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Opening speech

Dear participants and colleagues, 

It is my great pleasure to be with you today to open the 19th

International Symposium on Rice Functional Genomics. Under
the theme “Driving the Next Green Revolution: New Frontiers in
Food and Nutritional Security,”

As we all know, rice is not only an economically significant
commodity in Thailand, but also a culturally and socially
significant one. Continuous research on rice development has
been performed in both governmental and academic
institutions. This includes initiatives led by Professor Apichart
Vanavichit of Kasetsart University, who also oversaw the Rice
Science Center for more than two decades. His team has
accomplished a great deal, including participation in the
International Rice Genome Sequencing Project (IRGSP) in 1999,
the discovery of the rice aroma gene, and the development of a
number of new improved rice varieties that are resistant to
environmental stresses and have enhanced yield and nutrition.

With such an active group working on rice biotechnology, it is
timely that Thailand hosts this important Symposium to bring
together scientists in this field to discuss the most recent
research and development and new initiatives.

The conference will cover a wide range of topics, with a focus on
functional genomics underlying new traits/genes for adaptability
to extreme climate changes and productivity of rice in
environmentally friendly cultivation. New frontier research may
include, but is not limited to, efficient photosynthesis, efficient
water utilization, nitrogen utilization, heat and drought
tolerance, high-yielding organic rice, various disease and insect
resistance, and rice with high nutritional value. The next green
revolution in environmentally friendly rice and future crops could
be facilitated by more effective precision breeding based on
functional genomics.
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ISRFG2022 also provides a fantastic opportunity for "Young
Scholars and Graduate Students" to present their research and
make new connections with researchers from around the globe.
We have waived the registration fees for fifty "Young
Researchers and Graduate Students" to attend the ISRFG2022
meeting to facilitate future international collaborations in their
career path.

I would like to congratulate Dr. Apichart and his colleagues for
their well-designed and engaging scientific program that
included such a distinguished group of scientists.

I would like to take this opportunity to extend a warm welcome
to Thailand and the symposium. I wish you a lively and fruitful
discussion and look forward to continuing this conversation
together. I also hope that you will all enjoy the unique Thai
culture and tradition at Phuket.

Assoc. Prof. Dr. Sutkhet Nakasathien
Vice President for Research and Creation,
Kasetsart University
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General information

Venue
Le Meridien Phuket Beach Resort
Address: 29 Soi Karon Nui, Tambon Karon, Amphur Muang 
Phuket, Thailand   Tel. +66 076 370 100

Registration 
Please have your QR code ready to scan at the counter. You 
will then receive your name badge at the registration desks.

Open hours check-in 
Thursday 3 November     17:00 – 19:00
Friday 4 November   09:00 – 09:00  
Saturday 5 November 09:00 – 09:00  
Sunday 6 November 09:00 – 09:00  

Wi-Fi Access 
Free wireless access will be at the registration desks.

Certificate of attendance 
Certificates of attendance will be available on request on 
your last conference day at the registration desk.

Poster session 
The session will be available during 4 - 6 November 2022

Poster Prize
ISRFG 2022 will offer 5 prizes for the best posters.
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General information
In case of emergency
Mobile phone (+66) 0-81-527-4070.

Public transport
Transportation information (Phuket International Airport - Le 
Meridian Hotel) Aside from taking the shuttle bus provided 
by ISRFG 2022, here are some other options: 

- Option 1: Minibus (at the airport) 
* approx. price ~ 200 baht per trip 

- Option 2: Taxi or Grab Car (at the airport) 
* approx. price ~ 800-1,000 baht per trip 

- Option 3: Phuket Smart Bus 
* price ~ 100 baht per trip 
* There is also a 3-day pass available 
* For more in formation, please see 

https://phuketsmartbus.com/phuket-smart-bus-eng
* The nearest bus stop is the Secret Cliff Resort which will 

take around 1 km walk to the Le Meridien hotel 
* Not recommended if you have a night flight or have a big 

luggage 

- Option 4: (In case you stay at the Le Meridian hotel) 
Contact the hotel for a shuttle bus service 
* Hotel may charge for the service 

- For more information about public transportation 
in Phuket, please find  https://phuketonemap.com/all-route
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International Steering Committees

Antonio Costa de Oliveira 
Federal University of Pelotas, Brazil

Apichart Vanavichit
Kasetsart University, Thailand

Ari Sadanandom
Durham University, UK

Bin Han
National Center for Gene Research, China

Blake Meyers
Donald Danforth Plant Science Center, USA

Blanca San Segundo
Center for Research in Agricultural Genomics (CRAG), Spain

Chih-Wei Tung
National Taiwan University, Taiwan

Emmanuel Guiderdoni
Centre for International Cooperation in Research for Development 
(CIRAD), France

Gynheung An
Kyung Hee University, Korea

Jong-Seong Jeon
Kyung Hee University, Korea

Kenneth McNally
International Rice Research Institute (IRRI), Philippines

Martin Kater
University of Milan, Italy
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International Steering Committees

Mathias Lorieux
French National Institute for Sustainable Development (IRD), France

Olivier Panaud
The University of Perpignan, France

Pao-Yang Chen
Academia Sinica, Taiwan

Qifa Zhang
Huazhong Agricultural University, China

Rod Wing
The University of Arizona, USA

Takeshi Izawa
The University of Tokyo, Japan

Local Organizing Committees

Chongrak Wachrinrat
President, Kasetsart University

Sutkhet Nakasathien
Vice President for Research and Creation, Kasetsart University

Warapa Mahakarnchanakul
Director of Kasetsart University Research and Development Institute

Arinthip Thamchaipenet
Department of Genetics, Faculty of Science, Kasetsart University

Apichart Vanavichit
Rice Science Center, Kasetsart Univsity
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Scientific Programme Committees
Siwaret Arikit (Head)
Rice Science Center, Kasetsart University

Supachitra Chatchawan (Committee)
Chulalongkorn University

Chatchawan Jantasuriyarat (Committee)
Kasetsart University

Varodom Charoensawan (Committee)
Mahidol University

Patompong Johns Saengwilai (Committee)
Mahidol University

Sithichoke Tangphatsornruang (Committee)
National Omics Center

Samart Wanchana (Committee)
National Center for Genetic Engineering and Biotechnology

Wirulda Pootakham (Committee)
National Science and Technology Development Agency

Watchareewan Jamboonsri (Committee)
BIOTEC, ThailandNational Center for Genetic Engineering and 
Biotechnology, NSTDA

Wintai Kamolsukyunyong (Committee)
BIOTEC, Thailand National Center for Genetic Engineering and 
Biotechnology, NSTDA

Meechai Siangliw (Committee)
BIOTEC, ThailandNational Center for Genetic Engineering and 
Biotechnology, NSTDA

Jona L. Siangliw (Committee)
BIOTEC, ThailandNational Center for Genetic Engineering and 
Biotechnology, NSTDA
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Sub-Organizing Committees for Business & Finance

Vinitchan Ruanjaichon (Head)
BIOTEC, Thailand National Center for Genetic Engineering and 
Biotechnology, NSTDA

Metta Kopatta (Committee)
Rice Science Center, Kasetsart University

Anchalee Limamnuai (Committee)
Rice Science Center, Kasetsart University

Panticha Thongdonnoi (Committee)
Rice Science Center, Kasetsart University

Anat Sukeewong  (Committee)
Rice Science Center, Kasetsart University

Sub-Organizing Committees for Logistics and 
Educational Sightseeing

Siriphat Ruengphayak (Head)
Rice Science Center, Kasetsart University, Thailand

Sub-Organizing Committees for Information 
Technology

Anat Sukeewong (Head)
Rice Science Center, Kasetsart University

Somkieat Promsataporn (Committee)
Rice Science Center, Kasetsart University

Burin Thunnom (Committee)
National Center for Genetic Engineering and Biotechnology, 
Thailand

Rapeepat Sangsin (Committee)
Rice Science Center, Kasetsart University
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Rice Science Center, Kasetsart University

https://ku.ac.th
https://dna.kps.ku.ac.th

Organizers
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Supporters

The Thailand Convention and Exhibition Bureau
www.businesseventsthailand.com

National Science and Technology Development Agency
www.nstda.or.th

The National Center for Genetic Engineering and 
Biotechnology
www.biotec.or.th

National Omics Center
www.nstda.or.th/noc
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Sponsors

THE ORGANIZING COMMITTEE GRATEFULLY 
ACKNOWLEDGES THE FINANCIAL CONTRIBUTION 

FROM THE FOLLOWING SPONSORS

GenePlus Co., Ltd.
www.gene-plus.com

Genomax Technologies Co., Ltd.
www.genomaxtech.com

Lifomics Co., Ltd.
www.lifomics.com

F.N. Science Co., Ltd.
facebook.com/F.N.science

Riceberry Social Enterprise Co., Ltd.
www.oilriceberry.com

Perkin Elmer Co., Ltd.
www.perkinelmer.com

Innofarm Biotec Co., Ltd.
www.innofarmbiotec.com
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K ARON

K ARON KATA SURIN

KARON 

KARON

PanOryza Genomics 
Chair: Jaiswal Pankaj

Genomics and Epigenomics
Chair: Jixian Zhai

Regulation of Whole Plant Development
Chair: Ludovico Dreni
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PROGRAM OVERVIEW

November 3rd

17:00 - 19:00 Registration Open

ROOM

ROOM

ROOM

ROOM ROOM

November 4th

08:00 - 09:00 Registration

09:00 - 09:10 Welcome Address
Apichart Vanavichit, ISRFG 2022 Co-chair of the Organizing Committee, Rice Sceince Center, Kasetsart University, THAILAND

09:10 - 09:25 Opening Remarks
Sutkhet Nakasathien, Vice President for Research and Creation, Kasetsart University, THAILAND

09:25 - 09:40 A Tribute to Dr. Hei Leung
Kenneth McNally, IRRI, PHILLIPPINES

Plenary Session
09:40 - 10:10 The International Oryza Map Alignment Project (2003-present): From BACs to Gap Free Reference Genomes –

What we’ve learned and where we’re going ?
Rod A. Wing, King Abdullah University of Science & Technology, Saudi Arabia & University of Arizona, USA

10:10 - 10:40 Phased, secondary siRNAs in reproduction and vegetative growth of grasses
Blake C. Meyers, Donald Danforth Plant Science Center & Univ of Missouri - Columbia, USA

10:40 - 11:00 Coffee break

11:00 - 11:30  Epigenome bioinformatics in rice and plants
Pao-Yang Chen, Institute of Plant and Microbial Biology, Academia Sinica, TAIWAN

11:30 - 12:00 Exploring Diverse Rice Genomic Variation using the SNP-Seek V3 Database
Kenneth McNally, IRRI, PHILLIPPINES

12:00 - 12:10 Group photo

12:10 - 13:00 Lunch

13:00 - 14:00 Poster session I

14:00- 14:30
Creation of pan gene sets for Asian rice 
Jaiswal Pankaj, Oregon State University, USA

14:30- 14:50
Integration of genetic variations in Oryza rufipogon uncovers the 
hidden process of rice domestication (1) -Dynamics of the genome 
architecture during rice domestication-
Yutaka Sato, NIG, Japan

14:50- 15:10
Integration of genetic variations in Oryza rufipogon uncovers the 
hidden processes of rice domestication (2) - Various selection events 
of QTGs (Quantitative Trait Genes) during rice domestication and 
subsequent breeding processes -
Takeshi Izawa, The University of Tokyo, Japan

15:40- 16:00
Disentangling The Genome Wide Contribution of Structural 
Variations and Transposable Elements to Drought Resistance in The 
Model Species Oryza sativa
Mara Miculan, King Abdullah University, Saudi Arabia

16:00- 16:20
Structural Variant identification and preliminary characterization in 
two Oryza alta accessions
Andrea Zuccolo, KAUST, Saudi Arabia

16:20- 16:40
Bringing back the wild into rice: development of genome-wide InDel
marker sets and construction of genome-indexed wild rice libraries
for rice improvement
Sung-Ryul Kim, IRRI, Philippines

16:40- 17:00
A Platinum Standard de novo assembly of the polyploid rice wild 
relative Oryza ridleyi Hook provides a first glimpse into the dynamics 
of homeologous subgenome size difference.
Saule Mussurova, KAUST, Saudi Arabia

17:00- 17:20
Expanding Oryza genomes in Ensembl
Guy Naamati, EMBL-EB

15:10 - 15:40 Coffee break 15:10 - 15:40 Coffee break 15:10 - 15:40 Coffee break

14:00- 14:30

An atlas of plant full-length RNA reveals tissuespecific and 
monocots-dicots conserved regulation of poly(A)  tail  length 
Jixian Zhai, Southern University of Science and Technology, China

14:30- 14:50
Genetic and epigenetic novelties for adaptive traits in rice 
De los Reyes Benildo, Texas Tech University, USA

14:50- 15:10
Rice transformation treatments leave specific epigenome changes 
beyond tissue culture
Jo-Wei Hsieh, Academia Sinica, Taiwan

15:40- 16:00
Promoter architecture and transcriptional regulation of genes 
upregulated in germination and coleoptile elongation of diverse rice 
genotypes tolerant to submergence
Bijayalaxmi Mohanty, NUS, Singapore

14:00- 14:30

Beyond ABC: Rice (O. sativa L.) Reveals Essential, Conserved 
Functions of MADS-box Genes in Seed Coat and Seed Vasculature 
Development
Ludovico Dreni, Spanish Research Council and Shanghai Jiao Tong 
University

14:30- 14:50
A Germin-like protein OsGER4 is involved in promoting crown root 
development under exogenous Jasmonic acid treatment in rice 
Thi Mai Huong To, University of Science and Technology of Hanoi, 
Viet Nam

14:50- 15:10

Involvement of Chloroplastic Sec14-like Protein in the Regulation of 
Phosphorus Acquisition and Use
Mailun Yang, The University of Tokyo, Japan

15:40- 16:00
Zaxinone Synthases Are Required for Normal Rice Growth and 
Mycorrhization, and an Efficient Tool for Increased Yield
Salim Al-Babili, KAUST, Saudi Arabia

16:00- 16:20
Molecular mechanisms underlying rice responses to light: 
from seed germination to flowering
Nelson Saibo, ITQB NOVA, Portugal

16:20- 16:40
Nutritropism and its mechanism
Toru Fujiwara, University of Tokyo, Japan

ROOM
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K ARON KATA SURIN

KARON  

KARON

Multiple Disease Resistance 
Chair: Antonio Costa de Oliveira

Tolerance to Abiotic Stresses 
Chair: Arinthip Thamchaipenet

Workshop:
High-performance computing (HPC)
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PROGRAM OVERVIEW

November 5 th

08:00 - 09:00 Registration

ROOM

ROOM

ROOM ROOM

Plenary Session
09:00 - 9:30      Path to Durable, Broad-spectrum Resistance in Rice

Jan Leach, College of Agricultural Sciences, Colorado State University, USA

09:30 - 10:00 Reprograming of immunity-related gene expression in rice by nuclear effectors of the rice blast fungus, Magnaporthe oryzae

Yong-Hwan Lee, Department of Agricultural Biotechnology, Seoul National University, Korea

10:00 - 10:30    Coffee break

10:30 - 11:00    Characterisation of ALOG Genes Controlling Rice Inflorescence Development

Martin Kater, University of Milan, Italy

11:00 - 11:30     Multifaceted Role of Intrinsically Disordered Highly Proline-rich Proteins in Conferring Biotic and Abiotic Stress Tolerance in Rice

Tuan-hua David Ho, Institute of Plant and Microbial Biology, Academia Sinica, Taiwan

11:30 - 12:00     The Role of SUMO in Rice Stress Responses

Ari Sadanandom, Durham University, UK

12:00 - 13:00 Lunch

13:00 - 14:00 Poster session II

ROOM

14:00 - 14:30
Pushing Through Hard Times! Ethylene Acts 
as a Key Signal Regulating Rice Root 
Adaptive Responses in Compacted Soil
Bipin Pandey, University of Nottingham, UK

14:30 - 14:50
Integrative omic analyses of salinity stress 
responsive pathways in rice 
Phosuwan Sunadda, Mahidol University, 
Thailand

14:50 - 15:10
An Oryza rufipogon x Koshihikari
introgression line with a high capacity to 
take up nitrogen to maintain growth and 
panicle development under low nitrogen 
conditions 
Adu Bright Gyamfi, The University of Tokyo, 
Japan

15:10 - 15:40 Coffee break

15:40 - 16:00
Multilayered Regulation of Membrane-
Bound ONAC054 Is Essential for Abscisic 
Acid-Mediated Promotion of Leaf 
Senescence and Environmental Stress 
Responses in Rice 
Yasuhito Sakuraba, The University of 
Tokyo, Japan

