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ABSTRACT
Little millet, Panicum sumatrense Roth ex Roem. & Schult., is an important cultivated species under the
tribe Paniceae, sub-family Panicoideae and family Poaceae. In this study, for the first time we sequenced
the complete chloroplast (cp) genome of P. sumatrense to investigate their phylogenetic relationship in
the family Poaceae. The complete cp genome sequence of P. sumatrense is 139,384bp in length with
38.6% overall GC content and exhibits a typical quadripartite structure comprising one pair of inverted
repeats (22,723bp) separated by a small single-copy region (12,583bp) and a large single-copy region
(81,355 bp). The P. sumatrense cp genome encodes 125 unique genes, which include 91 protein-coding
genes, 4 rRNA genes, 30 tRNA genes, and 20 genes were duplicated in the inverted repeat region. This
newly determined cp genome (P. sumatrense) could be valuable information for the breeding programs
of this cereal crops in the family Poaceae.
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Introduction

The grass genus Panicum L., comprises of about 500 species
distributed worldwide in tropical and subtropical regions, is
one of the largest genera of the family Poaceae (Aliscioni
et al. 2003). The great significance of this genus is almost cer-
tainly polyphyletic (Zuloaga 1987) in which the species with
C3 and C4 photosynthetic systems (Brown 1977), and C3/C4
intermediate pathways (Zuloaga et al. 1998) have been
reported. Though many dominating grasses found in the
genus Panicum, common millet (Panicum miliaceum) and little
millet (Panicum sumatrense) are economically important spe-
cies within the genus (Baltensperger 1996). Understanding
the relationships between the grasses is vital for germplasm
conservation and their utilization. The cp genomes have been
used in studies on plant phylogeograhy, genetic diversity,
and evolution (Liu et al. 2016; Park 2016, 2017; Tsuruta et al.
2017). The cp genome of common millet was reported (Cao
et al. 2017) and many other economically important Panicum
cp genome were also available on pubic database. In this
study, we report the chloroplast genome of little millet to
determine its phylogenetic relationships within the fam-
ily Poaceae.

The little millet seeds (Accession No. IT261894) were
obtained from the Genebank division of National Institute of
Agricultural Sciences, Republic of Korea. Seeds were

germinated and fresh leaves were collected from 40-day-old
seedlings. Total genomic DNA was extracted to build up gen-
omic library and sequenced with pair-end (2� 300 bp) by
MiSeq instrument at LabGenomics (http://www. Lab.genom-
ics.com/kor/). A total of 4,915,776 cleaned reads were
obtained after quality trimming of raw reads and mapped
with the reference cp genome, A. sativa L. (GenBank acces-
sion KM974733). The reference mapping produced 206,243
aligned reads with about an average 325� coverage. The
complete circular cp genome was obtained from contig align-
ment and scaffolding of mapped reads. 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.

We determined the cp genome of P. sumatrense was
139,384 bp in length (NCBI accession number KX756177).
The GC content was 38.6% which is similar to values previ-
ously reported with Panicum cp genomes. The LSC and SSC
regions contained 81,355 bp and 12,583 bp, respectively,
whereas the IR was 22,723 bp in length. The cp genome
contained 125 known genes, including 91 protein-coding
genes, 30 tRNA genes, and four rRNA genes. There were
eight protein-coding genes, eight tRNA, and all four rRNA
genes duplicated in the IR regions. Sixteen genes contained
one or two introns, including the protein-coding genes,
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ycf3, petB, petD, atpF, ndhA, ndhB, rpl2, rpl16, rps12, and
rps16. In addition, rps12 was identified as a trans-
spliced gene.

The phylogenetic relationship of P. sumatrense with other
species was evaluated with 19 Poaceae species by compar-
ing the chloroplast genome. MAFFT v7.304 (Katoh and
Standley 2016) program was used for the whole genome
sequence alignment and MEGA6 (Tamura et al. 2013) soft-
ware was used to construct a maximum likelihood (ML) tree
with 1000 bootstrap replicates. The phylogenetic tree
showed that the little millet, P. sumatrense was clustered
with the most closely related common millet, P. miliaceum
and witchgrass, Panicum capillare (Figure 1). The newly
determined cp genome will provide essential data for fur-
ther study on the phylogeny and evolution of the genus
Panicum in the family Poaceae.
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Figure 1. Phylogenetic relationships among 19 whole chloroplast genomes of Poaceae species. The complete chloroplast genome is downloaded from NCBI data-
base and the phylogenetic tree is constructed by MEGA6 software.
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