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Ipomoeapes-caprae (L.) (IPC) is a common species in tropical and subtropical
coastal areas and one of the world's most widely distributed plants. It has
attracted researchers for its outstanding biological, ecological and medicinal
values. It has been reported that the genetic diversity of IPCs located on different
continents is very low because of their frequent gene flow. During the long
journey of evolution, every aspect of the plant morphologies has evolved to the
best adaptivity to the environment, seeking their survival and progeny expansion.
However, the fundamental genetic characteristics of IPC and how their seed
adapted to the success of population expansion remain unknown. In this study,
the fundamental genetic characteristics, including the genome size and the
chromosome number of IPC, were investigated. The results showed that IPC's
genome size is approximately 0.98-1.08 GB, and the chromosome number is
2n=30, providing the basic information for further genome analysis. In order to
decipher the long-distance dispersal secret of this species, the fruit and seed
developments, seed morphology, and seed germination were extensively
investigated and described. The results showed an exquisite adaptive
mechanism of IPC seeds to fulfil the population expansion via ocean currents.
The large cavity inside the seeds and the dense tomenta on the surface provide
the buoyancy force for the seeds to float on the seawater. The hard seed coats
significantly obstructed the water absorption, thus preventing the seed from
germination during the dispersal. Meanwhile, the fully developed embryos of IPC
also have physiological dormancy. The physical and physiological characteristics

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpls.2023.1074935/full
https://www.frontiersin.org/articles/10.3389/fpls.2023.1074935/full
https://www.frontiersin.org/articles/10.3389/fpls.2023.1074935/full
https://www.frontiersin.org/articles/10.3389/fpls.2023.1074935/full
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpls.2023.1074935&domain=pdf&date_stamp=2023-03-02
mailto:chengyan1220@fafu.edu.com
mailto:yuanqin@fafu.edu.cn
https://doi.org/10.3389/fpls.2023.1074935
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/plant-science#editorial-board
https://www.frontiersin.org/journals/plant-science#editorial-board
https://doi.org/10.3389/fpls.2023.1074935
https://www.frontiersin.org/journals/plant-science

Ye et al.

10.3389/fpls.2023.1074935

of IPC seeds provide insight into the mechanism of their long-distance dispersal
across the oceans. Moreover, based on morphological observation and semi-
section microscopy, the development pattern of IPC glander trichomes was
described, and their physiological functions were also discussed.
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Introduction

Climate changes and land degradation are reducing crop
production with the potential to threaten human substantial
human development. During the last decades, plant genetics have
offered concreted opportunities to increase yield and crop
adaptability (Cortes and Lopez-Hernandez, 2021). According to
the novel concepts reviewed by Cortes et al. (2021), crop wild
relatives (CWR) are the potential reservoir of unique alleles at genes
for abiotic tolerance. As the closest CWR of sweet potato, Ipomoea
pes-caprae (L.) (IPC) has attracted the attention of the researchers.
IPC belonging to the genus of Ipomoea under the family of
Convolvulaceae is widely distributed in the littoral areas of
tropical and subtropical regions of the world. Compared to the
selection during domestication, natural adaptation has selected a
broad spectrum of abiotic resistance alleles because of the wide-
range variation of inhabited environments for the wild species. As
we know, the coastal areas are windy and salty with high-
temperature and high irradiation in summer. IPC species should
have evolved strong adaption to those harsh conditions. It has been
reported that IPC species could tolerate salinity as high as 225 mM
NaCl (Suarez, 2011). However, it appears to be more susceptible to
drought as compared with salinity (Zheng et al., 2018). Even though
the routine test of IPC to temperature extremes has not been
reported so far, Cheng et al. found that IPC could grow normally
under natural temperature extremes (12°C and 42°C), and the
underlying mechanisms have been deciphered in the insight of
transcriptome analysis (Liu et al., 2020; Cheng et al., 2021).

In addition to the biological value, IPC’s ecological value also
interests the researchers. IPC is a vine plant whose most extended
branch can grow 20 meters in sandy soil (Martins et al., 2012;
Miryeganeh et al., 2014). IPC can not only creep over the barren soil
by high nutrition uptake with stoloniferous stems but also has
developed root systems and various abiotic or biotic resistance. It is
regarded as one of the potential pioneer plants for ecological
improvement (Zhang et al., 2018; Bennett and Sherratt, 2019;
Cheng et al,, 2021). Hence, IPC has been used as the first “green
barrier” for sand fixation, island-greening, and the ecological
restoration of coastal regions and islands and, reef construction.
Current studies have confirmed that IPC can absorb various types
of heavy metals from salty soil and stored in the flowers, leaves, and
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stems (Baker, 1981; Kozak et al., 2015). IPC is selected as an
indicator to assess the presence of selected elements (Baker,
1981). IPC has also been widely used as a medicinal plant. In
China, Australia, Mexico, Thailand, and Brazil, IPC was usually
used as a traditional medicine against several diseases, such as pain
(Krogh et al., 1999; Rogers et al., 2000), ulcers, strains, wounds
(Manigaunha et al., 2011), cancer (Pereda-Miranda et al., 2005;
Manigauha et al., 2015), and inflammatory conditions (Rheumatoid
arthritis, Ankylosing spondylitis, Osteoarthritis, Gout)
(Venkataraman et al., 2013). The antinociceptive (Krogh et al,
1999), anti-inflammatory (Pongprayoon et al., 1991), antioxidant
activities (Kodali and Sen, 2008), antispasmodic activity
(Pongprayoon et al., 1992), antibacterial activity (Kumar et al,
2014), immunostimulatory activity (Philippi et al., 2010), and
collagenase inhibitory activity (Teramachi et al., 2005) of IPC has
already been scientifically proven. Although the biological,
ecological and medicinal values of IPC have attracted the
attention of researchers, the fundamental biological and genetic
characteristics of IPC still remain unknown.

IPC has been considered one of the extraordinarily wide-
distributed single species of land plants (Miryeganeh et al., 2014).
It has been demonstrated that the genetic divergence of IPC
subspecies located in different territories is very low, indicating
the frequent gene exchanges of this species (Miryeganch et al,
2014). While the pollen dispersal via insects or pollinators could
enhance the gene flow between the subspecies, when two adjacent
but distant populations are separated by hundreds of kilometres of
the ocean (for example, between the main island and an oceanic
island), it is less likely that the gene-flow could be mediated by the
pollen dispersal (Nathan et al., 2008). Therefore, how IPC is widely
distributed on tropical and subtropical coasts around the globe is
very thought-provoking. Drifting via water is an important
mechanical mechanism for dispersing seeds, the unique sexual
reproductive organ of angiosperms. Long-distance dispersal
(LDD) by water flow is the most effective way for the seeds. For a
long time, people have been aware of the importance of LDD by
seawater (Nakanishi, 1988). For example, most mangroves have
seeds or propagules that can drift on seawater and be transported by
ocean currents (Miryeganeh et al., 2014). Because of its effectiveness
across long distances, species that exhibit sea dispersal have vast
ranges (Tomlinson, 2016). IPC belongs to a group of pantropical
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plants, including a few other species from divergent families, such as
Canavalia rosea Sweet. (Fabaceae), Vigna marina (Burm.) Merr. -
Vigna luteola (Jacq.) Benth. (Fabaceae), and Hibiscus tiliaceus L. -
Hibiscus pernambucensis Arruda (Malvaceae). Members of this
plant group can use ocean currents as a vector to disperse their
seeds over very long distances (Takayama et al., 2006; Takayama
et al., 2008; Vatanparast et al., 2011). It has been reported that the
seeds of IPC could be delivered more than 100 km away through
LDD (Miryeganeh et al., 2014).

