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Opening Remarks

Opening Remarks

KOYAMA Osamu

President, JIRCAS

Good afternoon, everyone. I would like to express my sincere gratitude to SAKAIDA Teruya, Director-
General of the Agriculture, Forestry and Fisheries Research Council Secretariat, Ministry of Agriculture,
Forestry and Fisheries (MAFF), the two distinguished keynote speakers, Dr. Sarada Krishnan of Crop Trust
and Dr. HASEGAWA Toshihiro of the National Agriculture and Food Research Organization (NARO), as
well as the speakers for the two sessions, for their cooperation in the JIRCAS International Symposium
2024. I would also like to thank all of the participants who have joined us, both in person and online, for
taking the time out of your busy schedules.

In July 2023, UN Secretary-General said that we are now entering the era of global boiling. And recently,
the media has reported that 2024 could almost certainly be the hottest year on record, and the first year that
average temperatures rise to 1.5°C above the pre-industrial period.

Indeed, we have witnessed extreme weather events such as droughts and heavy rains affecting agricultural
productivity. Countries in the Global South are facing protracted food security crises due to climate change.
Also, as we recall, in Japan, the quality of rice declined last year due to heat stress.

Amid concerns that climate change will adversely affect crop productivity and grain quality, the need
to develop crops that are resilient to the negative impacts of climate change is greater than ever to
maintain global food and nutrition security. To this end, it is essential to conserve the diversity of crop
genetic resources with resilient traits, such as those exhibiting stress tolerance to droughts, floods, poor
environments, pests, and diseases, as well as traits that enable efficient use of water and external inputs.

JIRCAS has been working diligently to develop the technologies necessary to produce resilient crops, and
to strengthen cooperation in the sharing of information on genetic resources and technologies to promote
the sustainable production of tropical crops. In addition, this symposium brings together experts on various
genetic resources to consider the diversity and potential of genetic resources, as well as the opportunities
and challenges for institutional development to utilize diversity, in order to build resilient and nutritious
food systems in the era of global boiling.

I sincerely hope that this International Symposium will serve as a platform for useful information exchange
and lively discussions. Thank you very much.
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SAKAIDA Teruya

Director-General, Agriculture, Forestry and Fisheries Research
Council Secretariat, Ministry of Agriculture, Forestry and Fisheries
(MAFF)
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Sarada Krishnan

Historical Perspectives on the Role of Crop Diversity in Achieving Food and

Nutrition Security

Sarada Krishnan

Director of Programs, Global Crop Diversity Trust, Bonn, Germany

Dr. Sarada Krishnan is the Director of Programs at the Global Crop Diversity Trust based in Bonn,
Germany. In this role, she supervises a team of scientists and project managers, overseeing the
implementation of strategic projects and programs designed to support the organizational mandate of
securing the world’s crop diversity. She oversees the planning, development, and implementation of the
overall programmatic technical framework of the organization. She currently serves on the United States
Department of Agriculture (USDA) National Genetic Resources Advisory Council and is the chair of
USDA’s Coffee and Cacao Crop Germplasm Committee. She also serves on Colorado State University
(CSU) College of Agricultural Sciences’ AgIndustry Leadership Council, on the advisory board of 4C
Services and is faculty affiliate in the CSU Department of Horticulture and Landscape Architecture. Her
broad interests include biodiversity conservation - both ex situ and in situ, conservation and sustainable use
of plant genetic resources with a research focus on coffee genetic resources, food and nutrition security,
and economic empowerment of women and girls.
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Abstracts

Diversity within and among domesticated species has been the cornerstone of agricultural development.
Since the advent of agriculture, farmers around the world have served as custodians of this diversity,
safeguarding it for future generations. Through thousands of years of cultivation, farmers have selected
for plants that are adapted to local climatic conditions, which are called landraces. But the globalization
of agriculture and plant breeding has led to the loss of genetic diversity in farmers’ fields, causing
genetic erosion. Conservation of plant diversity in genebanks safeguards it for use by current and future
generations, both directly by farmers and as the raw materials for research and plant breeding. Genebanks
therefore ultimately contribute to sustainable crop production systems, and hence food and nutrition
security.

The most important person in the history of crop diversity conservation was Nikolai Vavilov. His work on
the biogeography of crop plants provided a theoretical basis for the relationship between a crop's center of
origin and the amount of genetic variation it displayed. He conducted numerous collecting trips around the
world and identified main and secondary centers of diversity for numerous crops.

Another important historical figure in advancing the conservation of crop diversity was Otto H. Frankel. He
developed the concepts of the genetic conservation of crop plants and was central to the efforts to organize
genetic conservation from the 1960s onwards. He is credited with bringing together the International
Biological Programme (IBP) and the United Nations Food and Agriculture Organization (FAO) in the
common cause of halting genetic erosion and conserving crop diversity by advocating for the establishment
of a network of regional genebanks. This led to the formation of the Consultative Group on International
Agricultural Research, which we now know as CGIAR, and the subsequent formation of the International
Board for Plant Genetic Resources, which is now under CGIAR as the Alliance of Bioversity International
and CIAT.

Hundreds of genebanks now conserve the diversity of many crops from all over the world, representing
variation at the genetic level, both within and among crop populations. Conservation in genebanks means
that landraces threatened with genetic erosion in farmers’ fields can be preserved and made available to
users. The international genebanks of CGIAR centers conserve the global diversity of some of the major
global crops, whereas national genebanks focus on the agricultural heritage of their country, which includes
crops more specifically important to the country’s culture and its agricultural development. The ultimate
security of seed collections is the safety back up in the permafrost at the Svalbard Global Seed Vault. The
International Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA) provides a policy
framework for the world’s genebanks. The Global Crop Diversity Trust is an essential element of the
funding strategy of the ITPGRFA and is raising an endowment to support the essential operations of key
genebanks around the world, starting with international collections.
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Genebank operations
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Research and breeding
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Toshihiro Hasegawa

Adapting Food Systems to a Changing Climate

Toshihiro Hasegawa

Executive Scientist, Institute for Agro-Environmental Sciences, National Agriculture and Food Research
Organization (NARO), Japan

Dr. Toshihiro Hasegawa is an executive researcher at the Institute for Agro-Environmental Sciences,
National Agriculture and Food Research Organization (NARO), Tsukuba, Japan. After graduating from
Kyoto University, he worked as an assistant professor at Kyushu Tokai University and an associate
professor at Hokkaido University before joining NARO in 2016. He is a crop physiologist and specializes
in environmental crop responses. He recently served as a Coordinating Lead Author of The Working Group
IT contribution to the IPCC Sixth Assessment Report.
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Abstracts

Climate change, including the increasing frequency and magnitude of climate extremes, has already
negatively impacted food systems, undermining food security and nutrition. In 2022, the Intergovernmental
Panel on Climate Change (IPCC) released the 6th Assessment Report (AR6) on climate change impacts,
adaptation, and vulnerability to provide science-based and policy-relevant information. The report chapter
comprehensively covers food, fibre, and other ecosystem service climate change impacts, projected risks,
and adaptation solutions, leading to more resilient food systemsm.

The assessment in the chapter highlights the significant impacts that human-induced climate change,
including extreme weather events, is having on food systems. These impacts include reduced productivity,
declining food quality, and changes in species distributions, increasing the risks of malnutrition and
resource competition, especially for vulnerable populations. Since the mid-20th century, the growing
frequency of extreme events has resulted in sudden losses in food production, decreased availability, and
rising food prices, leading to acute food insecurity and worsened livelihoods in many regions. While
autonomous adaptation measures have been adopted in agriculture and aquatic food production, they often
remain incremental and limited to specific sectors.

