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Rhizomes of Oryza 
longistaminata, a perennial 
species sharing the AA 
genome with cultivated rice 
(O. sativa). O. longistamina-
ta is native to sub-Saharan 
Africa and Madagascar and 
has a well-developed 
rhizome system.
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At the field opening ceremony of a new experimental paddy field in Ito campus, Kyushu Universi-

ty, September 29, 2018. Kensui (offering of water) was performed in light rain.

NBRP Rice 4th phase: Activities in the second year and future tasks

The National Bioresource Project (NBRP) is subject to 
revision every 5 years, and 2018 is the second year of 
the 4th phase of the project. The NBRP Rice 4th phase 
bears the title “Promotion of the utilization of Oryza spp. 
genetic resources”. As can be seen from the title, we 
are undertaking various activities to maximize the use of 
NBRP Rice genetic resources by domestic and interna-
tional researchers. These genetic resources include over 
1700 strains from 21 diverse Oryza species, experimental 
strains derived from wild rice species (such as the chro-
mosome segment substitution lines introduced in the 
previous newsletter), and lines derived from cultivated 
strains such as various mutant lines. We are constantly 
considering effective ways that these strains can contrib-
ute to your research.
As a first step to promoting the use of NBRP Rice re-
sources in research, we are performing some public 
relations activities, including the publication of this 
newsletter and presenting exhibition booths at relevant 
conferences, which we also did last year. In fiscal year 
2018, we exhibited at the 16th International Symposium 
on Rice Functional Genomics (ISRFG) at Tokyo University 
of Agriculture, which provided us with a good opportunity 
to promote the resources and activities of NBRP Rice to 
international rice researchers. Our booth was visited by 
many domestic and foreign researchers, and many over-
seas rice researchers took English copies of our newslet-
ter. This year, NIG hosted a Rice Genetics and Molecular 
Biology Workshop. As part of this workshop, we invited 
the participants to see our wild rice greenhouses and 
offered tours to open experimental fields growing 
the chromosome segment substitution lines. We 
hope that our activities help to bring researchers 
closer to the NBRP Rice resources.
For NBRP Rice, NIG and Kyushu University 
function as the core facility and the sub-center, 
respectively. This year, the Kyushu University 
Faculty of Agriculture moved from the Hakozaki 
campus to the Ito campus. This was a challeng-
ing operation for our sub-center, requiring a great 
deal of work to successfully complete the reloca-

tion with minimum interference to their research and edu-
cation activities, as well as NBRP Rice activities. Kyushu 
University has developed a new experimental paddy field 
at the Ito campus, and I was invited to a field opening 
ceremony on September 29, 2018 (see photo). Their pre-
vious experimental field had a history of more than 100 
years and nurtured many researchers and materials. We 
hope that their new field will make even greater contribu-
tions to their research and education activities as well as 
to NBRP.
We provide information about NBRP Rice resources 
through Oryzabase (https://shigen.nig.ac.jp/rice/oryz-
abase/). At Oryzabase, you can search for resources or 
view passport data including traits, sampling sites and 
times, and you can order resources that you would like 
to use in your research, so please do take a look. Oryz-
abase also includes a link to Oryzagenome, a database 
storing genome information of various wild rice species 
collected by NBRP Rice. As we mentioned in last year’s 
newsletter, you can search for SNPs between wild rice 
genomes and the Nipponbare genome using a genome 
browser. Wild rice NGS data are available via the link to 
DDBJ DRA, and an increasing number of vcf files are also 
available. We hope that you can use this information in 
your research.
We will continue to work on stable collection, storage 
and provision of NBRP Rice resources and promote their 
contribution to rice research, e.g. by actively releasing 
genome information. We welcome and appreciate your 
continuing support of NBRP Rice.

SATO, Yutaka
Project Leader of National Bioresource Project-Rice

Plant Genetics Laboratory, Department of Genomics and Evolutionary Biology, National Institute of Genetics (NIG)

Introduction
The Oryza genus includes two cultivated species: Asian cultivated 
rice (Oryza sativa L.) and African cultivated rice (O. glaberrima 
Steud). In recent years, O. glaberrima has been reported to 
carry stress tolerance genes that are not found in O. sativa, 
suggesting the potential of this species as a genetic resource 
for improving O. sativa. However, the use of O. glaberrima genes 
in O. sativa breeding is hampered by the high degree of sterility 
of interspecific hybrids produced between O. sativa and O. 
glaberrima. With the aim of overcoming such interspecific hybrid 
sterility, we focused on the S1 locus responsible for hybrid sterility 
between O. sativa and O. glaberrima. We conducted mutagenesis 
to develop a new allele that does not induce the S1 locus hybrid 
sterility.