The seeds are inhouse the next-generation individuals, and the
typical characteristic of angiosperms is that their seeds are enclosed
in pericarps, which are critical for population expansion. During
fruit development, the seeds inside develop and mature, which is a
critical process connecting the previous generation of plants to the
next generation. In the life cycle of plants, multicellular and
unicellular processes alternatively occur in different tissues or
reproductive units. Gametogenesis, the transformation from plant
individuals to gametes, is the process of uni-cellularization in plants.
However, seeds are sexual reproductive organs developed from
ovules containing fertilized eggs, which are sexual reproductive
units that undergo multi-cellularization to give rise to embryos.
This process is called embryogenesis (Imbert, 2002). Seeds are also
the basic unit of population dispersal, and seed coats can maintain
the activity of the embryo during the period from seed maturation
to germination under appropriate conditions (Penfield, 2017).

Sea dispersal of seeds promotes population spreading, the flow
of individuals between populations, the colonization of unoccupied
habitats, and the assembly of local communities from the
metacommunity (Levine and Murrell, 2003; Levin et al., 2003).
Dormancy and germination are the essential traits in the plant life
cycle involved in species survival and offspring proliferation. Under
suitable conditions, water is often the activator of seed germination,
breaking seed dormancy, and then cotyledon and root
breakthrough seed coat to complete the germination process
(Seale and Nakayama, 2020). However, the effectiveness of LDD
of seeds must be supported by long dormancy periods before they
become widespread in the ocean. In this way, populations can
exchange individuals and allow for the flow of genes between
distant populations where pollen cannot migrate (Vatanparast
et al,, 2011). Dispersal to the ocean by drifting seeds would be the
only possible way to maintain migration between these populations.
Nakanishi (1988) has reported that the seeds of IPC species can float
in seawater for up to 90 days and sustain high activity (Nakanishi,
1988). However, the biological characteristics adapting to the LLD
of IPC were rarely reported.

Considering IPC’s biological, ecological and medicinal values, this
study aims to investigate its genome size and chromosome numbers,
providing the essential information for further genome deciphering
work. Since the seeds are the dispersal unit for population expansion,
we hypothesized that the seed structure and dormancy should fulfil
the LLD. At the same time, the germination and early seedling
development should be adapted to its habitat environment. In this
sense, we extensively characterized fruit and seed developments, seed
morphology, and seed germination in IPC. The results provided
insights into the mechanisms of LDD of IPC seeds, which also
explain the success in the population expansion of this species.
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Materials and methods
Plant materials

The Ipomoea pes-caprae L. plants used for this study were
naturally growing on the beach located in Changle, Fuzhou
(Latitude 25° 54°, 33"N, Longitude 119°, 40’, 42" E), Fujian,
China. During autumn, the newly matured brown seeds were
collected directly from the wild-grown plants. Fruits were
carefully selected prior to the release of the seeds. The seed
germination analysis was conducted in the laboratory.

Flow cytometry assay

To explore the appropriate gene size of IPC, flow cytometry was
used to measure the DAPI-fluorescence intensity of the digested
nuclei of IPC leaves using tomato and rice leaves as references. The
20 mg of leaf tissues were chopped with a very sharp razor in 1 ml
ice-cold nuclei isolation (45 mM MgCI2-6H20, 20 mM MOPS, 30
mM Sodium Citrate, 1% (W/V) PVP-40, 0.2%(v/v) Triton X-100,
10 mM Na2EDTA, and 20 uL/mL B-Mercaptoethanol, pH 7.0)
(Loureiro et al., 2006). The homogenated samples were then filtered
through a 42-mm nylon mesh, and 10 ul of DNA fluorochrome
solution (50 mg/ml PI, 50 mg/ml RNase) was added to the flow-
through for staining the nuclei. After 5 minutes of incubation at
room temperature, the nuclei solutions were subject to FLC analysis
on a BD FACScalibur Flow cytometry platform (Cheng et al., 2019).

Chromosome spreading and chromosome
number analysis

The pollen grains with 0.3-0.5 mm diameter were collected and
used for chromosome number observation. The chromosome
spreads of microspores were prepared as described previously
(Ross et al, 1996) and stained with 1.5 pg/ml 4,6-diamidino-2-
phenylindole (DAPI) before microscopy. Images of chromosome
spreads were taken with a Zeiss (Model) microscope following the
method reported by Cheng et al. (2019).

Seed floating, germination,
and growth conditions

The newly matured seeds harvested as mentioned above were
used for the floating test. 100 seeds were soaked in water for 24
hours at room temperature for 24 hours and then subjected to
observe their floating potential. The seeds harvested from the wild-
grown IPC were used for the germination test. A pair of scissors was
used to carefully cut down the seed corners without hurting the
embryo inside to break down the seed coats (scarified seeds). The
intact or scarifeid freshly harvested (FH) and six months after
ripening (AR) seeds were soaked in the water and placed in a 37°C
incubator to test the imbibition rate and germination rate. Three
replicates with 150 seeds for each treatment, the imbibition and
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germination rates were calculated, and the difference significances
were estimated using the t-test method. The germinated seedlings
were transformed into the soil and planted in a 25°C greenhouse
with 16 light/8 dark photoperiods, 200 umol-m ~*.s ~' light
intensity, and 30%-50% relative humidity. The plant morphology
photographs were taken at 24, 48, and 72 hours after germination
(HAG) and 4, 5, 6, 7, 10, 12, 14, 16, 18, 20, 22, and 24 days after
germination (DAG) via a Nikon D7200 digital camera.

Photographing and SEM microscopy

The images of seed germination and embryo development were
photographed by a Nikon D7200 digital camera. The images of the
seed surface and glandular trichomes were taken with a scanning
electron microscope (SEM, TM3030 PLUS).

Semi-thin section examination

The stem apical meristems (SAMs) and the true leaves at 1 to 6
DAGs were collected and fixed in FAA (50% ethanol, 5% (v/v)
acetic acid, 3.7% (v/v) formaldehyde) for at least 24 hours in the
dark (Zhao et al,, 2021). The fixed samples were then dehydrated
gradually by treatment in sequential ethanol solutions with a
gradient concentration of 30%, 50%, 70%, 80%, 90%, 95%, and

10.3389/fpls.2023.1074935

100%, and each treatment lasted 20 minutes. The dehydrated
samples were immersed in acetone solution for 20 minutes twice
and finally embedded in Eponate-12 resin (Ted Pella, Redding, CA,
USA) (Cai et al., 2017). Sections of 3-micrometer thickness were cut
using a Leica Ultracut Sultramicrotome and stained with 0.1%
toluidine blue before imaging with a BX63 microscope (Olympus)
under bright-field optics.