Ecosystem-based approaches, such as diversification, land restoration, agroecology, and agroforestry, can
enhance food production while offering multiple benefits, including improved yield stability and ecosystem
health. Sustainable management of resources in response to shifts in species distribution—both terrestrial
and aquatic—due to climate change is an effective adaptation measure to mitigate risks to food security
and nutrition. Increasing global warming levels will constrain these options, putting food security at even
greater risk in vulnerable areas.

Overall, substantial mitigation efforts are required to minimize the impacts on food systems and the
ecosystems that support them. Food systems contribute around 30% of total human-caused emissions, and
adaptation and mitigation actions that overlook ecosystem functions and equity could worsen the negative
impacts of climate change, increasing vulnerability in certain regions and groups. In contrast, some
adaptation strategies can enhance the sustainability of food production, reduce vulnerabilities, and improve
ecosystem health in the context of climate change. Societal changes, such as shifts in dietary patterns, are
also explored, as well as the risks of maladaptation and approaches to avoid it, with the goal of ensuring
fair food distribution. This presentation summarizes key messages from the IPCC AR6 and discusses
strategies for using genetic resources to enhance the resilience of food systems in the face of climate
change.

[1] Bezner Kerr, R. et al. Food, Fibre, and Other Ecosystem Products, in: Portner, H.O. et al. (Eds.), Climate Change 2022: Impact, Adaptation,
And Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press (CUP), Cambridge, UK and New York, NY, USA, pp. 713-906 (2022) https://doi.org/10.1017/9781009325844.007
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Session 1

Potentials of Genetic Resource Diversity for Resilient and Nutritious Food Systems

Chairperson: Miyuki Iiyama
Program Director/Information, JIRCAS

1A A Miyuki
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Yukari Nagatoshi

Potential of Quinoa for Food and Nutritious Security Under Climate Change

in the Era of Global Boiling

Yukari Nagatoshi

Project Leader, Biological Resources and Post-harvest Division,
Japan International Research Center for Agricultural Sciences (JIRCAS), Japan

Dr. Yukari Nagatoshi is the Project Leader of the “Resilient crops: Development of resilient crops and
production technologies” project at JIRCAS, assuming the role in 2024. She completed her doctoral
program at Yokohama National University in 2009. Following her graduation, she began her career as a
postdoctoral fellow at the National Institute of Advanced Industrial Science and Technology (AIST) in the
same year. In 2013, she transitioned to a postdoctoral position at JIRCAS. The following year, in 2014, she
secured a tenure-track researcher position at JIRCAS. Her career continued to progress, and in 2019, she
was promoted to the role of senior researcher at JIRCAS.
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Session 1

Abstracts

Climate change has entered a new phase, often referred to as the era of global boiling, even as we rethink
the conventional crop production system that is extremely dependent on a few crops from a food and
nutrition security point of view. For a resilient food system, it is necessary not only to improve current
major crops, but also to create new major crop candidates. It is from this perspective that we focus on
quinoa (Chenopodium quinoa).

Quinoa, an annual pseudocereal, was first domesticated at least 7,500 years ago in the Andean region of
South America. Quinoa seeds are extremely nutritious, containing a good balance of the five macronutrients
(carbohydrates, proteins, fats, minerals, and vitamins) and dietary fiber. In addition, quinoa can be grown
at low and high latitudes, from lowlands such as coastal areas to highlands as high as 4,000 meters, and in
areas with temperatures ranging from below freezing to as high as 40°C. With its high nutritional value and
diverse traits that allow it to adapt to different agroecosystems, quinoa is a promising candidate for a major
crop for the next generation.

Quinoa was the staple food of the indigenous peoples of the Andes before Columbus, but its production
and consumption were historically banned by the Spanish conquistadors in the 16th century because it was
revered as a sacred "mother grain" used in indigenous ceremonies. As a result, quinoa was neglected for
almost 500 years until the latter half of the 20th century, and the development of varieties and cultivation
techniques lagged far behind. To expand the cultivation of quinoa as a major crop candidate worldwide, we
are conducting research and development to accelerate quinoa breeding through cutting-edge plant science
research. First, we created a representative quinoa inbred line and sequenced its genome for efficient
genome breedingm. We have since developed almost 200 genotyped quinoa inbred lines, covering almost
all quinoa-growing areas in South America, and performed their Genotyped-by-Sequencing (GBS) and
phenotypic analyses to clarify the overall relationship between genotypes and phenotypes for salt tolerance
and key growth traits . In addition, we have developed a technology to elucidate quinoa gene function
using a viral vector method that allows the analysis of endogenous gene function in quinoa[s]. We have
recently sequenced the genomes of quinoa at the chromosomal level and are currently providing the most
accurate reference genome information in the world"”. Based on these findings, we are developing breeding
materials and elucidating quinoa’s stress tolerance mechanisms through breeding populations and genome-
wide genotyping using next-generation sequencers[s].

By recovering the lost 500 years of quinoa breeding in a short period of time through cutting-edge plant
science research, we expect to contribute to the development of new crops that take full advantage of
quinoa’s diversity and potential. We hope that the genetic diversity of quinoa will contribute to future food
and nutrition security as an important component of a robust food system under climate change in the era
of global boiling.

[1] Yasui Y. et. al., DNA Res., 23, 535-546 (2016).

[2] Mizuno N. et. al., DNA Res., 27, dsaa022 (2020).

[3] Ogata T. et. al., Front. Plant Sci., 12, 643499 (2021).

[4] Kobayashi Y. et. al., Front. Plant Sci., 15, 1434388 (2024).
[5] Kobayashi Y. & Fujita Y., Plant Biotech., in press (2024).
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Hiroshi Ehara

Further Potential of Sago Palm and Sago Starch in Shaping the Future of

the Asia-Pacific Region

Hiroshi Ehara

Director, International Center for Research and Education in Agriculture,
Nagoya University, Japan
Professor, Graduate School of Bioagricultural Sciences, Nagoya University, Japan

Dr. Hiroshi Ehara is the Director of the International Center for Research and Education in Agriculture at
Nagoya University. He studied as a visiting scientist in the Palm Room, Herbarium, at the Royal Botanic
Gardens, Kew, under the Royal Society — Japan Society for the Promotion of Science (JSPS) fellowship
from 1999 to 2000. From 2011 to 2015, he contributed to Mie University as the Vice President for
International Affairs. In 2008, he received the Academic Award from the Japanese Society for Tropical
Agriculture (JSTA) for his ecophysiological and phylogenetic studies on the sago palm. He was elected
President of the Society of Sago Palm Studies in 2016 and Vice President of the JSTA in 2020.
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Session 1

Abstracts

The sago palm (Metroxylon sagu), a starch-producing plant found across Southeast Asia and Melanesia
that thrives in challenging environments, is not only a food source but is also gaining attention as a raw
material for allergen-free foods, biofuels, and other industrial applications. Recently, the demand for sago
palm has been increasing, driven by the new societal norms emerging after the COVID-19 pandemic and
by Sustainable Development Goals (SDGs). This growing demand for sago palm and sago starch is set
against a backdrop of environmental degradation due to climate change, unexpected social issues, and an
urgent need to bolster food security and the resilience of food systems. Another contributing factor is the
increasing global desire to promote a healthy life.