Interspecific hybrid sterility in rice
The hybrid between O. sativa and a near-isogenic line (NIL) 
carrying O. glaberrima chromosome 6 in the O. sativa genetic 
background exhibits partial sterility of pollen and seed. This 
phenomenon can be explained by two alleles at the S1 locus, i.e. 
S1

g (formerly denoted by S1 but herein by S1
g to avoid confu-

sion) allele derived from O. glaberrima and S1
s (formerly denot-

ed by S1
a) derived from O. sativa. Female gametes produced 

by a heterozygote (S1
g/S1

s) become selectively lethal when they 
carry the S1

s allele, which results in partial sterility of pollen and 
seed (Fig. 1). Moreover, selfed progenies of the hybrid inherit 
only the S1

g allele, resulting in distorted genotypic segregation. 

Based on our previous studies, the S1 locus was located at 
2Mb on the short arm of rice chromosome 6 and was precisely 
mapped to a 40kb region in the O. sativa genome 1). Mean-
while, it was shown that O. glaberrima contains an insertion 
of 20kb or larger in this region, but the causal gene at the S1 
locus was unknown. A recent report by Xie et al. demonstrated 
that S1-specific hybrid sterility was not observed in a mutant 
obtained by CRISPR/Cas9 disruption of the OgTPR1 gene 
located within the putative S1 region in O. glaberrima  2). Nev-
ertheless, it was not clear whether OgTPR1 was sufficient to 
induce the hybrid sterility, and S1-mediated hybrid sterility still 
remained to be overcome.

Generation of a neutral allele through mu-
tagenesis　
With the aim of overcoming the S1-mediated hybrid sterility, 
we conducted mutagenesis to develop a “neutral” allele that 
could yield fertile hybrids when crossed with both S1

g and S1
s. 

We crossed O. sativa with the NIL to produce a total of over 
2,000 heterozygote progeny and irradiated the hybrid seeds 
with a heavy ion beam for mutagenesis. If the S1 gene could 
be mutated, we should be able to obtain fertile heterozygotes 
capable of producing seeds. By sowing these seeds in the field 
and screening them for seed fertility, we could successfully obtain 
a panicle with high seed fertility. Seeds produced on the panicle 
showing high seed fertility were selfed to fix the mutation. As a 
result, we obtained a mutant that produced no sterile hybrids 
when crossed with either O. sativa or the NIL (Fig. 2). The causal 
gene for the mutation was genetically mapped within a region 
containing the S1 locus, suggesting that this mutant carries a 
novel neutral allele S1

mut 3).

The presence of a strain-specific gene is involved in sterility 
of interspecific hybrids

New Findings from Studies utilizing NBRP-Rice Genetic Resources

KOIDE, Yohei
Laboratory of Plant Breeding, Research Faculty of Agriculture, Hokkaido University

Figure 1. Selective lethal action of the S1 gene on gametes
The alleles derived from O. glaberrima and O. sativa are denoted by S1

g and 
S1

s, respectively. During gametogenesis in a heterozygote, embryo sacs and 
pollen carrying the S1

s allele are selectively aborted, resulting in preferential 
transmission of the S1

g allele to the progeny.

Figure 2. Phenotype of the mutant carrying the neutral allele
The mutant can produce hybrids exhibiting high seed fertility after crosses 
with either O. sativa or the NIL.
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Oryza species.
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A species-specific gene involved in S1-me-
diated hybrid sterility
Sequencing of the mutant genome revealed that the mutant 
contains a 5bp deletion in the S1 locus specific peptidase do-
main-containing protein (SSP) gene at the S1 locus. The SSP gene 
was located within the inserted region specific to the O. glaber-
rima genome, and no orthologous genes were found in O. sati-
va. We assumed that the 5bp deletion in the SSP gene was the 
cause of the S1

