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ABSTRACT

Salicornia europaea is a salt-tolerant eudicot species in the Amaranthaceae family that is widely distrib-
uted in coastal wetlands and other saline-alkali lands. In this study, the complete chloroplast genome
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of S. europaea was determined using lllumina paired-end sequencing technology. The genome was

153,163 bp in length with 132 genes, including 87 protein-coding genes, 37 tRNA genes, and eight
rRNA genes. The genome displayed a quadripartite structure consisting of a small single-copy (SSC)
region of 18,953 bp, a large single-copy (LSC) region of 84,566 bp, and two inverted repeats (IRs) of
49,644 bp, respectively. The phylogenetic analysis indicated that Salicornia europaea exhibited the clos-
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est relationship with S. bigelovii. This study contributes to the pool of salt-tolerant gene species and

serves as a valuable reference for further research on Salicornia.

Introduction

Understanding the mechanisms behind salt tolerance in
plants is crucial, as soil salinization has significantly impacted
approximately 10% of the global surface and 50% of irrigated
land (Duan et al. 2015; Zhang et al. 2020). Salicornia europaea
(Linnaeus 1753), a highly salt-tolerant herb (Voronin et al.
2019; Duan et al. 2022) belonging to the Amaranthaceae
family (Nikalje et al. 2018), plays a vital role in protecting
coastal soils and improving coastal ecology (Cardenas-Pérez

et al. 2021). Plant salt tolerance, a polygenic trait, is regulated
by various factors (Shabala and Cuin 2008). While the mor-
phometric features of its chloroplasts have been investigated
(Voronin et al. 2019), the complete genome of chloroplast of
S. europaea is still unknown. It has been observed that S.
europaea accumulated significant amounts of Na*, K™, Mg®™,
and Ca”" in shoots (Ozawa et al. 2009), making the genomic
analysis of chloroplast in leaves particularly favorable for
studying their salt tolerance.
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Figure 1. Community (A), single plants (B), and macroscopic details (C) characteristics of Salicornia europaea. This photograph, taken by TianLong Liu in Heze City,
Shandong Province, has been used with the author’s permission. High salt accumulation can be observed at the nodes of scale-like stems, where the tips of the
pale green, sharp leaves do not develop. Conversely, salt accumulation is low at the base of connate, sheath-like, membranous-margined, multi-branched stems.
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Salicornia europaea
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Figure 2. Chloroplast genome map of Salicornia europaea. The species name is labeled in the upper left corner. The map consists of six tracks from inside to out-
side. The sequence of forward and reverse repeats connected via the red and green arcs is represented by the first track (A). The blue bars on the second track (B)
show a tandem repeat sequence. The microsatellite sequence is labeled on the yellow and green bars of the third track (C). The fourth track (D) shows the small sin-
gle-copy (SSC), inverted repeat (IRa and IRb), and large single-copy (LSC) regions. The GC content and gene names of the genome are shown on track five (E) and
track six (F), respectively. The contents of the round brackets after the outermost gene name indicate optional codon usage deviations. Genes drawn outside the
outer circle are transcribed counterclockwise, and genes drawn inside the outer circle are transcribed clockwise. Genes belonging to different functional groups are
color-coded. The different colored legends in the bottom left corner indicate genes with different functions.

Salicornia europaea possesses a unique salt tolerance
mechanism (Shi et al. 2006), although only a limited number
of salt tolerance genes have been identified (Harada et al.
2011). Many genes induced by salt stress are parts of the
molecular network and play essential roles in multiple path-
ways (Berthomieu et al. 2003), such as photosynthesis, energy
metabolism, signal recognition, and transmission (Rezaei
Qusheh Bolagh et al. 2021). In this study, we have success-
fully obtained the whole chloroplast genome library of
S. europaea. These findings will provide valuable genomic
information regarding the chloroplast of salt-tolerant
plants and serve as a basis for isolating and studying salt-
tolerance genes.

Materials

The salt-tolerant plant, S. europaea (Figure 1), was collected
from Heze City, Shandong Province, China (35°14'54.6” N,
115°26'42" E) and photographed by Tianlong Liu. This species
has been deposited in the Marine Natural Products Research
and Development Laboratory, First Institute of Oceanography,
Ministry of Natural Resources, China (Changfeng Qu, cfqu@fio.
org.cn) with the voucher number FI02021081033.

