MITOCHONDRIAL DNA PART B: RESOURCES
2024, VOL. 9, NO. 8, 1010-1014
https://doi.org/10.1080/23802359.2024.2386410

Taylor & Francis
Taylor & Francis Group

PLASTOME REPORT

a OPEN ACCESS ‘ W) Check for updates

The complete chloroplast genome sequence of Hypecoum erectum L.

(Papaveraceae)

Haruto Mano?, Eugeny V. Boltenkov®, Elena A. Marchuk®, Koh Nakamura® and Watanabe Yoichi®

®Graduate School of Horticulture, Chiba University, Matsudo, Chiba, Japan; bBotanical Garden-Institute, Far Eastern Branch, Russian Academy
of Sciences, Vladivostok, Russia; “Botanic Garden, Field Science Center for Northern Biosphere, Hokkaido University, Sapporo, Hokkaido,

Japan

ABSTRACT

Hypecoum erectum L., a widespread species in northern Eurasia, is a valuable medicinal plant, but its
chloroplast genome has not previously been reported. We determined its complete chloroplast gen-
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ome using a high-throughput sequencing technique. Its total length was 169,241 bp, consisting of a

large single-copy region of 93,301 bp and a small single-copy region of 17,316 bp, separated by a pair
of inverted repeat regions of 29,312 bp. A total of 140 genes were annotated, including 91 protein cod-
ing genes, 41 tRNA genes, and eight rRNA genes. The phylogenetic analysis shows that H. erectum and
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H. zhukanum of the subfamily Hypecoideae are monophyletic with the highest support.

Introduction

Hypecoum erectum L. (Linnaeus 1753) is a winter annual plant
found in Russia, Mongolia, and China (Zhang and Lidén
2008). Many species of the family Papaveraceae are used
medicinally due to their high alkaloid content; indeed,
H. erectum has been used extensively in folk medicine to
treat inflammation, fever, and pain (Yuan et al. 2021).

The family Papaveraceae includes four subfamilies:
Papaveroideae, Fumarioideae, Hypecoideae, and Pteridophylloideae.
Hypecoum is the sole genus in Hypecoideae. Recently, the
phylogenetic relationships between subfamilies and genera
have started to be resolved based on chloroplast genome
sequences (Peng et al. 2023), but few genome sequences in
Papaveraceae are currently available, especially for
Fumarioideae and Hypecoideae. Therefore, more data pertain-
ing to genomic features and phylogenetic relationships
between species are required in order to resolve the taxonomy
and improve utilization of the taxa. In this study, we deter-
mined the complete chloroplast genome of H. erectum based
on lllumina paired-end sequencing data. In addition, phylogen-
etic relationships for the genus Hypecoum and related genera
were reconstructed using published sequences of related
species.

Materials and methods

Sample leaves were collected on the way to Ulan-Ude in the
vicinity of Kyakhta in the Republic of Buryatia, Russia

(50.674167 N, 106.492778E) on 28 May 2021 (GenBank
BioSample, SAMD00617559). The sample was identified and
collected by Eugeny V. Boltenkov, and the voucher specimen
was deposited in the Herbarium of the National Museum of
Nature and Science, Japan (TNS; https://tbg.kahaku.go.jp/eng-
lish/index.php, Atsushi Ebihara, ebihara@kahaku.go.jp) under
accession number TNS1347885 (Figure 1).

Total genomic DNA was extracted from dried leaves using
a DNeasy Plant Mini kit (Qiagen, Hilden, Germany). The
sequencing library was prepared from extracted DNA using a
TruSeq DNA PCR-Free Kit (lllumina, San Diego, CA, USA) and
sequenced with 300 bp of pair-end reads on the MiSeq plat-
form (lllumina); the library preparation and sequencing were
conducted by Macrogen (Seoul, South Korea). The 3.2 Gbases
of raw data were trimmed by clipping adaptor sequences
and removing reads of low quality using fastp v. 0.20.0 (Chen
et al. 2018). Trimmed reads were deposited in GenBank
(accession number, DRR477443). Trimmed reads were
assembled using GetOrganelle v.1.7.5 (Jin et al. 2020) with
the following settings: -F embplant_pt, and default settings
for the other options. The draft contig obtained was exam-
ined, and redundant sequences were edited using Bandage
v.0.8.1 (Wick et al. 2015). The assembled genome was anno-
tated on the basis of a blast search using GeSeq (Tillich et al.
2017) with default settings. Secondly, to check the entire
coverage, the trimmed reads were mapped to the assembled
circular genome using BWA (Li and Durbin 2009) with default
settings. To facilitate this mapping, the sequence was modi-
fied by linearizing it, duplicating 700 bp from one end, and
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Figure 1. The Hypecoum erectum plant examined (the Republic of Buryatia, Russia; photograph by Eugeny V. Boltenkov on 28 May 2021). (A) Habitat and (B) flow-
ers. Hypecoum erectum is an annual plant 10-30 cm in height, pinnate leaves with deeply divided segments, and outer petals of 10-12 x 10-19 mm.

