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ABSTRACT
The complete chloroplast genome of Sparganium glomeratum was sequenced and assembled in this
study. The circular genome is 160,391 bp in length and exhibits a typical quadripartite structure with a
large single-copy (LSC, 87,660bp) and small single-copy (SSC, 18,721bp) regions, separated by a pair of
inverted repeats (IRs, 27,005bp). The cp genome contains 113 unique genes, including 79 protein-cod-
ing, 30 tRNA, and four rRNA genes. The phylogenetic analysis within the Poales showed that
Sparganium is monophyletic and most closely related to Typha. Within Sparganium, S. glomeratum is
sister to the clade of S. stoloniferum and S. euricarpum. The work reported here will provide useful
information for the evolutionary studies on the genus of Sparganium.
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Sparganium L. (Typhaceae) is an aquatic freshwater genus
including approximately 14 species. Representatives of the
genus occupy aquatic habitats primarily in temperate and
cool regions, and several species show circumboreal distribu-
tions (Cook and Nicholls 1986, 1987). Species of Sparganium
are ecologically important in aquatic communities, providing
cover and food for a variety of waterfowl and mammals
(Fassett 1940). Sparganium glomeratum (Laest. ex Beurl.)
Beurl. is morphologically different from other species by its
male and female heads, which are closely near each other on
the inflorescence rachis (Sun and Simpson 2010). S. glomera-
tum is polymorphic, occurring either as a floating or emer-
gent plant. To date, the complete chloroplast genomes of
two emergent Sparganium taxa have been sequenced, S.
erectum subsp. stoloniferum and S. eurycarpum subsp. corea-
num (Gil et al. 2019; Su et al. 2019). As Sparganium is of bio-
geographical, phylogenetic, and evolutionary interest, more
genetic resources are necessary for further understand the
systematics and phylogenetic history of the genus. Here, we
report the complete cp genome of S. glomeratum and recon-
struct a phylogenetic tree to confirm its position and the
monophyly of Sparganium.

Fresh leaves of S. glomeratum were collected from Fusong
county (127�33.1740E, 42�1.1460N) in Jilin Province of China,
and dried with silica gel. The specimens were deposited in
the herbarium of Wuhan University (www.whu.edu.cn, Xinwei
Xu, xuxw@whu.edu.cn) under the voucher number Xu3795.
Total genomic DNA was extracted from �3mg of tissue

using the DNA Plantzol Reagent (Invitrogen, Carlsbad, CA,
USA) following the manufacturer’s protocol. Purified DNA was
sheared into �500bp fragments, and the paired-end
sequencing libraries were constructed according to the
Illumina standard protocol (Illumina, San Diego, CA, USA).
The genomic DNA of the sample was sequenced using an
Illumina BGISEQ-500 (Illumina, San Diego, CA, USA) at the
Beijing Genomics Institute (BGI; Shenzhen, China). After
removing adapters, Illumina paired-end sequencing gener-
ated a total of 20,631,044 clean reads. These clean reads
were then used to assemble the cp genomes using
NOVOPlasty4.2 (Dierckxsens et al. 2017), with a subunit of
the photosystem II (psbA) gene from S. stoloniferum
(GenBank accession no. NC_044634) as the seed. The chloro-
plast genome annotation was performed with Geneious
Prime v2020.0.5 (Kearse et al. 2012), with the cp genome of
S. stoloniferum (GenBank accession no. NC_044634) as the ref-
erence. Where necessary, the start and stop codon positions
and the boundaries between introns and exons were manu-
ally corrected. The annotated complete cp genomes of S.
glomeratum was deposited in GenBank under accession
no. MZ681495.

The chloroplast genome of S. glomeratum is a circular
DNA molecule of 160,391 bp in length. The cp genome has a
typical quadripartite structure, consisting of a pair of inverted
repeats (IRa and IRb, 27,005 bp) separated by a large single-
copy region (LSC, 87,660 bp) and a small single-copy region
(SSC, 18,721 bp). The overall GC content was 36.9%. The IR

CONTACT Zheng-Ying You zyyou@zstu.edu.cn Zhejiang Province Key Laboratory of Plant Secondary Metabolism and Regulation, College of Life Sciences
and Medicine, Zhejiang Sci-Tech University, Hangzhou, China�These authors contributed equally to the work.
� 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

MITOCHONDRIAL DNA PART B
2021, VOL. 6, NO. 11, 3253–3254
https://doi.org/10.1080/23802359.2021.1991247

http://www.whu.edu.cn
mailto:xuxw.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1080/23802359.2021.1991247&domain=pdf&date_stamp=2021-10-19
http://creativecommons.org/licenses/by-nc/4.0/
http://www.tandfonline.com


regions had a higher GC content (42.4%) than the LSC
(34.9%) and SSC (30.9%) regions. The cp genome encoded a
set of 113 unique genes, including 79 protein-coding, 30
tRNA genes, and 4 rRNA genes. Twenty genes, including
eight protein-coding genes, eight tRNA genes, and four rRNA
genes, were duplicated in the IR region. Among the genes
identified, nine genes (atpF, ndhA, ndhB, petB, petD, rpl2,
rpl16, rpoC1, and rps16) contained one intron and three
genes (clpP, rps12, and ycf3) comprised of two introns. In
addition, 20 genes were duplicated in the IR regions, and
ycf1 its pseudogene.

The cp genomes of eleven species of Poales were down-
loaded from GenBank for the phylogenetic analysis. The
sequences were aligned using the auto setting in MAFFT v7.3
(Katoh and Standley 2013). The phylogenetic tree was con-
structed using IQTREE v1.6.7 (Nguyen et al. 2015), with the
best selected GTRþ Fþ R2 model and 1000 fast bootstrap
replicates. Ananas comosus (L.) Merr. was designated as the
outgroup. The result confirmed the sister relationship of
genus Typha and Sparganium, supporting their inclusion in
the Typhaceae (Figure 1). Within Sparganium, S. glomeratum
was fully resolved in a sister position to the two erect species
that produce distigmatic flowers and bilocular fruits, these
are S. stoloniferum and S. euricarpum. These phylogenetic
findings are in accordance with the results of Sulman et al.
(2013) based on chloroplast and nuclear DNA
marker analysis.
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Figure 1. The maximum likelihood tree inferred from 11 complete chloroplast genome sequences from the order Poales (accession numbers are listed). The pos-
ition of Sparganium glomeratum is highlighted in bold and numbers above each node are bootstrap support values.
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