Metroxylon palms, including the sago palm and related species, grow in swamps, as well as on alluvial and
peat soils, where few other major crops can thrive without drainage and soil improvement. These palms
are essential biological resources for promoting sustainable agriculture and rural development in tropical
wetlands. The potential habitat range for Metroxylon palms is likely to expand over the next 45 years as a
result of climate changem. Metroxylon palms, such as the sago palm, are considered underutilized, as they
are mainly harvested from natural forests and semi-cultivated with minimal care. Given the social context
of the past two decades, characterized by rising competition between biofuel and food production as well
as diversifying food demands, there is increasing interest in the efficient utilization of carbohydrates from
sago palm and related species, which could drive further land development and greater use of wetland
areas. Against this background, the FAO Technical Cooperation Program, “Enhancing Food Security and
Combating Climate Change through Scaling Up Sago Palm Production,” was conducted in Papua New

Guinea from 2022 to 2024,

This presentation will showcase recent activities and initiatives based on interdisciplinary thinking and
multidisciplinary approaches aimed at advancing the SDGs through collaboration between sago palm-
producing countries and Japan, one of the world’s largest consumers of sago starch. Highlights include
developments in tolerance to various environmental stresses, such as submergence, salt stress, and
acidic soils; innovative approaches to using beneficial microorganisms for sustainable plant nutrition
management; and emerging trends in utilizing sago starch to promote health and well-being. The goal is to
inspire consideration of the further potential of sago palm and sago starch in shaping the future of the Asia-
Pacific region.

[1] Itaya, A., M. Masamitsu, H. Ehara, H. Naito, I. Rounds, A. Naikatini and M. Tuiwawa. Tropical Ecology 63, 596-603 (2022).
[2] Toyoda, Y., H. Ehara, H. Naito, T. Mishima and K. Galgal. Proceedings of the 14th International Sago Symposium, The Society of Sago
Palm Studies (Tokyo), 33-36 (2023).
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Tolerance against salt stress

Hiroshi Ehara

Salt avoidance mechanism
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Recent FAD programs and project on sago palm

“Fromoting Sago Starch Utilization in Indonesia = Phase | © in indonesia
TCRYINGS 3503 [Phase 1)
HMow 2015 - Dec. 2017

"Promoting Sego Starch ULilization in Indonesia - Phase Il © In Indonesia
TCRAINSSAT0L (Phase )
July 2028 - March 2018

The project was expected o contribute to feod diversification and food security In
Sulawesl island of Indonesia, through capacity building designed 1o Improwe the
production, utilization snd marketing of sago starch and its downstresm processed
products as alternative carbohydrates sources,

“Enhancing food security and combating climate change through scaling up
sago palm production” in Papua New Guinga
TCR/PHGII901 (Feb. 2022 - Fab. 2024]

"Capacity bullding of smallholders on improved sago processing and value
chains in Jayapura, Fapua Province™ in Indonesia (Feb. 2024 - )
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"ﬁi‘? through scaling up sago palm production” (2022 - 2024) == =
ALt

I. Conduct sureey and assessment of cropping and or p““i

produsction writem in langeted provinoes [T B S | =

ii. Set abouwt the work for establishing sago palm nursery :%_J \
in the targeted provicces b -

lil. St about the waorks for e stabishing 2-X community- |
sago based household food security and ingome E‘
generation programme ~f \‘\_., s

i, Comduc Capacily traaning on cioppang ard b} - H?..h -
management of sago palm for inoreased sago yeld :"‘\ —

w Conduct capacity traéning on mechanized improved I bt
harvesting practices and post-harsest management Biap of researth sites bn BHG.
practices

i, Cerwduct capacity brsining on dowrdirsam procetiing
of Fage starch,

Here, we report the variation in morphological characteristics, pith dry-matter yield and
paotentlal starch yield of sagoe palm among the folk varbetles with some local knowledge.

Hiroshi Ehara

Sago Mursery

Sepd preparation

Demanstration
Fruits s2lection

Waighing rults by
13 kR B Creaning
passible ones with 1
pacmirg ity Scarificaton
ScaitFcation
{Rersrval pait of
seed coat Hsswed)
Nursery
J % : Gorminated and
Seding Erowing Seedlings

First transplanting utilizing seediings perminated from seads

opened field in Moem,

a5 3 marker

Transplanted secdling at the new

A stick was placed next to the seediing

Technology Catalog Contributing to Production Potential and ‘3 Green Asia
Sustainability in the Asia-Menscon Region

Ver. 3.0 is available.

i:}t ‘ron oy

Py L b e S
e e . b e Nt

i Poteatial snd Sustsinabiliny in

Wer 2.3

e e
IEREA o e ¥ Raan
52g0 Seed Germination kAR
T T e ot e e e B M S
bh e copemes
F S O ————
s e i p
e b e el R A L
S T T
[ —
Bl T 1, s, o Ml 1 104 G b s o s,
T T e
P T S e

hapsfflereads

23 Nagam

35



Session 1

S iaalnle Lk koo s, Springer,
A0, (EAN TIRSN1- A0S2EA-3 KRN

STES81-10-5 2687 |#3aak)

i, 1L AL AL,
Chare, 1, Sahar, &,

WL |, ikepseni, [,
T} Elbaislogi
[ —

Thae Sockety of Sago Palm Stud e Yemamoos,
L, Ehara, H wt ol o (2095]. T Sagor Paln
The Food and Drmsrprmenta’ Chadlenges of the
Ly Cerbary, Kyolo Unsenily B

ind Trars Paciflc Pron |Malbaursal, ppl i,
SEN ST ETOEE-A53

e, I I, Bar o,

Fhara, W, et ol {2021
Sags palw in peatiandd. In
Dok, A, % ol wchy,
Tropical Peatland Eco
sanagrear Ladager,
pATT. 507, [5AK O78-54]
33-8E54-3 (ISEM 973051
13-£55-6)

36



Prakit Somta

Discovery of Genes for Stress Resistance in Mungbean (Vigna radiata)

Prakit Somta

Associate Professor, Department of Agronomy, Faculty of Agriculture at Kamphaeng Saen,
Kasetsart University, Nakhon Pathom, Thailand

Dr. Prakit Somta is an Associate Professor in the Department of Agronomy, Faculty of Agriculture, at
Kasetsart University’s Kamphaeng Saen Campus, Thailand. He received his Ph.D. in Agronomy from
Kasetsart University in 2005. From 2009 to 2013, he worked as a senior lecturer at the Kamphaeng Saen
Campus. He was appointed assistant professor in 2013 and associate professor in 2018. Since earning his
Ph.D., he has been working on genetic resources and breeding of legume crops, especially mungbean.
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Abstracts