16:00 - 16:20
Beneficial endophytic Streptomyces 
alleviated salt tolerance of rice 
Arinthip Thamchaipenet, Kasetsart 
University, Thailand

16:20 - 16:40
Functional Analysis of Type-A Response 
Regulators in Rice Root Development under 
Salinity Stress 
Yu-Chang Tsai, National Taiwan University, 
Taiwan

1. Opening Remarks & Keynote 
Prof. Rod A. Wing

2. KAUST Computational Resources
Dr. Saber Feki

3. Overview of 3k Rice Genome project
Dr. Yong Zhou

4. Overview of Accelerated workflow for 
variant discovery
Dr. Nagarajan Kathiresan

5. Workshop: High-performance 
computing (HPC)
Dr. Nagarajan Kathiresan
(workflow discussion and demos)

6. Scientific discussion & support
Dr. Yong Zhou

7. Tools for data preprocessing and 
demo (Phase #1)

8. Tools for Variant discovery and demo 
(Phase #2)

Coffee break

9. Data parallelization methods, call set 
refinement and demo (Phase #3)

Variant tables and demo (Phase #4)

Open discussion and feedback

14:00 - 14:30
Rice Resilience to Abiotic and Biotic 
Stresses Needs a Lot of WRKYs
Antonio Costa de Oliveira, Federal 
University of Pelotas, Brazil

14:30 - 15:00
Discovering candidate gene(s) for sheath 
blight resistance
Jaiswal Pankaj, Oregon State University, 
USA

15:00 - 15:20
Allele specific recognition of the 
Magnaporthe oryzae effector AVR-Pita by 
the unconventional rice resistance protein 
Ptr
Laksanavilat Nutthalak, PHIM Montpellier 
France, France

15:20 - 15:40 Coffee break

15:40 - 16:00
The Rice Canonical Strigolactones Are Not 
the Tillering-Inhibitory Hormone but 
Rhizospheric Signals 
Jian You Wang, KAUST, Saudi Arabia

16:00 - 16:20
Development and deployment strategy of 
gene-edited- bacterial blight resistance rice 
cultivars for Asia and Africa 
Van Schepler-Luu, IRRI, Philippines

13
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KARON  

KARON

Supernutrient Rice 
Chair: Apichart Vanavichit

Innovative Precision Breeding 
Chair: Erik Murchie

Functional Genomic Databases and Browsers 
Chair: Rod A. Wing
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PROGRAM OVERVIEW

ROOM

ROOM

ROOM ROOM

Plenary Session
09:00 - 09:30 The Consequences of Altering Stomatal Density

Julie E. Gray  Biosciences, University of Sheffield, UK

09:30 - 10:00 The Sound of Photosynthesis

Martin Trtilek Photon Systems Instruments (PSI), Czech

10:00 - 10:30   Coffee break

10:30 - 11:00 Overcoming Agricultural Challenges with high throughput Genotyping and Gene Expression. 

Ganesh Thambidurai, Genomax Technologies, Thailand

11:00 - 11:30 Pollen - the weakest link? Developing understanding of environmental sensitivity during pollen formation to   
help generate more environmentally resilient crops

Zoe A. Wilson, University of Nottingham, UK

11:30 - 12:00 Bringing the Missing Nutrition into Rice Through Precision Breeding and Functional Genomics

Nese Sreenivasulu, International Rice Research Institute, Philippines

12:00 - 13:00 Lunch

13:00 - 13:30

Rainbow Rice: A Paradigm Shift in Food Futures

Apichart Vanavichit, Kasetsart University, 
Thailand

13:30 - 14:00

Iron Excess Response and Tolerance 
Mechanisms in Rice

Hiroshi Masuda, Akita University, Japan

14:00 - 14:30

Genotypic and environmental control of grain 
yield and quality in Thai pigmented rice

Chanakan Prom-U-Thai, Chaingmai University, 
Thailand

14:30 - 15:00 Coffee break

15:00 - 15:20

Biosafety assessment of High Iron and Zinc Rice 
for future stacking with Golden Rice 

Oliva Norman, IRRI, Philippines

15:20 - 15:40

Molecular mechanism underlying leaf 
colouration in the Rainbow rice revealed by 
transcriptome analysis 

Maipoka Maiporn, Rice Science Center, KU KPS, 
Thailand

15:40 - 16:00

ISRFG 2022 Pioneer Award for Outstanding and 
Sustained Contributions to the Advancement of 
Rice Genome Biology

16:00- 17:00

Announcement of the Next ISRFG 2023 

Closing Remarks

ROOM

13:00 - 13:30

Photosynthesis and Resilience in Diverse Rice 
Germplasm

Erik Murchie, University of Nottingham, UK

13:30 - 14:00

Membrane lipid remodeling for improving 
phosphate use efficiency in rice

Giri Jitender, National Institute of Plant 
Genome Research, New Delhi India

14:00 - 14:30

Understanding the Nature of Interspecific 
Hybrid Sterility among AA Genome Species of 
Rice to utilize wild relatives for rice 
improvement 

Dayun Tao, Yunnan Academy of Agricultural 
Sciences, China

14:30 - 15:00 Coffee break

15:00 - 15:20

Characterization of a global rice panel 
identifies genetic resources useful for rice 
breeding 

Joshi Gaurav, IRRI, Philippines

15:20 - 15:40

Climate-ready Rice by Marker-assisted 
Backcrossing 

Thanyalak Jampa, Kasetsart University, 
Thailand

13:00 - 13:30

Using Oryza genomes, transcriptomes and 
Plant Reactome Knowledgebase to discover 
candidate genes for stress tolerance

Jaiswal Pankaj, Oregon State University, USA

13:30 - 14:00

Genomic characterization of elite diversity in 
rice: focus on irrigated rice under development 
at IRRI 

Nguyen V. H., CIRAD, France

14:00 - 14:20

Accelerated Workflow and Software Tools for 
Plant Genomes: Data processing from Raw 
data to Variants using high-performance 
computing (HPC) 

Nagarajan Kathiresan, KAUST, Saudi Arabia

14:20 - 14:50 Coffee break

14:50 - 15:10

ESIRGA - Elastic Search Implementation for 
Rice Genome Analytics 

Luis Fernando Rivera, KAUST, Saudi Arabia

Farewell dinner at Beach BBQ    Atmosphere during sunset 

November 6 th
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SCIENTIFIC PROGRAM
FRIDAY 4 NOVEMBER 2022

ROOM: KARON

November 4th | Friday
08:00 - 09:00   Registration
09:00 - 09:10   Welcome Address 

Apichart Vanavichit
ISRFG 2022 Co-chair of the Organizing Committee, 

Rice Science Center, Kasetsart University, THAILAND

09:10 - 09:25  Opening Remarks
Sutkhet Nakasathien

Vice President for Research and Creation, Kasetsart 
University, THAILAND

09:25 - 09:40 A Tribute to Dr. Hei Leung  
Kenneth McNally, IRRI, PHILLIPPINES

Plenary Session

09:40 - 10:10 
The International Oryza Map Alignment Project (2003-present): 
From BACs to Gap Free Reference Genomes – What we’ve learned 
and where we’re going ?
Rod A. Wing, King Abdullah University of Science & Technology, Saudi 
Arabia & University of Arizona, USA

10:10 - 10:40
Phased, secondary siRNAs in reproduction and vegetative 
growth of grasses
Blake C. Meyers, Donald Danforth Plant Science Center & Univ of 
Missouri - Columbia, USA

10:40 - 11:00  Coffee break

11:00 - 11:30
Epigenome bioinformatics in rice and plants
Pao-Yang Chen, Institute of Plant and Microbial Biology, Academia 
Sinica, TAIWAN

11:30 - 12:00
Exploring Diverse Rice Genomic Variation using the SNP-Seek V3 
Database
Kenneth McNally, IRRI, PHILLIPPINES

12:00 - 12:10 Group photo

12:10 - 13:00 Lunch  - Latest Recipe & Pakarang  Room

13:00 - 14:00   Poster session I 

16
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SCIENTIFIC PROGRAM
FRIDAY 4 NOVEMBER 2022

ROOM: KARON

Concurrent Sessions PanOryza Genomics  
Chair: Jaiswal Pankaj

14:00 - 14:30
Creation of pan gene sets for Asian rice
Jaiswal Pankaj, Oregon State University, USA

14:30 - 14:50
Integration of genetic variations in Oryza rufipogon uncovers the 
hidden process of rice domestication (1) -Dynamics of the genome 
architecture during rice domestication-
Yutaka Sato, NIG, Japan

14:50 - 15:10
Integration of genetic variations in Oryza rufipogon uncovers the 
hidden processes of rice domestication (2) - Various selection 
events of QTGs (Quantitative Trait Genes) during rice 
domestication and subsequent breeding processes -
Takeshi Izawa, The University of Tokyo, Japan

15:10 - 15:40     Coffee break

15:40 - 16:00
Disentangling The Genome Wide Contribution of Structural 
Variations and Transposable Elements to Drought Resistance in 
The Model Species Oryza Sativa 
Mara Miculan, King Abdullah University, Saudi Arabia

16:00 - 16:20
Structural Variant identification and preliminary characterization 
in two Oryza alta accessions 
Andrea Zuccolo, KAUST, Saudi Arabia

16:20 - 16:40
Bringing back the wild into rice: development of genome-wide 
InDel marker sets and construction of genome-indexed wild rice 
libraries for rice improvement 
Sung-Ryul Kim, IRRI, Philippines

16:40 - 17:00
A Platinum Standard de novo assembly of the polyploid rice wild 
relative Oryza ridleyi Hook provides a first glimpse into the 
dynamics of homeologous subgenome size difference. 
Saule Mussurova, KAUST, Saudi Arabia

17:00 - 17:20
Expanding Oryza genomes in Ensembl
Guy Naamati, EMBL-EBI EMBL-EBI, Wellcome Genome Campus, UK
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Concurrent Sessions  
Genomics and Epigenomics 

Chair: Jixian Zhai

14:00 - 14:30
An atlas of plant full-length RNA reveals tissue-specific
and monocots-dicots conserved regulation of poly(A) tail 
length
Jixian Zhai, Southern University of Science and Technology, 
China

14:30 - 14:50
Genetic and epigenetic novelties for adaptive traits in rice 
De los Reyes Benildo, Texas Tech University, USA

14:50 - 15:10
Rice transformation treatments leave specific epigenome 
changes  beyond tissue culture 
Jo-Wei Hsieh, Academia Sinica, Taiwan

15:10 - 15:40  Coffee break

15:40 - 16:00
Promoter architecture and transcriptional regulation of 
genes upregulated in germination and coleoptile 
elongation of diverse rice genotypes tolerant to 
submergence 
Bijayalaxmi Mohanty, NUS, Singapore 
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Concurrent Sessions
Regulation of Whole Plant Development

Chair: Ludovico Dreni

14:00 - 14:30
Beyond ABC: Rice (O. sativa L.) Reveals Essential, 
Conserved Functions of MADS-box Genes in Seed Coat 
and Seed Vasculature Development
Ludovico Dreni, Spanish Research Council and Shanghai 
Jiao Tong University

14:30 - 14:50
A Germin-like protein OsGER4 is involved in promoting 
crown root development under exogenous Jasmonic acid 
treatment in rice 
Thi Mai Huong To, University of Science and Technology of 
Hanoi, Viet Nam

14:50 - 15:10
Involvement of Chloroplastic Sec14-like Protein in the 
Regulation of Phosphorus Acquisition and Use 
Mailun Yang, The University of Tokyo, Japan

15:10 - 15:40  Coffee break

15:40 - 16:00
Zaxinone Synthases Are Required for Normal Rice Growth 
and Mycorrhization, 
and an Efficient Tool for Increased Yield 
Salim Al-Babili, KAUST, Saudi Arabia

16:00 - 16:20
Molecular mechanisms underlying rice responses to light: 
from seed germination 
to flowering 
Nelson Saibo, ITQB NOVA, Portugal

16:20 - 16:40
Nutritropism and its mechanism 
Toru Fujiwara, University of Tokyo, Japan

SCIENTIFIC PROGRAM
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November 5th | Saturday

08:00 - 09:00         Registration

Plenary Session

09:00 - 9:30
Path to Durable, Broad-spectrum Resistance in Rice
Jan Leach, College of Agricultural Sciences, Colorado State 
University, USA

09:30 - 10:00
Reprograming of immunity-related gene expression in rice 
by nuclear effectors of the rice blast fungus, Magnaporthe
oryzae
Yong-Hwan Lee, Department of Agricultural Biotechnology, 
Seoul National University, Korea

10:00 - 10:30  Coffee break

10:30 - 11:00
Characterisation of ALOG Genes Controlling Rice 
Inflorescence Development
Martin Kater, University of Milan, Italy

11:00 - 11:30
Multifaceted Role of Intrinsically Disordered Highly Proline-
rich Proteins in Conferring Biotic and Abiotic Stress 
Tolerance in Rice
Tuan-hua David Ho, Institute of Plant and Microbial Biology, 
Academia Sinica, Taiwan

11:30 - 12:00
The Role of SUMO in Rice Stress Responses
Ari Sadanandom, Durham University, UK

12:00 - 13:00 Lunch
Room Latest Recipe & Room Pakarang

13:00 - 14:00   Poster session II

SCIENTIFIC PROGRAM
SATURDAY 5 NOVEMBER 2022

ROOM: KARON
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Concurrent Sessions
Multiple Disease Resistance

Chair: Antonio Costa de Oliveira

14:00 - 14:30
Rice Resilience to Abiotic and Biotic Stresses Needs a Lot 
of WRKYs
Antonio Costa de Oliveira, Federal University of Pelotas, 
Brazil

14:30 - 15:00
Discovering candidate gene(s) for sheath blight resistance
Jaiswal Pankaj, Oregon State University, USA

15:00 - 15:20
Allele specific recognition of the Magnaporthe oryzae
effector AVR-Pita by the unconventional rice resistance 
protein Ptr
Laksanavilat Nutthalak, PHIM Montpellier France, France

15:20 - 15:40   Coffee break

15:40 - 16:00
The Rice Canonical Strigolactones Are Not the Tillering-
Inhibitory Hormone but Rhizospheric Signals 
Jian You Wang, KAUST, Saudi Arabia

16:00 - 16:20
Development and deployment strategy of gene-edited-
bacterial blight resistance rice cultivars for Asia and Africa 
Van Schepler-Luu, IRRI, Philippines

SCIENTIFIC PROGRAM
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Concurrent Sessions
Tolerance to Abiotic Stresses

Chair: Arinthip Thamchaipenet

14:00 - 14:30
Pushing Through Hard Times! Ethylene Acts as a Key 
Signal Regulating Rice Root Adaptive Responses in 
Compacted Soil
Bipin Pandey, University of Nottingham, UK

14:30 - 14:50
Integrative omic analyses of salinity stress responsive 
pathways in rice 
Phosuwan Sunadda, Mahidol University, Thailand

14:50 - 15:10
An Oryza rufipogon x Koshihikari introgression line with a 
high capacity to take up nitrogen to maintain growth and 
panicle development under low nitrogen conditions 
Adu Bright Gyamfi, The University of Tokyo, Japan

15:10 - 15:40   Coffee break

15:40 - 16:00
Multilayered Regulation of Membrane-Bound ONAC054 Is 
Essential for Abscisic Acid-Mediated Promotion of Leaf 
Senescence and Environmental Stress Responses in Rice 
Yasuhito Sakuraba, The University of Tokyo, Japan

16:00 - 16:20
Beneficial endophytic Streptomyces alleviated salt 
tolerance of rice 
Arinthip Thamchaipenet, Kasetsart University, Thailand

16:20 - 16:40
Functional Analysis of Type-A Response Regulators in Rice 
Root Development under Salinity Stress 
Yu-Chang Tsai, National Taiwan University, Taiwan

SCIENTIFIC PROGRAM
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Workshop
High-performance computing (HPC)

1. Opening Remarks & Keynote
Prof. Rod A Wing
15 Min

2. KAUST Computational Resources
Dr. Saber Feki
15 Min

3. Overview of 3k Rice Genome project
Dr. Yong Zhou
10 Min

4. Overview of Accelerated workflow for variant discovery
Dr. Nagarajan Kathiresan
10 Min

5. Workshop: High-performance computing (HPC)
Dr. Nagarajan Kathiresan
(workflow discussion and demos)

6. Scientific discussion & support
Dr. Yong Zhou

7. Tools for data preprocessing and demo (Phase #1)
30 Min

8. Tools for Variant discovery and demo (Phase #2)
30 Min

Coffee break
30 Min

9. Data parallelization methods, call set refinement and 
demo (Phase #3)
50 Min

Variant tables and demo (Phase #4)
30 Min

Open discussion and feedback
10 Min

SCIENTIFIC PROGRAM
SATURDAY 5 NOVEMBER 2022

ROOM: SURIN
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November 6th | Sunday

