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ABSTRACT

Cryptocoryne is a popular ornamental aquatic plant for aquarists, although only six species are found in
China. Destruction of the natural habitats of Cryptocoryne for human activities has led to a decline in
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its numbers. In this report, we sequenced and annotated the Cryptocoryne crispatula var. balansae

chloroplast genome for the first time. Results showed that the length of the chloroplast genome was
182,935 bp and the GC content was 34%. The chloroplast genome encoded 137 genes, including 92
encoded protein genes, 37 tRNA genes, and 8 rRNA genes. Phylogenetic analysis supported the the
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monophyletic nature of the genus and indicated that it was the first species to be differentiated in the
chloroplast genome of Cryptocoryne and formed a separate branch. These findings offer valuable gen-
omic resources for comparative studies in Cryptocoryne and Araceae, thereby aiding genetic diversity

and phylogenetic analyses.

Introduction

Cryptocoryne crispatula var. balansae is a perennial herb in
the family Araceae. It is an amphibious plant that exists in
submerged and emergent forms. Cryptocoryne plants usually
grow in water, with leaves growing from underground rhi-
zomes. In winter, tubular flame buds emerge from the axils
of the leaves and appear slightly enlarged near the base. The
upper part of the inflorescence axis comprises numerous
male flowers, and the female flowers (4-7) are arranged
below in 1-2 rounds. A bell-shaped septum covers the male
inflorescence and a cup-shaped appendage is attached to
the septum to prevent water from entering the inflorescence
cavity from the bract tube. Cryptocoryne is a wetland vascular
plant that is of great concern in China (Zhao et al. 2017).
Owing to the changeable shape and color of leaves and
spathes, slow growth rate, large landscape plasticity, and
strong ornamental value, it is popular with most aquarists,
resulting in several varieties being on the verge of extinction.
In addition to environmental factors, the breeding methods
and biological characteristics of Cryptocoryne are important
reasons for its endangerment. The ploidy of Cryptocoryne sp.
is complex, with some being haploids. Thus, obtaining seeds
for reproduction through self-fertilization is challenging.
Chloroplasts are organelles that perform photosynthesis,
facilitate plant growth and development, and participate in
biochemical processes such as pigment and fatty acid

production. In addition, chloroplasts have an independent
genome that has its own replication, transcription, and trans-
lation mechanisms (Hughey et al. 2001; Raubeson and Jansen
2005). The highly conserved characteristics and rapid evolu-
tionary rate of chloroplasts make it an ideal tool for studying
evolution and molecular ecology (Verbruggen et al. 2010;
Janouskovec et al. 2013); therefore, the chloroplast genome
is widely used to explore plant genome-wide structural infor-
mation, genetic diversity, and species protection (Nie et al.
2012; Han et al. 2016; Xue et al. 2017; Dong et al. 2021).
Complete chloroplast genome identification, sequencing,
assembly annotation, and phylogenetic analysis would facili-
tate the study of genetic breeding and cultivation of C. crisp-
atula var. balansae.

Currently, Cryptocoryne plants are in the early investigation
stage (Othman 1997; Ipor et al. 2015); thus, the taxonomy
and systematics of the genus have been based on morpho-
logical characteristics and geographical distribution.
Moreover, inadequate gene bank data are available on
Cryptocoryne sp., and the Chinese nomenclature is also incon-
sistent. To provide a better understanding and utilization of
C. crispatula var. balansae, we first sequenced and analyzed
the whole chloroplast genome of this species using second-
generation sequencing technology. The abundant chloroplast
genome data of C. crispatula var. balansae will provide a
basis for the identification, protection, and sustainable utiliza-
tion of C. crispatula var. balansae germplasm resources.
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Materials and methods

Fresh leaves of C. crispatula var. balansae were collected from
Du’an Yao Autonomous County, Hechi City, Guangxi
(N108°0'4.7", E23°58'10.7"). The original plant was identified
as C. crispatula var. balansae by Professor Lin Xiao, and pic-
tures of the original plants were taken by our team (Figure 1).
The specimens were preserved in the Laboratory of
Department of Ecology and Institute of Hydrobiology, Jinan
University (Prof. Lin Xiao, E-mail: xiaolin1980@jnu.edu.cn) under
voucher number GX_HC_202305210004F. The leaves were
dried and stored with a silica gel desiccant, which was pur-
chased from Sangon Biotech Co., Ltd (Shanghai, China). The
samples were sent to Wuhan Tianyi Huiyuan Gene Technology
Co., Ltd. (Wuhan, China) for total DNA extraction and second-
generation sequencing.

