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ABSTRACT
Wild oat, Avena sterilis L. is a stout broad-leaved annual grass resembling cultivated oats in general
appearance. In this study, we sequenced the complete chloroplast (cp) genome sequence of A. sterilis
for the first time to investigate their phylogenetic relationship in the family Poaceae. The complete cp
genome sequence is 135,887 bp in length with 38.5% overall GC content and exhibits a typical quadri-
partite structure comprising one pair of inverted repeats (21,603 bp) separated by a small single-copy
region (12,575bp) and a large single-copy region (80,106). The cp genome encodes 111 unique genes,
76 of which are protein-coding genes, four rRNA genes, 30 tRNA genes, and 18 duplicated genes in the
inverted repeat region. The phylogenetic analysis indicated A. sterilis closely clustered with the culti-
vated oat, A. sativa L.
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Introduction

Wild oat (Avena sterilis L.) is an autogamous grass and has a
global geographical distribution (Armengot et al. 2008).
Under the view of genetic erosion, a number of wild Avena L.
species were used as donors of valuable characters (Loskutov
1998). Understanding the relationships between Avena spe-
cies is vital for efficient transfer of exotic genes to cultivar
germplasm. Chloroplast genome sequencing of wild species
has been extensively applied to understand the plant genetic
diversity and evolution (Liu et al. 2016; Park 2016, 2017;
Tsuruta et al. 2017). Chloroplast genome sequence of a culti-
vated oat Avena sativa L. was reported (Saarela et al. 2015).
In this study, we report the chloroplast genome sequence of
Avena sterilis L. to find its internal relationships within the
family Poaceae.

Wild oat seeds (Accession No. IT189857) were obtained
from the National Agrobiodiversity Center, Republic of Korea.
Seeds were germinated and fresh leaves were collected from
40-day-old seedlings. Total genomic DNA was extracted to
build up genomic library and sequenced with pair-end
(2� 300 bp) by MiSeq instrument at LabGenomics (http://
www.Lab.genomics.com/kor/). A total of 4,362,380 raw read
and 3,061,845 clean reads were obtained, and mapped with
the reference cp genome, A. sativa L. (GenBank accession
KM974733), which contains 48,939 aligned reads with about
an average 79� coverage. Contig alignment and scaffolding
based on paired-end data resulted in a complete circular

cp genome. DOGMA (http://dogma.ccbb.utexas.edu/) software
was used for annotation of protein coding genes in the cp
genome and manually inspected to predict transfer RNA
(tRNA) and ribosomal RNA (rRNA) genes.

The total length of the chloroplast genome is 135,887 bp,
with 38.5% overall GC content (NCBI accession number
KX756180). A pair of IRs (inverted repeats) of 21,603 bp was
separated by a small single copy (SSC) region of 12,575 bp
and a large single copy (LSC) region of 80,106 bp. The chloro-
plast genome harbors 111 known genes, including 76 pro-
tein-coding genes, four ribosomal RNA genes, and 30 tRNA
genes. A total of 18 genes were duplicated in the inverted
repeat regions, eight genes, and two tRNA genes contain one
intron, while ycf3 have two introns.

To analyse the phylogenetic relationships, the published
chloroplast genome sequences from Poaceae species were
downloaded from the NCBI database (Figure 1). Whole gen-
ome sequence were aligned by MAFFT v7.304 (Katoh and
Standley 2016) and MEGA6 (Tamura et al. 2013) software was
used to construct a maximum likelihood (ML) tree with 1000
bootstrap replicates. Phylogenetic analysis indicated A. sterilis
clustered together with A. sativa L. and clustered with brachy-
podium distachyon belonging to the sub-family Pooideae.
Phylogenomic analyses of Poaceae cp genomes including
this newly sequenced genome resulted in a highly resolved
phylogeny. The cp genome of A. sterilis will provide as useful
resources for germplasm collection, conservation, and
utilization.
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Figure 1. Maximum likelihood (ML) phylogeny of wild oat, A. sterilis and other related species in Poaceae based on complete chloroplast genome. The complete
chloroplast genome is downloaded from NCBI database and the phylogenetic tree is constructed by MEGA6 software.
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