Mungbean is a socio-economically important legume crop in Asia. It is generally grown in rotation with
cereal crops such as rice, maize, and wheat. However, the average seed yield of mungbean is low, being
only about 900 kg per hectare, due to biotic and abiotic stresses including bruchid (Callosobruchus analis,
Callosobruchus chinensis and Callosobruchus maculatus) infestation, powdery mildew (PM) disease
caused by Erysiphe polygoni, Cercospora leaf spot (CLS) disease caused by Cercospora canescens,
yellow mosaic disease (YMD) caused by Mungbean Yellow Mosaic Virus (MYMV) and Mungbean Yellow
Mosaic Indian Virus (MYMIV), calcareous soil (iron deficiency chlorosis), and soil salinity. These stresses
are believed to be exacerbated by climate change, threatening food security. Marker-assisted breeding
(MAB) and genomics-assisted breeding (GAB) are promising approaches to efficiently and rapidly develop
new crop cultivars with improved yield, quality, and resistance to biotic and abiotic stresses. Although
mungbean was among the first legume crops subjected to genomics studies three decades ago, progress
in genomics research for this crop has been very slow due to a lack of genomic resources. Additionally,
there are only a few laboratories/institutes that consistently and continuously work on genomics and
molecular breeding of mungbean. However, in recent years, quantitative trait loci (QTL) controlling
bruchid resistance, PM resistance, CLS resistance, YMD resistance, calcareous soil tolerance, and salt
tolerance have been identified by high-resolution mapping and/or genome-wide association studies. In
addition, candidate genes controlling these stresses have been identified: VrPGIPI and VrPGIP2 encoding
polygalactorunase inhibitors for bruchid resistance, V/*MLO12 encoding Mildew Locus O 12 protein and
VrRPPI3L encoding Peronospora parasitica 13-like protein for PM resistance, V*TAF5 encoding TATA-
binding-protein-associated factor 5 and V#RLP12 encoding receptor-like protein 12 for CLS resistance,
VrYSL3 encoding yellow stripe-like3 protein for calcareous soil tolerance, and V*CYBDOMG]I encoding
a cytochrome b561 domain-containing protein. Tightly linked and/or functional markers have been
developed for these genes for MAB of mungbean and are being used in the development of stress-resistant
mungbean cultivars.
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Important stresses cuasing low mungbean yield

Prakit Somta

Mungbean

- Short-duration legume crop (60-75 days)
- Widely grown in Asia with production area of 7.5-8.0 Mha
Mha (India 5.0 Mha, Myanmar 1.0 Mha, China 0.8 Mha)
- Direct consumption and processed foods :
- Low seed yield (<900 kg/ha) i |
B

Inheritance of stress resistance in mun
Stress Ressstant Ha. of
garmplas loci
Powdery mildew V4718 and RUMS 23 Ruddy [1954)
Chankaow a1 al, (2013)
Cercospora leaf spot VAT18 and V2B1T 12 *B0  Chankaew et al. (2011)
Bruchids WV2TD9, V2802, V128 1 (B »i5 Somta et al. (2007)
and VZBIT Chotechung el al
(2018)
Calcareous sod NM10-12 1 =5 Srinives et al. [2010)
Prathat ot al, (2012)
Yellow mosaic virus M2 and 12 275 Malik et al. (1882)
BARI mooag 1 Alam el al. [2014)
Salinity CPI100834 1 45%  Deeroum ot al (2024)
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The gPMRUMS-3 controlling powdery mildew resistance

appears to be the same with some other resistance QTLs |\ £
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—— Single nucleotide palymorphisms (SNP) identified betwaen Chai Nat 60 (CNEO)
A comparative genome map ... ... and RUMS in RPP13L genes locating in and nearby the gPMRUMS-2 region
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Calcareuus soil (iron defi EIEI’IG]F}

43



Session 1

-

calcaﬂﬂﬁs&sﬁ?&fs{:ﬁnce o | s e === Fine mapping of g/DC3.1 GWAS of calcareous soil
in mungbean NM10-12 gi / I|I in mungbean NM10-12  resistance in mungbean
NMO-12 e e ——

Fine mapping of g/DC3.1 in mungbean RIL82

i} e
Bt || -
£

.y - a 4
Z ySi3 5
H{ HH pHaE - - N - E
ADCWEMINTT  LOC ML SO0l SO0 (O e 0N HREA LS v N

3
oo ewr e e fumetal @023} Plant Sl 5
it = P T
il T T * e
:"— L “ 1 1 : | l-
--=="""¥S§L3
— re— -
AT WO AMTRHAN O RIS

YSL3 sequence variations A liia Salinity

A WSL3 e

0 Y % L 'i -
. e
v _IlIliwﬂl :
o S [T
e B §

e B TR A S e i ™ e
e -Il-_z_-_- = A
= R SRR Badhih i :
= -I_-MMBF-I_- - V227BAG (cultivated)  CPI100834 (wild)

44



Prakit Somta

» |g5telt1 Sy
E ]
Os
- 4
gl 1 {1 i U HDps) W) 1
; b, " L . : ?:: p,mmlrl_ :: : ; :: I' I N Ml i il 1."..].&..)1‘*'- A
Ak, g j:Ls:__— = —ﬂ-‘ TR T S T S TR T S T+ S T T~ S T R T+ R T+
. el e R O R qStol1. 1 detected for salt tolerance (75 mM NaCl) in F; population
Response o salinity (75 mM NaCl} in Fy populztion of the cross of the cross VZ2T8AG x CPI100834
VZ2TBAG x CPI100834 Dercum ot al. (2024) bn preparation Disrcum st al. (2024} In preparation

= @ Yellow mosaic disease W

BS81-1
Candidate genes of the gStol1. 7 conferring salt tolerance in the
wild mungbean CPHODB34 | .. oo e cesparation

Two major QTLs regulating YMV resistance c"@g o kA e A A
in mungbean BARI moong 1 N T L : -l
=140 qYRIVE] —ine e = B
i (] W — g TR s g Tor P 1ot B FpaE FAOR -
E f 4 | & \ Lalial TV R e ey )
A\ PVE=3237% | e B e e i
i1/ P £ PVE = 23.30% [
g : 5 B.8
" i - ' - I
e : Fie—
! m|  er
b Framr o b ; . ._. (Y X Y & Al
o Ak:-ti. |Hu-|l=&-; ! i : !

45



Session 1

Molecular Breeding in Mungbean
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Conclusions
- Most of biotic and abiotic stress resistance in
mungbean is controlled by single major QTL
- VrPGIP1 and VrPGIP2, VPiMLO12 and VIRPP13Ls, VITAFS
and VrRLPs, VrYSL3, and VIOBE3L are candidate genes
for resistance to bruchid, powdery mildew, CLS,
calcareous soil, and salinity, respectively, in mungbean
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Opportunities of Utilizing Genetic Resources to Build Resilient Food Systems

Chairperson: Keiichi Hayashi
Program Director/ Environment, JIRCAS
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Venuprasad Ramaiah

IRRI’s Strategies to Utilize Genetic Resources for Breeding Resilient Rice

Venuprasad Ramaiah
Research Unit Leader, International Rice Research Institute (IRRI), Philippines

Dr. Venuprasad Ramaiah is an Indian plant geneticist and rice breeder who heads the Fit-for-Future
Genetic Resources cluster at the International Rice Research Institute (IRRI) in the Philippines. Since
joining IRRI in 2018, he has overseen the International Rice Genebank, the world’s largest rice genetic
collection with over 132,000 accessions, leveraging rice biodiversity to develop climate-resilient varieties.
Previously, Dr. Ramaiah served as Principal Scientist at the Africa Rice Center, where he released eight
high-yielding, stress-tolerant rice varieties across West and Central Africa. His work supports sustainable
agriculture and addresses climate challenges through improved rice varieties for global food security.
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Abstracts

Plant genetic resources are essential for food security and environmental sustainability, and genebanks play
a crucial role in their conservation. However, genebanks worldwide are often underutilized; for example,
only 5% of the 132,000 rice samples conserved at IRRI’s International Rice Genebank (IRG) have been
actively used in breeding programs. Addressing climate change challenges requires accelerating the
effective use of genebank resources. While genebanks primarily focus on conserving genetic diversity, they
also play a vital role in enhancing germplasm utilization by generating critical trait information. Traditional
germplasm evaluation, however, relies on manually assessing limited traits, which is time-intensive and
costly.

This presentation will outline IRRI’s strategic approaches to harness genetic resources for breeding resilient
rice, focusing on three key areas:

1. Unlocking Novel Variation: The IRG collection includes unique, yet-to-be-utilized traits. Efforts to
identify and leverage these traits for breeding novel rice varieties will be discussed.