Results

The genome size of IPC is approximately
1.08 GB

The IPC nuclei showed significant 2C and 4C peaks with
fluorescence intensities of 47.65 and 65.30, respectively
(Figure 1A). Meanwhile, the digested nuclei of tomato leaves were
also subjected to flow cytometry analysis as an external reference,
resulting in fluorescence intensities of 43.60 for 2C and 87.20 for 4C
(Figure 1B). The 2C fluorescence intensity ratio of IPC to Tomato is
1.09. Considering the genome size of the tomato is 900 MB (Sato
et al, 2012), it is estimated that the genome size of IPC is
approximately 983.74 + 0.27 MB. To accurately estimate the
genome size of IPC, it is better to conduct the Flow cytometry
assay with an internal reference. Since the genome sizes of IPC and
tomata are very close, the digested nuclei of rice leaves were also
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External Ref. : Tomato  43.60+0.04 47.65+0.05  1.09+0.00 900 MB 983.74+0.27 MB
Internal Ref. : Rice 18.54+0.32 4777+0.81  2.58+0.00 420 MB 1082.36+1.25 MB

FIGURE 1

The estimation of IPC genome size by flow cytometry. (A) The flow cytometry result of IPC; (B) The flow cytometry result of tomato; (C) The flow
cytometry results of IPC using Rice as the internal reference. (D) The genome sizes of IPC were estimated by flow cytometry using Tomato or Rice
as references. SSC-H: The height volume of the Side Scatter indicating the complexity of the particle; FL2-H: The fluorescence intensity (height)

detected by the FL2 channel. Counts; the counts of nuclei detected
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used for this analysis. As shown in Figure 1A, the 2C fluorescence
intensities of Rice and IPC were 18.54 + 0.32 and 47.77 + 0.81,
respectively (Figure 1C). The fluorescence intensities ratio of IPC to
Rice is around 2.58. The internal reference we used here was Oryza
sativa Indica, and the average genome size of the assemblies of the
Oryza sativa Indica group was approximately 420 MB (Yu et al,,
2002). In this analysis, it is estimated that the genome size of IPC is
approximately 1.08 GB (Figure 1D).

The chromosome number analysis of IPC

A set of images showed a complete meiosis process of IPC,
exhibiting the chromosome behaviours at Leptotene, Zygotene,
Pachytene, Diplotene, Diakinesis, Prophase I, Metaphase I.
Metaphase II, and Telophase II phases (Figures 2A-I). The
haploid IPC chromosome number is 15. Meanwhile, the
chromosome count of a somatic cell at mitosis metaphase was 30
(Figure 2]). It is concluded that the chromosome number of IPC
species investigated in this study is 2n = 30.

The development of IPC's fruit,
seed, and embryo

The development of IPC fruit was categorized into nine
development stages (Figure 3A). The fruits at stages I and II are
entirely enclosed by calyxes. With the growth of the seed, the calyx
also gradually grew. The calyxes are dry and withered until stage IX,

F
H -

FIGURE 2

.

10.3389/fpls.2023.1074935

and the IPC seeds mature. At stage V, the fruit shapes are grown to
the final shape, and the fruit size continues to increase. From stage
V to IX, the IPC fruits and seeds are changed in size and are
unchanged in shape along their development process. The IPC
fruits are developed from a compound pistil of connate carpels, with
two locules containing two seeds each. Moreover, the fruits have
long axes, short axes, and two seeds in a locule separated by a
septum. At the IX developmental stage of the fruit, the fruit splits
from the central axis along the septum at maturity. The type of IPC
placenta is axial placentation (Figures 3B, C).

The seeds from stages IV to VIII were cut into two halves to
observe the development of embryos inside (Figure 3D). In the early
stages of embryo development (Stages V and VI), the milky white
and transparent endosperms occupied most of the space in the seed
coats. At this time, the embryo is tiny, and the two cotyledons are
heart-shaped and overlapped, existing at the micropyle end of the
ovule. With the degeneration of endosperm and embryo growth
from stage V, the cavity in the seed expands rapidly. In the VI stage,
the seed reaches its maximum size, and a thick seed coat is formed,
enclosing the embryo with apparent cavities. In the VII stage, the
cotyledons reached their maximum size and were folded because of
space limitations (Figure 3E). At this stage, the cavity of the seed
reaches maximum. From the VII stage, the villus (tomenta) on the
top of the seed began to turn brown from white, and the embryo’s
growth gradually stopped (Figure 3D). To the IX stage of fruit
development, with the dehydration of the fruit and seed, the
pericarp turned brown, the seed coat turned black, and the
cotyledons of the embryo finally turned milky yellow (Figures
SIA-D).

The meiosis chromosome behavior during IPC pollen development. (A-1) The pollens were dyed with DAPI, and the samples were mounted on the
slides for fluorescence microscopy. The figures showed the chromosomes at Leptotene (A), Zygotene (B), Pachytene (C), Diplotene (D), Diakinesis
(E), Prophase | (F), Metaphase | (G). Metaphase Il (H), and Telophase Il (l). (J) The mitosis chromosomes indicate the chromosome number of IPC
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FIGURE 3

The fruit, seed, and embryo development of IPC. (A) The IPC fruits at I-1X stages showed the fruit development of IPC. The fruits are developed from
the compound pistils of connate carpels, with two locules containing two seeds. Bar = 0.5 cm. (B) Figures show the top view of fruits at IV-VIII
stages. Bar = 0.5 cm. (C) Figures show the IPC seeds at V- VIII stages. Bar = 0.5 cm. (D) The vertical section images of IPC seeds at IV-VIII stages

Bar = 0.5 cm. (E) Images show the IPC embryos at V-VIII stages. Bar

Seed floatation and seed dormancy of IPC

To uncover the secret of long-distance disposal of IPC, the dry
IPC seeds were put into water to test their floatage. As shown in
, all IPC seeds were floating on the water, with
approximately two-thirds above the water. One reason might be
the formation of cavities during seed development. Another secret is
the hydrophobicity of the IPC seed surface. Under SEM, we
observed that the seed coats of mature IPC seeds are covered by
tomenta, which are in lamellar strips shape and right-handed
spiralled ( ). The dense tomenta provide strong
hydrophobicity to the IPC seeds, giving rise to the potential of
the IPC seeds drifting over long distances.

For the freshly harvested (FH) seeds, 99.78% of the scarified
seeds were swelled after several hours of soaking in water, while
only a few intact seeds (0.67%) were swelled, and for the six months
after-ripening (AR) seeds, the rates were 100% and 0.22%

Frontiers in

0.5cm

( ;

from both experimental groups (FH and AR) was maintained for

). The non-swelling state of the intact seeds

over six months soaking in the water, indicating that the hard seed
coat of mature IPC seed could prevent the imbibition of seeds with
high efficiency. The germination rates of the FH and AR IPC seeds
were also tested, and only 11.11% of the FH scarified seeds
germinated. However, a much more significant proportion of AF
scarified seeds (88.59%) germinated, indicating that the mature IPC
seeds have significant dormancy even under the appropriate

germination conditions ( , F; ).

Seed germination and SAM
development of IPC

Twenty-four hours after imbibition, The roots break through
the seed shell first, and their growth is more predominant when the
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FIGURE 4

Morphology and dormancy of IPC seeds. (A) The IPC seeds float in the water easily. Bar=1 cm. (B) Image shows the surface of a mature IPC seed.
Bar= 100 um. (C) Bars show the imbibition rate of intact and scarified freshly harvested (FH) IPC seeds. (D) Bars show the germination rate of intact
and scarified FH IPC seeds. (E) Bars show the imbibition rate of intact and scarified six months after ripening (AR) IPC seeds. (F) Bars show the
germination rate of intact and scarified AR IPC seeds. Error bars indicate the standard deviation, ** indicates the P < 0.01 significant difference

evaluated by t-test.

hypocotyledons elongate slowly from day one to day four.
Cotyledons and stems synchronously grow rapidly from the fifth
day to the seventh, while taproots begin to form lateral roots
(Figure 5A). The IPC plantlets development at 10, 12, 14, 16, 18,
20, 22, and 24 days after germination were shown in Figures 5B-1.
The phyllotaxis of IPC are alternative, and there is a thick leathery
surface on the leaves to prevent water loss. The apex of the leaf blade
is dented or lobed, shaped like a saddle, which might be the origin of
its Chinese alias “Maan Teng.” The observation of IPC germination
also indicated that the seed germination pattern of IPC belongs to
epigeal germination (Figure 5A).