mut allele. To confirm this, we conducted a com-
plementation test. An O. sativa transformant carrying a functional 
SSP gene derived from O. glaberrima was produced and crossed 
with the mutant, which resulted in complementation of the hybrid 
sterile phenotype. These results suggested that the SSP gene is 
one of the genes necessary for inducing the S1-mediated hybrid 
sterility and that the 5bp deletion in the SSP gene was the cause 
of the S1

mut neutral allele 3).
We then examined the distribution of the SSP gene in the Oryza 
genus. The SSP gene was not present in the Asian rice genepool 
formed by the Asian cultivated rice O. sativa and the Asian wild 
species O. rufipogon, while it was detected at high frequency in 
the African rice genepool formed by the African cultivated rice 
O. glaberrima and the African wild species O. barthii (Fig. 3). This 
suggests that the presence or absence of this gene in the Asian 
and African genepools acts as a reproductive barrier between the 
two species 3). We expect that future analysis on the function and 
molecular evolution of the SSP gene will help us to understand 
how this reproductive barrier mechanism was established in these 

Figure 3. Distribution of the SSP gene
The SSP gene is detected at high frequency in strains from the African rice 
genepool. The number of strains examined is shown in white letters.
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Genetic resources for insect resistance in rice

<Fascination of chromosome engineering in plant>
When I was a student, I came across an article written 
by Dr. Koichiro Tsunewaki in the journal “Iden (Ge-
netics) (1970)”. I was amazed by his beautiful story 
about replacing a single whole chromosome of a given 
wheat variety. When I entered the specialized course 
at the School of Agriculture, Professor Hikaru Sato had 
a collection of various mutant strains developed by 
MNU treatment of fertilized eggs, among which was 
the “desynaptic mutant (MM15)”, exhibiting abnormal 
pairing of chromosomes during meiosis. Self-pollination 
of MM15 resulted in complete sterility due to failure of 

chromosome pairing, but pollination with normal pollen 
produced hybrids that were trisomic for the entire chro-
mosome set. If we could integrate this desynaptic gene 
into alien chromosome addition lines of rice, we could 
obtain “alien chromosome substitution lines” like those 
that had already been generated for wheat. I was so ex-
cited by this idea.
In 1984, two research groups, one led by Dr. Gurdev. 
S. Khush of the International Rice Institute (IRRI) and 
the other led by Dr. Nobuo Iwata of Kyushu University, 
reported successful development of Indica and Japon-
ica rice plants, respectively, that were trisomic for all 

Column
YASUI, Hideshi
Plant Breeding Laboratory, Faculty of Agriculture, Kyushu University

A wild rice accession, collected by Dr. Tuguo Tateoka at Kenya, 
have been utilized as a research material for more than half a 
century
Upper panel: Seed of W1514 accession [Oryza punctata]
Lower panel: Brown rice of Nipponbare [Oryza sativa] (left) and 
W1514 accession (right)

12 chromosomes. At Kyushu University, we used this 
trisomic series to assign various mutant genes to rice 
linkage groups. Rice plants are diploids, so the extra 
chromosome could be easily identified by examining the 
morphological traits (aneuploid syndrome) specific to 
trisomic plants. Our experimental strategies, i.e. break-
ing down the genome into individual chromosomes 
to examine the morphological traits specific to each 
chromosome and performing chromosome assign-
ment of the mutant genes, seemed to be reasonable. 
The subject of my PhD thesis was the development of 
Monosomic Alien Addition Lines (MAALs), which was 
achieved by adding a single whole chromosome of a 
distantly related, African wild rice to cultivated rice. By 
comparing the characteristics of MAALs with those of 
the parental variety or the trisomic plants, we could as-
sign some genes responsible for the characteristics of 
this distantly related wild rice to specific chromosomes.