Plenary Session

09:00 - 09:30
The Consequences of Altering Stomatal Density
Julie E. Gray
Biosciences, University of Sheffield, UK

09:30 - 10:00
The Sound of Photosynthesis
Martin Trtilek, Photon Systems Instruments (PSI), Czech

10:00 - 10:30  Coffee break

10:30 - 11:00
Overcoming Agricultural Challenges with high throughput 
Genotyping and Gene Expression. 
Ganesh Thambidurai, Genomax Technologies, Thailand

11:00 - 11:30
Pollen - the weakest link? Developing understanding of 
environmental sensitivity during pollen formation to help 
generate more environmentally resilient crops
Zoe A Wilson, University of Nottingham, UK

11:30 - 12:00
Bringing the Missing Nutrition into Rice Through Precision 
Breeding and Functional Genomics
Nese Sreenivasulu, International Rice Research Institute, 
Philippines

12:00 - 13:00 Lunch 
Room Latest Recipe & Room Pakarang

SCIENTIFIC PROGRAM
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SCIENTIFIC PROGRAM
SUNDAY 6 NOVEMBER 2022

ROOM: KARON

Concurrent Sessions
Supernutrient Rice

Chair: Apichart Vanavichit

13:00 – 13:30
Rainbow Rice: A Paradigm Shift in Food Futures
Apichart Vanavichit, Kasetsart University, Thailand

13:30 – 14:00
Iron Excess Response and Tolerance Mechanisms in Rice
Hiroshi Masuda, Akita University, Japan

14:00 – 14:30
Genotypic and environmental control of grain yield and 
quality in Thai pigmented rice
Chanakan Prom-U-Thai, Chaingmai University, Thailand

14:30 - 15:00  Coffee break

15:00 – 15:20
Biosafety assessment of High Iron and Zinc Rice for future 
stacking with Golden Rice 
Oliva Norman, IRRI, Philippines

15:20 – 15:40
Molecular mechanism underlying leaf colouration in the 
Rainbow rice revealed by transcriptome analysis 
Maipoka Maiporn, Rice Science Center, KU KPS, Thailand

15:40 – 16:00
ISRFG 2022 Pioneer Award for Outstanding and Sustained 
Contributions to the Advancement of Rice Genome 
Biology

16:00 – 17:00 
Announcement of the Next ISRFG 2023 
Closing Remarks
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SCIENTIFIC PROGRAM
SUNDAY 6 NOVEMBER 2022

ROOM: KATA

Concurrent Sessions
Innovative Precision Breeding

Chair: Erik Murchie

13:00 - 13:30
Photosynthesis and Resilience in Diverse Rice Germplasm
Erik Murchie, University of Nottingham, UK

13:30 - 14:00
Membrane lipid remodeling for improving phosphate use 
efficiency in rice
Giri Jitender, National Institute of Plant Genome Research, 
New Delhi India

14:00 - 14:30
Understanding the Nature of Interspecific Hybrid Sterility 
among AA Genome Species of Rice to utilize wild relatives 
for rice improvement 
Dayun Tao, Yunnan Academy of Agricultural Sciences, China

14:30 - 15:00   Coffee break

15:00 - 15:20
Characterization of a global rice panel identifies genetic 
resources useful for rice breeding 
Joshi Gaurav, IRRI, Philippines

15:20 - 15:40
Climate-ready Rice by Marker-assisted Backcrossing 
Thanyalak Jampa, Kasetsart University, Thailand
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SCIENTIFIC PROGRAM
MONDAY 7 NOVEMBER 2022

Functional Genomic Databases
and Browsers

Chair :Rod A. Wing

13:00 - 13:30
Using Oryza genomes, transcriptomes and Plant 
Reactome Knowledgebase to discover candidate genes 
for stress tolerance
Jaiswal Pankaj, Oregon State University, USA

13:30 - 14:00

Genomic characterization of elite diversity in rice: focus on 
irrigated rice under development at IRRI 
Nguyen V. H, CIRAD, France

14:00 - 14:20
Accelerated Workflow and Software Tools for Plant 
Genomes: Data processing from Raw data to Variants 
using high-performance computing (HPC) 
Nagarajan Kathiresan, KAUST, Saudi Arabia

14:20 - 14:50    Coffee break

14:50 - 15:10

ESIRGA - Elastic Search Implementation for Rice Genome 
Analytics 
Luis Fernando Rivera, KAUST, Saudi Arabia

SCIENTIFIC PROGRAM
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November 7th | Monday

The Phuket Heritage Sightseeing

SCIENTIFIC PROGRAM
SUNDAY 7 NOVEMBER 2022
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Plenary-Invited Speakers

O-1

The International Oryza Map Alignment Project (2003-
present): From BACs to Gap Free Reference Genomes – What 
we’ve learned and where we’re going ?
Rod A. Wing (King Abdullah University of Science & Technology, 
Saudi Arabia & University of Arizona, USA)

O-2

Phased, secondary siRNAs in reproduction and vegetative 
growth of grasses
Blake C. Meyers (Donald Danforth Plant Science Center & Univ 
of Missouri - Columbia, USA)

O-3
Path to Durable, Broad-spectrum Resistance in Rice
Jan Leach (College of Agricultural Sciences, Colorado State 
University, USA)

O-4

Reprograming of immunity-related gene expression in rice 
by nuclear effectors of the rice blast fungus, Magnaporthe
oryzae
Yong-Hwan Lee (Department of Agricultural Biotechnology, 
Seoul National University, Korea)

O-5 The Consequences of Altering Stomatal Density
Julie E. Gray (Biosciences, University of Sheffield, UK)

O-6 The Sound of Photosynthesis
Martin Trilek (Photon Systems Instruments (PSI), Czech)

O-7

Overcoming Agricultural Challenges with high throughput 
Genotyping and Gene Expression. 
Ganesh Thambidurai (Genomax Technologies, Standard 
BioTools, Thailand)

O-8
Epigenome bioinformatics in rice and plants
Pao-Yang Chen (Institute of Plant and Microbial Biology, 
Academia Sinica, TAIWAN)

O-9
Exploring Diverse Rice Genomic Variation using the SNP-
Seek V3 Database
Kenneth McNally (IRRI, PHILLIPPINES)

O-10
PanOryza: Globally coordinated genomes, proteomes and 
pathways for rice
Andrew Jones (The University of Liverpool, UK)

O-11

An atlas of plant full-length RNA reveals tissue-specific and 
monocots-dicots conserved regulation of poly(A) tail length
Jixian Zhai (Southern University of Science and Technology, 
China)

O-12

Beyond ABC: Rice (O. sativa L.) Reveals Essential, Conserved 
Functions of MADS-box Genes in Seed Coat and Seed 
Vasculature Development
Ludovico Dreni (Spanish Research Council and Shanghai Jiao 
Tong University)

Oral Session
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Plenary-Invited Speakers

O-13
Characterisation of ALOG Genes Controlling Rice Inflorescence 
Development
Martin Kater (University of Milan, Italy)

O-14

Multifaceted Role of Intrinsically Disordered Highly Proline-rich 
Proteins in Conferring Biotic and Abiotic Stress Tolerance in 
Rice
Tuan-hua David Ho (Institute of Plant and Microbial Biology, 
Academia Sinica, Taiwan)

O-15 Investigating the role of SUMO in stress tolerance in rice.
Ari Sadanandom (Durham University, UK)

O-16
Rice Resilience to Abiotic and Biotic Stresses Needs a Lot of 
WRKYs
Antonio Costa de Oliveira (Federal University of Pelotas, Brazil)

O-17
Pushing Through Hard Times! Ethylene Acts as a Key Signal 
Regulating Rice Root Adaptive Responses in Compacted Soil
Bipin Pandey (University of Nottingham, UK)

O-18 Discovering candidate gene(s) for sheath blight resistance
Jaiswal Pankaj (Oregon State University, USA)

O-19

Pollen - the weakest link? Developing understanding of 
environmental sensitivity during pollen formation to help 
generate more environmentally resilient crops
Zoe A Wilson (University of Nottingham, UK)

O-20

Bringing the Missing Nutrition into Rice Through Precision 
Breeding and Functional Genomics
Nese Sreenivasulu (International Rice Research Institute, 
Philippines)

O-21 Rainbow Rice: A Paradigm Shift in Food Futures
Apichart Vanavichit (Kasetsart University, Thailand)

O-22 Iron Excess Response and Tolerance Mechanisms in Rice
Hiroshi Masuda (Akita University, Japan)

O-23
Genotypic and environmental control of grain yield and quality 
in Thai pigmented rice
Chanakan Prom-U-Thai (Chaingmai University, Thailand)

O-24 Photosynthesis and Resilience in Diverse Rice Germplasm
Erik Murchie (University of Nottingham, UK)

O-25

Understanding the Nature of Interspecific Hybrid Sterility 
among AA Genome Species of Rice to utilize wild relatives for 
rice improvement 
Dayun Tao (Yunnan Academy of Agricultural Sciences, China)

O-26

Using Oryza genomes, transcriptomes and Plant Reactome
Knowledgebase to discover candidate genes for stress 
tolerance
Jaiswal Pankaj (Oregon State University, USA)

O-27

Membrane lipid remodeling for improving phosphate use 
efficiency in rice
Giri Jitender (National Institute of Plant Genome Research, New 
Delhi India)

O-28

Relationships between genomic and epigenetic features, and 
meiotic recombination in rice
Mathias Lorieux (French National Institute for Sustainable 
Development, France)

Oral Session
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PanOryza Genomics

O-S1-01

Integration of genetic variations in Oryza rufipogon
uncovers the hidden process of rice domestication (1) -
Dynamics of the genome architecture during rice 
domestication-
Yutaka Sato (NIG, Japan)

O-S1-02

Integration of genetic variations in Oryza rufipogon
uncovers the hidden processes of rice domestication (2) -
Various selection events of QTGs (Quantitative Trait 
Genes) during rice domestication and subsequent 
breeding processes -
Takeshi Izawa (The University of Tokyo, Japan)

O-S1-03

Disentangling The Genome Wide Contribution of 
Structural Variations and Transposable Elements to 
Drought Resistance in The Model Species Oryza Sativa 
Mara Miculan (King Abdullah University, Saudi Arabia)

O-S1-04
Structural Variant identification and preliminary 
characterization in two Oryza alta accessions 
Andrea Zuccolo (KAUST, Saudi Arabia)

O-S1-05

Bringing back the wild into rice: development of genome-
wide InDel marker sets and construction of genome-
indexed wild rice libraries for rice improvement 
Sung-Ryul Kim (IRRI, Philippines)

O-S1-06

A Platinum Standard de novo assembly of the polyploid 
rice wild relative Oryza ridleyi Hook provides a first 
glimpse into the dynamics of homeologous subgenome
size difference. 
Saule Mussurova (KAUST, Saudi Arabia)

O-S1-07

Expanding Oryza genomes in Ensembl
Guy Naamati (European Molecular Biology Laboratory, 
European Bioinformatics Institute, Wellcome Genome 
Campus, Hinxton CB10 1SD, UK)

Regulation of Epigenomics

O-S2-01 Genetic and epigenetic novelties for adaptive traits in rice 
Benildo G. de los Reyes (Texas Tech University, United States)

O-S2-02
Rice transformation treatments leave specific epigenome 
changes beyond tissue culture 
Jo-Wei Hsieh (Academia Sinica, Taiwan)

Functional Genomic Databases and Browsers

O-S3-01

Accelerated Workflow and Software Tools for Plant 
Genomes: Data processing from Raw data to Variants 
using high-performance computing (HPC) 
Nagarajan Kathiresan (KAUST, Saudi Arabia)

O-S3-02
ESIRGA - Elastic Search Implementation for Rice Genome 
Analytics 
Luis Fernando Rivera Serna (KAUST, Saudi Arabia)

Oral Session
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Multiple Disease Resistance

O-S4-01

Allele specific recognition of the Magnaporthe oryzae
effector AVR-Pita by the unconventional rice resistance 
protein Ptr
Nutthalak Laksanavilat (PHIM Montpellier France, France)

O-S4-02
The Rice Canonical Strigolactones Are Not the Tillering-
Inhibitory Hormone but Rhizospheric Signals 
Jian You Wang (KAUST, Saudi Arabia)

O-S4-03
Development and deployment strategy of gene-edited-
bacterial blight resistance rice cultivars for Asia and Africa 
Van Schepler-Luu (IRRI, Philippines)

Regulation of Whole Plant Development

O-S5-01

A Germin-like protein OsGER4 is involved in promoting 
crown root development under exogenous Jasmonic acid 
treatment in rice 
Thi Mai Huong To (University of Science and Technology of 
Hanoi, Viet Nam)

O-S5-02
Involvement of Chloroplastic Sec14-like Protein in the 
Regulation of Phosphorus Acquisition and Use 
Mailun Yang (The University of Tokyo, Japan)

O-S5-03

Zaxinone Synthases Are Required for Normal Rice Growth 
and Mycorrhization, and an Efficient Tool for Increased 
Yield 
Salim Al-Babili (KAUST, Saudi Arabia)

O-S5-04
Molecular mechanisms underlying rice responses to light: 
from seed germination to flowering 
Nelson Saibo (ITQB NOVA, Portugal)

O-S5-05 Nutritropism and its mechanism
Toru Fujiwara (University of Tokyo, Japan)

Tolerance to Abiotic Stresses

O-S6-01

Promoter architecture and transcriptional regulation of 
genes upregulated in germination and coleoptile 
elongation of diverse rice genotypes tolerant to 
submergence 
Bijayalaxmi Mohanty (NUS, Singapore, Singapore)

Oral Session
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Tolerance to Abiotic Stresses

O-S6-02
Integrative omic analyses of salinity stress responsive 
pathways in rice 
Sunadda Phosuwan (Mahidol University, Thailand)

O-S6-03

An Oryza rufipogon x Koshihikari introgression line with a 
high capacity to take up nitrogen to maintain growth and 
panicle development under low nitrogen conditions 
Adu Bright Gyamfi (The University of Tokyo, Japan)

O-S6-04

Multilayered Regulation of Membrane-Bound ONAC054 Is 
Essential for Abscisic Acid-Mediated Promotion of Leaf 
Senescence and Environmental Stress Responses in Rice 
Yasuhito Sakuraba (The University of Tokyo, Japan)

O-S6-05
Beneficial endophytic Streptomyces alleviated salt 
tolerance of rice 
Arinthip Thamchaipenet (Kasetsart University, Thailand)

O-S6-06
Functional Analysis of Type-A Response Regulators in 
Rice Root Development under Salinity Stress 
Yu-Chang Tsai (National Taiwan University, Taiwan)

Innovative Precision Breeding

O-S7-01
Genomic characterization of elite diversity in rice: focus 
on irrigated rice under development at IRRI 
Nguyen Van Hieu (CIRAD, France)

O-S7-02
Characterization of a global rice panel identifies genetic 
resources useful for rice breeding 
Gaurav Joshi (IRRI, Philippines)

O-S7-03 Climate-ready Rice by Marker-assisted Backcrossing 
Thanyalak Jampa (Kasetsart University, Thailand)

Supernutrient Rice

O-S8-01
Biosafety assessment of High Iron and Zinc Rice for future 
stacking with Golden Rice 
Norman Oliva, (irri, Philippines)

O-S8-02
Molecular mechanism underlying leaf colouration in the 
Rainbow rice revealed by transcriptome analysis 
Maiporn Maipoka (Rice Science Center, KU KPS, Thailand)

Oral Session
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Poster Session

PanOryza Genomics

P1
Pipeline for accurate Genotyping-by-Sequencing via 
eliminating error prone markers
Tomoyuki Furuta (Okayama University, Japan)

P2

The Study of CCDD Rice Wild Relatives Oryza grandiglumis, 
Oryza latifolia, and Oryza alta Platinum Standard De Novo 
Assemblies
Aseel Alsantely (KAUST, Saudi Arabia)

P3
Identification of SUMOylation machinery in rice (Oryza
sativa)
Kawinnat Sue-ob (University of Liverpool, United Kingdom)

Regulation of Epigenomics

P4

Expression profiles of OsNramp6 transcript variants involving 
in Magnaporthe oryzae resistance and non-resistance of 
Vietnamese rice cultivars
Nguyen Bao Quoc (Nong Lam University, Viet Nam)