To determine the formation pattern of IPC true leaves, the
development of SAM was observed on the germinating seeds at
stages of 24, 48, 72 h, and 4, 5, and 6 days after germination
(Figures 5]-0). It was found that the morphology of the stem apical
meristem of IPC was still flat at 24 h after germination (Figures 5],
K), and the SAM showed an apparent tunica-corpus structure at
48 h after germination (Figure 5K), in which we could see the tunica
composed of one layer of cells, and the initial layer of the corpus at
the second layer composed of cells with ununiformed sizes. The leaf
primordium was formed at 72 h of germination (Figure 5L).

The morphology and development of
glandular trichomes

Our observation showed that the GTs are mainly presented on
the surfaces of the younger leaves (Figure S2A). The adaxial surfaces
have a much higher density than the abaxial surfaces (Figures S2B,
C, E, F). Most of the GTs on the abaxial surfaces were broken,
probably because of the degradation during secreting sticky
substances to protect the young leaves during the early
development stage. However, few GTs were observed on the
surface of the elder leaves rather than the GT vestiges (Figures
2D, G).
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Kuster et al. (2016) histologically observed the morphology of
GT in IPC living in Restinga, Brazil, which is multicellular and
composed of a secretory head, a stalk, and a basal cell (Kuster et al.,
2016). In this study, we have also observed the typical multicellular
structure of GT in IPC living in Changle, China. To understand the
developmental process of the multicellular GT of IPC, we
constructed the histogenesis patterns of IPC glandular trichomes
based on the section images of the GT at different developmental
stages (Figure 6A). At the beginning of germination, the GTs could
be observed on the surface of the IPC leaf blade. At 72 h after
germination, the number of GT increased significantly. The GTs
originated from the epidermal cells (Figure 6B, stage I). The
epidermal cell obtained the GT destination first increases theirs
lengthens (Figure 6C, stage II), and the top end of the elongated
epidermal cell is expanded slightly (Figure 6D, stage III-1) and
entering the first mitosis resulting in a bicellular-trichome structure
containing two daughter cells (Figures 6E, F, stagelll-2, IV). The
one internal of the epidermal develops into the basal cell later
(Figure 6G, stage V), and another on top of the basal cell undergoes
the second division and forms apical and basal cells (Figure 6H,
stage VI). The basal cell does not expand much and develops to the
stalk of the GT (Figure 61, stage VII), while the apical cell increases
in size and forms the globular-shaped secretory head of GT,
containing eight to twelve cells (Figures 6], K, stage VIII). The
division of the apical cells is almost symmetrical, and the division
pattern is shown in the upper right part of Figure 6A (stage SH-I to
stage SH-VI) (Smaoui et al., 2011; Shabala et al., 2014).

Discussion

Increasing climate change threatens food production and, thus,
human survival and development, among which the impact of
global warming is significant. In terms of the influence of high
temperature on crop yield, high night temperature is more
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FIGURE 5

Seed germination and stem apical meristem development of IPC. (A) The epigeal germination pattern of IPC seeds. Figures show the seedlings at 24,
48, and 72 hours and 4, 5, 6, and 7 days after germination. Bar = 2 cm. (B-1) Figures show the IPC plantlets at 10, 12, 14, 16, 18, 20, 22, and 24 days
after germination. Bar = 2 cm. (J—0) Semithin section images of stem apical meristems from 1 to 6 days after germination show the development of

IPC SAM. Bar = 500 pm

significant, which has been proven as a key proxy for heat damage,
together with dry stigmas and unviable pollen (
; ; )-
The abiotic stresses, especially salt and drought, shared a common
regulatory system and cross-talk in stress perception, signal
transduction and downstream response ( ). For
instance, MAPK cascades and the cross-talk between ABA
signalling and biotic signalling were extensively reviewed (
). Osmotic regulation due to salt and drought stress may
be pleiotropic between both complex traits ( ;
), compared to stomata regulation (

). However, The CWRs have evolved a vast range of biotic
alleles which may surpass the conventional cultivars during natural
selection, and those alleles are precious gene resources for crop
breeding ( ; ), especially in
coping with climate changes ( ).
A successful accomplishment has been made in the cropping
practice of common beans, in which the last-generation genome-
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environment association has revealed the genetic basis of heat and
drought tolerance ( ;

), which has been successfully applied in the genetic
improvement of common bean targeting to enhancing drought and
). IPC species are the CWRs of
sweet potatoes, and their biological and genetic investigation is of

salt tolerance (

great significance to the abiotic tolerance improvement of the latter.

The genome size and chromosome
number analyses of IPC provide
fundamental information for further
genome deciphering

The genome contains all the genetic information of the
organism, and the genome sequence is the complete list of the
nucleotides (A, C, G, and T for DNA genomes) that make up all
the chromosomes of an individual or a species. Genome size is the
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FIGURE 6

Histogenesis of the epidermal GT in the early stage of IPC. (A) Pattern diagram of GT development. Bar= 250 um. (B—=J) Semithin section (vertical)
images showed the development process of IPC GT, b (1), c (Il), d (IlI-1), e (IlI-2), f (IV), g (V), h (VI), I (VII), j (VIll). Bar = 250 pm. (K) The transverse
section images of IPC GT six days after germination. Bar= 250 um. SH, Secretory Head.

fundamental characteristic of the specific organism, which is also an
essential parameter for evolutional and taxonomic analyses
(Bainard et al., 2020). It has been reported that the genetic
diversity among the IPC subspecies inhabited on different
continents is very low because of their frequent gene exchanges
(Miryeganeh et al., 2014). However, the genome size of IPC species
is unknown till now. The flow cytometry analysis in this study
showed that the genome size of IPC is approximately 1.08 GB. The
chromosomes are the organizer of the genetic information for a
specific species, and the chromosome number is another
fundamental characteristic of a plant species, which is usually
used as the identification parameter for species and varieties.
Even though the chromosome number information has been
reported in the previous publications, the exact chromosome
number of IPC, especially for the IPC habited in Changle, is
unknown. To this end, the chromosome behaviour during the
Meiosis of IPC male gametophyte and the chromosome counting
analysis during mitosis were investigated in this study. The results
showed that the chromosome number of IPC is 2n=30. The genome
size and chromosome number analyses of IPC will provide
fundamental information for further genome deciphering.

The seed morphology and germination
of IPC facilitate the long-distance dispersal
by seawater