2. Exploiting Genotype by Environment (GXE) Interactions: Our recent work in Southeast Asia highlights
the value of exotic genetic resources. We will cover strategies to rapidly deploy genetic variation that
leverages GXE interactions, boosting breeding outcomes.

3. Applying AI/ML in Genebanking: Artificial intelligence (AI) and machine learning (ML) are
transforming genebank operations. This section will discuss the progress of Al-driven genebank
practices, including curation, characterization, and subset selection. At IRG, we are integrating Al-
driven systems with high-throughput phenotyping to streamline the screening of rice samples for
climate-resilient traits. As a pilot study, we showcase the application to screen for tolerance to flood,
drought, and salinity stresses. In 2024 alone, about half of IRG’s collection was screened for these
traits.
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IREI

IRRI's Strategies to Utilize Genetic
Resources for Breeding Resilient Rice

Venuprasad Ramaiah
FFGR Unit
IRRI, Philipgineas

International Rice Genebank

» Qldest
1977

+ Largest
>132,000 accessions
~5k wild species

* Most diverse

134 countries

22 wild sp, 7 genera
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Improved
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Traits of interest

+ Splkelet number, panicle length and number, blomass .

+ Fa, Zn, Gl, protein, antioxidants

* Drought (seedling, reproductive), heat, flooding (AG,
submergence, stagnant floading) "

+ Blast, sheath blight, false smut, BLB, tungro, RYMV
* BPH, AfRGM

» Mathane emission, raloon ability, NUE, pholosynihesis
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Use of genetic resources in breeding
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QTLs for grain Zinc in Global MAGIC population
i | D I Swarny, IRRI

e

Rice Digital Genebank

Al/ML in Genebank
Increased efficiency to use

Digitize — Extract — Analyze

Digitizing the IRG rice collection

ML model: Seed size and weight
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Al/ML in Genebank
Digital Grain Identifier
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Panicle characterization
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Al/ML in Genebank
Biomass characterization

Preliminary screening of the biomass
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Flood tolerance screening-
summary

1977 - 2023
~20k IRG accessions have been screened for submergence

DS2024
- we screened 60k accessions
- salected 1207 lolerant accessions

Time: 1/10th
Cost: 1/16%

Exploiting GxE

Participatory -
accession

Grain yield of genebank accessions, Vietnam, WS
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Dr. Yoshihiro Matsuoka is a Professor at the Graduate School of Agricultural Science at Kobe University,
Japan. Dr. Matsuoka uses wheat and its relatives as a model system to study the mechanisms for polyploid
species formation. His current research interests include understanding how wild wheat populations are
structured, investigating the adaptive mechanisms in wild wheats, exploring the genetic and ecological
nature of the origins of common wheat, and finding ways to better utilize wheat genetic resources in
breeding. To address questions related to these interests, he conducts cross-experiments and applies
evolutionary and quantitative genetic analyses.
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Climate change may have a significant impact on wheat production, which around one-third of the world’s
population relies on for subsistence. Wild wheats provide valuable genetic resources to help develop
improved varieties that can adapt to harsh environments. Aegilops tauschii Coss. (formerly known as
Aegilops squarrosa L.) is a wild diploid species native to the central part of Eurasia, from the Middle East
and Caucasus to southwest and central Asia and central China. As the D genome progenitor of bread wheat,
it serves as a valuable source of the “left-in-the-wild” alleles that can be used in breeding. Such alleles
may have the potential to express useful phenotypes when transferred to bread wheat (Triticum aestivum
L. subsp. aestivum). Within its vast geographic range, Ae. tauschii populations adapt to diverse local
environments and exhibit high degrees of phenotypic variability. Understanding the species’ natural trait
variation patterns provides the basis for studies on the genetic mechanisms that underlie adaptation and,
ultimately, is essential for enhancing the agronomic utilization of the species.

Ae. tauschii comprises two major lineages (TauL1 and TaulL2) and one smaller (TauL3) lineage, which
are defined by the similarity of accessions in nuclear and chloroplast molecular marker genotypes. Each
lincage may correspond to an intraspecific group of accessions sharing a common ancestor that existed at
some point in the past. These lineages differ in their patterns of geographic distribution: TaulL1 exhibits a
wide distribution across the species’ range, whereas Taul2 is restricted to the western part of the range.
Taul3 has been found in Georgia.

We examined the natural variation patterns in relation to these lineages for agronomic traits, including
salt tolerance during gemination and seedling growth, crossability with durum wheat, using a set of
approximately 200 accessions (130 accessions for Taul.1, 65 for Taul2, and five for TaulL3) representing
the entire species’ range. Our findings include: (1) relative to TauL1, TauL2 and TauL3 showed sensitivity
to salt at the germination and seedling stages, (2) some TauL2 accessions from the southern Caspian
region showed a high potential for hybridization with durum wheat in terms of anther size and crossability.
Overall, we conclude that the lineages provide a useful viewpoint to explore the natural variation patterns
in agronomic traits in Ae. tauschii.

To facilitate the search for Ae. tauschii genes responsible for the expression of agronomic trait phenotypes,
we assembled an enlarged set of non-redundant accessions (> 500 accessions). A population structure
analysis revealed a small number of previously unknown Taul.3 accessions from Azerbaijan and northern
Iran.

A downside of the lineages is that they are difficult to distinguish based on morphology; we need to
genotype an Ae. tauschii accession to determine which lineage it belongs to. To address this issue, we
adopted a machine learning approach, feeding thousands of spike photos into the model to enable it to
classify the images according to the lineages used as labels. I will briefly report on the progress made with
the approach.
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JIRCAS maintains diverse genetic resources of sugarcane, indica rice, tropical fruit trees, and Urochloa
(tropical grass) at the Tropical Agriculture Research Front (TARF) in Ishigaki Island, Okinawa Prefecture.
These tropical crops play an important role as sources of food, energy (biofuel), calories, nutrients, cash
crops, and fodder in production areas. Amid concerns about global climate change, the sustainable and
stable production of these crops is an urgent issue. The introduction of tropical crops and their cultivation
and dissemination technologies is expected to be one of the measures to combat global warming in Japan,
and will contribute to the expansion of production areas and diversification of food and nutrient sources.

TAREF has climatic and geographical conditions similar to those of the experimental fields used in JIRCAS’s
overseas research. The research environment is suitable for conducting detailed basic experiments,
along with demonstration research in tropical crop growing environments, which can contribute to close
cooperative partnerships with developing regions and to agriculture in the Southwest (Nansei) Islands of
Japan.

The ongoing JIRCAS project “Advancement of tropical crop genetic resources utilization through the
development of database, technologies and research networking” (Tropical crop genetic resources project)
based at TARF aims to create a shared resource of information, technology, and materials, and contribute
to the promotion of sustainable production under unstable environmental conditions, as well as their
production and utilization in Japan. This will be achieved through research networking on tropical crop
genetic resources to address issues with overseas and domestic organizations, as well as through the
development of varieties and technologies that take advantage of this diversity.

In this project, we have developed strategic genetic resource information' breeding technologies[3],
varieties and materials, and cultivation and dissemination technologies[4], taking advantage of the diverse
and abundant genetic resources maintained at TARF and the geographical location of the facility, based on
international and domestic issues and needs that must be addressed. Through the sharing of information,
materials, and technologies, we aim to strengthen collaborations with domestic and overseas research
institutions for the advancement of tropical crop genetic resource utilization.