Multiple Disease Resistance

P5

Assessment of Genetic Diversity of Pyricularia oryzae from 
Thailand Using Genomic Sequences of Avirulence Genes 
(AVR-Pi9, AVR-Pik, AVR-Pita)
Thanathip (Kasetsart University, Thailand)

P6
Promoter Characterization of Avirulence gene, AVR-Pi9 of 
Rice Blast Fungus Magnaporthe oryzae
SIWAPORN HAMSART (Kasetsart University, Thailand)

P7
QTL-seq Analysis of Bacterial Leaf Streak Resistance in Thai 
Rice
Moe Moe Kyi Win (Kasetsart University, Thailand)

P8

Narrowing down the region of a major QTL (qBL5-HY71(t)) 
conferring rice blast resistance in Hahng Yi 71 rice variety in 
Thailand
Napassorn Thamkirati (Kasetsart University, Thailand)

P9
Development of CRISPR-Cas12a allele detection method to 
identify AVR-Pik alleles in rice blast fungus
PIYAWAN PUANPRAPAI (Kasetsart university, Thailand)

P10
Dissecting defense pathway against rice blast by 
comparative genomic approach using fast neutron mutants
Mantira Suksirt (Kasetsart University, Thailand)

P11

Genome-Wide Association Analysis Identifies Candidates 
SNPs for Bacterial Leaf Blight Resistance Loci in Thai Indica
Rice.
Chananton (Kasetsart University, Thailand)
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Multiple Disease Resistance

P12
NB-ARC domain containing protein targeted by the effector 
AvrPi9
Atcharapohn Jai-uean (Kasetsart University, Thailand)

P13

Genetic distribution of the avirulence gene, AvrPi9 in Thai 
rice blast isolates and the rice blast resistance gene, Pi9 
distribution in Thai, Japanese and international rice varieties 
using gene-specific markers
Katanyutita Damchuay (Kasetsart University, Thailand)

P14

Functional characterization of resistance genes in rice 
infected with bacterial blight using GWAS data and genetic 
and genomic techniques
Worrawit Suktrakul (kasetsart University, Thailand)

P15
Functional Analysis of an Ascorbic Acid Biosynthesis Gene, 
OsVTC1, during Rice Blast Fungus Infection
Kanyanat Lamanchai (Kasetsart University, Thailand)

P16
QTL-seq identifies genomic regions associated with 
resistance to dirty panicle resistance in rice (Oryza sativa L.)
Kanamon Riangwong (Kasetsart University, Thailand)

P17
Biotrophy-specific expression of a fungal effector gene, 
MoHTR1, of Magnaporthe oryzae
Yoon-Ju Yoon (Seoul National University, Republic of Korea)

P18

Breeding for Blast Resistance and Drought Tolerant in 
Aromatic Non-Glutinous Rice Using Marker Assisted 
Selection (MAS)
Pimpa (BIOTEC, NSTDA, Thailand)

P19

Novel plant-specific nuclear localization sequence of 
MoHTR1, a nuclear effector of the rice blast fungus, is 
essential for translocation to rice nucleus and immune-
response by reprograming of host genes expression
You-Jin Lim (Seoul National University, Republic of Korea)

P20

Establishing rice sheath blight resistance through 
pyramiding QTLs linked to three independent disease 
components
Stephen Eunice Manansala-Siazon (IRRI, Philippines)

P21

Identification of blast resistance regions against virulence 
isolates of broad-spectrum resistance gene Pi7-J from Jao
Hom Nin in Thai landrace rice genome by GWAS
Siripar Korinsak (BIOTEC, Thailand)

P22

Blast disease screening on rice differential set and genome 
wide association study of pathogenicity genes in rice blast 
fungus Pyricularia oryzae.
Anucha Plabpla (Rice science center, Thailand)

Poster Session

35



e

Multiple Insect Resistance

P23

Functional Bph14 from Rathu Heenati promotes resistance to 
BPH at the early seedling stage of rice (Oryza sativa L.) as 
revealed by QTL-seq
Sarinthip (KASETSART UNIVESITY, Thailand)

Regulation of Whole Plant Development

P24
Natural alleles of CIRCADIAN CLOCK ASSOCIATED1 
contribute to rice cultivation by fine-tuning flowering time
Sangji Lee (Seoul National University, Republic of Korea)

P25
Multi-Model Genome-wide Association Studies of Leaf 
Anatomical Traits and Vein Architecture in Rice
Supatthra Narawatthana (Rice Department, Thailand)

P26

A gene associated with upper secondary rachis branches 
boosts superior grains without incurring a grain quality 
penalty
Erstelle A. Pasion (IRRI, Philippines)

P27
Multiplex CRISPR/Cas9 and CRISPR/Cpf1 mediated targeting 
of the EPF and EPFL gene family in Rice
Paolo Miguel B. Siazon (UPLB/IRRI, Philippines)

P28
A novel photoperiodic flowering regulator OsAIM1 induces 
flowering by activating the expression of Ehd1 in rice.
Hyeryung Yoon (Seoul National University, Republic of Korea)

P29

Overexpression of OsERF106MZ promotes root growth in rice 
seedlings by relieving the ABA-mediated inhibition of root 
growth
CHEN, YING-HSUAN (National Taiwan Univ., Taiwan)

P30
Isolation and Characterization of the Interacting Proteins of 
OsERF106MZ
HSU, CHIH-HSUN (National Taiwan Univ., Taiwan)

P31
Overexpressing of OsbHLH068 in rice promote root growth 
and delays flowering time
YU, I-CHIA (National Taiwan Univ., Taiwan)

Tolerance to Abiotic Stresses

P32
Regulatory Role of CMGMYB under Drought Stress through 
Phenylpropanoid Pathway in Rice
Suk-Hwan Kim (Seoul National University, Republic of Korea)

P33

Genome-wide association mapping and transcriptomic 
studies reveal candidate genes for nitrogen use efficiency in 
Aus Rice
Yehia Hazzazi (University of Aberdeen, United Kingdom)

Poster Session
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Tolerance to Abiotic Stresses

P34
Inactivating transcription factor OsWRKY5 enhances 
drought tolerance through abscisic acid signaling pathways
ChaemyeongLim (Seoul National University, Republic of Korea)

P35

Utilizing GWAS to identify quantitative trait loci and 
candidate genes correlated to phosphate use efficiency in 
local rice accessions
Phat Tien Do (IBT, VAST, Viet Nam)

P36
The mitochondria-associated Protein Kinase 1 regulates 
anaerobic germination and root development in rice
Hsiang-Ting (Academia Sinica, Taiwan)

P37

A newly evolved rice-specific gene JAUP1 regulates 
jasmonate synthesis and signaling to promote root growth, 
stress tolerance and yield
Yi-Shih Chen (Academia Sinica, Taiwan)

P38 Potential role of PTR2 gene in salt stress response
Achmad Syarifudin (Chulalongkorn University, Thailand)

P39
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The International Oryza Map Alignment Project (2003-present): 
From BACs to Gap Free Reference Genomes – What we’ve 
learned and where we’re going ?

Rod A. Wing (King Abdullah University of Science & Technology, Saudi Arabia & University of Arizona, USA)
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The function and evolution of phased, secondary siRNAs in plant 

reproduction and other pathways

Blake Meyers 1,2

1. Donald Danforth Plant Science Center, St. Louis, Missouri, USA

2. University of Missouri - Columbia, Columbia, Missouri, USA

In plants, 21 or 22-nt miRNAs or siRNAs typically negatively regulate target genes through 

mRNA cleavage or translational inhibition. Heterochromatic or Pol IV are 24-nt and function to 

maintain heterochromatin and silence transposons. Phased “secondary” siRNAs (phasiRNAs) are 

generated from mRNAs targeted by a typically 22-nt “trigger” miRNA, and are produced as either 

21- or 24-mers via distinct pathways. Our prior work in maize and rice demonstrated the temporal 

and spatial distribution of two sets of “reproductive phasiRNAs”, which are extraordinarily 

enriched in the male germline of the grasses. These two sets are the 21-nt (pre-meiotic) and 24-nt 

(meiotic) siRNAs. Both classes are produced from long, non-coding RNAs, generated by hundreds 

to thousands of loci, depending on the species. These phased siRNAs show striking similarity to 

mammalian piRNAs in terms of their abundance, distribution, distinctive staging, and timing of 

accumulation, but they have independent evolutionary origins. The functions for these small RNAs 

in plants remain poorly characterized. In monocots, the 24-nt phasiRNA pathway, triggered by 

miR2275 and abundant during meiosis, requires a recently diverged Dicer known as DCL5, an 

interesting evolutionary elaboration of this pathway. I will describe our recent work investigating 

the functions of plant phasiRNAs and their roles in modulating traits of agronomic importance in 

plants, including male fertility.

Keyword: Reproduction, anther, development, small RNA, phasiRNA
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A path to durable, broad-spectrum resistance in rice

Leach, Jan

Colorado State University

Disease resistance is the foundation for managing many plant diseases, because resistant varieties 

have the strongest impact with minimal environmental effects or costs. Sources of broad-spectrum 

disease resistance (BSR), or resistances that are effective against multiple and/or diverse 

pathogens, are of particular interest because they provide control of pathogens where single gene 

resistance has not been stable or effective. Frequently, BSR are quantitative traits, which, due to 

their complexity, can be difficult to identify and to transfer into elite germplasm. To guide 

improvement of BSR in rice, we have used novel genetic resources, such as the Multi-parent 

Advanced Generation Inter-Cross (MAGIC) populations developed by IRRI, advances in genomics 

and associated computational tools, and knowledge of plant disease defense responses. These 

resources and tools have improved detection of BSR QTL, enabled identificaiton of the genes 

contributing to QTL function, and provided insights into how those genes and their regulation 

contribute to disease resistance. Overall, this progress provides steps forward to improving BSR, 

and possibly durable disease resistance, in rice.

Keyword: Broad-spectrum disease resistance, rice, QTL

O-03

www.isrfg2022.org | Page 1/1



Reprograming of immunity-related gene expression in rice by 

nuclear effectors of the rice blast fungus

Lee, Yong-Hwan

Seoul National University, Republic of Korea

Pathogens utilize multiple types of effectors to modulate plant immunity. Although many 

apoplastic and cytoplasmic effectors have been reported, nuclear effectors have not been well 

characterized in fungal pathogens. Here, we characterized two nuclear effectors of the rice blast 

pathogen Magnaporthe oryzae. Both nuclear effectors are secreted via the biotrophic interfacial 

complex, translocated into the nuclei of initially penetrated and surrounding cells, and reprogram 

the expression of immunity-associated genes by binding on effector binding elements in rice. Their 

expression in transgenic rice caused ambivalent immunity: increased susceptibility to M. oryzae 

and Xanthomonas oryzae pv. oryzae, hemibiotrophic pathogens, but enhanced resistance to 

Cochliobolus miyabeanus, a necrotrophic pathogen. Our findings help remedy a significant 

knowledge deficiency in the mechanism of M. oryzae-rice interactions and underscore how 

effector-mediated manipulation of plant immunity by one pathogen may also affect the disease 

severity by other pathogens.

Keyword: nuclear effector, rice blast, rice immunity
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Engineering Stomatal Development

Gray Julie 1, Quick Paul 1, 2, Caine Bobby 1, Harrison Emily 1.

1. University of Sheffield, UK. 2. International Rice Research Institute, Philippines.

Stomata underpin crop productivity by allowing carbon dioxide to enter leaves and water vapour to 

exit via transpiration. They open in the light for photosynthesis, and close in the dark or on 

perceiving drought. Studies of a signalling peptide that regulates stomatal development in 

Arabidopsis have allowed the identification of cereal epidermal patterning factor orthologues and 

the manipulation of stomatal conductance in crop species. Rice plants have been produced with 

abnormally low stomatal densities. These modified crops have substantially lower levels of water 

loss and show enhanced drought tolerance. They require less water to grow, and yet maintain seed 

yields. For example, rice seedlings with approximately half the usual number of stomata, use only 

60% of the normal amount of water, are better able to survive drought, and still yield well.

Optimisation and adoption of this technology could enhance yields under stressful conditions,

reduce agricultural water requirements, help to mitigate the impacts of climate change on food

security, and reduce future GHG emissions.

Keyword: Stomata, photosynthesis, water, carbon dioxide

O-05

www.isrfg2022.org | Page 1/1



The Sound of Photosynthesis

Martin Trtílek*, Klára Panzarová, Zuzana Benedikty, Ji-í Fajkus

PSI (Photon Systems Instruments), spol. s r.o.

All living organisms are exposed to changing environmental conditions. These changing conditions 

help to develop various protection mechanisms, powerful regulatory pathways and feedbacks. The 

evolution of photosynthesis is, among other constraints, driven by selection of genes for 

photochemical energy conversion that is robust and, yet effective, in a fluctuating light 

environment. Variable cloud cover, moving canopy and ocean waves are among the dynamic 

factors that have been shaping the photosynthetic regulation since the first ancestors of modern 

plants emerged. The regulatory systems contain nonlinearly negative and positive feedback loops. 

This work present time frequency analysis of the chlorophyll fluorescence signal, like the response 

to harmonically modulated irradiance. We can tune different frequency of oscillating actinic light, 

which allows us to selectively play with individual feedback loop. This enables us to distinguish 

among mutations on the basis of patterns given by Fourier’s analysis.

Keyword: Mathematics, informatics, novel instrumentation techniques, phenotyping, mutant 

screening
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Overcoming Agricultural Challenges with high throughput 

Genotyping and Gene Expression.

Dr. Ganesh Thambidurai

Standard BioTools Inc.

In current agricultural research, such as rice research, scientists need to respond to yield and 

quality demands from a growing global population, while also adapting to environmental changes. 

This means it is crucial to have a quick, robust and cost-effective way to monitor genetic and 

phenotypic traits of the plants we rely on to feed the world. With Biomark-X, Standard Biotools 

offers flexible and scalable solutions for robust processing of thousands of samples and data points 

in a day, with nanoscale reactions, enabling quick and reliable SNP genotyping by PCR. The 

platform allows flexibility in assay design, supporting a wide range of applications from

marker-assisted breeding to pathogen detection and resistance.

Keyword: Genotyping, Molecularbreeding, SNPtype, standardbiotools, and 

highthroughputgenotyping
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Epigenome Bioinformatics in Rice and Plants

Pao-Yang Chen

Institute of Plant and Microbial Biology, Academia Sinica, Taipei, Taiwan

Epigenetic regulation in plants is a mystic yet excellent complement to genetic controls in their 

developmental programs and stress responses. The advances in sequencing technologies in the past 

decades opened up possibilities to profile and analyze multiple epigenetic factors, including DNA 

methylation, histone modifications, and chromatin accessibility, to present a more complete picture 

of plant genomics that has never been revealed. The technologies brought in new biological 

insights but also generated multiple data analysis challenges. My lab has been devising 

bioinformatic strategies based on biological hypotheses, followed by computational 

implementation supported by statistical modeling. In the past few years, we were privileged to 

work with many excellent plant biologists; together, we have dissected the epigenome impacts of 

callus regeneration and transformation in rice. As a focus of our research programme, we 

developed a series of bioinformatic tools specific for analysing epigenomes, including profiling 

DNA methylation landscapes, identifying epialleles highly correlated with transcription, and 

visualizing and analyzing genomewide chromatin accessibility. Our tools are very effective in 

mining insightful information from complex and messy sequencing data. Lastly, we are leveling up 

to analyze public epigenome data to predict the synergistic behavior often observed between 

multiple proteins, turning epigenomes from attributes to predictors of gene regulation, and we are 

excited to unveil a small piece of the mystery of epigenomes.

Keyword: Epigenome, Bioinformatics, Gene regulation, Rice, DNA methylation
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Exploring Diverse Rice Genomic Variation Using the SNP-Seek V3 

Database

Lord Hendrix Barboza 1, Locedie Mansueto 1,2, Venice Juanillas 1, Jeffrey Detras 1, Frances Nikki Borja 1, 

Riza Pasco 1, Dmytro Chebotarov 1, Ramil Mauleon 1, Kenneth L. McNally 1

1. International Rice Research Institute, Los Baños, Laguna, Philippines

2. Southern Cross University, Lismore, New South Wales, Australia

In 2015, we released the first version of the SNP-Seek database (https://snp-seek.irri.org) for 

curating genomic diversity for the 3000 rice genomes dataset. SNP-Seek is a product of the 

International Rice Informatics Consortium (IRIC), a global partnership founded in 2014 to curate 

data for rice improvement, create resources, and promote and foster collaboration. SNP-Seek has 

seen extensive use by the global community for identification of novel haplotypes and alleles from 

diverse germplasm. The database is implemented using as a hybrid relational database (CHADO 

based) with HDF5 files as the datastore for holding variant data indexed in the relational database. 