Since most land plants have sessile life forms, seed dispersal is
important for population expansion and subspecies migration. The
migration of subspecies exchanges individuals and keep gene flow
between distant populations (Cain et al., 2000; Levin et al., 2003;
Nathan et al., 2008). In most cases, the plants appear to act as
passive units whose seeds or other diaspores are transported far
away from the parent plants by different vectors, such as animals,
wind, and water, at a given time (Nathan, 2006; Nathan et al., 2008).
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During evolution, plants have evolved various strategies to increase
their seed dispersal in the following ways: flight mechanisms,
animal transportation, and explosive spreading. However, those
dispersal mechanisms rely on the formation of specialized
anatomical and morphological adaptations for using physical or
biological dispersal vectors (Seale and Nakayama, 2020). For
example, the plants of Asteraceae and the other 17 plant families
produce diaspore heteromorphism to facilitate seed dispersal
through wind, animal, and water (Imbert, 2002; Seale and
Nakayama, 2020). Because of the long-distance dispersal (LDD),
IPC plants are distributed worldwide in subtropical and tropical
coastal areas, with frequent transoceanic gene exchange (Li et al.,
2019). Previous studies have investigated their adaption to salt
stress and temperature extremes in transcriptomic levels (Wood
et al,, 2020; Cheng et al., 2021). In this study, the IPC seeds were
extensively investigated in aspects of morphology, anatomy,
germination, and dormancy, trying to decipher the mechanical
mechanism of IPC to facilitate the LDD and explain why IPC is one
of the most widely distributed plants in the world. Our results
showed that IPC seeds develop hard and thick seed coats covering
massive hydrophobic tomenta that give seeds floating potential in
water (Figure 4A). Seed drifting is the most important factor for IPC
plants to pass through ocean circulation (Takayama et al., 2006;
Takayama et al., 2008; Vatanparast et al., 2011; Miryeganeh et al.,
2014). On the other hand, the newly-harvest IPC seed would not
germinate even with scarification (Figure 4). As we know, water and
air are the main conditions for seed germination. The IPC seed
coats are very hard, preventing the water from getting into the seed
to stimulate germination. Our results show that the hard, dense seed
shell of IPC plays a vital role in preventing air and water from
entering the seed interior. The seeds that are broken in the seed coat
can quickly emerge from dormancy and begin the germination
stage in suitable conditions. The comparison of germination rates
between FS and AS indicated that the seeds of IPC need to undergo
late ripening or a certain dormant period before they can be
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germinated. In summary, the specialized seed coats of IPC help the
seed float on the water. Meanwhile, the hard seed coats act as a
physical barrier to prevent seed imbibition, and the dormancy of
mature embryos acts as a physiological factor preventing the seeds
from germination, thus giving the IPC seeds enough time for LLD
over the sea.

The adaption of IPC in the perspective of
SAM and GT developments

Under a broad range of stressful conditions, such as high
irradiation, high temperatures, increased salinity, and water
shortage, plants may have been driven by the development of a
set of morphological, anatomical, and physiological adaptations.
Shoot apical meristem (SAM) and root apical meristem (RAM) are
formed under the activity of the stem apical meristem to complete
the complex life process. It is believed that leaves are formed after
seeds germinate when it comes to leaf formation. In many plants,
however, vegetative leaves were formed during seed development.
For example, the well-known monocotyledons maize and wheat,
dicotyledons soybean, or the three euphylla of Rice start during seed
development, while cucumber seeds do not have prominent
vegetative leaves at maturity but only produce leaf primordia
(Vernoud et al., 2005; Deng et al., 2021). In this analysis, the ture
leaves were not observed in the IPC seeds and the SAM, and the
ancestor of the true leaves became observable during seed
germination. The inactivation or the later maturation of SAM of
the embryo might be one of the physiological mechanisms of IPC
seeds to protect the meristem cell lineage.

In some plant species, secretory structures like laticifers and
nectaries may play an essential role in plant survival (Kuster et al.,
20165 Le Roux, 2009). Laticifers, for example, secrete terpenoids and
caoutchoid that protect against herbivorous insects and microbes
and seal wounds (Fahn, 1979). Previous studies have also observed
the secretory structures, glander trichomes (GTs), on the surface of
the leaves of IPC. However, the function of the IPC GTs has rarely
been demonstrated. It has been observed that the glandular
trichomes (GTs) were presented on both sides of the IPC leaf
blade, secreting polysaccharides mucilage which plays essential
roles in wound response, plant defense, and water maintenance
(Perez-De-Luque et al., 2006; Zimmermann et al., 2007; Fisher et al.,
2009). Our observation showed that the GTs are mainly presented
on the surfaces of the younger leaves (Figure S2A). Kuster et al.
(2016) have observed that this kind GTs widely exists in Ipomoea
species, such as Ipomoae imperati and Ipomoae pes-caprae, mainly
distributed in the tissues such as leaves, petioles, and stems, which
are rich in pectin and other polysaccharides (Kuster et al., 2016).
The Ipomoea GTs can secrete fluid, but in which the sodium ions
were not detected, indicating that these GT's are not salt glands. It is
currently believed that the primary function of the GTs is to seal
wounds, resist herbivores and prevent water loss (Zimmermann
et al., 2007; Fisher et al., 2009). Based on our results, we found that
IPC GTs might play an essential role in protecting seedlings and
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leaves. The secretory substance from the GT may form the leathery
membranes on the mature leave. Under harsh coastal conditions
with high temperatures, high radiation, high wind, and high salt
content of the soil, the mature leaves of IPC were covered by a layer
of the leathery membrane, which protects the leaves from
irradiation and water loss under the coastal conditions. However,
in young leaves, the sticky fluid secreted by GT's makes two halves of
the leaf blades fold and stick together to reduce water transpiration
before the leathery membrane formation (Figure S2). The GTs were
observed as early as the seed germination. On the first day after
germination, the completely developed glandular trichomes could
be observed on the semi-section of the cotyledons and primordium.
While on the third day after germination, more dense GTs were
observed on the cotyledon than on the surfaces of mature leaves. It
is also observed that almost all of the GTs degenerated on the
mature leaves (Figure S2). Those observations indicated that the
GTSs might play an essential role in protecting IPC leaves, especially
in preventing water loss. It has also been reported that the viscous
fluid secreted by GTs is mainly composed of hydrophilic
polysaccharides, which the researchers speculated might protect
and lubricate the meristem during early development (Fahn, 1979;
Martins et al., 2012; Kuster et al., 2016). This is consistent with our
observation of a large number of glands in the apical meristem.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Author contributions

YC and YQ conceived and designed the research. KY, BH, CD,
JS, ZL, and FD performed the experiments. LW, CP, and MA helped
with a critical discussion on the work. YC and KY wrote the
manuscript. MA and YQ revised the manuscript. All authors
discussed the results and approved the final version of
the manuscript.

Funding

This work was supported by the National Natural Science
Foundation of China (32170380 to YC, and 31970333 to YQ) and
the Science and technology innovation project of Pingtan Institute
of Science and Technology (PT2021001 to YC, and PT2021007
to YQ).

Acknowledgments

We thank the editors and revivers for revising this manuscript.

frontiersin.org


https://doi.org/10.3389/fpls.2023.1074935
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Ye et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

Abrol, Y. P,, and Ingram, K. T. (2022). “Effects of higher day and night temperatures
on growth and yields of some crop plants,” in Global climate change and agricultural
production: Direct and indirect effects of changing hydrological. Eds. F. A. Bazzaz and W.
G Sombroek. Available at: https://www.fao.org/3/w5183e/w5183e08.htm.

Bainard, J.D., Newmaster, S.G., and Budke, J.M. (2020). Genome size and
endopolyploidy evolution across the moss phylogeny. Ann Bot 125 (4), 543-555. doi:
10.1093/a0b/mcz194

Baker, A. J. M. (1981). Accumulators and excluders -strategies in the response of
plants to heavy metals. J. Plant Nutr. 3, 643-654. doi: 10.1080/01904168109362867

Bennett, J. J. R, and Sherratt, J. A. (2019). Long-distance seed dispersal affects the
resilience of banded vegetation patterns in semi-deserts. J. Theor. Biol. 481, 151-161.
doi: 10.1016/j.jtbi.2018.10.002

Blair, M. W., Cortés, A. J., and This, D. (2016). Identification of an ERECTA gene
and its drought adaptation associations with wild and cultivated common bean. Plant
Sci. 242, 250-259. doi: 10.1016/j.plantsci.2015.08.004

Burbano, E., Leon-Pacheco, R., Cordero-Cordero, C., Lopez Hernandez, F., Cortes,
A., and Tofifio-Rivera, A. (2021). Multi-environment yield components in advanced
common bean (Phaseolus vulgaris 1.) x tepary bean (P. acutifolius a. Gray) interspecific
lines for heat and drought tolerance. Agronomy 11, 1978. doi: 10.3390/
agronomyl11101978

