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Panicle and grains of O.
rufipogon, ancestral wild
species of domesticated rice
(O. sativa). Their habitats are
widely located in tropical
and subtropical zone of Asia
- and Oceania, and have
common features of many
wild rice speceis such as
long awn and red seeds.

O. sativa O. rufipogon
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Overview of NBRP-Rice

SATO, Yutaka
Project leader, NBRP-Rice
Genetic Strains Research Center, National Institute of Genetics

The National BioResource Project (NBRP) collects, pre-
serves and provides 29 bioresources, such as experi-
mental animals, plants and microbes that are essential
for life science research. Genetic resources of NBRP-
Rice include wild rice and various experimental strains
collected and preserved from all over the world, which
we provide to rice researchers from all over the world. We
aim to maintain the resources in good condition to meet
the diversifying needs of researchers as well as to sup-
port their research.

Reviewing its strategies every five years since 2002,
NBRP-Rice is now in its fourth term, which started in
2017. In this term, the National Institute of Genetics (NIG)
functions as the core facility, in cooperation with Kyushu
University. Our biggest mission for this term is simply
“good access to our rice resources for many scientists”.
We have started several new initiatives in order to fulfil
this mission. To begin with, this Newsletter will provide
information on a wide range of NBRP-Rice resources, as
well as technical tips regarding wild rice cultivation. In the
summer 2017, we also opened our paddy fields to the
public twice, each at NIG and Kyushu University, in order
to display NBRP-Rice resources. The growth status of
wild rice and wild rice chromosome segment substitu-
tion lines (WCSSL) can be seen in these events which we
named “Open Fields”. We are planning to carry out this
“Open Fields” every year, aiming to inspire users to de-
velop new research ideas using our resources.
Oryzabase (https://shigen.nig.ac.jp/rice/oryzabase/)
provides the latest information regarding NBRP-Rice re-
sources such as genomic information from various wild
rice accessions. You can access information on genome
diversity among Oryza genus from OryzaGenome within
the Oryzabase website. Details are shown in “Oryzabase

Now”, page 4. We will provide the latest information in

Oryzabase and OryzaGenome to support your research.

NBRP-Rice preserves many wild rice species collected
from all over the world more than 50 years ago, which,
if they die out cannot be restored. It is becoming more
difficult to import wild rice genetic resources into Japan,
so now is the time to use our valuable resources for your
research, especially now that a genome information plat-
form has been established. We appreciate your continu-

ing support to our projects.

Figure: Oryzabase indicates the locality map and details of wild rice accessions

NBRP-RICE Newsletter

Column
AKIMOTO, Masahiro

It has been 20 years since | spent my student life under
supervision of Professor Hiroko Morishima. | was orig-
inally researching on wild rice in Hokkaido, but there
seemed to be no hope of getting ahead, so my profes-
sor sent me to the Morishima lab, in the Division of Ag-
ricultural Genetics at the National Institute of Genetics
(NIG), where people were working on rice ecology, evo-
lution and breeding. Professor Morishima was small and
slender, but full of vitality and passion. While she was
travelling all over the world with her superior, Professor
Hikoichi Oka, they revealed the distribution, ecology and
genetic features of wild
rice. During the period
when she was actively
performing field surveys
on wild rice, means of
transport and geograph-
ic information were not
well developed. All that
she could do was to
walk around in the field,
earnestly searching for
new wild rice ecotypes
in extremely hot tropical
regions.

Words fail to describe
the contribution she
made to the later devel-
opment of rice research. Many strains maintained in the
NBRP wild rice core collection were brought by these
two Professors Morishima and Oka.

In addition to her research, Professor Morishima often
coined wise sayings such as “Nothing is typical, all
creatures are unique”; “Meeting someone is destined,
all guided by Buddha.” | later learned that they were
translated from Professor Oka’s philosophy in her own
style. Both avowed that they were atheists, but their
philosophy seems something like the true nature of the
Japanese people or a Zen Buddhist sermon.

Professor Morishima always mentioned the importance
of diversity. It is the most important thing for biologists
to find small differences among unique beings, and to
understand diversity by finding the meaning of those
differences.

