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Abstract

In the present study, to the evaluate genetic diversity and genetic structure of a mutational rice (B810S) with a color marker

from China, the entire sequence of the atpH gene of the chloroplast genome from B810S was amplified by polymerase chain

reaction (PCR). The PCR products were sequenced, and sequence variations in the atpH gene were then examined. The

entire sequence of the atpH gene was 245 bp in size. Compared it with 810S, whichis the male parent of B810S, the results

showed a similarity of 51.22%. There are 2 haplotypes in their atpH gene sequences and the haplotype diversity and nucleotide

diversity were 1.0000 and 0.41250, respectively. In addition, phylogenetic analysis of B810S and other normal rice strains was

conducted and a phylogenetic tree was constructedusing maximum likelihood (ML) method based on the atpH gene sequence

from the chloroplast genome. The results of phylogenetic analysis showed that B810S separated from other rice strains formed

an independent branch in the phylogenetic tree, which suggests that B810S with a color marker is a new male sterile rice line.

The molecular approach employed in this study provides a foundation for further study of the genetic diversity and structure

of rices in different geographical regions of China and other regions in the world.

Introduction

Rice, which is a very important and common crop, is grown in many countries and regions of the world,
especially in China. There is wide genetic variation amongall plant species, especially for rices. The genus
Oryzais is more wildely grown among all rice species , and also shows higher genetic diversity, so it is often
regarded as a valuable resource for rice improvement (Brar, 2003; Sun et al . 2001). Using wild rice in
breeding programs can facilitate adaptation of rice to climate change and meet the demand for food security
in the face of rapid world population growth (Henry, 2016; Moner et al . 2018). Some previous studies have
revealed that members of the genusOryzais can provide a rich repository of genes and alleles for potential
utilization in rice improvement with the help of genomics-assisted breeding (Lam et al . 2018). For example,
in recent years, several quantitative trait locus (QTL) studies have revealed that O. rufpogon has genetic
potential for improving yield-related traits (Shishido et al . 2019). These results are in accordance with
some previous studies which showed that O. rufpogon from the low-yielding had more beneficial effects
thanO. sativa in different elite cultivars (Fu et al. 2010, Xie et al. 2008). Some alleles which contributed to
early spikelet opening times of wild rice were detected by Thanh et al., (Thanh et al. 2010). Their study
results showed that this trait is useful for changing cultivar flowering times to avoid pollen sterility at high
temperatures. Moreover, three novel alleles which enhanced the phosphorus uptake efficiency of O. rufpogon
were also reported by Neelam et al., (Neelamet al. 2017). These above-mentioned alleles will promote a
better understanding ecological diversity of rice, and provide useful gene markers for further studies of the
genetic diversity and genetic structure of rice.

Generally, genetic variation is a very common phenomenon. There are many species of organisms which
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exhibit greater genetic variations including animals and plants. Rice, as a more common of plant type in
the natural environment, must exhibit genetic variations. Presently, for identification and differentiation of
rice species, we often employ traditional methods that are based mainly on morphological features, such
as the color of rice leaves, and their shapes . However, applying these criteria to identify and distinguish
organisms which have similar morphology or are at different stages of development is sometimes difficult for
non-specialists, especially for rices with very similar morphologies. The Oryzais are the largest genus in the
rice family, and their members have similar morphologies, so we sometimes don’t identify and distinguish
them by traditional methods. In addition, we also can’t clearly know the taxonomic status and evolutionary
relationship of new rice species and wild rice using morphological methods. Molecular techniques not only
overcome the limitations of traditional methods, but also provide alternative approaches for accurate iden-
tification and differentiation of many species of crops with very similar morphologies. Many gene markers
are widely used as a powerful tool to study the genetic diversity, population structures and genetics of crop
species (Gao et al, 2004; Song et al. 2003; Kaewcheenchai et al., 2018). In fact, some previous studies
have used some genes from the chloroplast (cp) genome as powerful gene markers to monitor transition in
population structures in nature (Orn et al., 2015; Wang et al., 2012). For example, Shishido et al., used two
chloroplast DNA markers (e.g., ORF100 and ORF29-trn C) to study genetic diversity and genetic structure
of wild rice populations in Myanmar (Shishido et al. 2019). China is a large agricultural country and large
rice breeding country where rice is widely grown, but there is a paucity of information regarding chloroplast
(cp) genome sequence variations, genetic diversity and genetic structures of rice.