adding these to the opposite end. The maps of the genome
and cis/trans-splicing genes were drawn using CPGView (Liu
et al. 2023). The annotated chloroplast genome was depos-
ited in GenBank (accession number, LC780190). To investigate
the phylogenetic position of H. erectum, chloroplast genome
sequences of related species were obtained from the
GenBank database. A total of 14 species of Papaveraceae
based on the study by Peng et al. (2023) and two species of
Ranunculaceae and Eupteleaceae, as outgroups, were
obtained. Seventy-one genes shared among species that
were longer than 150bp were extracted, and each ortholog
gene was aligned using MAFFT v.7.505 (Katoh and Standley
2013) with default settings. These alignments were then com-
bined. A phylogenetic tree was constructed by the maximum
likelihood method using RAXML v.8.2.0 (Stamatakis 2014)
under the GTR+G + | substitution model with 1000 boot-
strap replicates. The substitution model was selected based
on the Akaike information criterion, as implemented in
jModeltest 2.1.6 (Darriba et al. 2012).

Results

The total length of the complete chloroplast genome of
Hypecoum erectum was 169,241 bp, with an average coverage
of 3126.4x and GC content of 38% (Figure 2, Supplementary
Figure 1). A large single copy (LSC: 93,301 bp), a small single
copy (SSC: 17,316 bp), and two inverted repeat (IR: 29,312 bp)
regions made up the quadripartite structure of the chloro-
plast genome (Figure 2).

In total, 140 genes were annotated, including 91 protein-
coding genes, 41 transfer RNA (tRNA) genes, and eight ribo-
somal RNA (rRNA) genes. Twenty-one genes and a partial
ycfl were duplicated in the IRs; of these, trnl-CAU, rpl23, and
rpl2 were duplicated on both edges of an IR. In addition, two
genes of rpl2 in the IRs on the side of the SSC were identified
as pseudogenes. Ten cis-splicing genes and one trans-splicing
gene, rps12, were identified (Supplementary Figures 2 and 3).

The phylogenetic tree showed that Papaveraceae and
each subfamily except Pteridophylloideae were monophyletic
with the highest support (100%, Figure 3). The subfamilies
Fumarioideae, Hypecoideae, and Pteridophylloideae formed a
monophyletic group. Hypecoum zhukanum was the closest
relative to H. erectum.

Discussion and conclusion

The structure of the chloroplast genome of H. erectum is simi-
lar to that of H. zhukanum (Peng et al. 2023). In the phylogen-
etic analysis, the relationships between the four subgenera of
Papaveraceae examined in this study are in accord with those
of the previous study of Peng et al. (2023). This phylogenetic
analysis also supports the suggestion of monophyly of the two
species of Hypecoum that were included in this study.

This study provides a reliable chloroplast genome of
H. erectum, which will be valuable in future phylogenetic,
taxonomic, pharmacological, and evolutionary studies of the
family. The subfamily Hypecoideae consists of 18 Hypecoum
species, and the subfamily Pteridophylloideae includes a
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Figure 2. Complete chloroplast genome of Hypecoum erectum. The map contains six tracks. From the center outwards, the first track shows the dispersed repeats.
The dispersed repeats consist of direct and palindromic repeats, connected with red and green arcs. The second track shows long tandem repeats as short blue
bars. The third track shows short tandem repeats or microsatellite sequences as short bars of different colors. The small single copy (SSC), inverted repeat (IRA and
IRB), and large single copy (LSC) regions are shown on the fourth track. The GC content along the genome is plotted on the fifth track. The genes are shown on the
sixth track. The optional codon usage bias is displayed in parentheses after the gene name. Genes belonging to different functional groups are color-coded. Genes
on the inside and outside the map are transcribed in clockwise and counterclockwise directions, respectively.

single species, Pteridophyllum racemosum (Zhang and Lidén
2008). The subfamily Fumarioideae contains 20 genera, but
there are limited data on their chloroplast genomes, with the
exception of the largest genus, Corydalis (Yu et al. 2021).
Therefore, further studies of chloroplast genomes will help in
understanding the evolution of the family (Peng et al. 2023).
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Figure 3. A maximum likelihood (ML) tree of 15 species of Papaveraceae, with two species of Ranunculaceae and Eupteleaceae, as outgroups. Bootstrap probabil-
ities are shown above nodes. The genome of the species determined is highlighted in red-bold. The following sequences were used for phylogenetic analysis:
Stylophorum lasiocarpum MW232434, Meconopsis punicea MW233592 (Liang et al. 2021), Papaver Orientale MF943222 (Zhou et al. 2018), Papaver somniferum
KU204905 (Sun et al. 2016), Macleaya microcarpa MH394386 (Zeng et al. 2018), Macleaya cordata MT178411 (Dong et al. 2020), Chelidonium majus MN518846,
Coreanomecon hylomeconoides KT274030 (Kim and Kim 2016), Hhylomecon japonica MK251463 (Zhang et al. 2019), Eschscholzia californica MK281585, Corydalis fang-
shanensis MZ440305 (Yu et al. 2021), Lamprocapnos spectabilis MG873498 (Park et al. 2018), Hypecoum zhukanum OP320898 (Peng et al. 2023), Pteridophyllum race-
mosum OP326314-0P326388 (Peng et al. 2023), Glaucidium palmatum MK569492 (Zhai et al. 2019), Euptelea pleiosperma MZ030790.
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