Rice varieties and wild rice ecotypes from all over the
world are planted together for research, or to propagate
new seeds of the strains preserved at the Experimental

Department of Agro-Environmental Science
Obihiro University of Agriculture and Veterinary Medicine

Professor Morishima (middle-left) and the author (middle-right)
on a Wild Rice Survey in Paraguay (1997)

Professor Morishima and Field of Diversity

Farm of NIG. Red, black, tall or stocky... you can see
why we call them unique. She sometimes called the
Farm the “Field of Diversity”. Some species growing
here have died out in their original habitats due to dis-
turbance by human activity. The Farm represents diver-
sity that we cannot come across in nature anymore.

In recent years, loss of diversity in agriculture has be-
come a problem. By pursing efficiency, elite varieties
derived from minor strains becomes favorites, and the
similar plant types are seen wherever you go in ad-
vanced countries. Since the accessibility and productivi-
ty of crops has improved,
the world food supply
has indeed increased. In
return however, flexibility
against pests and envi-
ronmental hazards has
been lost. The extreme
change of yields repeat-
ing good and bad clearly
reflects the reduced ge-
netic flexibility. There is
even more worry that this
tendency might worsen
in Japan, since the Main
Crop Seeds Law was
abolished. It couldn’t be
helped, as agriculture is
an economic activity, but it is necessary to restore the
diversity that agriculture should have, in order to deliver
the sustainable and environmentally friendly food pro-
duction the world needs. | am sure that the varied plant
strains maintained by NBRP will contribute to breeding
and genetic diversification of commercial varieties in
the future. | believe that the two Professors would hope
us to make beneficial use of the strains collected at the
cost of their blood, sweat and tears.

| am sorry to say that Professor Morishima passed
away. Her funeral was very humble, as she was an athe-
ist. There was no institution, Buddhist monk or vicar.
Attendees simply prayed in their own manner and laid
flowers on the coffin where she was resting, and that
was all.

| bade farewell by laying panicles of rice grown in her
lab, along with my lab mates. She was quietly resting,
as if she was in the field of diversity, surrounded by col-
orful plants left by the attendees.
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Oryzabase Now

How to use the new OryzaGenome database

KAJIYA-KANEGAE, Hiromi

Graduate School of Agricultural and Life Sciences, The University of Tokyo

Oryzabase provides an information resource mainly relating to
National BioResource Project (NBRP) rice materials. OryzaG-
enome within Oryzabase is promoting the development of ge-
nome information of wild rice, especially supporting the analysis
of evolutionary relationships between wild and cultivated rice.
OryzaGenome stores next generation sequence (NGS) genome
information on 208 accessions belonging to 19 species of close-
ly and distantly related wild rice, and the two cultivated spe-
cies. The information can be retrieved by searching for various
conditions such as the species, genome type (such as AA, BB,
CC, BBCC, CCDD, EE, FF, GG and so on), annual or perennial
growth habit, rank in the core collection, and country of origin
(Figure 1).

This wild rice genome information resource provides an infor-
mation infrastructure for analyzing diversity among strains and
researching their evolution.
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Figure 1. Download display in OryzaGenome

The Downloads section provides deep sequencing data for 36
strains including 16 accessions of O. rufipogon, 2 accessions
of O. longistaminata, and 4 strains of cultivated rice (Nippon-
bare, Guangluai-4, Nongken-58, Kasalath), and polymorphic
information is provided in VCF file format (Figure 1). Biological
information can be obtained by links to Oryzabase, and it is
possible to request distribution of several accessions, depend-
ing on availability. Genotype data including imputed data for 446
accessions of the wild rice O. rufipogon has been published,
and these data can be used for GWAS. In future, it is planned to
improve the basis of GWAS by publishing phenotype data and
the results of GWAS as a whole.

In order to visualize large scale resequencing data from NGS,
OryzaGenome includes an SNP Viewer and SNP data tables.

In the SNP Viewer, based on the data published in Nature in
2012 by Huang et al., genomic regions where selective sweeps
occurred, and the highly differentiated loci can be seen. This

information is effective for investigating genomic regions where
strong selective pressure has been applied through the process
of cultivation. In addition to the gene models of RAP and MSU,
CGSNL gene names such as SD7 and GW5 are indicated, and
gene information can be immediately obtained from the SNP
Viewer. As an example, the region around the GW5 gene is
shown in Figure 2, and it is indicated that selective pressure as
a result of cultivation has affected this region (Figure 2).
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Figure 2. View of the GW5 gene region in SNP Viewer

Genome regions where there is selection pressure in the whole population are
indicated with red lines, and genome regions where there is selection only in
the indlica population are indicated in yellow.

