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ABSTRACT
Elymus kamoji (Ohwi) S. L. Chen is a perennial herb, had high grazing value and were important forage
resources, the study of E. kamoji chloroplast genome (cp genome) provides an important basis for the
study of chloroplast genetic engineering and system evolution. Its chloroplast genome was 135,075 bp
in length, containing a pair of inverted repeated (IR) regions (20,813bp), separated by a large single
copy region (LSC) of 80,681bp, and a small single copy (SSC) region of 12,768bp. Moreover, a total of
129 functional genes were annotated, including 83 mRNA, 38 tRNA genes, and 8 rRNA genes. The
phylogenetic relationships of 15 species indicated that E. kamoji was closely related to Elymus sibiricus.
This study might contribute to provide a theoretical basis for species identification and bio-
logical research.
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Elymus kamoji (Ohwi) S. L. Chen, belonging to the Roegneria
(Triticeae), which is a perennial herb mainly distributed in
China, Japan and Korea (Sun et al. 2017). Because of the
excellent genes of disease resistance and stress resistance
and high feed value, E. kamoji is considered to be an import-
ant natural gene bank for improvement of wheat related
plants and forage breeding (Cai 2002). However, the evolu-
tionary relationship and systematic status of E. kamoji has
always been controversial. With the development of molecu-
lar biology, phylogenetic analysis has been used as an effect-
ive method to reveal the origin and evolution of species and
clarify the genetic relationship between different genera and
species (Baum et al. 2015). The chloroplast genome (cp gen-
ome) contains a large number of functional genes, and their
application values in the study of species identification and
phyletic evolution have been widely accepted and gradually
recognized by researchers (Daniell et al. 2016). In this study,
the cp genome sequencing of E. kamoji (GenBank accession
number: MW043483) was done by Illumina NovaSeq plat-
form, and the cpDNA sequence structure was analyzed,
which would provide a basis for the judgment of the rela-
tionship of related species and genera, and provides more
condition support for plant phylogeny research.

The fresh young leaves of E. kamoji were collected in Xihai
Town, Haibei Prefecture, Qinghai Province, China
(E100�52.8480, N36�59.360). The voucher specimen was kept
in Herbarium of Low Temperature Bank of Germplasm
Resources of Qinghai Academy of Animal Husbandry and

Veterinary Sciences (contact person and email: Xiaoxing Wei,
wuiko@163.com) under the voucher number 09-110. The
total genomic DNA of E. kamoji was extracted from the fresh
leaves with a modified CTAB method (Li et al. 2018). After a
series of processing, the genomic DNA was amplified by PCR
was used to generate libraries with an average insert size of
300 bp and the genome sequencing was performed using
the Illumina HiSeq Platform (Illumina, San Diego, CA) at Gene
pioneer Biotechnologies Inc., Nanjing, China. Finally, about
7.31GB of clean data were generated and the SPAdes
(Bankevich et al. 2012) was used to genome assembly, based
on the clean data. The assembled genome was annotated
using CpGAVAS (Liu et al. 2012).

The complete cp genome of E. kamoji was 135,075 bp in
length, exhibiting a typical quadripartite structure including a
pair of inverted repeated (IRA and IRB) regions (20, 813 bp)
that are separated by a large single copy (LSC) region of
80,681 bp, and a small single copy (SSC) region of 12,768 bp.
The GC content of the whole cp genome was 38.33%. A total
of 129 functional genes were annotated, including 83 pro-
tein-coding genes (mRNA), 38 tRNA genes, and 8 rRNA genes.
The protein-coding genes, tRNA genes, and rRNA genes
account for 64.34%, 29.46% and 6.20% of all annotated
genes, respectively.

To confirm the phylogenetic position of E. kamoji, the
cp genome sequences of E. kamoji and 15 other species
were aligned with MAFFT version 7 (https://mafft.cbrc.jp/align
ment/software/algorithms/algorithms.html), and the maximum-
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likelihood (ML) tree was constructed based on the genome
sequences of E. kamoji, 14 reported Gramineae species and
one outgroup species Leguminosae species (Melilotus albus)
using MEGA7.0 (Kumar et al. 2016) under the model of Kimura
2-parameter with 1000 bootstrap. The results showed that E.
kamoji was closely related to E. sibiricus (Figure 1).
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Figure 1. Phylogenetic relationships of 16 species based on complete chloroplast genome using the Maximum-Likelihood methods. The bootstrap values were
based on 1000 replicates and are shown next to the branches.
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