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On the second year of the NBRP-Rice 5th term

SATO, Yutaka
Project Leader of National BioResource Project-Rice
Plant Genetics Laboratory, National Institute of Genetics (NIG)

The National BioResource Project (NBRP) is a project
supported by the Ministry of Education, Culture, Sports,
Science and Technology (MEXT) to collect, preserve, and
provide 34 bioresources that are important to maintain.
NBRP-Rice, one of the NBRP projects, collects and
preserves wild Oryza and various experimental lines, and
provides the resources to rice researchers in Japan and
overseas. The mission of NBRP-Rice includes not only
the maintenance and distribution of genetic resources,
but also the promotion of research activities using rice
genetic resources and of the utilization of rice genetic
resources.

NBRP-Rice publishes an annual newsletter, and this is
the seventh issue. This issue’s column is contributed by
Dr. Makoto Kawase of Tokyo University of Agriculture.
He introduced his own field researches on millet and
wild Oryza in India and Myanmar with vibrant prose and
photographs. | myself have never been involved in any
field research and have never seen wild Oryza growing in
the wild. | suspect that many of the users of the NBRP-
Rice genetic resources are like me. | hope you will read
this article while thinking about the native habitat of wild
Oryza.

Dr. Kawase has supported the management of NBRP-
Rice for many years as the chair of the NBRP-Rice
Steering Committee. He will be stepping down this fiscal
year. We would like to express our sincere gratitude to
him for his long support
of NBRP-Rice. At the
end of his column, | also
received a message of
support for NBRP-Rice.
As the person in charge
of the project, | am once
again aware of the hard
work of our predecessors
who conducted field
researches and laid the
foundation of the genetic
resources project, and of
my responsibility for the
stable management of
the genetic resources.

By the way, | had the
opportunity to visit India,
for the first time, last
November. Unfortunately,

it was not to conduct field research on wild Oryza, but
to participate in an international symposium on rice
functional genomics held in Bengaluru, a city in southern
India. At the symposium, | was strongly impressed by the
enthusiasm of young Indian researchers for rice research.
After the symposium, | was able to visit the National Rice
Research Institute (NRRI/formerly known as CRRI) in
Cuttack, southeastern India, for one day. This research
institute used to be the base for Dr. Oka’s on-site
investigations of wild Oryza in India in 1957. As many
of you knows, Dr. Oka is the person who conducted
field researches and laid the foundation of wild Oryza
genetic resources of NBRP-Rice in the National Institute
of Genetics, Japan. | was given the opportunity to give
a seminar at NRRI, so | included some excerpts from Dr.
Oka’s research trip diary in some of the slides. The names
of the CRRI people who came to pick up Dr. Oka who
arrived in Cuttack by train in the early morning of October
31, 1957, were also listed. Surprisingly, there were a few
names that were recognizable to those who are currently
working at CRRI, and they seemed to be pleased.

This visit to NRRI will be a good opportunity to start
a research exchange. | am sure that | will have the
opportunity to revisit the area again. Next time, | would
like to ask a local researcher in advance to visit wild
Oryza-growing areas in India. | wonder if | will be able to
hear the call from the wild Oryza plants, “Here | am!”.

T e e
S S )

At the National Rice Research Institute in Cuttack, India
The statue behind me (left) and Dr. Takanori Yoshikawa (right) is MOMI-2000 by Mitsuaki Tanabe.
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Column
KAWASE, Makoto

When | was a graduate student in the 1970s, Dr. Hikoichi
Oka gave a special lecture at my university. My memory
of his speech is already dim, but | remember that he was
wearing a short-sleeved Indonesian batik or Ryukyuan
kariyushi-style shirt with sandals on his feet, which gave
me a sense of his internationalism with his focus on Asia,
which was different from the Western-oriented professors
of the time. At the time, | had no idea that | would be
engaged in the search and collection of wild Oryza
species.