<Evaluation of rice genetic resources for insect resis-
tance in various environments>
In 1990, I had the chance to conduct an evaluation for 
resistance to Nephotettix virescens , a vector of the 
rice tungro virus, a cause of the disease in tropical rice 
cultivation. I was given an opportunity to study in Dr. 
Khush’s laboratory at IRRI, using MAALs I had devel-
oped in my graduate school years. At that time, Dr. 
Khush was promoting research on breeding for insect 
resistance in rice, and Dr. Ryoichi Ikeda, who had pi-
oneered research for insect resistance in Japan along 
with Dr. Chukichi Kaneda, was also staying at IRRI to 
promote a breeding project on insect and disease resis-
tance in Indica rice. During my stay at IRRI, I was greatly 
stimulated by interacting with researchers from various 
countries and gained much valuable experience, but the 
biggest benefit was that I was able to get hold of seeds 
of local varieties of rice useful for insect resistance re-
search, kindly provided by Dr. Khush. Years later, when 
I showed these strains to Dr. Khush in the experimental 
field at Kyushu University, I remember a comment he 
made that would have massive implications for my fu-
ture work: “You know Hideshi, I believe this variety is 
different from other insect-resistant varieties”, which 
I interpreted as meaning “I believe that this variety is 
somewhat different from all other insect-resistant vari-
eties I have seen. There is something special about this 
particular variety”. More than a decade has passed, but 
the variety has not yet been fully analyzed genetically. I 
am looking forward to the future elucidation of the ge-
netic background of each insect-resistant variety.
Meanwhile, Dr. Ikeda said “Dr. Yasui, don’t you think 
that there is significance in repeating selection over 
several generations?” Let me explain this further. 
“Shortening of the breeding cycle” has been one of the 
most important objectives in plant breeding. However, 

for example, strains developed by using anther culture 
to achieve rapid fixation of genotypes generally have 
limited information on their performance compared with 
strains that undergo several evaluations during their 
breeding process. What Dr. Ikeda proposed was that 
repeated evaluation in various environments during 
the breeding process may be essential to validate the 
performance of the selected genotype (or the genotype 
currently undergoing selection). The words of these two 
researchers taught me that performing experiments on 
living genetic resources in various natural environments, 
and providing opportunities for their observation with 
skilled eyes can bring significant benefits for future re-
search.

<Importance of preserving genetic resources>
In a downtown area of Nakasu in Fukuoka City, there 
is a statue named Uenin Jizo, which was built as a 
memorial to the serious damage caused by “The Great 
Famine of Kyoho” in the Edo period (1732). The fam-
ine was caused by prolonged rain and an outbreak of 
planthoppers (Nilaparvata lugens). N. lugens, putatively 
of Southern Asian origin, cannot survive the winter in 
Japan; they migrate every summer from Fujian Province 
of China to Japan and occasionally show an explosive 
increase in the autumn. Some distantly or closely relat-
ed wild rice species or local varieties of Southern Asia 
exhibit relative or complete resistance to planthopper 
infestation. Research has been conducted to identify 
the proteins encoded by the insect-resistance genes 
in these varieties, but the mechanism of acquisition of 
such resistance by the original wild species or native 
varieties is still unknown. Almost half a century has 
passed since the first report on the genetic analysis of 
planthopper resistance. I strongly recognize the respon-
sibility of relevant research institutions to propagate 
and preserve resistant varieties and strains as well as to 
maintain an environment that facilitates the use of such 
genetic resources in varied research activities.
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History and current status of Oryzabase

The National BioResource Project has a total of 30 resource 
centers nationwide for organisms ranging from prokaryotes to 
animals and plants. Among the websites for individual organ-
isms, Oryzabase of NBRP Rice is the most accessed online 
database, with 10,000 visitors per month. As shown in the table, 
an analysis of the access log for the period corresponding to 
the NBRP 4th phase (from April 2017 to October 2018) revealed 
that the top ten countries were in Asia. The total number of page 
views + users was largest for Japan, followed by China and In-
dia, reflecting their active involvement in rice research.