Cai, H., Zhao, L., Wang, L., Zhang, M., Su, Z., Cheng, Y., et al. (2017). ERECTA
signaling controls arabidopsis inflorescence architecture through chromatin-mediated
activation of PRE1 expression. New Phytol. 214, 1579-1596. doi: 10.1111/nph.14521

Cain, M. L., Milligan, B. G., and Strand, A. E. (2000). Long-distance seed dispersal in
plant populations. Am. J. Bot. 87, 1217-1227. doi: 10.2307/2656714

Cheng, Y., Yang, P., Zhao, L., Priyadarshani, S., Zhou, Q., Li, Z., et al. (2019). Studies
on genome size estimation, chromosome number, gametophyte development and plant
morphology of salt-tolerant halophyte Suaeda salsa. BMC Plant Biol. 19, 473. doi:
10.1186/512870-019-2080-8

Cheng, Y., Zhou, Q,, Li, W,, Cheng, H., Mohammadi, M. A,, Liu, Y., et al. (2021). De
novo transcriptome assembly and gene expression profiling of ipomoea pes-caprae 1.
under heat and cold stresses. Scientia Hortic. 289, 110379. doi: 10.1016/
j.scienta.2021.110379

Cortés, A. J., Chavarro, M. C., Madrifian, S., This, D., and Blair, M. W. (2012).
Molecular ecology and selection in the drought-related asr gene polymorphisms in wild
and cultivated common bean (Phaseolus vulgaris 1.). BMC Genet. 13, 58. doi: 10.1186/
1471-2156-13-58

Cortes, A. J., Cornille, A., and Yockteng, R. (2021). Evolutionary genetics of crop-
wild complexes. Genes (Basel) 13 (1). doi: 10.3390/genes13010001

Cortés, A. J., and Lopez-Hernandez, F. (2021). Harnessing crop wild diversity for
climate change adaptation. Genes (Basel) 12 (5). doi: 10.3390/genes12050783

Cortes, A., Monserrate, F., Ramirez-Villegas, J., Madrifan, S., and Blair, M. (2013).
Drought tolerance in wild plant populations: The case of common beans (Phaseolus
vulgaris 1.). PLoS One 8, €62898. doi: 10.1371/journal.pone.0062898

Corteés, A. J., This, D., Chavarro, C., Madrifian, S., and Blair, M. W. (2012).
Nucleotide diversity patterns at the drought-related DREB2 encoding genes in wild
and cultivated common bean (Phaseolus vulgaris 1.). Theor. Appl. Genet. 125, 1069
1085. doi: 10.1007/s00122-012-1896-5

Deng, Y., Fu, W, Tang, B., Tao, L., Zhang, L., Zhou, X,, et al. (2021). Transcriptome
analysis of ovary culture-induced embryogenesis in cucumber (Cucumis sativus ).
Peer ] 9, €12145. doi: 10.7717/peer;j.12145

Fahn, A. (1979). Secretory tissues in plants (London: Academic press).

Fisher, J., Lindstrom, A., and Marler, T. (2009). Tissue responses and solution
movement after stem wounding in six cycas species. HortScience: Publ. Am. Soc. Hortic.
Sci. 44, 848-851. doi: 10.21273/HORTSCI.44.3.848

Frontiers in Plant Science

11

10.3389/fpls.2023.1074935

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpls.2023.1074935/

full#supplementary-material

Huang, G. T., Ma, S. L, Bai, L. P., Zhang, L., Ma, H,, Jia, P., et al. (2012). Signal
transduction during cold, salt, and drought stresses in plants. Mol. Biol. Rep. 39, 969—
987. doi: 10.1007/s11033-011-0823-1

Imbert, E. (2002). Ecological consequences and ontogeny of seed heteromorphism. Perspect.
Plant Ecol. Evol. Syst. 5, 13-36. doi: 10.1078/1433-8319-00021

Khoury, C. K., Achicanoy, H. A., Bjorkman, A. D., Navarro-Racines, C., Guarino, L.,
Flores-Palacios, X., et al. (2016). Origins of food crops connect countries worldwide.
Proc. R. Soc. B: Biol. Sci. 283, 20160792. doi: 10.1098/rspb.2016.0792

Kodali, V. P., and Sen, R. (2008). Antioxidant and free radical scavenging activities of an
exopolysaccharide from a probiotic bacterium. Biotechnol. J. 3, 245-251. doi: 10.1002/
biot.200700208

Kozak, L., Kokocinski, M., Niedzielski, P., and Lorenc, S. (2015). Bioaccumulation of
metals and metalloids in medicinal plant ipomoea pes-caprae from areas impacted by
tsunami. Environ. Toxicol. Chem. 34, 252-257. doi: 10.1002/etc.2794

Krogh, R,, Kroth, R,, Berti, C., Madeira, A. O., Souza, M. M., Cechinel-Filho, V., et al.
(1999). Isolation and identification of compounds with antinociceptive action from
ipomoea pes-caprae (L.) R. br. Pharmazie 54, 464-466. Available at: https://curopepmec.
org/article/med/10399194.

Kumar, A,, Paul, S, Kumari, P., Thirugnanasambandan, S., and Kandasamy, K. (2014).
Antibacterial and phytochemical assessment on various extracts of ipomoea pes-caprae (L.) R.
br through FTIR and GC- MS spectroscopic analysis. Asian J. Pharm. Clin. Res. 7, 134-138.
Available at: https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/8210564.

Kuster, V. C.,, Da Silva, L. C., Meira, R. M. S. A, and Azevedo, A. A. (2016).
Glandular trichomes and laticifers in leaves of ipomoea pes-caprae and i. imperati
(Convolvulaceae) from coastal restinga formation: structure and histochemistry. Braz.
J. Bot. 39, 1117-1125. doi: 10.1007/s40415-016-0308-5

Le Roux, P. (2009). Plants at the margin. ecological limits and climate change. Ann.
Botany. 104, ix-ix. doi: 10.1093/aob/mcp220

Levin, S., Muller-Landau, H., and Nathan, R. (2003). The ecology and evolution of
seed dispersal: A theoretical perspective. Annu. Rev. Ecol. Evol. Systematics 34, 575-604.
doi: 10.1146/annurev.ecolsys.34.011802.132428

Levine, J. M., and Murrell, D. J. (2003). The community-level consequences of seed
dispersal patterns. Annu. Rev. Ecology Evolution Systematics. 34, 549-574. doi: 10.1146/
annurev.ecolsys.34.011802.132400

Li, N., Zheng, H., Cui, J., Wang, J., Liu, H., Sun, ], et al. (2019). Genome-wide
association study and candidate gene analysis of alkalinity tolerance in japonica rice
germplasm at the seedling stage. Rice 12, 24. doi: 10.1186/s12284-019-0285-y

Liu, Y., Dai, X.-B., Zhao, L.-K., Huo, K.-S., Jin, P.-F., Zhao, D.-L., et al. (2020). RNA-
Seq reveals the salt tolerance of ipomoea pes-caprae, a wild relative of sweet potato. J.
Plant Physiol. 255, 153276. doi: 10.1016/.jplph.2020.153276

Lopez-Hernandez, F., and Cortés, A. J. (2019). Last-generation genome-
environment associations reveal the genetic basis of heat tolerance in common bean
(Phaseolus vulgaris 1.). Front. Genet. 10, 954. doi: 10.3389/fgene.2019.00954