[1] JIRCAS Mango Genetic Resources Site:
https://www.jircas.go.jp/en/database/mango/mango-top

[2] JIRCAS-Erianthus Database:
https://www.jircas.go.jp/en/database/erianthus

[3] JIRCAS Research Highlights (2023):
https://www.jircas.go.jp/en/publication/research_results/2023 c02
[4] JIRCAS Research Highlights (2021):
https://www.jircas.go.jp/en/publication/research_results/2021 c02
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Panel Discussion (35 min- 16:50-17:25)
Panel Session Theme: Resilient Genetic Resources for Food Security in the Era of Global Boiling —
Opportunities and Challenges for Conservation and Utilization

FUJITA Yasunari: I am Yasunari Fujita, Program Director of JIRCAS’ Food Program.

We are currently facing intertwined crises of biodiversity loss, environmental degradation, and
malnutrition. Our food systems depend on genetic resources, and their conservation and use require urgent
action.

There is a boost to the scientific debate to promote resilient crops, and the technology for their use is
rapidly evolving, and the momentum needed to accelerate that opportunity.

First, we will discuss how to unlock the potential of resilient non-major crops.

Dr. Krishnan, in your keynote speech, you shared a historical perspective and future prospects for the
conservation and use of genetic resources. Can you tell us more specifically global discourses on the
opportunities to unlock non-major crop genetic resources in the age of global boiling?

Sarada Krishnan: Thank you for the question. You know, in my talk I did talk about an initiative, a
global initiative called the VACS initiative, which stands for Vision for Adapted Crops and Soils. And this
initiative is through the US Department of State and headed by Dr. Cary Fowler, who was the 2024 World
Food Prize Laureate. So, for the VACS initiative, the objective is to improve nutrition, food security, and
resilience to climate change through the development and cultivation of climate-resilient and demand-
driven crops, while also prioritizing soil conservation as the foundation of soil health. So, the VACS
through the US government, they have an implementer’s group, the Crop Trust along with the CGIAR led
by CIMYTT. The IFAD and FAO are the main implementing partners. So last year we got funding through
the VACS initiative from the Norwegian government to develop programs for opportunity crops in Africa.
So, we're calling that program a BOLDER, which is under a BOLD project, which BOLDER stands for
“Building Opportunities for Lesser known Diversity and Edible Resources. So, we are currently working
in four African countries which are Benin, Ghana, Uganda and Tanzania. And the way we do I showed
the four pillars. So, we look at conserving and utilizing crop diversity research, evaluation, breeding, seed
systems development as well as policy-enabling environment. So, we have all these four countries. We
have selected 2 crops each based on stakeholder consultation. So, we work with farmers of seed suppliers
and all of the different stakeholders, bringing them together to identify these crops because we need buying
from everyone to improve the crop. And so that is one of the projects. And recently we got funding from
the German government as well as Irish government, and we have developed a funding facility called the
Power of Diversity funding facility. So next year we'll initiate the Power of Diversity pilot project and the
five additional countries and three in Africa which are Rwanda, Nigeria and Zambia and then one in Asia
which it will be India and then in Latin America and Colombia. So, we will use almost the same process,
and we will start working on all of these five-year projects because to see impact you need a little bit of
time to make sure that seed systems are developed. All of these things are in place. So that is our project
that we are currently working on. Thank you.

FUJITA Yasunari: Thank you, Dr. Krishnan. Dr. Nagatoshi, from a resilience and nutrition point of view,
quinoa is a very interesting crop. How do you think the lessons from quinoa will contribute to advancing

research of resilient crops?

NAGATOSHI Yukari: Thank you for asking the important point. As already mentioned by Dr. Sarada,
using unutilized crops, I say orphan crops, are very important for future food and nutritious security. In this
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point, I think the progress of our quinoa research including establishment of the breeding platform and also
finding the involved in useful agronomical trait will provide a road map for utilization for the other orphan
crops, I hope so. In addition, for major crop, I think new findings from quinoa or the other orphan crops
are useful for their improvement as presented in this symposium, maize and rice, major crop research is
at the forefront of the plant science. But I strongly believe that we will find new mechanism or new genes
involved in high nutritious content or stress tolerance from quinoa. So, I expect these findings to give a
new hint for major crop improvement. Thank you.

FUJITA Yasunari: Thank you, Dr. Nagatoshi. Prof. Ehara, sago can be grown in poor environments, but
can you talk about the innovation and policy challenges and opportunities needed to unlock its potential?

EHARA Hiroshi: Thank you, Dr. Fujita. About the very important questions, first, I’d like to talk about
the innovation. Recently the NGO and supporting/partner organization in Indonesia, they would like to
expand the opportunity to utilize the sago palm. One of the new challenges is to plant the sago palm at
the post mining site. So, for the deep devegetation, because of the post mining of the area, we'd have a
serious problem in the soil. Such kind of opportunities expanded to say utilization will be expanding.
However, when we increase the opportunity to utilize sago palm, of course, sago starch production will be
increased, but at the same time, the amount of the residue also will be increased. Actually, at this moment,
almost half of the stored carbohydrate starch in the trunk will remain after such extraction in the residue.
So, how we can utilize such remaining resource will be one of the very important agenda. For finding
the better solution, we are working with our former international students. For example, to produce the
biodegradable material, the seeds, like the styrofoam-like material. However, to expand the opportunity
to utilize the residue, probably much easier access devices should be prepared. So, another example is
for producing the organic fertilizer utilizing the sago, the residue. So our partner in the Sulawesi island,
they're trying to utilize such organic fertilizer for the post mining of the area. So, this will be one of the
recent challenges. So, then it's about the policy. So, we expected the new challenge from the producing
country. We introduced the one example from Indonesia, so the government of Indonesia started to support
the development of the infrastructure for the sago starch, sago-producing area. Because the center of the
sago production area will be very far from the large city, it will be difficult to provide the material for the
consumers. That's why they started to select several provinces to support, to develop their infrastructure.
Yesterday I heard a news from the Philippines, our partner organization in the Philippines, they got the
new budget to utilize sago resource, to be one of the components for their ecology services just like the
Satoyama activities. Such kind of new trial from the support, the local and central government, will be
already launched so we'd like to support their activity together with our partner organizations.

FUJITA Yasunari: Prof. Ehara, thank you for your good news. Next, Dr. Somta, despite its socioeconomic
importance, mungbean has a low yield and is susceptible to biotic and abiotic stresses. You talked about
technological advances in overcoming stress tolerance. What conditions can accelerate and enable the
development of more resilient varieties?

Prakit Somta: OK, thank you for the question. I think the availability and the easy accessibility to the
diverse genetic resource will be the key to rapid development of the climate resilience cultivars. And also,
for example, in my case that [ showed in my presentation, we screened a lot of the germplasm for the salt
tolerance, thousands of germplasms. But finally, we got one from one mungbean, only one accession that
shows the resistance and now we are using it for the development of the new cultivar with salt tolerance.
And also, for the minor crops such as the mungbean. The wide availability of the reference genome and the
genomic tools are really important to push forward the new cultivar development.

FUJITA Yasunari: OK. Thank you, Dr. Somta. So, in conclusion, thank you for such interesting topics. As

74



Panel Discussion

policies such as the Vision for Adapted Crops and Soils or VACS initiative attempt to unlock the secrets of
quinoa’s high nutritional value and stress tolerance and use them to create a resilient crop, along with the
innovation of policies related to the sago palm. Also, the issue of the gap between traditional breeders and
plant biotechnologists.

