138G/A 453T/C, 455C/T, 572C/T, 589C/T, 8
603G/T
Cardamine victoris EU819382 134T/C 564C/A, 580G/A 3
Cardamine clematitis EUS819318 23C/T, 106C/T, 251C/T 599C/T, 602T/C 5
Cardamine rupicola EU819368 71T/C 445-446T deletion, 527C/A, 4
580G/A
Cardamine blaisdellii EUS819312 250G/T 446T/C, 518T/C, 580G/A, 602T/C 5
Cardamine macrophylla EU819344 124C/T, 214C/T, 257G/A 463G/T, 602T/C 5
Cardamine umbellata EU819379 77C/T 520A/T, 560G/T, 580G/A, 602T/C 5
Cardamine scutata DQ268475 56G/A, 124C/T, 138G/A 453T/C, 455C/T, 572C/T, 589C/T 7
Cardamine pedata EUS819356 171A/C, 260C/T 580G/A 3
Cardamine flexuosa DQ268409 56G/A, 124C/T, 138G/A 453T/C, 455C/T, 589C/T 6
Cardamine amara KF988052 56G/A, 138G/A, 214C/T 455C/T 4
Cardamine amporitana AY260598 56G/A, 138G/A 455C/T
Cardamine purpurea EUS819358 122C/T 580G/A, 602T/C 3
Cardamine nuttallii EU819350 251C/T 580G/A, 602T/C 3
Cardamine digitata EU819328 580G/A, 602T/C 2

Cardamine hupingshanensis germplasm resources.
Additionally, the differences in ITS sequences of dif-
ferent Cardamine species were analyzed for the first
time, providing clues for further study. The analysis
above showed that Cardamine hupingshanensis has
significant differences in reference sequences com-
pared with other Cardamine species, suggesting that
it evolved much faster than other Cardamine species
(Table II). Moreover, the ability to tolerate and ac-
cumulate selenium of other Cardamine species was
much lower than that of Cardamine hupingshanensis.
Therefore, we speculated that some primitive Car-
damine species growing on the selenium-rich soil in
Enshi were exposed to a high selenium environment
for a long time, causing mutations. After years of
selection, mutants tolerant to high selenium soils and
their offspring survived, multiplied and evolved into

a new species-Cardamine hupingshanensis (Bai et
al. 2008). In other words, high selenium soil environ-
ment accelerated the genetic evolution of Cardamine
hupingshanensis, causing much more variations in
DNA sequences than other Cardamine species. We
can identify genes related to selenium tolerance and
enrichment in future studies and study their functions
and mechanisms. We can also horizontally compare
genes of various Cardamine species and study the
evolutionary pathways of genes related to selenium
tolerance and enrichment (Feng et al., 2020).

In addition, we can intuitively observe the evolution
speed of species by establishing a “reference” sequence
and comparing other sequences with it for the variation
of DNA base. This method can also be applied to simi-
lar studies. If we develop the corresponding software,
the comparative efficiency will significantly improve.
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CONCLUSION

To sum up, we extract DNA from Cardamine
hupingshanensis collected from selenium-rich de-
posits in Yutangba and Enshi. We amplify the ITS
sequences of the DNA using PCR with universal
primers to obtain the corresponding reference se-
quences, laying a foundation for the accurate identi-
fication of Cardamine hupingshanensis germplasm
resources. Cardamine hupingshanensis showed the
greatest difference in reference sequences compared
with other Cardamine species. In addition, the dif-
ferences in ITS sequences of different Cardamine
species that were analyzed may be helpful for future
investigations.
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