When performing GWAS, it takes a long time to detect correla-
tions between phenotypes and to identify gene loci in candidate
regions and causal genes. We constructed a system to stream-
line the narrowing down of candidate genes that does not
require knowledge of bioinformatics, utilizing SNP Tables. It is
possible to automatically create a list of SNPs in the candidate
region, the effects of each SNP, and a list of accessions that
possess mutations. In genotype polymorphism analysis, it is
important to know where in the gene of interest the SNP occurs,
so when a SNP is found in a translated region, the presence or
absence of an amino acid change due to the allelic difference is
shown. In addition, since the SNP positions are shown in a map
format, it is easy to understand the type of the SNP. For genes
relating to cultivation whose functional analysis is already ad-
vanced, SNPs that are thought to affect function can be easily
narrowed down. This system is expected to make a great con-
tribution to accurate investigation of the relationship between
genotypes and the phenotypes.

OryzaGenome concentrates on comparative genome analysis of
diverse wild rice lines collected from countries around the world
and the development of resources to speed up the identification
of important trait-related genes by GWAS.
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New Findings from Studies utilizing NBRP-Rice Genetic Resources

Detection of quantitative trait loci controlling grain zinc
concentration using Australian wild rice Oryza meridionalis

ISHIKAWA, Ryo
Laboratory of Plant Breeding, Graduate School of Agricuttural Science, Kobe University

Introduction

Zinc is one of the essential mineral elements for both plants
and animals. While humans take zinc through the daily diet, zinc
deficiency can be caused when the diet is restricted, leading to
deterioration in human health. Rice (Oryza sativa), one of the
major crops, is known to have a low grain zinc concentration
as compared with other cereals, and is widely cultivated in
Asian countries where zinc deficiency has sometime been
found. Therefore, if the zinc concentration in rice grains can be
increased, it could contribute to the prevention of zinc deficiency.
In this study, grain zinc concentrations in genetically diverse wild
relatives of cultivated rice were compared. Among those wild rice
species, we focused on high grain zinc concentrations of the wild
rice species O. meridionalis from Australia.

1. Comparison of grain zinc concentrations
in cultivated rice and related wild rice
species

There are more than 20 species of wild rice, and it has been

suggested that they potentially possess many useful agro-

nomic traits. Especially, wild rice with A genome are useful, as
they can be crossed with cultivated rice (O. sativa). There are

five wild rice species with A genome: O. rufipogon in Asia, O.

>
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glumaepatula in Latin America, O. meridionalis in Australia,
and O. barthii and O. longistaminata in Africa®). The grain zinc
concentration in the four wild rice species (O. longistaminata
can propagate vegetatively through rhizomes), and two culti-
vars of O. sativa Japonica ‘Nipponbare' and Indica 'IR36' were
compared. O. meridionalis W1627 was found to be the highest
grain zinc concentration among the wild and cultivated rice
accessions examined (Figures 1A and 1B)?. Furthermore, grain
zinc concentrations in additional 10 accessions of O. merid-
ionalis collected in Australia and maintained by the National
Bioresource Project (rice) were measured. All 11 accessions
of O. meridionalis showed higher grain zinc concentrations
than those of O. sativa ‘Nipponbare'. Therefore, high grain zinc
concentration is a common trait of O. meridionalis accessions
(Figures 1C and 1D )?.

2. Generation of backcross recombinant
inbred lines between O. sativa ‘Nippon-
bare’ and O. meridionalis W1627

In order to understand the genetic basis of the high grain

zinc concentration of O. meridionalis, a series of backcross

recombinant inbred lines (BRILs) between O. sativa ‘Nipponbare’
and O. meridionalis W1627 was generated. A total of 151 BRILs
obtained in the genetic background
of ‘Nipponbare’ were surveyed for the
regions containing a chromosomal

Grain Hnt concentration (mg kgt

S5
ﬁ%ﬁé‘

fragment originating from O.
meridionalis using 164 SSR markers
covering the whole genome. The
average W1627 chromosomal segments
were found to be approximately 4.5%
in the BRILs (Figure 2A)%. In addition,
some chromosomal segments of O.
meridionalis W1627 were not present
o in any of BRILs. These loci might be in
chromosomal regions related to sterility

Figure 1. Grain zinc concentrations of
two cultivars and four wild rice
accessions.