Loureiro, J., Rodriguez, E., Dolezel, J., and Santos, C. (2006). Comparison of four
nuclear isolation buffers for plant DNA flow cytometry. Ann Bot 98 (3), 679-689. doi:
10.1093/aob/mcl141

Manigauha, A., Kharya, M. D., and Ganesh, N. (2015). In vivo antitumor potential of
ipomoea pes-caprae on melanoma cancer. Pharmacogn Mag 11, 426-433. doi: 10.4103/
0973-1296.153099

Manigaunha, A., Ganesh, N.,, and Kharya, M. (2011). Morning glory: A new thirst in-
search of de-novo therapeutic approach. Int. J. Phytomed 2. doi: 10.5138/
ijpm.2010.0975.0185.02003

Martins, F. M., Lima, J. F., Mascarenhas, A. A. S., and Macedo, T. P. (2012).
Secretory structures of ipomoea asarifolia: Anatomy and histochemistry. Rev. Bras.
Farmacognosia. 22, 13-20. doi: 10.1590/50102-695X2011005000162

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpls.2023.1074935/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpls.2023.1074935/full#supplementary-material
https://www.fao.org/3/w5183e/w5183e08.htm
https://doi.org/10.1093/aob/mcz194
https://doi.org/10.1080/01904168109362867
https://doi.org/10.1016/j.jtbi.2018.10.002
https://doi.org/10.1016/j.plantsci.2015.08.004
https://doi.org/10.3390/agronomy11101978
https://doi.org/10.3390/agronomy11101978
https://doi.org/10.1111/nph.14521
https://doi.org/10.2307/2656714
https://doi.org/10.1186/s12870-019-2080-8
https://doi.org/10.1016/j.scienta.2021.110379
https://doi.org/10.1016/j.scienta.2021.110379
https://doi.org/10.1186/1471-2156-13-58
https://doi.org/10.1186/1471-2156-13-58
https://doi.org/10.3390/genes13010001
https://doi.org/10.3390/genes12050783
https://doi.org/10.1371/journal.pone.0062898
https://doi.org/10.1007/s00122-012-1896-5
https://doi.org/10.7717/peerj.12145
https://doi.org/10.21273/HORTSCI.44.3.848
https://doi.org/10.1007/s11033-011-0823-1
https://doi.org/10.1078/1433-8319-00021
https://doi.org/10.1098/rspb.2016.0792
https://doi.org/10.1002/biot.200700208
https://doi.org/10.1002/biot.200700208
https://doi.org/10.1002/etc.2794
https://europepmc.org/article/med/10399194
https://europepmc.org/article/med/10399194
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/8210564
https://doi.org/10.1007/s40415-016-0308-5
https://doi.org/10.1093/aob/mcp220
https://doi.org/10.1146/annurev.ecolsys.34.011802.132428
https://doi.org/10.1146/annurev.ecolsys.34.011802.132400
https://doi.org/10.1146/annurev.ecolsys.34.011802.132400
https://doi.org/10.1186/s12284-019-0285-y
https://doi.org/10.1016/j.jplph.2020.153276
https://doi.org/10.3389/fgene.2019.00954
https://doi.org/10.1093/aob/mcl141
https://doi.org/10.4103/0973-1296.153099
https://doi.org/10.4103/0973-1296.153099
https://doi.org/10.5138/ijpm.2010.0975.0185.02003
https://doi.org/10.5138/ijpm.2010.0975.0185.02003
https://doi.org/10.1590/S0102-695X2011005000162
https://doi.org/10.3389/fpls.2023.1074935
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Ye et al.

Miryeganeh, M., Takayama, K., Tateishi, Y., and Kajita, T. (2014). Long-distance
dispersal by sea-drifted seeds has maintained the global distribution of ipomoea pes-
caprae subsp. brasiliensis (Convolvulaceae). PloS One 9, €91836. doi: 10.1371/
journal.pone.0091836

Nakanishi, H. (1988). Dispersal ecology of the maritime plants in the Ryukyu
islands, Japan. Ecol. Res. 3, 163-173. doi: 10.1007/BF02346937

Nathan, R. (2006). Long-distance dispersal of plants. Science 313, 786-788. doi:
10.1126/science.1124975

Nathan, R, Schurr, F. M., Spiegel, O., Steinitz, O., Trakhtenbrot, A., and Tsoar, A.
(2008). Mechanisms of long-distance seed dispersal. Trends Ecol. Evol. 23, 638-647. doi:
10.1016/j.tree.2008.08.003

Penfield, S. (2017). Seed dormancy and germination. Curr. Biol. 27, R874-r878. doi:
10.1016/j.cub.2017.05.050

Pereda-Miranda, R., Escalante-Sanchez, E., and Escobedo-Martinez, C. (2005).
Characterization of Lipophilic Pentasaccharides from Beach Morning Glory (Ipomoea
pes-caprae). J. Nat. Prod. 68 (2), 226-230. doi: 10.1021/np0496340

Pérez-De-Luque, A., Lozano, M. D., Cubero, J. I, Gonzalez-Melendi, P., Risuefio, M. C.,
and Rubiales, D. (2006). Mucilage production during the incompatible interaction between
orobanche crenata and vicia sativa. J. Exp. Bot. 57, 931-942. doi: 10.1093/jxb/erj078

Philippi, M. E., Duarte, B. M., Da Silva, C. V., De Souza, M. T., Niero, R., Cechinel
Filho, V., et al. (2010). Immunostimulatory acivity of calophyllum brasiliense, ipomoea
pes-caprae and matayba elacagnoides demonstrated by human peripheral blood
mononuclear cells proliferation. Acta Pol. Pharm. 67, 69-73. Available at: https://
europepmc.org/article/ MED/20210081.

Pongprayoon, U., Baeckstrom, P., Jacobsson, U., Lindstrom, M., and Bohlin, L.
(1992). Antispasmodic activity of beta-damascenone and e-phytol isolated from
ipomoea pes-caprae. Planta Med. 58, 19-21. doi: 10.1055/5-2006-961381

Pongprayoon, U., Bohlin, L., Soonthornsaratune, P., and Wasuwat, S. (1991).
Antiinflammatory activity of ipomoea pes-caprae (L.) R. br. Phytother. Res. 5, 63-66.
doi: 10.1002/ptr.2650050205

Rogers, K. L., Grice, LD., and Griffiths, L. R. (2000). Inhibition of platelet aggregation
and 5-HT release by extracts of Australian plants used traditionally as headache
treatments. Eur. J. Pharm. Sci. 9, 355-363. doi: 10.1016/S0928-0987(99)00074-3

Ross, K. J., Fransz, P., and Jones, G. H. (1996). A light microscopic atlas of meiosis in
arabidopsis thaliana. Chromosome Res. 4, 507-516. doi: 10.1007/BF02261778

Sato, S., Tabata, S., Hirakawa, H., Asamizu, E., Shirasawa, K., Isobe, S., et al. (2012).
The tomato genome sequence provides insights into fleshy fruit evolution. Nature 485,
635-641. doi: 10.1038/naturel1119

Seale, M., and Nakayama, N. (2020). From passive to informed: Mechanical
mechanisms of seed dispersal. New Phytol. 225, 653-658. doi: 10.1111/nph.16110

Shabala, S., Bose, J., and Hedrich, R. (2014). Salt bladders: do they matter? Trends
Plant Sci. 19, 687-691. doi: 10.1016/j.tplants.2014.09.001

Smaoui, A., Barhoumi, Z., Rabhi, M., and Abdelly, C. (2011). Localization of
potential ion transport pathways in vesicular trichome cells of atriplex halimus 1.
Protoplasma 248, 363-372. doi: 10.1007/s00709-010-0179-8