Its development is open access with code is available from BitBucket 

(https://bitbucket.org/irridev/iric_portal/src/master/). We have developed V3 of SNP-Seek with 

updated code separating frontend from backend functionality, Jbrowse 2 as the primary genome 

browser, additional data tables, and logon functionality. For V3, all users will be able to access the 

freemium version while registered, paid IRIC members will be able to access the premium version. 

The move to a paid use model like TAIR is needed to ensure sustainability of the development and 

maintenance of the system, as well as access to 3rd party tools that require licensing. At this 

symposium, we invite external partners to test the new system and suggest additional functionality 

and data to include. Lastly, we are exploring a hybrid interface between the Zk framework based 

API and Drupal/Tripal so that we can more easily integrate data and features developed for 

databases such as Gramene.

Keyword: genomic diversity; database; API
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Creation of pan gene sets for Asian rice

Pankaj Jaiswal1, Parul Gupta1, Justin Elser1, Guy Naamati2, Shradha Saraf2, Dmytro Chebotarov3, Kapeel Chougule4,

Zhenyuan Lu4, Sharon Wei4, Yong Zhou5, Jianwei Zhang6, Zhichao Yu6, Bruno Contreras Moreira7, Ken McNally3,

Doreen Ware4,8, Rod Wing3,5,9, Dario Copetti9, Maria Martin2, Sarah Dyer2 , Andrew R Jones10

1. Department of Botany and Plant Pathology, Oregon State University, Corvallis, OR 97331, USA.

2. European Molecular Biology Laboratory, European Bioinformatics Institute, Wellcome Genome Campus, Hinxton
CB10 1SD, UK

3. International Rice Research Institute (IRRI), Los Baños, 4031 Laguna, Philippines

4. Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724, USA.

5. Center for Desert Agriculture, Biological and Environmental Sciences & Engineering Division (BESE), King
Abdullah University of Science and Technology (KAUST), Thuwal, 23955-6900, Saudi Arabia

6. National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan 430070, China
7. Department of Genetics and Plant Breeding, Estacio´n Experimental de Aula Dei–Consejo Superior de
Investigaciones Cient?´ficas, Zaragoza, Spain

8. USDA ARS NEA Plant, Soil & Nutrition Laboratory Research Unit, Ithaca, NY, 29 14853, USA '
9. Arizona Genomics Institute, School of Plant Sciences, University of Arizona, 24 Tucson, Arizona 85721, USA

10. University of Liverpool, Institute of Systems, Molecular

and Integrative Biology, Biosciences Building, Crown Street, Liverpool. L69 7ZB UK

The rice genome was sequenced in 2005 for O. sativa Japonica Nipponbare and gene models were 
generated independently by the Rice Annotation Project (RAP) and the Michigan State University 
(MSU) Rice Genome Annotation Project. International sequencing projects have now also 
generated 16 "platinum standard" reference sequence genomes for Asian rice. This presents a great 
resource but also a challenge, with potential for inconsistencies in gene model sets from different 
sources. Our teams have been funded by BBRSC-NSF to build consistent gene models, proteins 
and pathways for 16 high-quality rice genome assemblies in the “PanOryza” project. 

We have written algorithms to create pan gene clusters, based on whole genome alignments of 
different varieties. Where gene models overlap following alignment, loci from different assemblies 
get assigned to the same cluster, indicating that they are orthologs. This allows us to estimate the 
core gene set, and those genes only found in some varieties, indicating gene gain/loss, or that there 
are errors/inconsistencies in some gene models. It is planned that the pan gene clusters will be put 
into production at Ensembl Plants and Gramene with stable IDs for pan genes (clusters), enabling 
end users to visualise variation across assemblies at the gene/protein sequence level. 

We are performing a large scale re-analysis of proteomics data derived from public mass 
spectrometry (MS) data sets, queried against protein sequences from all assemblies. Peptide 
sequence evidence can thus complement RNA-Seq evidence, to determine which genes have 
protein-level evidence, and where certain exons or splice junctions have better support.

Keyword: genomes; gene annotation; bioinformatics;
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An atlas of plant full-length RNA reveals tissue-specific and 

monocots-dicots conserved regulation of poly(A) tail length

Jinbu Jia 1 Wenqun Lu 1 Jixian Zhai 1

Southern University of Science and Technology, Shenzhen, China

Poly(A) tail is a hallmark of eukaryotic messenger RNA and its length plays an essential role in 

regulating mRNA metabolism. However, a comprehensive resource for plant poly(A) tail length has 

yet to be established. Here, we applied a poly(A)-enrichment-free, nanopore-based method to profile 

full-length RNA with poly(A) tail information in plants. Our atlas contains over 120 million 

polyadenylated mRNA molecules from seven different tissues of Arabidopsis, as well as the shoot 

tissue of maize, soybean and rice. In most tissues, the size of plant poly(A) tails shows peaks at 

approximately 20 and 45 nucleotides, while the poly(A) tails in pollen exhibit a distinct pattern with 

strong peaks centered at 55 and 80 nucleotides. Moreover, poly(A) tail length is regulated in a gene-

specific manner—mRNAs with short half-lives in general have long poly(A) tails, while mRNAs 

with long half-lives are featured with relatively short poly(A) tails that peak at ~45 nucleotides. 

Across species, poly(A) tails in the nucleus are almost twice as long as in the cytoplasm. Our 

comprehensive dataset lays the groundwork for future functional and evolutionary studies on poly(A) 

tail length regulation in plants.

Keywordsplicing, transcription termination, Poly(A) tail
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Beyond ABC: Rice (O. sativa L.) Reveals Essential, Conserved 

Functions of MADS-box Genes in Seed Coat and Seed Vasculature 

Development

Dreni Ludovico 1, 2, Pilatone Alessandro 5, Pajoro Alice 5, Balanzà Vicente 1, Shi Jianxin 2, Ezquer Ignacio 5, An

Gynheung 4, Ferrándiz Cristina 1, Liang Wanqi 2, Zhang Dabing 2, 3, Kater Martin 5.

1.Institute of Molecular and Cellular Biology of Plants (IBMCP), Spanish National Research Council (CSIC), 

Valencia, Spain

2. School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai, China

3. School of Agriculture, Food and Wine, University of Adelaide, Adelaide, Australia

4.Graduate School of Biotechnology and Crop Biotech Institute, Kyung Hee University, Yongin, Republic of 

Korea.

5. Department of Biosciences, University of Milan, Milan, Italy.

MADS-box transcription factors (TFs) are the master regulators of floral organs identity and floral 

meristem determinacy in Angiosperms, as described by the ABC model. Here, we show new, 

essential functions of the four AGAMOUS subfamily genes of rice, namely OsMADS3, 

OsMADS13, OsMADS21, and OsMADS58, for the development of rice fruit, the kernel. These four 

genes are co-expressed post-fertilization in the maternal tissues of early developing kernels, in 

particular in the parenchymatic cells of the dorsal vasculature and in the cell layers of the seed 

coat. Their down-regulation clearly affected seed coat development only in triple and quadruple 

mutants, suggesting that their functions are largely redundant. Furthermore, clear defects were also 

observed in the filial tissues, and starch accumulation and grain filling were dramatically impaired. 

Transcriptomic analysis revealed that genes with known functions in grain size and filling were 

differentially expressed in mutant kernels. In addition, an obvious upregulation of lipid 

metabolism-related genes was associated with an earlier formation of the cutin layer in the seed 

coat of agamous mutants. Our data suggest that these agamous mutants are probably suitable 

models to study the molecular cross-talk between the maternal and filial tissues and the process of 

grain filling. We conducted protein-protein interaction studies and further genetic analysis that 

support the idea that conserved quaternary complexes formed by AGAMOUS, SEPALLATA, 

AGL6 and BSISTER MADS-box TFs were recruited before the divergence of Angiosperms and 

Gymnosperms to regulate the development of ovule/seed integuments.

Correspondence: ludovico.dreni@gmail.com; martin.kater@unimi.it

Keyword: MADS-box transcription factors, evo-devo, grain filling, ovule integuments, seed coat
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Characterisation of ALOG genes controlling rice inflorescence 

development”

Beretta Veronica Maria 1, Franchini Emanuela 1, Ud Din Israr 1,2, Lacchini Elia 1,3, Van den Broeck Lisa 4, Sozzani 

Rosangela 4, Orozco-Arroyo Gregorio 1, Saccomanno Antonietta 1, Adam Hélène 5, Jouannic Stefan 5, Gregis

Veronica 1, Kater Martin M. 1

1.Dipartimento di Bioscienze, Università degli Studi di Milano, Via Celoria 26, 20133, Milano, Italy

2.Present address: Institute of Biotechnology and Genetic Engineering (IBGE), University of Agriculture, Peshawar  

25130, Pakistan

3.Present address: VIB Center for Plant Systems Biology, Technologiepark 71, B-9052 Ghent, Belgium  

4.Plant and Microbial Biology Department, North Carolina State University, Raleigh, NC 27695

5.DIADE, University of Montpellier, IRD, CIRAD, Montpellier, France

Plant inflorescence architecture is an important determinant of the reproductive success of a plant 

but also of agronomical interest, because it determines yield in many crops. Especially, considering 

the fast increase in world population and the need to prevent further expansion of use of natural 

habitats for agriculture practice, yield increase per hectare is of enormous importance. Rice yield 

increase is central to this since world population growth is highest in countries where rice is the 

main food source.

In rice the inflorescence meristem, (rachis meristem) starts to develop primary branches. On these 

primary branches secondary branches are often formed which develop spikelet meristems that 

develop the florets (flowers). The result is a determinate panicle inflorescence structure. The 

timing of the determinate spikelet meristem development determines the number of branches and 

seeds that will develop. Our lab is interested in the molecular mechanisms that determine the 

identity of the different reproductive meristems since these stands at the base of the final 

architecture. Recently, we had laser micro-dissected the rice reproductive meristems and used this 

material for RNAseq analysis (Harrop et al., 2016). This resulted in the identification of ALOG 

genes putatively involved in inflorescence development and panicle branching. Using CRISPR-Cas 

technology we have mutated OsG1L1 and OsG1L2 and studies their roles in inflorescence 

development. Approaches and recent results will be discussed.

Keyword: Inflorescence, ALOG genes, branching, development, yield
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Multifaceted roles of intrinsically disordered highly proline-rich  

proteins in conferring stress tolerance in rice

Ho, Tuan-hua David 1,2, Lin, Meng-Chun 1,2, Tseng, I-Chieh 1, Yu Su-May 2,3

1. Institute of Plant and Microbial Biology, Academia Sinica, Taipei, Taiwan: 2. Biotechnology Research Center, 

National Chung Hsing University, Taichung, Taiwan

3. Institute of Molecular Biology, Academia Sinica, Taipei, Taiwan

Water deficit stress causes devastating loss of crop yield worldwide, hence improving crop drought 

resistance has become an urgent issue. Here we report that a group of abscisic acid (ABA)/drought 

stress-induced monocot-specific, intrinsically disordered, and highly proline-rich proteins, 

REPETITIVE PROLINE-RICH PROTEINS (RePRPs), play pivotal roles in drought resistance in 

rice seedlings. It has been shown previously that RePRPs interact with cytoskeletons to alter root 

development and function. Rice ectopically expressing RePRPs outlived wild-type rice under 

extreme drought conditions primarily due to two underlying mechanisms. First, RePRP 

overexpression reduced water loss by enhancing the levels of extracellular water barriers such as 

lignin and suberin, primarily in the root vascular bundle. Several groups of genes involved in lignin 

biosynthesis, especially the wall-bound peroxidase responsible for the final assembly of the lignin 

network, were induced by RePRP. In addition, RePRPdecreases stomata conductance in shoot by 

reducing the stomatal aperture. Second, overexpression of RePRP led to lowered root osmotic 

potential. Root cell osmotic pressure was more negative in rice plants overexpressing RePRP2 than 

wild-type plants, and the concentration of a key osmolyte, proline, was enhanced. Furthermore, the 

protein levels of two aquaporins that are important for drought stress tolerance were elevated.

Hence, ABA/stress-induced RePRP expression leads to several beneficial traits of drought 

resistance, including lower water loss rate upon dehydration and higher root water use efficiency 

under drought conditions. We suggest that this group of unique stress proteins be an important 

target for technology development in enhancing drought stress resistance in cereals.

Keyword: Stress proteins, Drought stress, Intrinsically disordered proteins, ABA, Root 

development
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Investigating the role of SUMO in stress tolerance in rice.

Ari Sadanandom

Department of Biosciences, South Road, Durham University, UK

The response to abiotic and biotic stresses in plants and crops is considered a multifaceted process. 

Due to their sessile nature, plants have evolved unique mechanisms to ensure developmental 

plasticity remains during their life cycle. Among these mechanisms, post-translational 

modifications are crucial components of adaptive responses in plants and transduce environmental 

stimuli into cellular signalling through the modulation of proteins. SUMOylation is an emerging 

post-translational modification that has received recent attention due to its dynamic role in protein 

modification and has quickly been considered a significant component of adaptive mechanisms in 

plants during stress with great potential for agricultural improvement programs. I outline the 

concept that SUMO-mediated response in plants and crops to abiotic and biotic stresses is a 

multifaceted process with each component of the SUMO cycle facilitating tolerance to several 

different environmental stresses. We also highlight the clear increase of SUMO system genes in 

crops such as rice when compared to Arabidopsis thaliana. The SUMO system is understudied in 

crops, given the importance of SUMO for stress responses, and for some SUMO system genes, the 

apparent expansion provides new avenues to discover SUMO conjugated targets that could 

regulate beneficial agronomical traits.

Keyword: Protien Modificaiton, salt stress, SUMO
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Rice Resilience to Abiotic and Biotic Stresses Needs a Lot of 

WRKYs

Viana, Vivian E., Maltzhan, L.E., Oliveira, V.F. de, Pegoraro, Camila, Maia, Luciano C. da and Costa de Oliveira, 

Antonio

Federal University of Pelotas, Plant Genomics and Breeding Center. Capão do Leão, RS, 96160-000, Brazil.

Rice is cultivated in many different Continents, being a staple food for over 3 billion people. The 

cultivation of rice under different environments and systems lead to exposure to several biotic and 

abiotic stress factors. Resilient crops are desirable in order that they have more efficient plant 

response mechanisms to those stresses. WRKY transcription factors (TFs) are responsible for the 

regulation of genes and are involved in biotic and abiotic stress responses. Our group has been 

studying WRKY TFs under different stresses. Using several tools, such as mutation inducing, an 

association mapping, the network of associated genes are been enriched. Chilling stress was 

applied at germination in two rice genotypes (tolerant and sensitive to chilling). Leaves at S3 stage 

were collected for RNA-seq to identify OsWRKY, OsMAPKs and OsVQs expression. The 

association in the expression of MAPKs, WRKYs and VQs was predicted through correlation 

analysis. OsWRKY transcriptional regulation was predicted by in silico analysis of cis-regulatory 

elements. 39 OsWRKYs were differentially expressed and divided in positive and negative 

regulators of chilling tolerance. 12 OsMAPKs were differentially expressed. OsMAPKs were 

downregulated and negatively correlated with the upregulated OsWRKYs in the tolerant genotype. 

19 OsVQs were differentially expressed, 3 and 6 OsVQs were positively correlated with OsWRKYs 

in the tolerant and sensitive genotype, respectively. 7 differentially expressed OsWRKYs presented 

cold responsive elements in its promoters and 5 upregulated OsWRKYs in the tolerant genotype 

showed W-box motif. The potential of use of novel genes and variants for breeding for resilient 

crops are discussed.

Keyword: gene regulation; Transcription factors; climate changes
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Ethylene acts as a key signal to sense soil compaction

Pandey Bipin

University of Nottingham, UK

Ethylene, a gaseous hormone is continuously produced from the root tips of plants. Interestingly, 

being gaseous in nature ethylene is easily diffused away from root tips through large and

well-connected soil pores. Therefore, low level of ethylene in soil is maintained in non-compacted 

soils, which helps the plant roots to keep growing in soil to acquire nutrients and water. However, 

when the soils are compacted, these large soil pores become very narrow and collapsed thus block 

the diffusion of ethylene from the root tips. Gradually, large amount of ethylene is trapped near 

root tips. Excessive accumulation of ethylene inhibits the root tip elongation and therefore 

foraging capacity of the plants is hampered in compacted soils. Eventually, poor root growth and 

thus poor nutrient and water uptake results in severe yield reduction. Surprisingly,

we discovered that ethylene insensitive mutants of rice and Arabidopsis are blind to sense higher 

accumulation of ethylene in compacted soils thus remain able to penetrate the compacted soil.