The primary purpose of Oryzabase is to release and distribute 
information on rice strains such as the wild rice collection and 
experimental mutant lines. Nevertheless, the access log tells 
us that other content is also popular. The most popular page 
is “Reports of the study tours”, followed by the “Rice Genetics 
Newsletter”. “Genes” and “Rice ID checker” are also frequently 
accessed. As mentioned in the 2018 Newsletter, in the NBRP 
4th phase, we are placing our emphasis on genome information.
This type of website has become quite common today, but do 
you know when Oryzabase was established? Let me quick-
ly introduce the history of Oryzabase. According to the 2013 
BioResource Newsletter that is at the NBRP information center, 
Oryzabase was launched in 1996, before the launch of NBRP. 
The original database has not been preserved in the server, so 
I used Web Archive, which helped me find a link named “RICE 
Genetic Resources DB in JAPAN” within the 1998 version of the 
website of the Genetic Resource Center, NIG. The name “Ory-
zabase” first appeared in the 2000 archive, but no screenshot 
was available. I finally found the original Oryzabase (version 
1.2.1) in the 2001 archive (Fig.1).
When I checked “About the Database” of this website, I found 
this description: “The Oryzabase consists of five parts, (1) genet-
ic resource stock information, (2) a gene dictionary, (3) chromo-
some maps, (4) mutant images, and (5) fundamental knowledge 
of rice science”, which suggests that a prototype of the current 
Oryzabase had been already built by 2001. In the following year 
(2002), the draft sequence of the rice genome was released, 

and in 2004, the rice genome was completely sequenced by the 
International Rice Genome Sequencing Project (IRGSP). These 
events demonstrate that Oryzabase was an advanced database 
that could provide association between strains and genome.
Oryzabase version 1, around the same time as the release of 
the rice genome sequence, NBRP was launched in 2002. A 
screenshot of Oryzabase version 3 was found in a file prepared 
for a poster presentation in the 2003 Plant & Animal Genome 
Conference, which was kept in our laboratory (Fig.2). As can 
be seen, version 3 already had the basic design of the current 
Oryzabase. Then, the database became more sophisticated, 
using information techniques such as ontology-based database 
establishment and gene annotation with natural language pro-
cessing. What we could not foresee then was that plant genome 
sequencing would eventually be conducted at such high speed.
Last but not least, Oryzabase was established through the co-
operation of many people and institutions under the leadership 
of Dr. Nori Kurata of the Plant Genetics Laboratory and Dr. 
Yukiko Yamazaki of the Genetic Informatics Laboratory at NIG. 
Although database establishment is sometimes regarded as 
rather less important than scientific discoveries, the devotion of 
these two female researchers, who have played central roles in 
the development of rice research, should be appreciated as one 
of the most important achievements in the history of NIG. The 
4th phase of NBRP Rice inherits the original vision of Oryzabase 
and commits to further improvement of the database.

Oryzabase Now

KAWAMOTO, Shoko
Division of Bioresources Databases, Genetic Resource Center, National Institute of Genetics

1.  Starting point of wild rice cultivation: 
germination

Because of their “wildness”, wild rice species can be rather difficult 
to cultivate compared with cultivated rice. I would like to share my 
experiences to encourage ambitious users who wish to pursue wild 
rice cultivation.
The greatest barrier to wild rice cultivation in Japan is poor 
heading, but there is also a barrier at the starting point – some 
seeds do not germinate well. Special techniques are needed to 
germinate seeds of wild rice species. As basic advice, I would 
like to provide some important tips that should help you at 
the starting point of wild rice cultivation, i.e. seed germination. 

2. Breaking of seed dormancy: High-tem-
perature treatment before sprouting

As a part of their “wildness”, a majority of wild rice species exhibits 
strong seed dormancy. Before undergoing a sprouting treatment to 
facilitate germination, seeds of most wild species require artificial 
treatment to break their dormancy.
At NIG, we incubate unhulled seeds at a high temperature (in an 
incubator) for a certain period of time to break seed dormancy. 
I mainly use one of the following three treatment conditions 
(temperature, period): 42℃ for about 2 weeks; 45℃ for about 1 
week; or 50℃ for 3-5 days. The higher the temperature, the higher 
the risk of damaging the seeds, so I choose the most appropriate 
of these three patterns, considering the rarity of the seeds as 
well as the trade-off between the damage/efficacy and treatment 
duration.

3. Sprouting treatment: scratching etc.
Germination of wild rice seeds can be enhanced by hulling the 

seeds before water uptake and scratching their seed coats (Fig: a). 
This may be partially explained by the fact that seed coats of wild 
rice are less permeable to water compared with cultivated rice.
When the scratched seeds are slow to germinate, I scratch them 
again, and some start germinating. For example, I re-scratched four 
ungerminated seeds 23 weeks after the sprouting treatment, and 
three of them germinated after 5 days, and one 15 days later.
As is the case for sprouting cultivated rice, I use filter papers 
placed in petri dishes (Fig: b) for the sprouting treatment of wild rice 
seeds. For seeds that are difficult to germinate on filter paper (petri 
dishes), such as those of some GG-genome species, it may be 
better to use MS agar medium (Fig: c). The photo shows the use of 
15ml tubes in which the germinated seedlings can be grown up to 
the 6-leaf stage, an innovation by Ms. Ono (Mochizuki).