Methods

The whole genome library of S. europaea chloroplast was
constructed by Shanghai Lingen Biological Technology Co.
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Figure 3. Phylogenetic tree constructed based on MEGA 7.0. The accession
numbers of the coding sequences used for the tree are as follows: Salicornia
europaea 0L449699, Salicornia bigelovii KJ629117.1 (Jamdade et al. 2022),
Salicornia brachiata KJ629115.1 (Jamdade et al. 2022), Salsola abrotanoides
NC057096.1, Salsola collina OK189514.1, Suaeda malacosperma NC039180.1,
Suaeda salsa NC045302.1, Amaranthus tricolor OM419215.1, Amaranthus
hybridus NC053787.1, Amaranthus blitum MT526777.1, Amaranthus albus
NC065857.1, Salsola affinis ON080842.1, Beta macrocarpa NC069016.1, Beta
patula NC059009.1, and Kalidium foliatum NC062599.1. The bootstrap support
values are shown on the nodes.

Ltd. (Shanghai, China). Genomic paired-end sequencing was
performed using the lllumina NovaSeq 6000 platform. To
improve the accuracy of subsequent assembly, Trimmomatic
v0.39  (http://www.usadellab.org/cms/index.php?page=trim-
momatic) was used for quality shearing of the original data.
NOVOPIlasty v4.2 software (https://github.com/ndierckx/
NOVOPIlasty) was utilized to assemble the chloroplast gen-
ome of S. europaea. The depth of coverage was calculated by
mapping the reads onto the chloroplast genome sequence
using bowtie2 v2.3.4.3, enabling assessment of the assembly
correctness (Langmead and Salzberg 2012). Chloroplast
Scaffolds were confirmed by alignment of NT libraries and
sequences were linked according to overlap (Dierckxsens
et al. 2017). The chloroplast genome’s protein-coding genes,
tRNA, and rRNA were predicted using GeSeq software
(https://chlorobox.mpimp-golm.mpg.de/geseq.html/).
Chloroplast Genome Viewer (CPGView) was used to draw the
circular map of the chloroplast genome (Liu et al. 2023).

To establish the phylogenetic relationship of S. europaea
with other plant species in Amaranthaceae, the complete
chloroplast genome sequences of 15 species from the
Amaranthaceae family were obtained from GenBank.
Additionally, Kalidium foliatum (NC_062599.1) was included as
the out-groups. The sequences were aligned using MAFFT
v7.388 (Katoh et al. 2002) and trimmed appropriately using
trimAl (Capella-Gutiérrez et al. 2009). In MEGA 7.0, a phylo-
genetic tree was constructed: the statistical method was the
neighbor-joining method, the test of phylogeny was the
bootstrap method, the model was p-distance, and the num-
ber of bootstrap replications was 500.
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Results

The total gene length of S. europaea is 153,163 bp, with an
average depth of x7344.92 (Supplementary 1). The G + C
content in the chloroplast genome is 36.28%. Among the
132 genes in the chloroplast genome, there are 87 protein-
coding genes, 37 tRNA genes, and eight rRNA genes. The
circular genome is composed of a large single-copy (LSC,
84,566 bp) region, a small single-copy (SSC, 18,953 bp)
region, and a pair of inverted repeat (IR, 49,644 bp) regions
(Figure 2). Fourteen genes contain one intron: rpsi16, atpF,
rpoC1, petB, petD, rpl16, ndhB, ndhA, trnK-UUU, trnG-UCC,
trnL-UAA, trnC, trnl-GAU, and trnA-UGC. The clpP, rps12, and
ycf3 genes contain two introns. Furthermore, gene struc-
ture analysis was conducted for rps16, atpF, rpoCl, ycf3,
clpP1, petB, petD, rpl16, ndhA, and ndhB, which were chal-
lenging to annotate (Supplementary 2). Meanwhile, all
genes in the chloroplast genome were categorized and
counted (Supplementary 3).

The phylogenetic tree indicated that S. europaea was
most closely related to S. bigelovii (KJ629117) (Figure 3).
Therefore, the complete chloroplast genome of S. europaea
will provide valuable information for molecular identifica-
tion, genetic diversity analysis, and gene resource explor-
ation of Salicornia.

Discussion and conclusions

This study reported the complete chloroplast genome of
Salicornia europaea. Consistent with previous studies, the
structure and classification of this chloroplast genome both
suggested that the involved salt tolerance genes of S. euro-
paea may play a role in several biological processes such as
photosynthesis, energy conversion, and material decompos-
ition, which coexist in a larger molecular network. This find-
ing will provide genomic information on the salt tolerance
mechanism of Salicornia. However, further study of salt toler-
ance genes and their specific functions is necessary for a
more comprehensive exploration.
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