Keyword: roots, soil compaction, ethylene, diffusion, auxin, ABA
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Using Oryza genomes, transcriptomes and Plant Reactome 

Knowledgebase to discover candidate genes for stress tolerance

Jaiswal Pankaj 1, Gupta Parul 1, Elser Justin 1, Naithani Sushma 1

1.Department of Botany and Plant Pathology, Oregon State University, Corvallis, OR-97331, USA

Various global challenges including those on climate change, population growth, reduced acreage 

of arable land, and increased cost of inputs need new strategies to unlock the growth and yield 

potential of our food crops. Rice researchers are making all-out efforts to unravel the genomes of 

many Oryza genomes and extending the discovery to include pan-genomes and genetic diversity to 

find novel alleles, genes, and genetic elements associated with desired improvements in traits like 

abiotic and biotic stress tolerance, grain yield, improved nutrition and quality besides and 

photosynthetic gains. We will attempt to showcase the power of omics resources of the Gramene 

Database (www.gramene.org) and Plant Reactome (https://plantreactome.gramene.org/) for 

analyzing the transcriptomes to profile light-regulation, and stress response. The current release 

features a rice Pan-genome site with 28 Oryza genomes, including wild species, MAGIC16 

collection, KitaakeX, and heirloom US Carolina Gold Rice. The IRGSP v1.0 genome is the 

reference and was used to build 27 cross-rice synteny maps. The pathways portal Plant Reactome 

provides access to ~326 curated rice reference pathways and their homology-based projections to 

120 species. The gene expression portal the EMBL-EBI’s Expression Atlas provides access to 

over 980 curated experiments from major plant genomes including rice. We will also showcase the 

community gene editor Apollo genome browser developed for the Rice PanOryza project. This 

work is supported by the USA National Science Foundation (NSF) and the United States 

Department of Agriculture (USDA).

Keyword: Plant Reactome Pathways, stress response, light regulation, Pan-genomes, transcriptome
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Pollen - the weakest link? Developing understanding of 

environmental sensitivity during pollen formation to help generate 

more environmentally resilient crops

Jordan K. Robson, Alison C. Tidy, John Ferguson, Erik H. Murchie and Zoe A. Wilson

Plant & Crop Sciences Division, School of Biosciences, University of Nottingham

Pollen development is particularly vulnerable to environmental stress, especially high temperature, 

resulting in abnormal tapetum development, pollen degeneration and male sterility. The tapetum is 

the inner cell layer in the anther, which is adjacent to the pollen and acts both as a coordinator and 

factory, regulating pollen development, but also the manufacture and release of pollen wall 

materials. It is critical for viable pollen formation and male fertility, which in turn is essential for 

fertilisation, crop yield and food production. Abiotic stress during flowering is therefore a 

significant threat to crop fertility, with the potential for devastating yield losses given increased 

climate volatility and environmental extremes.

We have been applying heat stress during pollen development to identify gene expression changes 

and determine the impact on male fertility, and the mitigations used to minimise the effect of 

suboptimal temperature variations. Alongside this we have been developing high-throughput 

screens to generate large data sets on photosynthetic heat tolerance within populations. We have 

used these data for GWAS analysis to identify possible targets for enhancing heat resilience. This 

will help understand the drivers behind pollen sensitivity and whether they are direct or indirect, 

for example whether male reproduction is particularly sensitive to temperature stress, or whether 

the impacts are due to disturbance of photosynthesis under heat stress, which may 

disproportionately impact male fertility due to the high demands for energy during male 

reproduction. These data will be discussed against the backdrop of improving reproductive 

resilience.

Keyword: pollen, heat, tapetum, photosynthesis, GWAS
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Bringing the Missing Nutrition into Rice Through Precision 

Breeding and Functional Genomics

Nese Sreenivasulu (International Rice Research Institute, Philippines)
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Rainbow Rice: A Paradigm Shift in Food Futures

Vanavichit, A. Maipoka, M.1, Walayaporn, K. Singkhan, T. Lersprasert, N. Sermsiri, J. and Reungphayak, S

Rice Science Center, Kasetsart University, Kamphangsaen, Nakhonpathom, 73140, Thailand

Rice is the most consumed caloric food for Thais and most countries in Asia and is deeply rooted 

in Asian culture. As the world population is increasing exponentially to nearly 10 billion people in 

2050, we will need 56% more caloric foods to feed the future population if there is no change in 

food choices. Dietary fibres are non-caloric carbohydrates essential in reducing the risks of

non-communicable diseases (NCD), including obesity, diabetes, cardiovascular diseases, and 

chronic kidney diseases. Whole grains and leaves of pigmented rice are rich in dietary fibre, 

macronutrients, and micronutrients. Dried rice leaf is an essential feed for large ruminant animals 

on rice farms due to their large availability and nutrient contents. Despite the crucial source of 

nutrients, rice biomass was open-field burned, creating greenhouse gases and toxic air pollutants in 

intensive rice cultivation areas in India, Thailand, and Vietnam. Unlike vegetables, rice leaf has 

never been considered a human food. For the first time, Rainbow rice leaf orchestrates mixed 

patterns of chlorophyll, anthocyanin, and carotenoids with richer dietary fibres, antioxidants, 

micronutrients, and proteins but free of starch and phytate than pigmented whole grains. Potential 

therapeutic supplements developed from Rainbow rice leaf power included prebiotics and dietary 

fibre supplements for bakery and confectionery. Therefore, Rainbow rice leaf is a potential

super-nutrient, antidiabetic supplement against NCDs and a game-changer for future foods.

Keyword: Rainbow Rice, Rice Leaf, Dietary Fibre, Anthocyanin, Pigmented Rice,
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Iron Excess Response and Tolerance Mechanisms in Rice

Masuda Hiroshi and May Sann Aung

Department of Biological Production, Akita Prefectural University, JAPAN

Acidic soils cover about 30% of the world's land. Iron is an essential nutrient for plants but its high 

concentration in acidic and waterlogged soils causes excess toxicity to plants. It leads to poor 

growth and limits crop production, especially rice plants. Understanding the molecular response 

and tolerance mechanisms to iron excess is essential for varietal development. Comprehensive 

microarray analysis with various iron excess treatments and various rice tissues revealed that rice 

employs four defense mechanisms in response to iron excess: Defense I, root iron exclusion; 

Defense II, root iron retention; Defense III, shoot iron compartmentation; Defense IV, ROS 

detoxification. Nicotianamine is a ubiquitous chelator of metal cations and is responsible for metal 

homeostasis. Nicotianamine synthase gene, OsNAS3, expression is strongly induced under iron 

excess. We revealed that nicotianamine synthesized by OsNAS3 is important for mitigating excess 

Fe stress and alleviating other metal deficiencies in rice. Also, the knockdown lines of iron-binding 

ubiquitin ligases, OsHRZ, were hyper-sensitive to excess iron, demonstrating severe leaf damage 

and accumulation of more iron in shoots. Various iron uptake-related genes were hyper-elevated in 

their expression in OsHRZ knockdown lines. Thus, HRZ is crucial for repressing the genes related 

to iron uptake under iron excess conditions. Moreover, we further explored novel cis-regulatory 

elements (CRE) in rice by bioinformatics approaches using microarray data. Based on new 

findings CREs, we built a model of promoter structures regulating iron excess-responsive genes.

Our findings will provide a comprehensive resource for the clarification of the iron excess response 

and tolerance mechanism in rice.

Keyword: iron excess, transcriptomics, nicotianamine, cis-regulatory elements, bio-informatics
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Genotypic and environmental control of grain yield and quality in 

Thai pigmented rice

Prom-u-thai Chanakan 1,2, Yamuangmorn Supapohn 2, Jumrus Suchada 1, Utasee Suchila 1

1.Division of Agronomy, Department of Plant and Soil Sciences, Faculty of Agriculture, Chiang Mai University 

50200, Thailand

2. Lanna Rice Research Center, Chiang Mai University 50200, Thailand

Colored rice with pigmented pericarp is well established in Asia’s traditional pharmacopeias and it 

is traditionally cultivated in many countries such as China, Japan, Korea, Thailand, Laos, Vietnam, 

Indonesia, India, Sri Lanka, and Nepal. Pigmented rice, especially in purple/black and red pericarp 

color is recognized among health-conscious consumers. The natural bioactive compound deposits 

in pigmented rice are classified as flavonoids, tannins, phenols, sterols, tocols, amino acids, and 

anthocyanin acts as an antioxidant against oxygen radicle causes in several serious diseases. The 

productivity and bioactive compounds vary by many factors, including genotype, cultivation, 

management, and post-harvest processing. Most of the compounds are located in the outer layers of 

the grain (aleurone and pericarp layers). Wide variation of the bioactive compound such as 

anthocyanin has been reported among pigmented rice genotypes in many regions. The anthocyanin 

concentration of 30 local glutinous pigmented rice from Thailand ranged from 26 to 254 mg/100 g, 

from 61 to 223 mg/100 g among five genotypes from Laos, and from 0 to 144 mg/100 g among 29 

Vietnamese genotypes. On the other hand, the growing location and cultivation method strongly 

influence bioactive compounds in rice plants e.g., water conditions, light quantity and quality, and 

available nutrients in the soil are important factors. The appropriate management of environmental 

factors in each rice genotype is required to stabilize high productivity and bioactive compounds in 

pigmented rice for the benefit of human health.

Keyword: pigmented rice; colored rice; natural bioactive compounds; rice cultivation
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Photosynthesis and temperature resilience in diverse rice 

germplasm

Murchie EH 1, Ahammed T 1, Robson J 1, Cowling S 1, Ferguson J 1, McAusland L 1Wilson Z 1, Heuer S 2

1. University of Nottingham

2. National Institute for Agricultural Botany

Temperature is a central component of crop yield affecting physiological events at all stages of 

growth. In addition, the interactions between photosynthesis, light and temperature are critical to 

our understanding. In this paper, dynamic responses of photosynthesis to irradiance and 

temperature are examined in a diverse populations of Oryza sativa and O.glaberrima showing 

substantial genetic variation in leaf tissue photoprotection and tissue temperature tolerance. To 

achieve this, methods for high throughput phenotyping of complex traits utilising chlorophyll 

fluorescence imaging are described. The importance of chronic nocturnal temperatures are 

highlighted. It is concluded that fast and comprehensive screens for complex physiological 

responses at tissue and whole plant level should be deployed on rice germplasm to advance the 

discovery of genes and traits for resilience to high temperature and irradiance.

Keyword: photosynthesis, temperature, phenotyping, chlorophyll fluorescence, dynamic
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Understanding the nature of hybrid sterility among species and 

groups of rice to utilize distant relatives for rice improvement

Yu Zhang, Jing Li, Jiawu Zhou, Ying Yang, Yonggang Lv, Qiuhong Pu, Xianneng Deng, Dayun Tao

Food Crops Research Institute, Yunnan Academy of Agricultural Sciences (YAAS), Kunming 650200, P. R. China

Rice improvement depends on the availability of genetic variation, and AA genome Oryza species, 

six wild rice species and two cultivated species, are the natural reservoir of favorable genes.

Meanwhile, five groups of Asian cultivated rice has the rich diversity to be used, too. But, hybrid 

sterility is a major form of postzygotic reproductive isolation, and occurs widely in intraspecific 

and interspecific hybrids in rice, which is the major barrier to utilize heterosis and make genetic 

improvement by restricting gene exchange in Asian cultivated rice, Africa cultivated rice, and 

between the two cultivated species and the wild relatives.

To date, more than 20 hybrid sterile (HS) loci were identified for interspecific hybrids. 

Interestingly, six “hot spots” from different species were frequently identified. Comparing the 

mapping results for all these sterile genes suggested that some sterile genes arising from multiple 

species should be allelic to each other, since they were located to the same chromosome region and 

were identified as having similar genetic activity. The existence of these multiple alleles implies 

that the hybrid sterility among AA genome species of Genus Oryza could be governed by a few 

orthologous loci. The allelic interaction among different haplotypes of orthologous loci and

non-allelic interaction among different loci induces interspecific hybrid sterility between O. 

sativa and AA genome species. By now, more than 30 loci responsible for hybrid sterility were 

identified. And conserved hybrid sterile loci in six “hot spots” contributed to multiple groups 

divergence, were found, too. In a word, hybrid sterility is the major indication to distinguish the

different groups in Asian cultivated rice at subspecies or groups level same as the different species 

of AA genome in Genus Oryza. Lineage-specific alleles are more important than lineage-specific 

loci for hybrid sterility for both interspecific and intraspecific hybrid sterility.

At the moment, it is essential to identify, clone, and functionally characterize more hybrid sterility 

loci in the genus Oryza and 5 groups in O.sativa. Efforts should also extend to investigating both 

the genetic diversity and geographical distribution of the alleles of various loci at the species and 

group level. Meanwhile, it is necessary to raise near-isogenic lines with various alleles/haplotypes 

and pyramided different loci. Then, it would become possible to provide more evidence 

illuminating the origin of genes responsible for hybrid sterility and the evolutionary processes for 

the establishment of species and groups in Oryza genus and shed light on overcoming hybrid 

sterility in rice improvement.
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So far, three strategies, utilization of neutral alleles, bridge parents and artificial wide compatible 

line, have been developed to overcome hybrid sterility and enable breeders to utilize the strong 

hybrid vigor of O. sativa.

In order to understand the nature of hybrid sterility and mining of useful genes, 6372 agronomic 

trait introgression lines were raised from 7 AA genome species and 160 upland rice accessions of

O. sativa. As a result, hybrid sterile genes S29(t), S37(t), S38(t), S39(t), S40, S44(t), S51(t), S52(t), 

S53(t), S54(t), S55(t), S56(t) and neutral alleles S38-n, S39-n were found, as well as agronomic and 

blast resistance genes Rhz2, Rhz3, Dep4, Ep4, Pi57, Pi68, Dd7, qDH1, HS1, qAER1, qAER9 were 

found, too. Meanwhile Yundao 1, Yunlu 103, Yunlu 142 were bred and released at YAAS from 

interspecific hybridization. And Yunlu 140 was bred and released from intraspecific hybridization 

between indica and japonica.
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Discovering candidate gene(s) for sheath blight resistance

Jaiswal Pankaj 1 , Al-Bader Noor 1 , Meier Austin 1 , Geniza Matthew 1

1. Department of Botany and Plant Pathology, Oregon State University, Corvallis, OR-97331, USA

Rice is an important crop that feeds half the world's population. As climate change models predict 

floods, drought, and extreme temperatures in rice production areas, the need to better understand 

the genetic basis of adaptation and tolerance mechanisms to biotic stresses is vital. One such biotic 

stress is Leaf Sheath Blight (SB) disease caused by the fungal pathogen Rhizoctonia Solani which 

may impact the global yield by 10-30% annually and up to 50% in a severe outbreak year. To 

decipher the SB resistance mechanisms and pathogen responses, we designed a time-series 

transcriptome experiment with resistant and susceptible genotypes. Using a systems approach, our 

goal was to identify the resistance providing candidate genes and genetic polymorphisms to help 

accelerate the plant breeding efforts on improving the desired traits. We generated RNA-Seq 

transcriptome data for pathogen-treated and untreated samples of the two rice genotypes, with three 

biological replicates, per time point. The sequence data generated was analyzed by calling 

polymorphisms, assembling transcript isoforms and alternative splicing, and analyzing gene 

expression, leading to the identification of stress-induced pathways specific to each genetic 

background and tolerance level. The statistically significant results of these analyses were then 

annotated using various ontologies. By aligning expressed transcripts against the known drought 

tolerance quantitative trait loci and phenotypes annotated with trait ontology, SNP consequences 

annotated with sequence ontology, and genes annotated with ontologies. By navigating the 

annotated genes and mutations overlapping major SB QTLs we identified candidate genes 

associated with the SB response and signaling pathways in rice.

Keyword: Transcriptome, sheath blight resistance, biotic stress, QTL, genomics
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Membrane lipid remodeling for improving phosphate use 

efficiency in rice

Giri Jitender, Verma Lokesh

National Institute of Plant Genome Research, New Delhi India

Membrane lipid remodeling involves the hydrolysis of phospholipids to release phosphate (Pi) for 

cellular processes, and the concomitant synthesis of non-Pi lipids like galactolipids to compensate 

for the loss of phospholipids, and forms a survival strategy under Pi deficiency. We report that 

lipid remodeling is a conserved adaptive strategy for Pi deficiency in rice genotypes.