The first time | saw a natural habitat of wild Oryza species
was in 1985, when | visited the Deccan Plateau in India
as a member of a research team on millets supported by
the Grants-in-Aid for Scientific Research. The Deccan
Plateau is a center of millets’ cultivation because of its
warm and dry climate. Wild rice (Oryza rufipogon) also
grows naturally in this arid region. The first encounter
was near Belur in Karnataka. Dr. Sadao Sakamoto (who
was a member of the National Institute of Genetics
when he was young and was sent to IRRI for a short-
term dispatch) pointed out to me that this was wild
Oryza species, and | saw a native population for the first
time, whose plant height is short, but possess open
panicle. The accompanying Indian researcher held on
this wild Oryza species panicle and did not let go. Plants
in another nearby group of O. rufipogon were also low,
but possessed closed panicle, and the anthocyanin
pigmentation of the panicle left a strong impression on
me (Photo 1). After seeing groups of wild Oryza species
several times, | could find out them even from a driving
car. Although it may be better to say that I’'m getting
tuned, | could catch the call of “Here | am!” from them
just by looking outside.

Photo 1: Impressive wild rice (O. rufipogon) in India. Near Belur,
Karnataka.

Visiting the natural habitats of wild
Oryza species in Asia

Graduate School of Agriculture, Tokyo University of Agriculture

In 1987, | became a member of the Laboratory of Plant
Germplasm Introduction at the National Institute of
Agrobiological Resources of the Ministry of Agriculture,
Forestry and Fisheries and participated in the Genebank
project. | conducted explorations in Japan and
participated in joint research funded by the Grants-in-
Aid for Scientific Research and the International Board
for Plant Genetic Resources (funded by the Ministry of
Foreign Affairs), but | was disconnected with wild Oryza
species because the target area was outside the natural
habitat of them. Instead, various millets, not wild Oryza
species, called out to me, “Here | am!”. During the survey
of millets in the Indian Sub-continent in 1987, | visited
ICRISAT, the International Crops Research Institute
for the Semi-Arid Tropics, which is well known for its
research on arid land agriculture. The institute is located
in Patancheru, a suburb of Hyderabad in the Deccan
Plateau’s semi-arid heart. While walking outside the
institute, | found a dying wild rice plant (O. rufipogon)
in a damp spot by the side of the road. As with riding a
bicycle, it seems that once an instinct is acquired, it does
not disappear so easily.

In 1992, | revisited the Deccan Plateau for a search and
collection of sesame in India for the Genebank project,
and then drove further north to Delhi to conduct research.
India is considered to be the origin of cultivated sesame.
In this exploration, | tuned into sesame and visited
numerous sesame fields that | had not noticed the last
time | explored similar areas targeting millets, and | was
also able to find wild ancestral species of sesame. | could
see populations of wild rice (O. rufipogon) in Madhya
Pradesh and Uttar Pradesh as well as in the Deccan
Plateau.

In 1998, | changed my affiliation to the Laboratory of
Plant Biotechnology in the Shikoku National Agricultural
Experiment Station, and took a short break from
plant genetic resource exploration. However, from
2000 to 2002, | was sent to Myanmar by the Japan
International Cooperation Agency as an expert for the
Myanmar Seed Bank Project. The Seed Bank project is
Myanmar’s version of the Genebank project that collects,
preserves, classifies, evaluates, and promotes the use
of genetic resources. The genetic resources repository
and research facilities were constructed with Japan’s
ODA grant aid, but in Myanmar there was a crackdown
on the democracy movement in 1988, and Japan’s
ODA was effectively frozen. Although the Seed Bank
facilities and equipment were handed over in 1990, the
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start of technical cooperation, which was scheduled to
be implemented immediately, was delayed. Technical
cooperation finally began in 1997, when the political
situation had stabilized somewhat, and | was assigned
with my family as the third expert leader in 2000. Although
there were some restrictions on the activities of foreigners
under the military regime, | was able to interact with many
local people.

Immediately after | transferred to Yezin, | noticed that
wild rice (O. rufipogon) was growing naturally here and
there along the 400 km route from Yangon, the capital at
that time, to Yezin. The main road connecting the capital
Yangon and Mandalay, the second largest city in the
country, was probably constructed in the British colonial
period, with both sides of the road dug out and paved
with earth, and both sides of the road are hollowed out to
form a narrow marshy area that cannot be called a river.
Beyond the marsh, there are houses and farmlands. Many
of the farmhouses are built on stilts, and during the rainy
season, the entire area can be flooded. From Yangon to
the Yezin area, there are many rain-fed paddy fields, while
north of Yezin, there are many irrigated paddy fields and
fields of other crops. Wild rice (O. rufipogon) is scattered
in the marshes along the side of this road.