SPAdes v3.14.1 (Bankevich et al. 2012) was used to per-
form the preliminary splicing of clean data. and the pub-
lished near-source chloroplast data and protein-coding gene
sequences (Sun et al. 2021) were used as a reference. The
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chloroplast genome was annotated using PGA software
(https://githu  b.com/quxia ojian/PGA; Qu et al. 2019).
CPGview (http://www.1kmpg.cn/cpgview/; Liu et al. 2023)
software was used to draw the chloroplast genome map, cis-
splicing gene map and trans-splicing gene map of C. crispa-
tula var. balansae. The complete chloroplast genome
sequence of C. crispatula var. balansae was submitted online
to the NCBI database under the accession number
(PP155471).

Data on 16 species of Araceae were downloaded from
GenBank. In the present study, 15 chloroplast genomes were
compared with the chloroplast genome of C. crispatula var.
balansae. PhyloSuite v1.2.1 (Zhang et al. 2020) software was
used to extract the common protein-coding genes of all spe-
cies, and the rbcl, atpB, and matK genes were selected for
comparison, optimization, and model selection. These
sequences were aligned in batches using MAFFT v7.313.
ModelFinder was used to select the best-fit partition model
(Edge-linked) using the BIC criterion. IQ-TREE v1.6.12 (Nguyen
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Figure 1. C. crispatula var. balansae plants. (A: Submerged form; B: Emerged form; C: Longitudinally dissected kettle; D: Plant habit).—photograph: 20 may 2023 by

Prof. Lin Xiao.
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et al. 2015) was used to construct trees based on the max-
imum likelihood (ML) method.

Results

The chloroplast genome sequence of C. crispatula var. balan-
sae was 182,935bp in length, with an average sequencing
depth of 228.78X (Figure S1). The chloroplast genome con-
sisted of two inverted repeats (IRA and IRB, both 39,489 bp),
a large single-copy region of LSC (95,756 bp), and a small sin-
gle-copy region of SSC (8,201 bp). The GC content was 34.0%.
(Figure 2) The chloroplast genome of C. crispatula var. balan-
sae encodes a total of 137 genes, including 92 protein-cod-
ing genes, 37 tRNA genes and 8 rRNA genes. Among them,
15 genes (trnK-UUU, rps16, trnG-UCC, atpF, rpoCl, trnL-UAA,
trnV-UAC, petB, petD, rpl16, rpl2, ndhB, trnl-GAU, trnA-UGC,

and ndhA) contained one intron, two genes (c/pP1 and pafl)
contained two introns. 11 cis-splicing genes including rps16,
atpF, rpoCl, pafl, clpP1, petB, petD, rpl16, rpl2~ ndhA and
ndhB (two copies) (Figure S2), and rps12 with three exons is a
trans-spliced gene (Figure S3)

The phylogenetic analysis showed that species in the gen-
era Lemna, Cryptocoryne, Pothos, Typhonium and
Amorphophallus clustered into one branch. Cryptocoryne was
further divided into two branches, with one including C. ellip-
tica, C. nurii, C. longicauda and C. striolata, and the other
including C. crispatula var. balansae. (Figure 3).

Discussion and conclusions

Cryptocoryne species are widely distributed, with over 500
species found globally, including six found in China (Reumer
1984). As an ornamental aquatic plant, Cryptocoryne has a
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Figure 2. Map of the chloroplast genome of C. crispatula var. balansae. Genes lying outside the outer circle are transcribed clockwise, while those inside the circle
are transcribed counterclockwise. Genes belonging to different functional groups are color-coded. The innermost darker grey corresponds to GC content, while the

quadripartite structure (LSC, SSC, IRA, and IRB) is illustrated on the inner circle accordingly.


