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ABSTRACT
We report the complete chloroplast DNA (cpDNA) of Arabidopsis lyrata (Brassicaceae), a less studied rela-
tive of A. thaliana, by employing next-generation sequencing reads and de novo assembly. The length of
the closed circular cpDNA is 154,604 bp with a typical quadripartite structure. The genome is composed
of one large single copy and one small single copy regions of 84,209 bp and 17,871 bp, respectively, and
separated by a pair of inverted repeats of 26,262 bp in length. The overall GC content is 36.35% and the
GC content of the LSC, IRs and SSC regions are 34.12%, 42.30% and 29.38%, separately. The gene con-
tent and the number for A. lyrata are the same as other published species in Brassicaceae with 112
annotated known unique genes including 78 protein-coding genes, 30 tRNA genes and four rRNA genes.
The complete cpDNA of A. lyrata will provide valuable molecular resources for further phylogenetic and
evolutionary analysis in the model Arabidopsis genus.
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As a very close relative to model species Arabidopsis thaliana
(Brassicaceae), the full nuclear genome of A. lyrata has been
published (Hu et al. 2011). Despite their close relation, some
very important biological differences exist between A. lyrata
and A. thaliana. Most notably the mating system for A. thali-
ana is strict selfing, whereas A. lyrata is a perennial outcross-
ing diploid species (Ross-Ibarra et al. 2010). Furthermore, the
complete nuclear genome size and chromosome number are
vastly different between the two species with A. lyrata pos-
sessing eight chromosomes for a nuclear genome that is an
about 1.5–2 times larger than A. thaliana with only five chro-
mosomes. These differences are even more striking when con-
sidering that the divergence between these lineages is
estimated at five million years ago (Hu et al. 2011). While
comparative genomic studies have taken place between A. lyr-
ata and A. thaliana the lack of a complete chloroplast gen-
ome for A. lyrata has limited the research that can be done
using this effectively non-recombinant, uniparentally inherited
genome. For instance, the plant cpDNA has been used in
areas of research as diverse as molecular systematics (Jansen
et al. 2007; Wang et al. 2010; Wu & Ge 2012), studying bio-
geographical relationships among populations (Wang et al.
2011), plant DNA barcoding (Group CPBOL et al. 2011) and
plant genetic transformation (Cui et al. 2011). In this study, we
report it’s the complete cpDNA of A. lyrata by employing the
published nuclear genome data.

By downloading the reads from NCBI accession DRR013372
(Hu et al. 2011), its accession number is CS22696 that was

deposited at the Arabidopsis Biological Resource Center; it
was collected as a forced inbred strain named MN47 in
Michigan, USA; the full chloroplast genome was assembled
following the method used in Wu (2015) in the CLC work-
bench (ver. 7.01 beta, CLC Inc, Aarhus, Denmark). This finished
sequence was also validated by mapping the raw PE reads
back to itself. The genome annotation and structural features
of this genome were predicted using the method from Wu
and Ge (2016). The deposited NCBI accession number of
A. lyrata is KU559924.

The complete cpDNA for A. lyrata has a total length of
154,604 bp with a characteristic quadripartite structure, consist-
ing of an LSC region of 84,209 bp, two IR regions of 26,262 bp
and an SSC region of 17,871 bp. This typical structure is con-
served and identical to all other published cpDNA in all
Brassicaceae species (Wu 2015). The chloroplast genome has a
GC content of 36.35% and 112 coding genes, including 78 pro-
tein-coding genes, 30 tRNA genes and four rRNA genes. All
four rRNA genes are located in the IR regions. Twenty-three
tRNA genes are located in the two single copy regions,
whereas the other seven are located in the IR regions. Eighteen
genes contain introns: ycf3, rps12 and clpP contain two introns,
and the rest of the genes contain a single intron. Six of those
18 intron containing genes are tRNA genes. Rps12 is trans-
spliced, with one of its exons in the LSC region (50 end) and
the other two exons in the IR region (30 end) separated by an
intron. Phylogenetic analysis using the whole cpDNA alignment
from 18 published Brassicaceae species including A. lyrata and
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one outgroup Carica papaya, was conducted using neighbour-
joining (NJ) in MEGA 6.0 (Tamura et al. 2013). Our phylogenetic
analysis confirms the relationship between A. lyrata and
A. thaliana within the Brassicaceae (Figure 1).
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Figure 1. Molecular phylogeny of Arabidopsis lyrata and 18 species from Brassicaceae was based on complete cpDNA sequences. Sequence data was downloaded
from GenBank database and the phylogenic tree was constructed by neighbor-joining method with 500 bootstrap replicates in MEGA 6 (Tamura et al. 2013). The
GenBank accession number of each species used for tree construction is listed after the species name, Carica papaya (NC_010323) was used as the out-group species.
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