Since the main objective of the Seed Bank project was
to collect, classify, evaluate, preserve, and promote
the use of indigenous crop varieties such as cultivated
rice in Myanmar, no active collection activities of wild
Oryza species were conducted. Indeed, the diversity of
cultivated rice in Myanmar was also remarkable. | have
heard that Dr. Masahiro Nakagahra, who led the initial
Genebank project, and others strongly appealed for the
implementation of the Seed Bank project as the core
of research exchange and genetic resource exchange
with Myanmar, but | thought that they are far-sighted.
Black-purple rice and red rice are not rare, and fragrant
rice is also a high quality rice. Unlike in other regions,
the variation in glutinous to non-glutinous endosperm
characteristics is continuous, and is classified by amylose
content into four categories: Kauk Hnyin (0% to a few
percent), Kauk Sei (a few percent to approximately 17%),
Kauk Chaw (approximately 17% to 24%), and Kauk Kyan
(higher than approximately 24%), and they are used for
different purposes, such as cooking rice, steamed rice,
sweets, noodles, pudding, and rice cake. On the other
hand, when traveling around the country, | could find a
wide variety of wild rice (O. rufipogon) growing naturally in
various areas. | was also surprised at the wide distribution
and morphological diversity of wild Oryza species to
see them growing in the irrigation canals of the fields of
the Central Agricultural Research Institute (Yezin) of the
Myanmar Agricultural Service (Ministry of Agriculture and
Irrigation, Myanmar), where the project was based, and
wished to explore this region someday as a connecting
area of South Asia and Southeast Asia.

After returning to Tsukuba, Japan in 2003, | was involved
again in the Genebank project at the National Institute
of Agrobiological Resources, which had become an
Independent Administrative Agency. At that time, the
Genebank was not totally devoid of wild Oryza species
genetic resources, but the number of lines that had been
propagated and could be distributed to researchers was
very limited. With the progress of rice genome analysis
and selection using DNA markers, the scope of genetic
resources for breeding use gradually began to expand
to include crop wild relatives, and | considered that the
Genebank project should work to collect and preserve
wild Oryza species strains for future use.

The opportunity came unexpectedly quickly. Dr. Yusaku
Uga and | conducted exploratory collection tours in
Myanmar in 2004 and 2005. We received strong support
from people with whom we had previously fostered
exchanges in Myanmar.

In Kachin State in the north, which | visited in November
just after the end of the rainy season, | found many
groups of wild rice (O. rufipogon) on roadsides near the
state capital of Myitkyina, but the highlight was groups
that covered the lake surface near the shore of Indawgyi
Lake, especially a group from the east to north side (Photo
2). The depth of this lake changes by several meters
between the wet and dry seasons. When we visited, the
water level was still high, and the man outside the boat
in the photo is not standing at the bottom of the lake. He
is standing on a couple of bamboo poles sunk sideways
into the lake. This wild Oryza species plant was about 6
meters long and floating, and heading panicles above
the water surface. When we visited the same spot at the
end of the dry season in the following year, the water level
had dropped and we were able to walk where used to be
the bottom of the lake. While shoots were sprouting from
nodes of plants that had fallen to the ground, we could
also see shoots that had germinated from seeds. Dr. Uga
presented a poster at the 2005 SABRAO Congress that
polymorphism analysis showed that this lake population

S5

Myanmar (photo courtesy of Dr. Yusaku Uga). The author is happily
lifting a 6-meter-long plant on the boat. To the left is Mr. Tin Moe
Oo. The man behind on the right helped with the collection standing
on a couple of long bamboo poles sunk sideways into the water.
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is more heterozygous than other populations in Myanmar
and is probably maintained by both asexual reproduction
and seed reproduction through cross-pollination.