(A, B) Photo of seeds (A) of cultivated rice O.

sativa and each A genome wild rice accession

and their grain zinc concentrations (B). (C, D)

Location (C) of the collection of O. meridionalis

accessions obtained in various regions in

Australia and their grain zinc concentrations

(D).

Note) The information of the collecting location

for each accession of O. meridionalis is based

on Oryzabase (the nearest city is shown).
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and heading ability. When the grain zinc concentrations in these
BRILs was measured, segregation of zinc concentrations was
observed among the BRILs (Figure 2B)°.
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Figure 2. Generation of backcross
recombinant inbred
lines between cultivated
rice O. sativa ‘Nippon-

o5 &0 bare’ and O. meridiona-

E lis W1627

= 40 (A) Chromosomal constitution of

g 151 individual backcross recombi-
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B

nant inbred lines; Blue: O. meridio-
nalis W1627, White: O. sativa ‘Nip-
ponbare’, Pink:a Region in which
no chromosomal fragment derived

[H]
.f ? ? «f’ f? ? ? from O. meridionalis is present in
Gradn 2inc concentration [mg kgl any of the BRILs. (B)Frequency dis-
tribution of grain zinc concentration

of 151 BRILs.

3. Detection of QTLs for grain zinc concen-
tration between O. sativa "Nipponbare'
and O. meridionalis W1627

A total of four loci were detected that affect grain zinc concen-

tration (gG2Zn: QTLs for Grain Zinc concentration) using genotype

data from 164 SSR marker loci and grain zinc concentrations of
each BRIL (Figure 3A)®. The effect of gGZn9 with the greatest
contribution on grain zinc concentration among the four QTLs
was further evaluated. In an introgression line carrying a chromo-
somal segment covering gGZn9 region from O. meridionalis in the

Nipponbare genetic background, a higher grain zinc concentration

was found as compared with Nipponbare (Figure 3B)”. Based on

these results, O. meridionalis W1627 may harbour useful allele at
the gGZn9 locus. Identification of the causal mutation might be
useful for breeding rice cultivars with high grain zinc concentra-
tions in the future.
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Figure 3. Detection of QTLs for
grain zinc concentra-
tion between O. sativa

*Nipponbare' and O.
meridionalis W1627
(A) Detection of loci responsible for
the difference in grain zinc concen-
tration between O. sativa ‘Nippon-
o - . bare’ and O. meridionalis W1627.

(B) Validation of the effect of gGZn9
with the largest effect on grain zinc
concentration, IL: introgression line.
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Technical Tips

Distribution of wild rice species from Oryzabase

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

1. Distribution of wild rice species: Start
from "Oryzabase"

NBRP-Rice projects are based on the wild rice collection which
has been collected, grown and stored since the 1950s by Prof.
Oka and Prof. Morishima, senior members of the National Insti-
tute of Genetics (NIG), and the projects distribute seeds, plants
and DNAs of the collection. As well as 20 species in the Oryza
genus, three related genera which have sometimes been cate-
gorized in the Oryza genus are also distributed from NIG.
Distribution requests are received via the "Oryzabase" website
(Figure 1). Some procedures such as MTA preparation, and pay-
ment are necessary after ordering. If you have any questions,
please feel free to ask us about them using the "Feedback Ap-
preciated!" option in Oryzabase (Figure 1).

2. Cultivation of wild rice species: Is it in-
teresting, but hard to handle?

The cultivation of wild rice species is often troublesome. While

the basic protocols are listed on Oryzabase (Figure 1), it is not a

universal prescription. There are differences among individuals within

species and accessions, in addition to inter-specific differences,

and some adjustments are necessary on a case-by-case basis,

according to the purpose.