Monongalactosyl diacylglycerol (MGDG) and digalactosyl diacylglycerol (DGDG) are 

chloroplastic galactolipids and aid in membrane lipid remodeling, allowing the Pi utilization from 

the phospholipids’ hydrolysis. A Pi deficiency responsive rice MGDG synthase gene, OsMGD3 

was characterized for its roles in adaptation to Pi deficiency. We found that the transcription factor, 

OsPHR2 is involved in the transcriptional regulation of OsMGD3. We used OsMGD3 

overexpression (OE) and CRISPR/Cas9 generated knockout (KO) lines to explore its role in rice 

adaptation to Pi deficiency. OsMGD3 KO lines displayed a poor Pi deficiency tolerance, while OE 

lines had improved PUE compared to WT. OE and KO lines also had altered root architecture and 

changed membrane lipid composition, especially in roots. The by-products of lipid remodeling like 

DAG and PA showed signaling roles by affecting the expression of Pi transporters and root Pi 

uptake. Moreover, analyses of lipid profiles in a diverse set of rice genotypes did not reveal a 

correlation between major lipids and the Pi deficiency tolerant/sensitive nature of genotypes.

Further analysis uncovered a correlation between minor lipid species and Pi deficiency tolerance, 

thus, confirming signaling roles for lipid species in Pi deficiency adaptation in rice.

Keyword: Roots, Phosphate, gene-editing, galactolipids
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Relationships between genomic and epigenetic features, and 

meiotic recombination in rice

Lorieux, Mathias

DIADE, IRD, Cirad, University of Montpellier, Montpellier, France

Meiotic crossovers are not distributed evenly across genomes. We examine how crossover 

occurrence is related with different genomic and epigenomic features, using a highly saturated 

genetic linkage map and parental PacBio-sequenced genomes.

Keyword: meiotic recombination - methylation - structural variant - bioinformatics
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Integration of genetic variations in Oryza rufipogon uncovers the

hidden process of rice domestication (1) -Dynamics of the genome

architecture during rice domestication-

Sato Yutaka1, Tsuda Katsutoshi1, Yoshida Hideki2, Tanizawa Yasuhiro1, Liu Jin3, Yu Liqin3, Nakamura Yasukazu1, 

Toyoda Atsushi1, Li Maomao3, Akagi Takashi4, Izawa Takeshi5, Sun Jian6

1. National Institute of Genetics

2. Fukushima University

3.Rice Research Institute, Jiangxi Academy of Agricultural Sciences/Research Center of Jiangxi Crop Germplasm 

Resources

4. Okayama University

5. The University of Tokyo

6. Rice Research Institute, Shenyang Agricultural University

Crop wild progenitors provide a source of genetic diversity that is essential for breeding. In 

addition, they offer a unique experimental system that helps to understand mechanisms of plant 

adaptation to fluctuating natural environments as well as to understand crop domestication. Oryza 

rufipogon is a wild progenitor of Asian cultivated rice, Oryza sativa. Thus, a large set of

high-quality genome sequence information of O. rufipogon is a key to reveal the precise steps of 

human selection during domestication by comparing genomic sequences of O. sativa, and is the 

foundation for the utilization of these genetic resources for rice breeding. In this presentation, I will 

introduce our analysis of a large set of O. rufipogon genome sequences obtained by Illumina short 

read. We sequenced the 883 accessions of the O. rufipogon genome at an average 21 X depth. By 

using these data, we extracted polymorphisms against IRGSP1.0. The average heterozygosity of O. 

rufipogon accessions was 0.41 %, which is significantly higher than that of O. sativa. There are 1.8 

and 0.3 million homozygous SNPs and indels, respectively, in average in O. rufipogon. The 

obtained genomic variations were used for the admixture and clustering analyses and we classified 

the 883 O. rufipogon accessions into four subgroups. We analyzed the genetic distances of O. 

rufipogon subgroups with O. sativa subspecies at the levels of the whole genomes, chromosomes, 

and chromosomal segments. We will argue the precise and complex history of domestication.

Keyword: rice, Oryza rufipogon, genome, domestication
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Integration of genetic variations in Oryza rufipogon uncovers the 

hidden processes of rice domestication (2) - Various selection 

events of QTGs (Quantitative Trait Genes) during rice 

domestication and subsequent breeding processes -

Takeshi Izawa 1, Katsutoshi Tsuda 2, Hideki Yoshida 3, Yasuhiro Tanizawa 2, Jin Liu 4, Liqin Yu 4, Yasukazu

Nakamura 2, Atsushi Toyoda 2, Maomao Li 4, Takashi Akagi 5, Jian Sun 6, Yutaka Sato 2,

1. The University of Tokyo

2. National Institute of Genetics

3. Fukushima University

4.Rice Research Institute, Jiangxi Academy of Agricultural Sciences/Research Center of Jiangxi Crop Germplasm  

Resources

5. Okayama University

6. Rice Research Institute, Shenyang Agricultural University

Genome information of various related wild relatives would be a key to reveal the domestication 

process of crops. Thus, we have examined Illumina data of more than 800 Oryza rufipogon 

genomes and integrated these genome data with 3K rice genome information. Among on-going 

analyses, in my talk, I will present recent data of our analysis to highlight genetic changes of QTGs 

(quantitative trait genes) including some key heading-date genes during domestication and 

subsequent breeding processes in rice.

First of all, gVCF data was extracted for around 300 QTGs in 1749 O.satva cultivars (selected 

from the 3K genome) and in 883 O.rufipogon accession lines and filtered by certain MAF values. 

Since these objective gVCF data were multicategorical we have transformed the gVCF data into a 

binary distance matrix based on the difference in all possible combinations of polymorphic loci in 

all the tested lines. The obtained binary matrix was used to calculate correlation coefficient matrix. 

Then, using a type of PCA analysis, we succeed in visualizing clear trends of gene changes that 

occurred in diverse selection events for each QTG. Various hidden processes were revealed to be 

consistent with previous report stories. Comparisons of an O.sativa subgroup genes with R3 (an 

O.rufipogon subgroup closely related to O.sativa) genes revealed that there are few clear 

polymorphic relationship between O. rufipogon lines and O. sativa japonica cultivars in known 

domestication genes, suggesting that key genomic fragments upon establishment of the first 

original rice cultivar would have already missed in current O. rufipogon genomes.

Keyword: domestication, Oryza rufipogon, Qutantitative Trait Genes, Flowering-time genes, 

breeding process
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Disentangling The Genome Wide Contribution of Structural 

Variations and Transposable Elements to Drought Resistance in 

The Model Species Oryza Sativa

Miculan Mara 1, Zuccolo Andrea 1, 4, Fabbian Leonardo 1, Zhou Yong 1, Rivera Luis F 1, Copetti Dario 2, Talag
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Although it has been demonstrated that the actions of Transposable Elements (TEs) – i.e. 

insertions/deletions/inversions etc. can be triggered by a wide array of stresses in plants, very little 

is known about their role in stress response regulatory n etworks, and how their movement is 

influenced by selection during local adaptation, speciation, domestication and breeding. To better 

understand the interplay between these actions (i.e. structural variations – SVs), and stress 

responses in plants we studied the role played by SVs in both progressive and intermittent 

vegetative-stage drought tolerance in rice. To achieve this goal, we long-read resequenced 180 

domestic rice accessions representing the 15 major subpopulations of O. sativa, maximizing both 

genetic diversity and the tolerance variation to drought stress. Comparison of each accession to the

O. sativa vg. japonica cv. Nipponbare reference genome led to the identification of ten of thousand 

SVs that totaled to an average of 33.70 Mb per genome. About 85% of the SVs content originated 

from TE activity with LTR-retrotransposons and MITEs being the major components. The 

variability observed was greater between varieties belonging to different major groups than 

between those within these groups. The distribution of SVs across accessions followed the 

subpopulation structure for rice. To find evidence of associations between SVs and response to 

stress, extensive phenotype data in field experiments from drought stress was collected for each 

accession. This entire dataset will be further interrogated for evidence of associations between

TE-PAPs, and phenotypes on a genome-wide scale.

Keyword: Transposable Elements; Structural Variation; long read sequencing; drought stress; 

GWAS
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Structural Variant identification and preliminary characterization 

in two Oryza alta accessions
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Structural Variants (SVs) and Transposable elements (TEs) represent an important source of 

natural variation that is poorly investigated mostly because of the lack of high-quality, near 

gap-free genome assemblies. The availability of such genome assemblies for two accessions

(IRGC105145 and IRGC105685) of the CCDD polyploid Oryza alta offer the possibility to study 

TEs and SVs abundance, distribution and spatial relation to genes in this species.

Genome comparison and SVs detection were carried out using the tool SVIM and focused on 

Insertions, Deletions and Duplications. Altogether, 86,247 SVs were identified. The overall 

majority (> 90%) of SVs consisted of TE related sequences. This value is significantly greater than 

the average TE content in the entire genome (59.7% and 57.8% of the IRGC105145 and 

IRGC105685, respectively). When the absolute TE hit number is considered, DNA-TEs contribute 

to more than 33.3% of all hits, with CACTA elements being the most abundant (10.33%). The 

length distribution of SVs showed a significant enrichment for the fraction shorter than 500 bp, 

which likely corresponds to MITEs.

To determine the potential impact of SVs on genes, we calculated the distance between SVs and 

the 66,387 genes predicted in the O. alta genome. This analysis showed that more than 21% of all 

SVs were located less than 3 kbp upstream of genes. Of note, we identified 3,804 SVs that were 

located inside genes thereby suggesting that a large set of SVs could actively affect gene function.
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Bringing back the wild into rice: development of genome-wide 

InDel marker sets and construction of genome-indexed wild rice  

libraries for rice improvement
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‘Genetic variations’ which is a driving force of plant breeding drastically reduced during rice 

domestication from wild progenitors. Wild rice species are regarded as a genetic reservoir for 

novel genes/alleles for rice improvement and it has been proving their genetic values in rice 

breeding program, especially as donor sources of many biotic stress resistant genes. Expending 

genetic variations with wild species is crucial to deal with climate change, food security, and 

consumer-driven traits such as nutrition and grain quality. For efficient transfer of genetic materials 

(DNAs) from the wild into cultivars, we developed genome-wide InDel marker sets (475 

polymorphic markers) discriminating the alleles between Asian cultivars and the other seven

AA-genome rice species. Furthermore, we are continuing development of the marker sets for all 

other genome types of Oryza species including diploid and allotetraploid. In addition, we initiated 

construction of genome-indexed AA-genome wild rice libraries ‘1K AA-genome CSSLs 

(chromosome segment substitution lines)’ in IR24 background with 24 donor accessions from 

eight different AA-genome species (~42 CSSLs/donor x 3 accessions x 8 species = ~1,000 CSSLs) 

by using the above marker sets. Current status of development of wild rice marker sets and 1K

AA-genome CSSLs will be presented.
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A Platinum Standard de novo assembly of the polyploid rice wild 

relative Oryza ridleyi Hook provides a first glimpse into the 

dynamics of homeologous subgenome size difference.
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With a growing global population, guaranteeing a sustainable food supply in changing climates is 

vital. Rice and Oryza wild relatives (WRs) can help overcome this challenge as their untapped 

genetic pool contains many adaptive traits. Oryza ridleyi Hook (2n=48, HHJJ) possesses the largest 

genome of any Oryza species (~1,283 Mbp) and posseses both abiotic and biotic resistances to a 

varity of stressors (e.g., resistance to blast and flooding tolerance). Until now, O. ridleyi lacked of a 

high-quality Platinum Standard (i.e., contiguous near gap-free) Reference genome (PSRefSeq).

Here, we provide such a foundational resource that contains 25 pseudo-molecule contigs 

(N50=53.8 Mbp) and a single gap. Subgenome HH is 728.35 Mbp in size, ~1.5 times larger than JJ 

(474.45 Mbp). TE-related sequence accounts for 505.10 Mbp of the HH subgenome and 284.87 

Mbp of the JJ subgenome. Subgenome size disparity is largely due to TE-related LTR retroelement 

sequences. Analysis of solo-LTR to complete TEs ratios for both subgenomes ruled out TE removal 

as a reason of subgenome size difference. Therefore, preferential TE accumulation in HH 

subgenome drives subgenome expansion. In the larger HH subgenome TE nesting appears to be 

more prominent than in the JJ subgenome.

Gene annotation identified 88,313 putative genes. Analysis of retained/fractionated genes revealed

73% of retained genes between the subgenomes and 16% and 11% fractionated genes in HH and JJ

subgenomes, respectively. Fractionated genes in O. ridleyi show a bias towards more unique genes

present in the larger HH subgenome.

The O. ridleyi PSRefSeq with baseline TE and gene annotations will be important for further

studies into Oryza genome evolution, organization, crop development, potential neodomestication.
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Expanding Oryza genomes in Ensembl
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Ensembl Plants is an open data resource which provides access to integrated genomic data sets 

and tools, for over 100 plant species. Ensembl Plants currently contains 11 annotated genome 

assemblies for Oryza species, which can be accessed at plants.ensembl.org. The platform provides 

a genome browser supporting exploration of genes and variants, comparative genomics views for 

gene trees and whole genome alignments, and tools such as the Ensembl Variant Effect Predictor. 

We also provide downloads via our FTP site, BioMart for data querying and APIs for 

programmatic access. 

Ensembl also provides access to new datasets via the Rapid Release site rapid.ensembl.org, prior 

to their integration into the main Ensembl sites. We have recently added 15 Oryza sativa genomes 

into Rapid Release from the Platinum Standard RefSeqs collection which represent the population 

structure of Asian rice as part of the PanOryza project. We provide a genome browser, a set of 

homology predictions, BLAST search and download capabilities for these genomes. These 

genomes will also be integrated into Ensembl Plants in a future release.
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Genetic and epigenetic novelties for adaptive traits in rice
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Ideotype breeding during the Green Revolution created the first-generation high-yielding rice 

cultivars with superior productivity under well-managed and ideal agroecosystems. With the 

continuously marginalizing agroecology due to climate change and natural resources decline, the 

new challenge to plant breeding is much grander now, requiring novel genetics and perhaps 

epigenetics, which are yet to be achieved through the current forward and reverse genetics 

paradigm. We re-examined the classic phenomenon of transgressive segregation as a

non-reductionist functional genomic approach for creating the adaptive morpho-physiological 

novelties that can maintain plant productivity under environments marginalized by salinity. The 

genomic and epigenomic underpinnings of the non-parental super-tolerance or super-sensitivity to 

salinity across the IR29 (indica) x Pokkali (aus) recombinant inbred population, beyond the effects 

of the major defense QTL SalTol are discussed. Inspired by the Omnigenic Theory, the author 

examines the hypothesis that transgressive salinity tolerance is configured by coupling-uncoupling 

and network-rewiring effects as consequences of ideal or non-ideal blending of the attributes of the 

genetically diverse indica and aus parents both at the genomic and epigenomic levels. By 

integrative analysis of the phenome, genome, epigenome, transcriptome, and metabolome, the 

author makes a case that stress-adaptive developmental and physiological novelties are created by 

intricate synergies and network rewiring effects, mediated at least in part by the restructuring of 

epigenomic landscape during generations of genetic recombination under moderate genome shock.

