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ABSTRACT
Zannichellia palustris Linnaeus 1753 is a cosmopolitan submerged species capable of rapidly respond-
ing to environmental changes, with potential applications in the ecological treatment of heavy metal
pollution in water bodies. This study aimed to characterize the complete chloroplast genome of Z. pal-
ustris, which has not been reported previously. The chloroplast genome of Z. palustris displays a quadri-
partite structure with a length of 155,262 base pairs (bp), comprising a large single copy (LSC) region
of 85,397bp, a small single copy (SSC) region of 18,057bp, and a pair of inverted repeat (IR) regions of
25,904bp. The GC content of the genome is 35.8%, with corresponding values of 33.4% for the LSC,
28.2% for the SSC, and 42.5% for the IR regions. The genome contained 130 genes, including 85 pro-
tein-coding genes, 37 tRNA genes, and eight rRNA genes. Phylogenetic analysis within the order
Alismatales revealed that Z. palustris clusters with the clade of Potamogeton perfoliatus, P. crispus and
Stuckenia pectinata.
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Introduction

Zannichellia palustris Linnaeus 1753 is a submerged perennial
herb that grows in various shallow-water habitats with fresh
or brackish water worldwide (Guo et al. 2010). It can respond
quickly to changes in its habitat (Crow 1979) and accumulate
copper, nickel, zinc, cadmium and silver (Bielmyer-Fraser
et al. 2022), indicating a high potential for Z. palustris in bio-
monitoring and phytoremediation of heavy metals in water.
The taxonomic classification of the genus Zannichellia has
been contentious. It was once classified under the family
Najadaceae (Zhou et al. 1992) but was later treated as an
independent family, Zannichelliaceae (Guo et al. 2010). In
APG IV (2016), it was placed in the family Potamogetonaceae
based on molecular data. However, the chloroplast genome
of Zannichellia species has not been described until now. In
this study, we report the complete chloroplast genome
sequence of Z. palustris, to provide a useful resource for the
genus Zannichellia and confirm its phylogenetic position.

Materials and methods

Samples of Z. palustris were collected from a pond 800m
north of Caowotan Town, Jingtai County, Baiyin, Gansu,
China (37.3172�N, 104.1228�E) (Figure 1). A specimen was
deposited at the herbarium of Wuhan University (contact per-
son: Xinwei Xu, xuxw@whu.edu.cn) under the voucher num-
ber GS2022091001. Z. palustris is not a rare species for

Figure 1. Species reference image of Zannichellia palustris. (A) Plant of Z. palust-
ris. (B) Fruits of Z. palustris. Photos attributed to Jinwang Wang from Zhejiang
Academy of Agricultural Sciences and used by his permission.
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protection. No permission is required to collect the plant
samples. Experimental research and field studies on plants
comply with relevant institutional, national, and international
guidelines and legislation. Total genomic DNA was extracted
with the DNA SECURE PLANT KIT (Tiangen Biotech, Beijing,
China).

Library preparation and genome sequencing were per-
formed on the Illumina HiSeq2500 platform (Novogene
Biotech, Beijing, China). The raw data were filtered using
Trimmomatic v0.38 (Bolger et al. 2014) and then a total of
2.66GB clean reads were obtained. GetOrganelle was used to
assemble the complete chloroplast genome (Jin et al. 2020).
The accuracy and completeness of the chloroplast genome
were assessed using Geneious Prime (https://www.geneious.

com). With the reference chloroplast genome of Stuckenia
pectinata (NC_057253.1) (Tian et al. 2019), the assembled
genome was annotated by CPGAVAS2 (http://www.herbalge-
nomics.org/cpgavas2) (Shi et al. 2019). The package CPGView
(http://www.1kmpg.cn/cpgview) (Liu et al. 2023) was used to
visualize detailed chloroplast genome structures, examine
genome annotation and identify genes with complex struc-
ture, including cis-splicing genes and trans-splicing genes.
The obtained complete chloroplast genome of Z. palustris
was subsequently submitted to GenBank (accession number:
OP748246). Simple sequence repeat (SSR) loci in the chloro-
plast genome were identified using MISA (https://webblast.
ipk-gatersleben.de/misa/) (Beier et al. 2017). The minimum
number of repeats for mononucleotide, dinucleotide,