The chloroplast (cp) genome contains three functional categories which include protein-coding genes, introns
and intergenic spacers; the latter two do not encode proteins and are often referred to as non-coding regions
but the genes of non-coding regions show that their nucleotide substitution rates are 2.3 times higher than
those of protein-coding genes, so some gene sequences from the non-coding regions have been used to study
genetic diversity, genetic structures and population structures of organisms. For example, the use of non-
coding chloroplast DNA sequences to generate plant phylogenies began in the early 1990s (Taberlet et
al. 1991; Clegg et al. 1994; Gielly and Taberlet. 1994). Shaw et al. used 21 non-coding region genes of
chloroplast (cp) genomes to study the interspecific phylogenetic and intraspecific phylogeography of Nicotiana
in 2007 (Shaw et al. 2007). Moreover, some research clearly indicates that non-coding cpDNA sequences
have been used in molecular systematic research of plants for more than 15 years (Shaw et al. 2007). This
evidence has suggested that non-coding gene sequences can provide powerful gene markers to study genetic
diversity, genetic structures and population structures of organisms. According to the chloroplast map drawn
by Shaw, the aptH gene is in a non-coding region and the aptH gene belongs to a non-coding gene. So, we
used the atpH gene sequence as a gene marker to study the genetic diversity and genetic structure of B810S
in this study.

The objectives of the present study were (a) to clarify the genetic diversity of B810S, and (b) reveal the
genetic structure of B810S in China by using cytoplasmic markers. In addition, the results of the current
study should provide a foundation for studying the genetic diversity and genetic structure of rice with different
geographical origins in China and other regions of the world. Moreover, our study results also provide insight
into mutational rice resources that could be useful for biological conservation as well as exploitation in rice
breeding programs.

Materials and methods

Chloroplast DNA extraction

Mutational rice (B810S) with a color marker was obtained from a deserted paddy field in Huaihua, Hunan
Province, China. After collection, all leaves from B810S and 810S were washed three times with physiological
saline, and were then initially identified by their morphological characteristics using a light microscope. The
genomic DNA contents of B810S and 810S were isolated from their leaves using a Plant DNA isolation
Reagent kit (Tiangen, Beijing, China) following the manual instructions, and were then stored at -20°C until
use.

2



P
os

te
d

on
A

u
th

or
ea

28
A

u
g

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

86
31

93
.3

47
71

85
5

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

PCR amplification and sequencing

The entire sequences of the atp H gene of B810S and 810S with specificity primers atp H-
F(AAGGATGGAATGAAAGATNAG), andatp H-R (GCTTTTATTTGCGAACCCTTT

-TGTTTAA) was amplified by polymerase chain reaction (PCR). The PCR reactions contained ˜20 ng of
genomic DNA and were carried out in 50-μL reaction volumes containing 25 μL of 2×Phusion EmwealdAmp
MAX HS PCR Master Mix (TaKaRa, Dalian, China), 2 μL of each primer, 2 μL of DNA and 19 μL of ddH2O
and 2 μL of DNA sample in a thermocycler (Biometra, Göttingen, German). The PCR conditions were as
follows: At the beginning of the preheat temperature 94°C for 5 min, followed by 35 cycles of denaturation at
94°C for 30 s; annealing at 50°C for 30 s, and extension temperature at 72°C for 2 min, with a final extension
at 72°C for 5 min. All products of PCR amplification were detected by 1.5% agarose gel electrophoresis to
validate the amplification efficiency. The PCR products were sent to BGI-Shenzhen (Shenzhen, China) for
sequencing from both directions.

Sequences analysis

The entire sequence of the atp H genes of B810S and 810S were determined by comparisons with those
of other previously reported rices (GenBank accession number NC 031333). The atpH gene sequences of
B810S’, 810S’ and other rices (downloaded from Genebank)were aligned by the computer program Clustal X
1.81. To calculate the sequence differences between B810S and 810S, the formula D = 1 - (M/L ) was used.
In the formula, different capitals represent different means, where M is the number of alignment positions at
which the two sequences have a common base , and L is the total number of alignment positions over which
the two sequences are compared. The Megalign procedure within DNAStar 5.0 (Burland, 2000) was used to
analyze sequence similarities of B810S and other rices which included 810S and other rice gene sequences
which are downloaded from Genebank. Also, to align the variable sites of B810S and 810S, and calculate
their haplotype (Hd) and nucleotide diversity (Pi), the computer program Dna SP 5.0 was used with default
parameters.