4. Variation in germination period: some 
seeds are slow to germinate

Wild rice seeds tend to take quite a long time for germination. I 
sprouted some seeds of the same strain in an incubator (28℃) and 
sowed them on a filter paper, replacing water and filter papers once 
a week. The earliest and latest germination was observed after 3 
days and 26 weeks, respectively. The germination period can vary 
this much. If seeds are still hard (i.e. not rotten), they still have the 
potential to germinate, and they may spontaneously germinate at 
any time.
In my experience, the degree of sleepiness (slowness of dormancy 
break) seems to vary between and among species and, sometimes, 
even between seeds derived from the same plant. The reason why 
such variation exists is unknown, but maybe because late risers 
sometimes gain an advantage by avoiding inopportune germination 
conditions in their environment. It is another amazing wonder of 
wild species.

Basics of wild rice cultivation: germination

Technical Tips

FURUUMI, Hiroyasu
Technical Section (Plant Genetics Laboratory), National Institute of Genetics

Figure 2

Figure 1

Views Users
Japan 1,174,803 11,126

China 497,428 7,794

India 315,142 16,633

United States 225,652 21,545

Korea 90,591 3,034

Taiwan 77,336 2,498

United Kingdom 62,260 3,366

Philippines 37,478 3,806

France 35,733 1,661

Indonesia 30,604 3,325

Figure: Sprouting treatment
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Activity Reports 2018

Events 2019

Open Fields (Study tour of wild rice genetic resources)

Rice Genetics and Molecular Biology Workshop

Open Fields (Study 
tour of wild rice 

genetic resources)

This year, the first field visit ‘Open Fields’ was 
held concurrently with the Rice Genetics and 
Molecular Biology Workshop at NIG in July, and 
the second visit was held in September at NIG 
and at the new campus (the paddy field at the 
Ito campus) of Kyushu University. Thanks to 
the concurrent scheduling of the workshop and 
the field opening ceremony, many participants 
came to see our wild rice and experimental 
strain collection.

On July 5th and 6th, 2018, a Rice Genetics and 
Molecular Biology Workshop was held at NIG. 
To understand the needs of the rice research 
community from the participants of the work-
shop, young working group members gave a 
poster presentation and held a lunch meeting 
with voluntary participants.

In 2019, we also plan to hold ‘Open Fields’ tours at NIG and Kyushu University. We are preparing to 
show our collection of wild rice and experimental strains derived from wild rice. If you are interested in 
any particular NBRP strains and would like to see or examine them in our field, please contact us by 
email (nig_openfield@nig.ac.jp). We would like to fulfill your requests as much as possible.

Exhibitions will be held at several academic societies. You are welcome to join us.

NBRP Rice Advisory Committee
The annual committee was held at ROIS on 13th December 2018.

Public Relations at 
Academic Societies
25th ICSPR (at Nagaragawa Convention 
Center in June 2018)

16th ISRFG (at Tokyo University of Agri-
culture in September 2018)

82nd Annual Meeting of Botanical So-
ciety of Japan (at International Confer-
ence Center Hiroshima in September 
2018)

134th Meeting of the Japanese Society 
of Breeding (at Okayama University in 
September 2018)

41st Annual Meeting of the Molecular 
Biology Society of Japan (at Pacifico 
Yokohama in November 2018)

Research meeting 
on wild rice

NBRP Rice Public 
Relations

A research meeting on wild rice is planned in December at NIG. We are looking forward to your partici-
pation.
NIG Meeting: Promoting research on genetic diversity through genomics of Oryza species
December 12th and 13th, 2019 (tentative)
Seminar room, Guest house 2nd Floor, NIG

2nd Open Fields at NIG on 27th September

Lunch meeting of young working group 
members and voluntary participants

NBRP-Rice Exhibition at 16th ISRFG on 5th 
September


