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ABSTRACT
As a noxious weed, weedy rice (Oryza sativa f. spontanea Roshev. 1931) has threatened global food
security and sustainable crop production. On the other hand, weedy rice has a strong tolerance for abi-
otic stresses and the potential to provide rich resources for rice genetic improvement. Thus, for a more
comprehensive understanding of its speciation, we sequenced and assembled the first complete
chloroplast genome of Oryza sativa f. spontanea (japonica type). The complete chloroplast genome was
134,555bp in length and encoded 133 genes, including 83 protein-coding genes, 42 tRNA genes and 8
rRNA genes. Phylogenetic analysis revealed that the indica-japonica differentiation of weedy rice was
closely related to cultivated rice, and Oryza sativa f. spontanea (japonica type) was genetically more
closely clustered with cultivated rice O. sativa (japonica type) than O. nivara or other wild rice.
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Weedy rice (Oryza sativa f. spontanea Roshev. 1931) is a nox-
ious weed, which has threatened paddy fields worldwide and
has brought enormous challenges to the sustainable crop
production. It is taxonomically classified as the same species
as cultivated rice (Oryza sativa). Like cultivated rice, weedy
rice also has a significant genetic structure of indica-japonica
differentiation (Ishikawa et al. 2005; He et al. 2017). Although
the origins of weedy rice have been controversial,
de-domestication from cultivated rice is considered to be a
primary mechanism for the origin of weedy rice globally (Qiu
et al. 2020). In addition, previous studies showed that the
indica-japonica differentiation of de-domesticated weedy rice
is closely associated with the indica-japonica differentiation of
cultivated rice in genetic structure (Han, Ma, Cui, Wang, et al.
2020; Zhu et al. 2021). With outstanding drought tolerance,
cold tolerance, salt tolerance, and water use efficiency, weedy
rice has strong adaptability to barren living environment and
has the potential to provide rich resources for rice genetic
improvement (Sun et al. 2019; Han, Ma, Cui, Geng, et al.
2020; Li et al. 2021). Chloroplast genomes provide valuable
information to species identification and evolutionary and
phylogenetic studies. No complete chloroplast genome of
japonica type weedy rice has been available. Therefore, we
sequenced and assembled the complete chloroplast genome
of Oryza sativa f. spontanea (japonica type) to explore the ori-
gin and evolution of weedy rice at the chloroplast gen-
ome level.

Phenotypically, compared to cultivated rice, weedy rice
has more tillers and a shattering phenotype and the pericarp
of grains is red (Supplementary Figure 1). The seeds of
plants were harvested in Heilongjiang Province, China
(47�4302900N,128�45045ʺ E), planted in the agricultural experi-
mental field of Zhejiang University, Hangzhou City, Zhejiang
Province (30�18016.9ʺN,120�4034.68ʺE), dried and a specimen
was deposited in the Herbarium of Zhejiang University under
the voucher number HZU60244005 (contact person: Yiyu Hu;
email: hyy_huyiyu@163.com). The whole-genome sequencing
data was generated through our previous study (SRA number
SRS6133688; Qiu et al. 2020).

First, quality control of raw sequence reads was performed
using NGSQCToolkit v2.3 (Patel and Jain 2012). Then, we de
novo assembled the clean data with NOVOPlasty v3.7.2
(Dierckxsens et al. 2017), which use complete chloroplast
genome of Oryza sativa (GenBank accession number
NC_031333) as a reference. Besides, we compared the
assembled genome to reference genome (Oryza sativa f.
spontanea indica type, LC642244) to detect variants by
Snippy (Seemann 2015). After that, the assembled genome
annotation was carried out by the GeSeq online (Tillich et al.
2017). Finally, the assembled genome sequences and annota-
tion have been submitted to DDBJ with an accession number
LC666910. The complete chloroplast genome of Oryza sativa
f. spontanea (japonica type) was 134,555 bp in length and
encoded 133 genes, including 83 protein-coding genes, 42
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tRNA genes and 8 rRNA genes. The cp genome comprised
four stable structures, namely a large single-copy (LSC) region
of 80,604 bp, a small single-copy (SSC) region of 12,347 bp
and two separated inverted repeat (IR) regions of 20,802 bp
each. The GC contents in the LSC, SSC and IR regions are
37.1, 33.4, and 44.3%, respectively. 20 genes contained a sin-
gle intron, and only one gene (ycf3) contained two introns. It
duplicated 21 genes in the IR regions. Moreover, compared
with indica type weedy rice, the chloroplast genome of
japonica type weedy rice has 58 snps and 23 indels, and has
one more atpH gene in the LSC region. AtpH is a chilling-
repressed gene in rice, which also reveals the difference in
environmental adaptability of indica and japonica type weedy
rice (Mao et al. 2003).

To illustrate more clearly its evolutionary position within
the Oryza species, we used complete chloroplast genome
sequences of 11 Oryza species plus Leersia perrieri as an out-
group to construct a phylogenetic tree. Multiple sequence
alignment was performed by MAFFT v7.475 (Katoh et al. 2002)
with the parameters ‘–auto –reorder –phylipout.’ The align-
ment results were calculated using the maximum likelihood
algorithm and the phylogenetic tree was constructed by IQ-
tree v1.6.12 with parameters configured as ‘-m MFP -bb 1000
-bnni’ (Nguyen et al. 2015). Finally, iTOL was used to modify
the constructed tree (Letunic and Bork 2019). The phylogen-
etic results first showed that Oryza sativa f. spontanea (japon-
ica type) was closely clustered genetically with cultivated rice
O. sativa (japonica type) rather than O. nivara or other wild
rice (Figure 1), which again supported the previous result that
O. sativa f. spontanea originated from cultivated rice and the
indica-japonica differentiation of weedy rice was closely asso-
ciated with cultivated rice (Qiu et al. 2017; Dong et al. 2021).
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