Figure 2. Genetic map of the chloroplast genome of Zannichellia palustris. The map consists of several circles, each with the following information from the center
outward: the circles closest to the center are indicated by red and green arcs for forward and reverse repeats, respectively. The second and third circles are indicated
by short bars for tandem repeats and microsatellite sequences, respectively. The fourth circle indicates the positions of the LSC, SSC, IRA, and IRB regions, respect-
ively. The fifth circle indicates the GC content. The outer circle indicates the function of the gene. Different colors are used to show different functional categories,
as shown in the lower left of the picture.
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trinucleotide, tetranucleotide, and pentanucleotide was set to
10, 5, 4, 4, and 4, respectively.

To confirm the phylogenetic position of Z. palustris within
the order Alismatales, we generated a maximum-likelihood
(ML) phylogenetic tree based on 23 chloroplast genomes
obtained from the GenBank (Table S1). Multiple sequence
alignment was performed using MAFFT v7.149 (Katoh et al.
2002). The best-fit model of nucleotide substitution was esti-
mated by Modeltest v3.7 (Posada and Crandall 1998). The ML
analysis was performed using MEGA X (Kumar et al. 2018)
and 1000 repetitions were performed to summarize the ML
bootstrap support.

Results

The coverage of the genome from paired-end reads was
100%, with an average depth of 2217.4� (Figure S1), indicat-
ing that the chloroplast genome of Z. palustris was

assembled correctly. The complete chloroplast genome of Z.
palustris is 155,262 bp in length and has a quadripartite struc-
ture (Figure 2), including a large single copy (LSC) region of
85,397 bp, a small single copy (SSC) region of 18,057 bp, and
a pair of inverted repeat (IR) regions of 25,904 bp. The GC
content of the genome is 35.8%, with corresponding values
of 33.4%, 28.2%, and 42.5% for the LSC, SSC, and IR regions,
respectively. The chloroplast genome contains 130 genes,
including 85 protein-coding genes, 37 tRNA genes, and eight
rRNA genes. A total of 22 genes contain introns, with ycf3
and clpP containing two introns each. Thirteen cis-splicing
genes and the trans-splicing gene rps12 were identified, and
their structures are shown in Figure S2. Thirty-one SSRs were
identified, including 28 mononucleotides (A/T, 48.16%/
48.16%), two dinucleotides (AT/TA, 3.22%/3.22%), and one tri-
nucleotide (ATA, 3.22%).

The best-fit model of nucleotide substitution was
GTRþ FþR3. The phylogenetic tree showed that Z. palustris

Figure 3. The ML phylogenetic tree based on the complete genome sequences of Zannichellia palustris and 22 other species within the order Alismatales. The pos-
ition of Z. palustris is highlighted in bold and numbers next to each node are bootstrap support. The used sequences and their references were listed in Table S1.
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formed a separate branch and clustered with the clade of
Potamogeton perfoliatus, P. crispus and Stuckenia pectinata
with full support.

Discussion and conclusion

The chloroplast genome of Z. palustris possesses the typical
quadripartite structure, and its size and gene number are
similar to those of two closely related species, P. perfoliatus
(156,226 bp and 130 genes, Luo et al. 2016) and S. pectinata
(156,669 bp and 131 genes, Tian et al. 2019). This is the first
reported chloroplast genome in the genus Zannichellia. There
are six accepted species within Zannichellia and three sub-
species of Z. palustris worldwide (POWO 2023). Due to the
variation in the shape of the stigma and the characteristics of
the fruit, it is difficult to identify species of Zannichellia based
on morphological characteristics alone (Guo et al. 2010).
Therefore, our results provide an essential genetic resource
for the taxonomic and related studies of Zannichellia.
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