Ingenuity is necessary in order to cultivate wild rice species in

Japan, which has a different environment compared with their

native habitats. As an example, let me introduce a “long-term

greenhouse cultivation method”, which is effective in cases where

it is hard to promote heading

only by short-day treatment. This

method increases the cumulative

temperature by growing plants in

the greenhouse from the spring to

just before the start of the short-

day treatment in the summer. Hints

to try this method came from

observation of O. longistaminata

(W1413) in which clonally

propagated stocks were seen to Request for

head, and the heading individuals distribution

tended to be larger. Also, several

accessions of O. rufipogon which

did not head at the NIG in Mishima

were able to head at Ibusuki, at

the Kagoshima Experimental Farm

of Kyushu University. When a trial

of the “long-term greenhouse

cultivation method” was made

with W1413, this variety which had

previously only headed at a rate

of 10 to 20% was able to head

with a 100% success rate, and

the efficacy of heading was also

increased in many strains of O.

rufipogon (even in strains which

previously had a 0% heading

rate).

Click here to indicate
the wild rice strain

Additionally, among O. rufipogon accessions cultivated and
observed at the NIG, there are individuals that always head with
only with 1 to 3 panicles (less than 10% effective tillers), and there
are individuals that are stably low in seed fertility (always 5 to 10%),
and so on. While this is an inconvenient feature for the purposes
of humans, | am always impressed by wild rice species which
balances seed propagation and vegetative growth. Wild rice is
hard to handle because it has some properties (wild vitality?) which
have been lost by cultivated rice as a trade-off for the protection
for human beings, as well as wide genetic diversity. On the other
hand, perhaps | am not the only one fascinated by such flexible
responsiveness of wild rice species to the environment ("wildness"
seems to be totally opposite from delicacy at first glance)?

3. Learning from wild rice species in the
future

Three species of wild rice have been registered on the Red List
of the International Union for Conservation of Nature and Natural
Resources (IUCN) which was recently updated. It is important
that the precious genetic resource of the wild rice is utilized by
many researchers so that the value of wild rice will be further
appreciated, and its conservation will be supported. Through my
daily work, | hope to support this effort.

We are ready to offer help and support with any inquiries about
the cultivation of wild rice and offer aftercare to our customers
as much as possible. So, please feel free to contact us through
Oryzabase.

Contact us through
“Feedback Appreciated!”

Figure 1: “Oryzabase” website
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Activity Reports 2017-2018

Open Fields (Study tour of wild rice genetic resources)

We held “Open Fields”, a study tour to observe wild rice genetic resources grown at NIG
and Kyushu University, for the first time on July and September 2017. Participants could ob-
serve the wild rice species and experimental rice strains derived from wild species displayed
at the Experimental Farm of NIG and Kyushu University. Participants gave questions on how
to grow and fertilize wild rice species, and our staff answered them.
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Open Fields at NIG on 21st July 2017 Open Fields at Kyushu University on 28th
September 2017

NBRP Rice Advisory Committee

The annual committee was held at NIG on 29th November 2017.

Rice Genetics and Molecular Biology Workshop 2018

NIG hosted this workshop on Thursday 5th to Friday 6th July 2018 at NIG Lecture Hall.
OryzaGenome workshop and Open Fields were also held at the same time.

Public Relations at

Academic Societies

The 81st Annual Meeting of Botanical
Society of Japan (at Tokyo University of
Science in September 2017)

ConBio 2017 (at Kobe Convention Cen-
ter in December 2017)

The 133rd Meeting of the Japanese So-
ciety of Breeding (at Kyushu University
in March 2018)

International Conconference on Sexual
Plant Reproduction 2018 (25th ICSPR
at Nagaragawa Convention Center in
June 2018). NBRP presented a sponsor
session and hold an exhibition.

Bio 2017)

Events 2018

do our best to make it possible.

Relations Breeding and the Botanical Society of Japan.

International
Symposium on
Rice Functional
Genomics 2018

(16th ISRFG)

Open Fields (Study This year we are planning to carry out Open Fields tours again on September to display our wild rices
tour of wild rice and experimental rice strains derived from wild species. If there are any particular NBRP strains that you
genetic resources) would like to observe, please let us know your request in advance: nig_openfield@nig.ac.jp and we will

NBRP Rice Public Exhibitions will be held at academic societies such as annual meetings of the Japanese Society of

Wednesday 5th to Friday 7th September 2018 / Tokyo University of Agriculture
Exhibition booth for NBRP-Rice will be presented. You are welcome to join us.

National BioResource Project
National Institute of Genetics

1111 Yata, Mishima, Shizuoka 411-8540, Japan

September 2018

Editor
SATO,Yutaka