https://doi.org/10.1080/23802359.2025.2449825
https://doi.org/10.1080/23802359.2025.2449825
https://doi.org/10.1080/23802359.2025.2449825

MITOCHONDRIAL DNA PART B: RESOURCES . 137

Lemna minor DQ400350

100

63

Cryptocoryne crispatula var balansae PP155471

{ Cryptocoryne striolata OM912764
AT Cryptocoryne longicauda OM513675

{ Cryptocoryne nurii OM950936
774 Cryptocoryne elliptica MZ435316

— Pothos scandens MN046891

100

L Pothos chinensis PP754463
— Typhonium trifoliatum MW451769

687 97.8

S Typhonium blumei MT872311

100

Amorphophallus muelleri NC 086626
@ T1—‘:Amorphophal/us tonkinensis NC 086855
375 Amorphophallus kiusianus NC 086582

Amorphophallus paeoniifolius NC 086625
T‘_:Amorphophal/us krausei PP936071
H Amorphophallus kachinensis NC 086583

Figure 3. Maximum-likelihood tree of C. crispatula var. balansae and its related species. Phylogenetic tree constructed by maximum-likelihood (ML) analysis based
on complete chloroplast genome sequences, including Cryptocoryne elliptica (MZ435316 (Talkah et al. 2022)), Lemna minor (DQ400350 (Mardanov et al. 2008)),
Cryptocoryne nurii (OM950936), Cryptocoryne striolata (OM912764), Cryptocoryne longicauda (OM513675), C. crispatula var. balansae (PP155471; this study), Pothos
scandens (MN046891 (Abdullah et al. 2020)), Pothos chinensis (PP754463), Typhonium trifoliatum (MW451769), Typhonium blumei (MT872311), Amorphophallus krau-
sei (PP936071), Amorphophallus tonkinensis (NC_086855 (Yin et al. 2024)), Amorphophallus muelleri (NC_086626), Amorphophallus paeoniifolius (NC_086625 (Li et al.
2024)), Amorphophallus kachinensis (NC_086583 (Gao and Yin, 2024a)), Amorphophallus kiusianus (NC_086582 (Gao and Yin, 2024b)).

high economic value; however, owing to the destruction of
its habitat by human activities, its abundance has greatly
reduced (Huang et al. 2020). To further explore the biological
characteristics of Cryptocoryne species, the C. crispatula var.
balansae chloroplast genome was sequenced, assembled,
and annotated for the first time (to the best of our know-
ledge) using next-generation sequencing. The results
revealed that the chloroplast genome of C. crispatula var. bal-
ansae was 182,935bp long and possessed a quadripartite
structure, consistent with the genome structure of most
angiosperm chloroplasts (Jansen et al. 2005). Compared with
other species within the genus Cryptocoryne, including C.
elliptica, C. nurii, C. longicauda, and C. striolata, the chloro-
plast genome of C. crispatula var. balansae is longer, indicat-
ing significant differences among Cryptocoryne species.
Phylogenetic analysis of chloroplast genome sequence of C.
crispatula var. balansae and other Cryptocoryne species
revealed that C. crispatula var. balansae showed the earliest
divergence among the published chloroplast genomes of
Cryptocoryne species, forming a distinct branch.

Numerous studies have described the characteristics of
Cryptocoryne species (Tanaka et al. 2007; Wongso et al. 2017).
However, different interpretations have been provided on the
relationships and classification methods among the popula-
tions of Cryptocoryne plants. Nevertheless, differences in the
morphology and color of leaves and spathes have been
widely recognized as important characteristics for distinguish-
ing varieties (Jacobsen et al. 2015b). In 2015, Jacobsen et al.
conducted an amplified fragment length polymorphism
molecular marker analysis on over 400 collected varieties to
elucidate the genetic relationships within this population.
They found that geographical proximity was more closely
related to genetic relationships than morphological similar-
ities (Jacobsen et al. 2015a). Therefore, by analyzing the
chloroplast genome structure and phylogenetics of C. crispa-
tula var. balansae, the molecular information for this species
can be supplemented, thereby enriching the molecular biol-
ogy resources of the genus. This study also provides a

reference for the conservation of germplasm resources and
genetic variation research on Cryptocoryne ornamental
aquatic plants.
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