Phylogenetic analysis

To infer the phylogenetic relationship of B810S, 810S and other rices, a phylogenetic tree was re-constructed
using the maximum likelihood (ML) method. ML analyses were performed using PhyML 3.0 (Guindon et
al. 2010), and the GTR+I model with its parameters determined by JModeltest (Posada, 2008). Bootstrap
support (BS) for the ML tree was calculated using 100 bootstrap replicates. In the tree, B810S, 810S and
other members of the Oryzais genus(e.g.,(O.sativa (MK348618),O.coarctata (MG383937), O. longistaminata
(KF359907),O.meridionalis (KF359906), O.barthii (KF359904), O. glaberrima

(KF359903), O. rufipogon (KF359902), O. glumipatula (KR364803), O. nivara (AP006728),O.rhizomatis
(KX085497), O.eichingeri (KX085496),O.latifolia (MF401451), O. alta (KF359913) andO.officinalis
(KF359910)) were considered as the inside-group, andTriticum aestivum was considered as the out-group.
Tree View program version 1.65 was used to draw the phylogenetic tree (Page, 1996).

Results and Discussion

The total genomic DNA of B810S, which was collected from a deserted paddy field, and that of 810S
were extracted using a Plant DNA isolation Reagent kit (Tiangen, Beijing, China) following the manual
specifications. The entire sequences of the atp H genes of B810S and 810S were amplified by PCR, and were
then subjected to detection in 1.5% agarose gel electrophoresis, which appeared two single bands, and both
are approximately 250 bp in length.

The entire sequences of the atp H genes of B810S and 810S were 245 bp in size. The atp H gene sequence
of B810S has been deposited in GenBank under accession number: MN879320. A comparison of B810S with
810S, indicates that the similarity of both sequences is 51.22%, and there are 99 variation sites in their atp
H gene sequences. The results of haplotype (Hd) and nucleotide diversity (Pi) analysis of theatp H gene
sequences of B810S and 810S showed that there are 2 haplotypes in their atp H gene sequences and that

3
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the haplotype diversity and nucleotide diversity were 1.0000 and 0.41250, respectively. Comparisons with
other members of the Oryzaisgenus, indicated that the sequence differences were significantly higher, namely,
48.78-49.19% for their atp H gene sequences.

To test whether B810S with a color marker is a new male sterile rice line, the variation frequencies of allele
genes between B810S and 810S were evaluated using Tajima’s D statistical analysis.The result of Tajima’s
D statistical analysis showed that the Tajima’s Dis was 2.32478. These results indicate that there is genetic
differentiation between B810S and 810S. Also, the mismatch distribution analysis of the atp H gene sequence
of B810S and 810S, showed that there were multi-peaks in their atp H gene sequences, which suggests that
B810S is a new male sterile rice line.

In addition, to infer the phylogenetic relationship of B810S and other members of the Oryzais genus, phylo-
genetic analysis was performed using the maximum likelihood (ML) method with the GTR+I model in the
study. The results of phylogenetic analysis showed that B810S evidently separated from 810S and other rice
strains, and formed an independent branch in the phylogenetic tree (Fig. 1). This result is in accordance
with the mismatch distribution analysis, which showed that there was obvious genetic differentiation among
B810S and other members of Oryzaisgenus(including 810S and other rice sequences which were downloaded
from Genebank ), which suggest that B810S is a new male sterile rice line.

In conclusion, the genetic diversity and genetic structure of B810S were revealed by the atp H gene sequence
of the cp genome from rice leaves, and this study also confirmed that B810S with a color marker is a new
male sterile rice line. In addition, the molecular approach employed in this study provides a foundation for
studying the genetic variations and structures of rice in different geographical regions of China and other
regions of the world.
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Fig.1Phylogenetic relationship of B810S and other rices was inferred by maximum likelihood analyses using
the atpH, with Triticum aestivum as out-group.

6