Frontiers in Plant Science

12

10.3389/fpls.2023.1074935

Suarez, N. (2011). Effects of short- and long-term salinity on leaf water relations, gas
exchange, and growth in ipomoea pes-caprae. Fuel Energy Abstracts 206 (3), 267-275.
doi: 10.1016/j.flora.2010.05.006

Takayama, K., Kajita, T., Murata, J., and Tateishi, Y. (2006). Phylogeography and
genetic structure of hibiscus tiliaceus—speciation of a pantropical plant with sea-drifted
seeds. Mol. Ecol. 15, 2871-2881. doi: 10.1111/j.1365-294X.2006.02963.x

Takayama, K., Tateishi, Y., Murata, J., and Kajita, T. (2008). Gene flow and
population subdivision in a pantropical plant with sea-drifted seeds hibiscus tiliaceus
and its allied species: evidence from microsatellite analyses. Mol. Ecol. 17, 2730-2742.
doi: 10.1111/j.1365-294X.2008.03799.x

Teramachi, F., Koyano, T., Kowithayakorn, T., Hayashi, M., Komiyama, K., and
Ishibashi, M. (2005). Collagenase inhibitory quinic acid esters from ipomoea pes-
caprae. J. Nat. Prod 68, 794-796. doi: 10.1021/np0500631

Tomlinson, P. B. (2016). The botany of mangroves. 2 ed (Cambridge: Cambridge
University Press). doi: 10.2307/2399427

Vatanparast, M., Takayama, K., Sousa, M., Tateishi, Y., and Kajita, T. (2011). Origin
of Hawaiian endemic species of canavalia (Fabaceae) from Sea-dispersed species
revealed by chloroplast and nuclear DNA sequences. J. Japanese Bot. 86, 15-25.

Venkataraman, N., Atlee, C., Prabhu, P., Surya, G., Ramalingam, K., and Nasar I, S.
(2013). Evaluation of in-vitro anti-arthritic potential of aerial parts of ipomoeapes-
caprae (L.) R. brand estabilishment of its mechanism of action. Res. J. Pharmaceutical
Biol. Chem. Sci. 4, 1560-1565. Available at: https://www.semanticscholar.org/paper/
Evaluation-of-In-vitro-Anti-Arthritic-Potential-of-Venkataraman-Atlee/
a50dca51b33b44be5e73{fd88cfe46e1d05fdd08.

Vernoud, V., Hajduch, M., Khaled, A., Depége, N., and Rogowsky, M. (2005). Maize
embryogenesis. Maydica 50, 469. doi: 10.1007/978-1-59745-273-1_2

Wood, J. R. I, Mufioz-Rodriguez, P., Williams, B. R. M., and Scotland, R. W. (2020).
A foundation monograph of ipomoea (Convolvulaceae) in the new world. PhytoKeys
143, 1-823. doi: 10.3897/phytokeys.143.32821

Yu, J., Hu, S, Wang, J., Wong, G. K., Li, S., Liu, B, et al. (2002). A draft sequence of
the rice genome (Oryza sativa 1. ssp. indica). Science 296, 79-92. doi: 10.1126/
science.1068037

Zhang, X,, Li, M., Yang, H,, Li, X,, and Cui, Z. (2018). Physiological responses of
suaeda glauca and arabidopsis thaliana in phytoremediation of heavy metals. J. Environ.
Manage. 223, 132-139. doi: 10.1016/j.jenvman.2018.06.025

Zhao, L., Liu, L., Liu, Y., Dou, X., Cai, H., Aslam, M., et al. (2021). Characterization of
germline development and identification of genes associated with germline
specification in pineapple. Horticulture Res. 8, 239. doi: 10.1038/541438-021-00669-x

Zheng, J. X., Zhang, H., Su, H. X,, Xia, K. F,, Jian, S. G., and Zhang, M. (2018).
Ipomoea pes-caprae IpASR improves salinity and drought tolerance in transgenic
escherichia coli and arabidopsis. Int. J. Mol. Sci. 1, 19. doi: 10.3390/ijms19082252

Zimmermann, D., Westhoff, M., Zimmermann, G., Gessner, P., Gessner, A.,
Wegner, L. H., et al. (2007). Foliar water supply of tall trees: Evidence for mucilage-
facilitated moisture uptake from the atmosphere and the impact on pressure bomb
measurements. Protoplasma 232, 11-34. doi: 10.1007/s00709-007-0279-2

frontiersin.org


https://doi.org/10.1371/journal.pone.0091836
https://doi.org/10.1371/journal.pone.0091836
https://doi.org/10.1007/BF02346937
https://doi.org/10.1126/science.1124975
https://doi.org/10.1016/j.tree.2008.08.003
https://doi.org/10.1016/j.cub.2017.05.050
https://doi.org/10.1021/np0496340
https://doi.org/10.1093/jxb/erj078
https://europepmc.org/article/MED/20210081
https://europepmc.org/article/MED/20210081
https://doi.org/10.1055/s-2006-961381
https://doi.org/10.1002/ptr.2650050205
https://doi.org/10.1016/S0928-0987(99)00074-3
https://doi.org/10.1007/BF02261778
https://doi.org/10.1038/nature11119
https://doi.org/10.1111/nph.16110
https://doi.org/10.1016/j.tplants.2014.09.001
https://doi.org/10.1007/s00709-010-0179-8
https://doi.org/10.1016/j.flora.2010.05.006
https://doi.org/10.1111/j.1365-294X.2006.02963.x
https://doi.org/10.1111/j.1365-294X.2008.03799.x
https://doi.org/10.1021/np0500631
https://doi.org/10.2307/2399427
https://www.semanticscholar.org/paper/Evaluation-of-In-vitro-Anti-Arthritic-Potential-of-Venkataraman-Atlee/a50dca51b33b44be5e73ffd88cfe46e1d05fdd08
https://www.semanticscholar.org/paper/Evaluation-of-In-vitro-Anti-Arthritic-Potential-of-Venkataraman-Atlee/a50dca51b33b44be5e73ffd88cfe46e1d05fdd08
https://www.semanticscholar.org/paper/Evaluation-of-In-vitro-Anti-Arthritic-Potential-of-Venkataraman-Atlee/a50dca51b33b44be5e73ffd88cfe46e1d05fdd08
https://doi.org/10.1007/978-1-59745-273-1_2
https://doi.org/10.3897/phytokeys.143.32821
https://doi.org/10.1126/science.1068037
https://doi.org/10.1126/science.1068037
https://doi.org/10.1016/j.jenvman.2018.06.025
https://doi.org/10.1038/s41438-021-00669-x
https://doi.org/10.3390/ijms19082252
https://doi.org/10.1007/s00709-007-0279-2
https://doi.org/10.3389/fpls.2023.1074935
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	The genome size, chromosome number and the seed adaption to long-distance dispersal of Ipomoea pes-caprae (L.)
	Introduction
	Materials and methods
	Plant materials
	Flow cytometry assay
	Chromosome spreading and chromosome number analysis
	Seed floating, germination, and growth conditions
	Photographing and SEM microscopy
	Semi-thin section examination

	Results
	The genome size of IPC is approximately 1.08 GB
	The chromosome number analysis of IPC
	The development of IPC’s fruit, seed, and embryo
	Seed floatation and seed dormancy of IPC
	Seed germination and SAM development of IPC
	The morphology and development of glandular trichomes

	Discussion
	The genome size and chromosome number analyses of IPC provide fundamental information for further genome deciphering
	The seed morphology and germination of IPC facilitate the long-distance dispersal by seawater
	The adaption of IPC in the perspective of SAM and GT developments

	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References