Wild rice (O. rufipogon) also covered the entire surface of
Nay Yaung Pya Inn lake in Pyinmana, near Yezin in central
Myanmar. When we visited during the dry season, the lake
was wet and the depth of the water was only a few dozen
centimeters at most, and a number of buffaloes were
grazing (Photo 3). Seed fertility was low in this population,

Photo 3 : A large population of wild rice (O. rufipogon) at Nay Yaung
Pya Inn lake near Pyinmana, Myanmar, was grazed by buffalo and
other livestock during the dry season when the water receded, and
exploratory collection was a competition with the livestock.

and as we took time to collect the seeds, the buffalo ate
them up. The population of wild rice (O. rufipogon) is
mixed with other wetland plants, and they are being eaten
together by grazing. Even after being eaten, wild Oryza
species seems to be able to maintain a large population
because it is more regenerative than other plants. With
the construction of the new capital city of Nay Pyi Taw in
the immediate vicinity of Pyinmana, this population may
also be swallowed up by urban development.
Morphological diversity varies from group to group,
ranging from floating and long grass to short grass of a
few dozen centimeters in height. Some possess wide
open panicles, while others are closed. Some of the
panicles resembled those of cultivated rice, but the seeds
fell off when touched, and there was also a group that
appeared to be a hybrid swarm, showing a glimpse of
the dynamism of the cultivated rice-wild Oryza species
complex.

Wild rice (O. rufipogon) does not only form large
populations. It also invades cultivated rice paddies as
an associated weed (Photo 4). During the vegetative
growth period, it is probably difficult to distinguish them
morphologically. Panicles of O. rufipogon were growing
over cultivated rice.

In addition to O. rufipogon, which is common in lowlands,
O. officinalis and O. granulata can be found in Myanmar. O.
officinalis is less common but grows naturally throughout
Myanmar. O. coarctata and O. ridleyi have also been
reported, but unfortunately | have not encountered them
yet. | look forward to peaceful days to visit once again.
Even though the exploration and collection of wild Oryza

species was a short period, | realized once again that it is
very difficult to conduct preservation and research on wild
Oryza species in Japan, which is in the temperate zone.
Among the wild Oryza species collected in Myanmar, only
about half of the accessions were able to be propagated
enough for distribution after completing the quarantine
procedures under the Plant Quarantine Law. | would like
to pay tribute to Dr. Hikoichi Oka, Dr. Keiko Morishima,
and others who have been developing and managing the
NBRP-Rice project since they established the foundation
for wild Oryza species research at the National Institute of
Genetics.

As long as NBRP-Rice and Genebank project handle
the same kind of wild Oryza species, there are some
parts where the method of preservation management is
common, but since their final purposes are different, there
are naturally different parts. The NBRP-Rice resource
serves as a foundation for biology, and while it collects
and conserves diversity, it also requires a high level of
purity as a material. On the other hand, Genebank’s
wild Oryza holdings are materials for research that can
eventually be used for breeding. It is a poor idea to unify
the two because it would reduce the advantages of both.
While respecting the differences in approaches, | hope
that mutual collaboration will develop in the future, with
wild Oryza species selected in the course of research
from the population collected in the Genebank project
being added to the NBRP materials or converted from
NBRP materials to breeding materials and distributed
from the Genebank.

Photo 4 : Wild rice (O. rufipogon) invading a paddy field. Panicles of
wild rice are heading over those of cultivated rice. In Bago Region,
Myanmar.




NBRP RICE Newsletter

New Findings from Studies utilizing NBRP-Rice Genetic Resources

Genes involved in loss of awn in cultivated rice were
independently selected in Asia and Africa

BESSHO-UEHARA, Kanako

Laboratory of Evolutionary Genomics, Graduate School of Life Sciences, Tohoku University

