
MITOGENOME ANNOUNCEMENT

Characterization of the complete chloroplast genome of sorrel (Rumex acetosa)
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ABSTRACT
Rumex acetosa, known as sheep’s sorrel, red sorrel, sour weed, and field sorrel, is a species of flowering
plant in the buckwheat family Polygonaceae. In this study, the complete chloroplast (cp) genome of
R. acetosa (Rumiceae) was determined through Illumina sequencing method. The complete chloroplast
genome of R. acetosa was 160,269 bp in length and contained a pair of IR regions (30,503 bp)
separated by a small single copy region (13,128 bp) and a large single copy region (86,135bp). This cp
genome is encoded with 129 genes including 83 protein-coding genes, 36 tRNA genes, and 8 riboso-
mal RNA genes. The overall GC content of R. acetosa cp genome is 37.2%. By phylogenetic analysis
using Bayesian method, R. acetosa showed the closest relationship with other 2 Rumiceae species,
Rheum palmatum and Oxyria sinensis.
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Rumex acetosa L. (Polygonaceae), a dioecious plant which has
a multiple sex chromosome system (Shibata et al. 1999,
2000), is a perennial herb, commonly known as sheep’s sor-
rel, red sorrel, sour weed, and field sorrel (Lee et al. 2005). As
a traditional medicine plant, it was shown to have some
pharmacological activities, including anti-inflammatory, anti-
oxidant (Wegiera et al. 2007), anti-tumor, antibacterial, anti-
viral, and anti-fungal properties (Taylor et al. 1996; Demirezer
et al. 2001; Lee et al. 2005). Meanwhile, its leaves are widely
used in sauces and salads (Ahmad et al. 2006). With an aim
to retrieve valuable cp molecular markers, indels, and SSRs
by comparative analyses with other Rumiceae cp genomes,
we assembled and analyzed the chloroplast genome of
R. acetosa based on the next-generation sequencing method.

Leaves from R. acetosa were collected in Sierra Nevada,
Granada, Spain (37�100N, 3�170W). Both extracted DNA and
this species voucher were stored at Guangxi Botanical
Garden of Medicinal Plants. Sequencing was done on the
Illumina Hiseq-2500 platform to produce 150bp paired-end
reads (BGI Tech, Shenzhen, China). After reads quality filtra-
tion, the clean reads were assembled by SPAdes 3.6.1
(Bankevich et al. 2012). We used chloroplast genome of
Rheum palmatum (accession number: KR816224) (Fan et al.
2015) as a reference sequence to align the contigs and iden-
tify gaps. To fill the gap, Price (Ruby et al. 2013) and
MITObim v1.8 (Hahn et al. 2013) were applied, and Bandage
(Wick et al. 2015) was used to identify the borders of the IR,
LSC, and SSC regions. The complete sequence was primarily
annotated by Geseq (Tillich et al. 2017) and Plann (Huang
et al. 2015) combined with manual correction. All tRNAs were

confirmed using the tRNAscan-SE search server (Lowe et al.
1997). Protein-coding genes were verified by BLAST
search on the NCBI website (http://blast.ncbi.nlm.nih.gov/)
and manual correction for start and stop codons was con-
ducted. The circular cp genome map was drawn using
OrganellarGenomeDRAW (Lohse et al. 2007). This complete
chloroplast genome sequence together with gene annota-
tions were submitted to GenBank under the accession num-
ber of MH359405.

The chloroplast genome of R. acetosa is a typical quadri-
partite structure with a length of 160,269 bp. The whole cp
genome contains a large single-copy (LSC) region of
86,135 bp, a small single-copy (SSC) region of 13,128 bp, and
2 inverted repeat (IRs) regions of 30,503 bp. The cp genome
possesses 129 genes, including 83 protein-coding genes (78
PCG species), 8 ribosomal RNA genes (4 rRNA species) and 36
tRNA genes (30 tRNA species). The overall GC content of the
cp genome is 37.2%. The genome structure, gene order, and
GC content are similar to other Rumiceae cp genomes.

For phylogenetic analysis assessing the relationship of this
plastid, we selected other 43 Caryophyllales cp genomes
including Caryophyllaceae (15 taxa), Amaranthaceae (2 taxa),
Chenopodiaceae (11 taxa), Aizoaceae (2 taxa), Cactineae
(5 taxa), Polygonaceae (4 taxa), and Droseraceae (4 taxa) to
construct a genome-wide alignment. We considered plastids of
the Fagales as the outgroup. The genome-wide alignment of
all cp genomes was done by HomBlocks (Bi et al. 2018), result-
ing in a total of 45,627 positions. The whole genome align-
ment was analyzed by PhyloBayes ver. 3.3 (Lartillot et al. 2009)
under the CAT-GTRþC model that accounts for across-site
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heterogeneities. Four independent MCMC analyses were run
for 1,000,000 cycles in PhyloBayes. Convergence was verified
based on time-series plots of the likelihood scores using Tracer
(http://tree.bio.ed.ac.uk/software/tracer/). The first 25% cycles
were discarded as burn-in, and the maximum clade credibility
(MCC) tree was constructed in TreeAnnotator v1.8.0 (Rambaut
et al. 2012) depicting the maximum sum of Bayesian posterior
probabilities (BPPs). The resulting tree was represented and
edited using FigTree v1.4.1 (http://tree.bio.ed.ac.uk/software/
fgtree/). As shown in Figure 1, the phylogenetic positions of
these 44 cp genomes were successfully resolved with full BPPs
supports except for 6 nodes. Rumex acetosa belongs to the
Polygonaceae as expected and exhibited the closest relation-
ship with other 2 Rumiceae species, Rheum palmatum and
Oxyria sinensis.
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Figure 1. Phylogenetic tree yielded by Bayesian analysis of 44 Caryophyllales cp genomes. Bayesian consensus tree is shown with support indicated by numbers at
branches, representing the percentage of Bayesian posterior probabilities (BPPs). Fully phylogenetical resolved nodes are not labeled.
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