And we move to the next, on harnessing resilience in major crops. To ensure food security, it is essential
to ensure the resilience of staple crops, the opportunities and trade-offs for the use of genetic resource
diversity, the development of the latest technologies, and the need for international initiatives.

So next, I would like to ask the panelists about the opportunities and challenges of harnessing resilience in
major crops.

Dr. Hasegawa, you talked about the IPCC's viewpoint on the significance of genetic resources in adapting
to climate change. Can you tell us about the urgency of adapting research for major crops like wheat and
rice to ensure food security under the scenarios of climate change and global population growth?

HASEGAWA Toshihiro: Thank you, Fujita-san for the question. The urgency of adaptation, adapting to
climate change is actually immense as its impacts from floods, heat, the outbreaks of the pest and diseases
are already threatening global food security. So, mitigating these negative impacts from biotic and abiotic
stresses is a primary adaptation measure with these genetic improvements serving as a critical component,
but enhancing this stress tolerance is a key, but it's increasingly difficult. The hurdle is going up and up
as the intensity and frequency of these extreme events are rising with every degree of warming. We must
acknowledge that we are approaching, unfortunately, the adaptation limits for the maintaining yields and
the rising environment pressures, so this is alarming. So, we need to make really strong efforts to mitigate
the climate change at the same time.

For staple crops like wheat and rice, there's another really serious concern, that is, the yield potentials.
The yield potentials are unfortunately showing some signs of plateauing, particularly rice and wheat. It is
a contrast to some other major crops like maize and soybean that show us almost consistent growth. And
that's also alarming, so we need to highlight urgent efforts to boost the yield potentials at the same time.
And to do that, we also do the ordinary research breeding program, but at the source, at the same time,
we need some program that even leverages some of the positive side of climate change. For instance,
rising temperature, also rising CO2, so those are the issues that can be leveraged in some way to enhance
yield potential. But at the same time, I also would like to mention something about the minor crops or
underresearched crops, they are as important as major crops as they provide important source of nutrients.
And they are really underresearched, diversifying cropping system not just for major crops, another
key issues to be resilient against climate change. So, I think I’ll just reiterate what the speakers said, the
importance of these minor crops. But finally, that said, the genetic improvements alone are not sufficient
to address all the full spectrum of challenges posed by climate change. And we need a comprehensive
approach, one that integrates advanced breeding with better resource management and sustainable farming
practices in resilient infrastructure. By taking these coordinated and urgent action, we can build a more
resilient agricultural system capable of securing the food supply for a growing population in an increase in
volatile climate. Thank you.

FUJITA Yasunari: Thank you, Dr. Hasegawa. You mentioned the importance of a comprehensive
approach and to building a more resilient agriculture system, that is a very important thing, thank you.
Prof. Matsuoka, wheat has been domesticated for a long time. Modern species have lost the potential for
resilience that wild species possess. What do you think about that possibility, or how would you balance
the loss of desirable traits of modern species?
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MATSUOKA Yoshihiro: OK. Thank you for the question. And then my simple answer is that the
possibility of wheat germplasm is priceless, basically limitless because in the genus Triticum and Aegilops,
there are about 30 species and each species is a reservoir of alleles that may not exist in bread wheat. And
then if we can transfer these alleles to bread wheat, they should provide some new novel phenotypes in
bread wheat. Each of these species has the potential. We have at least 30 species. So, this is the reason why
I think the wheat germplasm is priceless and countless, are limitless. And then I would like to add that we
need to do more pre-breeding in order to achieve our goals to save our next generation from hunger. Thank
you.

FUJITA Yasunari: Thank you, Prof. Matsuoka, and thank you for telling me the importance of the wild
wheat in wheat improvement. So, Dr. Ramaiah, rice is cultivated in a wide range of growing areas, thus the
development of new varieties needs to meet the challenges of each local environment. Your presentation
highlighted the potential of using technologies such as Al to optimize GXE. In turn, what strategies do you
think are necessary to make more use of Genebank?

Venuprasad Ramaiah: Thank you for the question. There are two among the several strategies |
presented, which are Al application in the gene bank era and how we can better exploit GXE to utilize gene
and genetic resource tools. These are two separate topics. Going forward, maybe Al can come in to even
help us with optimizing those GxE, but right now we are not there yet. Among other strategies that are
relevant for us as an international center is you have to remember we are not the only institute doing this
type of work, so there are plenty of other researchers who are actually doing similar work in the national
program, so we can enhance their program by enhancing the access of the genetic resources to these. So, at
IRRI, every year we send out 25 to 30,000 samples globally, and there are lot of other users that we have
to also tackle to understand their needs to come up with strategy how to better serve them, that is one of
our strategies. To attend this, what we do is every few years, mostly five years, we conduct a user survey
and try to understand -- What is the trend? What are the users looking for? So, our recent survey was just
around the pandemic time and then one interesting thing which came out was going forward, the users want
wild species in more, they are more interested in that before to address climate change. This is the message
that we got. And one of the other recommendations was that from a gene bank perspective, wild species
are difficult to manage and there is very less amount of seed production, so we give very less in our center.
We give only 50 seeds, many times the partners want more. So, since the wild species is going to become
much more important going forward, we said, okay, let us tackle this strategy. So, we now have a revamped
regeneration system for the wild species at IRRI so that now we can produce more seeds. And then we are
able to attend to their needs. So, this is one of the strategies that we are following. Also, to make the genetic
resources much more amenable, we have to make sure that the system in which we provide this material
is smooth. Currently there are some bottlenecks. We are much better, but still there is lot of bottlenecks to
solve. It is not as easy, sometimes their request takes months before the seed is provided and available to
the researcher. So, there are few steps we can address that.

Then also, I think this was pointed out by others, the current information system, database systems that
genebanks handle somehow are not so user friendly unfortunately and I myself, I'm a user, and I have this
complaint myself. So, what are the ways in which we can make the information easily accessible? So here
again Al can come in and then there are now we are developing what is called as chat bots where the users
can just communicate with the system and they get the required information and so that it becomes faster,
easily available. Right now, we have to run pillar to post to access certain information and then see what
I want. So, these are some of the additional strategies in addition to what I mentioned in my talk, which
could further help to make the genetic resources more useful and available to the users.

FUJITA Yasunari: Dr. Ramaiah, thank you for the important comment and about promoting the gene bank
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by improving the user demand and user friendliness. And thank you for providing us with very interesting
topics on the importance of a comprehensive approach to building a more resilient agricultural system, the
importance of wild wheat in wheat improvement, and on promoting the use of gene banks by improving
the end user demand and user friendliness.

Dr. Yamanaka, in your presentation, taking advantage of its subtropical environment, JIRCAS has been
conducting research on the conservation and utilization of tropical genetic resources through international
joint research over the past 50 years. What are some of the best lessons for the future of international
collaboration of genetic resources?

YAMANAKA Shinsuke: Thank you very much for your comment and question, Dr. Fujita. So, during
these fifty years, of course, I don't know about 50 years ago, but we have many experiences and learned
so much from our research activities. The first point to be mentioned regarding the handling of genetic
resources in international collaborative research is that international attitudes toward genetic resources
have changed drastically in the last 20-30 years. As you know, the CBD, The Convention on Biological
Diversity, adopted at the Rio Summit in 1992, reconfirmed the sovereign rights of the country of origin
and regulated compliance with national laws and regulations. In addition, in 2010, the Nagoya Protocol
was established under the CBD which establishes laws and regulations concerning opportunities for the
access to genetic resources and the fair and equal benefit-sharing, ABS arising from their utilization.
Besides the CBD and the ABS, the ITPGR-FA, International Treaty on Plant Genetic Resources for Food
and Agriculture was also adapted at FAO. And these three treaties have been signed and are in effect even
in Japan. As long as JIRCAS is conducting research activities on genetic resources with international
collaboration, it is a law that must be complied with, and those who handle genetic resources are required
to take the utmost care in their handling of genetic resources. We also take sufficient preparation and
prior coordination into account when introducing and providing genetic resources. At the moment, some
developing countries have not yet developed domestic laws that correspond to these international treaties,
but we think that more careful procedures will be required in the future, as they will no doubt be strictly
applied in all countries. Considering the current situation, it is not easy to introduce genetic resources from
overseas to Japan in the future, and the genetic resources that have been already introduced in the past and
are currently in our possession will become extremely valuable.