Introduction

Domestication refers to the process of selecting strains of wild plants
through natural mutation over many generations to produce plants
with useful traits. Humans have domesticated wild Oryza species for
approximately 10,000 years. While most major crops originated in
one region, the domestication of rice is known to have occurred in-
dependently in two distant regions. In Asia, O. sativa (Asian rice) was
domesticated from the wild ancestor, Oryza rufipogon, and in Africa,
O. glaberrima (African rice) was domesticated from the wild ances-
tor, O. barthii. Interestingly, although they were domesticated inde-
pendently, these two cultivated rice species share many of the com-
mon cultivated traits, such as erect plant architecture, non-shattering
seeds, nonpigmented pericarp, and lack of awns. Among these
traits, we focused on the awn. The awn is a needle-like structure
formed at the tip of seed husk, an outstanding organ found in grass
family in general. Wild Oryza species has a very long awn, while cul-
tivated rice has a very shortened or lost awn (Figure 1). Under natural
conditions, the awn of wild Oryza species is thought to contribute to
seed dispersal and protect seeds from feeding damage by birds and
herbivores. However, when handled by humans, it is thought that the
loss of awn was selected during the domestication process because
it was a troublesome feature that damaged the skin during harvest-
ing and made sowing seeds more difficult.

African African
wild rice cultivated rice
O. barthii O. glaberrima

Figure 1. Awn phenotype in wild and cultivated rice.

Loss of function of two genes were
responsible for the loss of awns in Asian
cultivated rice

We have previously reported that the loss of function of two genes,
Regulator of Awn Elongation 1 (RAET) and RAE2, is responsible
for the loss (or shortening) of awns during domestication of Asian
cultivated rice, O. sativa, from O. rufipogon (Furuta et al. G3 2015;
Bessho-Uehara et al. PNAS 2016). However, during these studies,
we also found that the African cultivated rice, O. glaberrima, retained
two genes, RAET and RAE2, in functional form despite the loss of
awn (Bessho-Uehara et al. PNAS 2016). This finding suggested that
O. glaberrima lost awn through selection of mutation in gene(s) other
than RAET and RAE2 during domestication.

A third gene, RAE3, was responsible for the
loss of awn in African cultivated rice

A clue to the gene responsible for the loss of awn in O. glaberrima
was found in the paddy field. When Dr. Motoyuki Ashikari (Nagoya
University) visited the breeding laboratory of his aima mater, Kyushu
University, a faculty member showed him around the experimental
lines growing in the paddy field. Dr. Ashikari came across an interest-
ing line during his walk. The line was called OGBC, a backcrossed
inbred line that was crossed with O. sativa and O. glaberrima. The
plants in the line segregated two phenotypes, some lost their awns
but others had awns. He noticed that although both cultivated rice,
O. sativa and O. glaberrima, lost awns, some plants in this crossed
line recovered awns. This led him to speculate the loss-of-func-
tion gene(s) involved in the loss of awns in O. glaberrima is in fact
maintained as functional gene(s) in O. sativa. Therefore, our group
led by Dr. Ashikari started a joint research with the group in Kyusyu
University to search for gene(s) involved in loss of awns in African
rice. Through the genetic analysis of OGBC line, we identified RAES,
a gene regulating awn formation on chromosome 6. The RAE3 gene
was specifically expressed in the panicle at the time of awn for-
mation, and this gene encoded an E3 ubiquitin ligase. Experiments
using yeast showed that the RAES3 protein functions in concert with
the E1 and E2 ubiquitin-conjugating enzymes to add ubiquitin to the
substrate protein. It is assumed that the ubiquitination to substrate
proteins causes (1) to transport of the substrates to the 26S protea-
some system for degradation, (2) to change their subcellular localiza-
tion or (3) to change their protein properties. Since functional type of
RAES acts to elongate awn, the unknown substrate protein of RAE3
is assumed to suppress the signaling induces awn elongation. In the
wild ancestor, O. barthi, awn is elongated possibly through the nega-
tive regulation, such as degradation, of the suppressor protein (Figure
2).
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Figure 2. Model of RAE3 function for awn elongation.

Traces of RAE3 selection in African cultivated
rice

Comparison of RAE3 sequences in African wild species, O. barthii,
African cultivated species, O. glaberrima, and Asian cultivated
species, O. sativa, showed that a 48 bp deletion occurred specifically
in O. glaberrima. This deletion contained a stop codon, which
caused a frameshift in the RAE3 protein of O. glaberrima, resulting
in a longer protein length compared to RAE3 of O. barthii. In the E3
ubiquitin ligase family, which RAE3 belongs to, the C-terminal region
is predicted to be the substrate recognition domain. In the RAE3
gene of O. glaberrima, a large mutation

in this domain may have resulted in the

inability to recognize the substrate and failed

to ubiquitinate the substrate. Additionally,

genes on the same signaling pathway, different genes, RAET and
RAEZ2 in Asia but RAE3 in Africa, were selected to acquire the same
awnless phenotype independently.

Conclusion

If Dr. Ashikari had not walked around the field at Kyushu University
at that time, the discovery of RAE3 might have been much later.
We are keenly aware of the importance of going out to the field and
observing phenotypes. In addition, it would have been impossible to
identify the responsible genes that have been selected during the
domestication of Asian and African rice independently and to clarify
the interactions among the three RAE genes without the OGBC lines
and CSSLs that were produced by a group at Kyushu University over
a long period of time, and the wild Oryza species maintained at the
National Institute of Genetics under the NBRP. We are grateful to our
predecessors for their achievements in creating and maintaining wild
and cultivated Oryza species and their hybrid lines, and it may be
our role today to pursue our research to make the best use of these
materials.
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Figure 3. Proposed model of convergent evolution of the awnless phenotype in two rice
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Activity Reports FY2023

Rice Genetics and Molecular Biology Workshop 2023

The Rice Genetics and Molecular Biology Workshop 2023 was
held on July 13-14, 2023 at the Ito Campus in Kyushu University.
Introduction of the NBRP-Rice genetic resources and an open field
tour were carried out at the workshop. It was a good opportunity
for many people to observe growing plants of the resources up
close.

Open field tour
of NBRP-Rice genetic resources

Public Relations Activities at Conferences

Il Rice Genetics and Molecular Biology Workshop 2023
(@ Kyushu University in July)

l The 40th Annual Meeting of the Japanese
Society of Plant Biotechnology

(@ Chiba University in September)

Il The 3" Barley Mutant Conference
(@ Okayama University in October)

B 20" International Symposium on Rice Func-
tional Genomics

(@ UAS, Bangalore, India in November)

I The 46th Annual Meeting of the Molecular
Biology Society of Japan (MBSJ2023)
(@ Kobe Port Island in December)

1 2024 Annual Meeting of the Phytopathologi-
cal Society of Japan (@ Sendai International
Center in March (tentative))

Joint exhibition
of NBRP-Wheat,
-Barley, and -Rice at
MBSJ2023

NIG meeting “Study Group on Wild Oryza Species:
Future Perspectives on Genetic Diversity Research”

Students and researchers working with wild Oryza species gathered
at NIG on December 12-13, 2023. For two days, the participants
had lively discussions on the latest research findings related to wild
Oryza. At the end of the meeting, the NBRP-Rice official channel on
YouTube showing technical tips how to handle wild Oryza grains was
introduced to the audience to encourage further use of the resources.

Introducing YouTube video how to Participants touring

handle wild Oryza grains the greenhouse of wild Oryza

Other public relations activities

Il Asian Association of Agricultural Colleges '
and Universities (AAACU) mini-workshop (@ ==
NIG in May)

I Commemorative talk event for the MIDORI
Academic Prize Laureates (@ National
Museum of Emerging Science and
Innovation (Miraikan) in July) Ao

I Seminar at the National Rice Research ~AAACU mini-workshop

Institute of India (NRRI) (@ NRRI, Cuttack, ~Participants touring fields
. of wild Oryza
India in November)

NBRP-Rice Steering Committee

The annual committee was held at NIG on December 25-26, 2023.

NBRP-Rice
official channel
opened on YouTube from the QR code on the right.
Open Fields
(Study tour of wild
Oryza field)

NBRP-Rice
Public Relations

Announcements

The NBRP-Rice official channel on YouTube has videos explaining how to
sterilize, germinate, and threshing wild Oryza grains. Please check the videos

In FY2024, we plan to hold ‘Open Fields’, study tours of wild Oryza genetic resources at the field of
NIG and Kyushu University. If you are interested in any NBRP-Rice genetic resources and would like
to observe or measure them in our field, please contact us (nig_openfield@nig.ac.jp).

In FY2024, exhibitions will be held at several academic societies. If you are interested, please join us.

NBRP-Rice
official channel

National BioResource Project
National Institute of Genetics

1111 Yata, Mishima, Shizuoka 411-8540, Japan
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