FUJITA Yasunari: Dr. Yamanaka, thank you for the important comment increasing the usefulness of
currently held genetic resources and through the entry into force of the Nagoya Protocol. We don't have
enough time. Is there anyone who has any questions about the presentations or panel discussion at this
symposium? Only one question. So, is there any?

Questioner:

To all the speakers, thank you very much for wonderful talks. I'm very inspired to all the sessions you gave.
My question is really to everyone, now this is about research as usual, but when do we shift this to crisis
management? I'm from the Norin Chukin Research Institute, which is agricultural and forestry central
bank’s research institution, which means I am in the position to advise the Japanese farmers what we should
be doing and from the talk today, I think the climate change is really serious and it’s going to be even more
serious because the fossil subsidies is over $1 trillion and it's not going to decrease and all majors are not
going to give up their rights and also the oil-producing countries are not going to give up their lives too.
And the United States has elected Donald Trump to be the next president and that he's going to protect the
fossil industry. And US-UN climate change or SDGS are going to fail, meaning that we are going to face
the big, big climate change very soon. And I think we need to be prepared. I mean, the farmers need to be
prepared to change their seeds, their farming styles, the insect management and so, when and how are we
going to advise is my question. Thank you.
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FUJITA Yasunari: Thank you for your question. We don't have enough time but please answer Dr.
Hasegawa.

HASEGAWA Toshihiro: I think the first thing is that we shouldn't give up. Curbing the climate change,
well, that's one thing. The other thing is that the involvement of farmers’ participation from the early step
of this development of innovative technology is another issue. So, I think sharing information about how
and what the impacts are that we are currently seeing? What is the technology that we can develop? And
should be shared from the beginning with the farmers and in that way, the adoption of the technology can
be much quicker. So hopefully we can provide more, better platforms to do to enhance this activity. Thank
you. Very short answer.

FUJITA Yasunari: Do you have any comments from the panelists please?

Sarada Krishnan: Maybe I think we need to go into emergency situation now. I think we shouldn't be
waiting because breeding takes such a long time, especially in, I mean, I work on coffee genetic resources.
A coffee breeding program can take 25 to 30 years. So, we need to think about 2050 and beyond now.
And we have all those predictions that we are doing. And looking at those predictions, if that is what is
predicted, we need to start breeding now for 2050.

Venuprasad Ramaiah: Just to supplement to what Sarada mentioned, if you remember my slide about my
last work in Vietnam. This is one strategy where best adapted material is provided to the hands of the user
today. It’s not about a promise of breeding a better line tomorrow, so that is one way in which genebanks
can contribute to some of the crisis management scenario wherever possible.

FUJITA Yasunari: Thank you. So, anyone has any question and comment? OK, thank you. Dr. Krishnan
and Dr. Hasegawa, can you give us your final message on how the international community can promote
genetic resource research to ensure food security in the era of global boiling? Dr. Krishnan, please?

Sarada Krishnan: Sure. So, genebanks around the world are the guardians of crop diversity and many
genebanks are underfunded, which impacts the operations of the genebanks. So, if you go nationally,
a lot of national genebanks are very under resourced and underfunded. And so that impacts the quality
of the material that they're conserving in the genebanks. So, we need to ensure that genebanks are very
well funded as well as well managed to make sure that they are meeting international standards. And that
will ensure the diversity, the crop diversity is protected not just for our current generation, but for future
generations.

HASEGAWA Toshihiro: Thank you. I will just reiterate what Yamanaka-san said. This international
community is really important and respecting the safeguarding rights of local communities is really
immensely important. Also, ensuring equitable access to those materials that are really important and in
breeding really has to be accelerated, At the same time also it is critically important that effectiveness
of these innovation must be evaluated across multiple dimensions. And so, economic, environmental,
institutional and physical dimensions will be also important. So, I think the breeders and also the other
scientists must collaborate very closely internationally to make this evaluation very effective. And also, we
first bear in mind that these target environments are unfortunately changing, so the breeding targets will be
changing all the time. So, I think we have to look ahead like Dr. Krishnan said, 30-40 years from now. So
those are the target environments, so at the same time, we have to make 10 years efforts to curb the climate
change. OK, I really conclude the sentence again. Don't give up trying to fight this climate change. Thank
you
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FUJITA Yasunari: Thank you, Dr. Krishnan and Dr. Hasegawa. And it's time. Thank you, all panelists, for
this interactive and insightful discussion on today’s topic and the straightforward answers. We will retain
the international research collaboration, and multidisciplinary approaches are important to build resilient
food systems in the era of global boiling. Especially, we need to conserve and restore the diversity of
nutritiously rich genetic resources and harness their inherent resilience to biotic and abiotic stresses. There
are still a lot of challenges, but we will continue working hard to address them. Thank you to all of you
who attended on-site and online, and we hope to see you again on future occasions. Finally, please give a
round of applause to all the panelists.

Panel Discussion

Panel Chair: YasunarilEujita
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Closing Remarks

YANAGIHARA Seiji

Vice-President, JIRCAS

Distinguished guests, all the participants here and online, good afternoon. I‘m Seiji Yanagihara, vice
president of JIRCAS. As we conclude this year's symposium, I would like to take a moment to offer some
closing remarks on behalf of the organizers.

First, I would like to deeply thank Dr. Sarada Krishnan and Dr. Toshihiro Hasegawa for your insightful
keynote speeches today. And to express my gratitude to all the session speakers for your valuable
contributions to this symposium. I would also like to thank everyone else for your active participation in
this symposium. A little short in time for more questions or comments. I’'m sorry about that.

The JIRCAS International Symposium is held every year with the aim of providing a forum for participants
from national agricultural research institutes, universities, and international agricultural research
organizations in developing regions to discuss and exchange ideas on the challenges facing agriculture,
forestry, and fisheries in developing regions, as well as their sustainable development.

This year, as the global average temperature reaches an all-time high, we focused on research related to
resilient genetic resources under the “global boiling” era. For over 50 years, JIRCAS has been working
with partners to develop crops that can be sustainably cultivated even in poor agricultural environments
in tropical and subtropical regions. However, dealing with “global boiling” is a new challenge. Thus, it is
important to conserve and utilize genetic resource diversity for both genetic resources that have not been
used until now and those that have already evolved in research and development. As discussed in today's
lectures and panel sessions, I believe that the conservation and utilization of genetic resources in building
resilient food systems is an area where international joint research is indispensable. I hope this symposium
has provided an opportunity to explore further strategies for the conservation and utilization of genetic
resources.

In closing, I would like to express my sincere gratitude to the Ministry of Agriculture, Forestry and
Fisheries and the National Agriculture and Food Research Organization (NARO) for their support of the
JIRCAS International Symposium. I would also like to express my appreciation to everyone involved in

the planning and execution of this event.

Thank you very much.
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