Keyword: genome shock, DNA methylation, epigenomic landscape, salinity tolerance, 
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Rice transformation treatments leave specific epigenome changes 

beyond tissue culture
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During transgenic plant production, tissue culture often carries epigenetic and genetic changes 

underlying somaclonal variations, leading to unpredictable phenotypes. Transformation treatments 

may individually and jointly contribute to somaclonal variations on top of tissue culture, whereas 

their specific impacts on rice epigenomes have never been examined. Here, we carefully designed 

and examined the impact from specific transformation treatments on the genomewide DNA 

methylation and transcriptome. The individual transformation components targeted specific gene 

expression modules, triggering various stress responses. When T-DNA was integrated, we found 

that the secondary metabolism pathway was activated whereas primary metabolism was repressed 

to strike the balance simultaneously yet strategically between defense and growth. The treatments 

of transformation altogether impacted 2,499 genes both transcriptionally and epigenetically, 

comprised of 20% tissue culture-specific, 75% specific to the individual transformation treatments, 

independently of tissue culture, and the remaining 5% attributed to both; suggesting that rice 

transformation treatments left specific epigenome changes beyond tissue culture. The 

transformation treatments consistently resulted in global hypo-CHH methylation enriched at 

promoters highly associated with downregulation, particularly when they are colocalized with 

miniature inverted-repeat transposable elements (MITEs). This unique type of promoter was 

associated with epigenetic responses to stress. Overall, our results largely enhanced our current 

understanding of somaclonal variations in transgenic crops. Based on our results, we further 

propose that the specific footprints on the DNA methylation landscapes left by successful T-DNA 

integration could be used as biomarkers to benefit crop improvement.
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Workshop Abstract: Next Generation Sequencing (NGS) technologies provide unprecedented 

opportunities to explore the genetic diversity from large high-quality datasets. This workshop will 

provide the basic working knowledge and training to run an automated high-throughput and

high-performance computing (HPC) variant calling workflow, using GATK (Genome Analysis 

Toolkit). To reduce the overall execution time, we developed a novel data parallelization 

algorithm, which splits chromosomes into multiple chunks, that can be executed in-parallel across 

computational nodes. In doing so, the performance of calling variants on high-quality rice genomes 

using resequencing data of 3,000 rice accessions could be performed in 1 week. The HPC 

workflow is divided into 4 Phases: (1) Genome mapping, (2) Variant discovery, (3) Call set 

refinement and variant merging, and (4) Variant matrices. Automation of workflow stage is 

scalable across multiple nodes via data parallelization/distribution algorithm. Each stage of this 

workflow designed to operate independently and flexibly for seamless execution across different 

system architectures, including clusters and high-end workstations. The flexibility of the workflow 

offers collaboration in data sharing, data processing, improved resource utilization, minimal overall 

execution times, and many more. During this workshop, we will demonstrate the workflow of each 

stage using datasets from rice, maize and soybean as relatable examples (genomes). Our hope is 

that every member taking this workshop can install our novel workflow on their systems through 

Docker and employ the GATK pipeline automatically. This workflow would effectively reduce 

time for variant calling and use time effectively for other downstream analyses.

Keyword: Workflow, High-Performance Computing (HPC), Genome mapping, Variant discovery, 

Call set refinement and Variant matrices
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ESIRGA - Elastic Search Implementation for Rice Genome 

Analytics
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The current amount of OMICS data generated by the Center for Desert Agriculture 

(CDA-KAUST), collaborators, and downstream analyses require sophisticated databases

synchronizing with leading database technologies. Such capabilities will allow researchers to 

perform fast queries over terabytes of genomic data to navigate the best way to address the most 

relevant hypothesis-driven biological questions.

ESIRGA (V1.5) Platform, based on ELK stack, that currently contains the results of several 

bioinformatics pipelines in different formats (gff3, fasta, fastq,vcf) with processes like Assemblies, 

Gene prediction, Functional Annotation, and Transposable Elements analysis, from some 

representative Oryza Sativa accessions across rice populations, allowing researchers to build 

searches and generate dashboards using the Kibana interface. For example, the option to build

real-time queries from an interactive web user interface (Kibana) allows the creation of specialized 

dashboards that could focus on some agronomic interest genes related to any stress condition and 

production quality attributes.

The ELK also allows the loading of terabytes of information and metadata to any sample quickly, 

making this system flexible for managing and storing vast amounts of plant genomic data and 

future pan-genomic analysis pipelines, tools, and genome browser integrations.
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Blast disease caused by the fungus Magnaporthe oryzae is one of the most devastating rice 

diseases. To secure rice production from losses by blast, disease resistance genes are critical. 

Pi-ta is a widely used rice blast resistance gene. Published work reports that it codes for a 

nucleotide-binding and leucine-rich repeat protein (NLR) named NLR Pi-ta and recognizes the

fungal protease-like effector AVR-Pita. However, this model was challenged by the recent finding 

that another rice gene named Ptr which codes for a membrane protein with a cytoplasmic 

Armadillo repeat domain is required for AVR-Pita recognition in certain rice genotypes. Using 

NLR Pi-ta and Ptr RNAi knock-down and CRIPSR-Cas9 mutant rice lines, we found that

AVR-Pita recognition relies only on Ptr and that NLR-Pita has no apparent role in Pi-ta resistance. 

Analysis of AVR-Pita diversity showed that different alleles of Ptr have different recognition 

specificities. While the Ptr allele B recognizes only a restricted set of AVR-Pita alleles, PtrA has a 

broader recognition spectrum and seems to recognize most forms of AVR-Pita. We confirmed this 

escape of certain AVR-Pita alleles from recognition by PtrB using mutant and transgenic lines of 

the fungus and identified one specific residue that is responsible for escape from PtrB resistance. 

Future work will focus on, the investigation of the activity and the function of AVR-Pita and Ptr 

and the molecular bases of their interaction to better understand this unique pathogen recognition 

system.
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Strigolactones (SLs) are novel plant hormones inhibiting tillering/branching and a rhizospheric 

signal modulating symbiosis with beneficial fungi and triggering seed germination of the noxious 

root parasitic plant Striga, which severely affects 300 million people with an estimated annual 

yield loss of $US 7 billion in sub-Saharan Africa. Based on their chemical structures, SLs are 

classified into canonical and non-canonical SLs. Characterizing specific functions of the two SL 

subfamilies is crucial for developing Striga resistant cereals as well as for engineering plant 

architecture. Here we show that the CRISPR/Cas9-mediated rice mutants lacking canonical SLs do 

not show the shoot phenotypes -high tillering and dwarf- characteristic of SL-deficient plants, but 

release exudates with a significantly reduced Striga seed-germinating activity. Blocking canonical 

SL biosynthesis by a specific Cytochrome P450 (CYP) inhibitor TIS108 significantly decreased 

Striga infestation without affecting rice growth. Hence, our work led to defining the role of 

canonical SLs released in the rhizosphere as important rhizospheric signals but uninvolved in plant 

shoot architecture regulation, and can be utilized for generating Striga resistant plants and 

improving the global food security.
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Bacterial leaf blight, caused by Xanthomonas oryzae pv. oryzae (Xoo) is a devastating rice disease 

in Asia and Africa that causes significant yield loss in large parts of the world. Developing rice 

cultivars with durable and broad-spectrum resistance against Xoo is the most effective, economical, 

and sustainable way to control this disease. Previous studies showed that Xoo hijacks three rice 

sucrose transporter-encoding genes, including OsSWEET11, OsSWEET13 and OsSWEET14 to 

access the nutrient. Specific editing of the effector binding elements on three SWEET promoters 

provided broad-spectrum resistance against Xoo strains. Here we showed an accumulative update 

on the editing of SWEETs in two Asian rice cultivars (IR64, Ciherang-Sub1) and an African rice 

cultivar (Komboka) done by the Healthy Crops consortium. The edited rice lines have

broad-spectrum resistance against Xoo strains worldwide and have great potential for broad 

deployment. However, the durability of this approach will depend on the ability of Xoo to adapt to 

recessive resistance alleles. Hence, monitoring the pathogen population in the area and developing 

a pathogen-informed deployment strategy is crucial. We advanced PathoTracer as a GIS-based tool 

incorporating pathogen monitoring and resistance profiles in order to provide a recommended 

deployment strategy for bacterial blight resistance cultivars in Asia and Africa
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In rice, crown roots (CR) are responsible for many important roles, such as root system expansion,

water and mineral uptake, and adaptation to environmental stresses. Phytohormones such as auxin,

cytokinin, and ethylene are known to control crown root initiation and development in rice.

However, the role of Jasmonic acid (JA) in crown root development remained elusive. Here, we 

report that JA promotes CR development by regulating OsGER4, a rice Germin-like protein. Root 

phenotyping analysis revealed that exogenous JA treatment induced an increase in CR number in a 

concentration-dependent manner. A subsequent Genome-Wide Association Study (GWAS) and 

gene expression analyses pinpointed a strong association between Germin-Like Protein OsGER4 

and the increase in CR number under exogenous JA treatment. ProGER4::GUS reporter line 

analysis showed that it is a hormone-responsive gene involved in various stress responses, mainly 

confined to epidermal and vascular tissues during crown root primordia development, and to 

vascular bundles of mature crown and lateral roots. Notable changes in OsGER4 expression 

patterns caused by polar auxin transport inhibitor NPA supports its connection to auxin signaling. 

Phenotyping experiments with OsGER4 knockout mutants confirmed that this gene is required for 

CR development under exogenous JA treatment. Overall, our results provide important insights 

into JA-mediated regulation of crown root development in rice.

Keyword: Germin-like protein, GWAS, Jasmonates, Oryza sativa (rice), crown root
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Phosphorus is one of the macronutrients in plants, and its availability is often a determinant for 

plant growth rate. Since plants acquire phosphate (Pi) in soils as phosphorus sources, we conducted 

a Genome-Wide Accession Study based on different Pi uptake activities of Arabidopsis accessions 

to identify critical factors involved in phosphorus acquisition. The result suggested that a 

chloroplastic Sec14-like protein AtPIPT7 is associated with Pi uptake ability. Therefore, the 

possibility that chloroplastic Sec14-like proteins are involved in regulating Pi uptake activity was 

investigated by generating Arabidopsis and rice plants inactivating or overexpressing AtPIPT7 or 

its rice homolog OsPIPT6. Analyses of their phenotypes and Pi uptake activity under different Pi 

conditions revealed that AtPIPT7 and OsPIPT6 are critical for controlling Pi uptake and plant 

growth under both Pi-sufficient and -deficient conditions. Furthermore, the analyses revealed that 

overexpression of AtPIPT7 and OsPIPT6 enhances Pi uptake and plant growth, especially under 

low Pi conditions. Significantly, we also found that overexpression of OsPIPT6 increases the tiller 

number and grain yield in rice. By LC-MS-based lipid profiling, we also show that the inactivation 

of OsPIPT6 modifies the accumulation pattern of phospholipids and glycolipids, especially under 

low Pi conditions. Therefore, we conclude that as chloroplast Sec14-like proteins are essential in 

maintaining Pi homeostasis in response to changes in Pi availability in plants, their expression 

levels affect Pi uptake activity. Our results also suggest that overexpression of OsPIPT6 may be 

useful for improving Pi uptake and growth in low Pi environments in rice.
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Carotenoid oxidative cleavage gives rise to important metabolites, called apocvarotenoids, which 

include precursors of the plant hormones abscisic acid and strigolactones, besides a set of growth 

regulators and signaling molecules. Recently, we identified the apocarotenoid zaxinone as a novel 

regulatory metabolite that determines shoot and root growth and architucture, and is involved in 

establishing the symbiosis with mycorrhizal fungi. Rice mutants affected in the genes encoding 

Zaxinone Synmthase (ZAS) 1 and 2, which contribute to zaxinone biosynthesis in planta, show 

retarded growth, dcreased tillering and lower mycorrhization efficiency, indicating that both genes 

are required for normal rice growth and development. Several of the phenotypes caused by 

disrubtion of OsZAS1 and OsZAS2 could be rescued by exogenous application of zaxinone. A 

combined metabolomics and trabscriptomics study revealed that zaxinone increased root sugar 

metabolism, photosynthetic efficiency, cytokinin glycosylation, besides reduction in strigolactone 

biosynthesis. The combination of these effects gives rise to improved growth, which we also 

detected at cellular level in rice roots. To pave the way for zaxinone application in agriculture and 

horticulture, we developed mimics of Zaxinone (MiZax), which showed very promising results in 

field trials performed with different crops. Finally, overexpression of ZAS genes in rice led to a 

striking increase in tillering, biomass and yield. This talk summarizes the results obtained with 

zaxinone and its synthases, and depicts their potential for improving the performance of rice and 

other crops.
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Rice is the staple food for more than half of the world population, which is growing fast and 

demands higher crop yields. To improve yield, it is important to better understand the molecular 

mechanisms underlying plant response to light, a key determinant of growth and development. 

Phytochromes (Phys), the red/far-red light photoreceptors, play an important role in plant 

architecture, stress tolerance, and productivity, and Phytochrome-Interacting-Factors (PIFs) act as 

central hubs in the integration of external stimuli to regulate plant development (Cordeiro et al., 

JXB2022). We have produced CRISPR/cas9 knockout mutants for all rice PIFs and Phys and 

investigated how they are involved in different stages of rice development. We have, for instance, 

shown that OsPIF15 and OsPIF16 are the main PIFs regulating coleoptile growth in the dark and 

are also involved in the regulation of de-etiolation. OsPIL15 and OsPIL16 work together to 

regulate rice coleoptile elongation and to repress light-induced genes. We have also shown that 

phyB plays an essential role in the regulation of rice flowering time by the photoperiod through the 

Evening Complex (EC) (Andrade et al., PNAS2022). Rice mutants in the EC genes LUX 

ARRYTHMO (LUX) and EARLY FLOWERING3 (ELF3) paralogs do not flower, as EC directly 

binds and suppresses the expression of flowering repressors, including PRR37 and Ghd7. We also 

demonstrated that light acts via phyB to cause a rapid and sustained post-translational modification 

of ELF3.1, thus modulating its activity and consequently flowering time. These results will be very 

useful for future breeding programs.
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Plants requires lights, water, and mineral nutrients for their growth. Three tropisms, i.e., 

phototropism, gravitropism, and hydrotropism discrbed by Darwin in the 19th century allows plants 

to acquire light and water in the chaniging environments. In contrast, there has been no 

experimental demonstration of tropism towards mineral nutrients. Mineral nutrients in soils are in 

most cases unevenly distributed and the distribution changes over time. Recently, we have 

described the first experimental evidence for tropism toward nutrients (Yamazaki et al, Plant Cell 

Physiology 2020). In this study, we generated experimental system to expose roots to nutrient 

gradients and observed changes in the direction of root elongation depending on the nutrient 

gradient. We termed this phenomenun as nutritropism. In our initial experiments, MS salts are 

used to create nutrient gradient. We then examined components of MS salts required for

4nutritropism. We found that NH + is required for nutritropism, but not other components. We also

found that in a certain cultivar, main roots also exhbits nutritoripsm and NH + is the major4

attractant while phosphate has an important supportive role in manifestation of nutritropism

(Yamazaki and Fujiwara, Plants 2022). We also noticed difference in nutritropsm among cultivars 

and mutants. In the present presentaion, we will describe our current undestanding of 

physiogloical and molecular biological/genetical characterization of nuitritropsm in rice.
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Rice is unique in its ability to germinate and elongate its coleoptile in response to submergence 

stress compared to other crops that fail to germinate under such conditions. However, the rate of 

germination and coleoptile elongation varies from genotype to genotype. Therefore, to elucidate 

the unique transcriptional mechanism that regulates differences in coleoptile elongation, an ab 

initio approach was used to reveal the promoter architecture and possible transcriptional regulation 

of rice genotypes from diverse backgrounds which have different rates of coleoptile elongation to 

reach the surface of water for shoot and root initiation in response to submergence tolerance. The 

putative cis-elements and their associated transcription factors provide useful information on the 

crosstalk between transcription factors and phytohormones. The results suggest that the 

endogenous ABA level could be acting as an on-off switch regulating in a spatio-temporal manner 

to activate/repress other TFs and hormonal signaling pathways during germination and coleoptile 

elongation. Co-ordination of both auxin-BR response could be regulating coleoptile elongation.

TFs such as MYB3Rs, TSO1, TCX2/SOL2, TCX3/SOL1 and ASHR1 could potentially be 

involved in epigenetic regulation of coleoptile elongation. The information derived from the 

current in silico analysis can potentially guide in developing new emerging rice genotypes for 

direct seeding.
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The impacts of global climate changes have been spreading all over the world for several decades, 

leading to several environmental changes such as global warming, soil salinity, drought and 

flooding. These drastic changes greatly affect the developmental processes of all living organisms, 

especially sessile organisms like plants, forcing them to quickly adapt to the stresses, or otherwise 

face a great risk of extinction. Soil salinity is considered as one of the most concerning problems 

for worldwide agriculture, making it unsuitable for growth and development of crops including rice 

which is one of the main exports of major agricultural products of Thailand. In this study, we 

explored new candidate genes involving in salt-responsive pathways in rice cultivars, by 

investigating multiple quantitative trait loci mapping datasets of the Chromosome Segment 

Substitution Line (CSSLs) populations, to find the common and unique salt-responsive QTLs 

related to different physiological traits involving salt stresses in rice. We also gathered and 

combined publicly available transcriptomic datasets, and asked whether the salt-related candidate 

genes identified by the CSSL studies tend to show differential expression characteristics in 

different salinity conditions, as compared to controls. The candidate genes that are linked to 

salinity will be validated using their orthologous genes in Arabidopsis. We expect that this work 

will contribute new insights and salinity-related candidate genes and their potential functions in 

mitigating the stresses.

Keyword: Quantitative Trait Loci (QTL) mapping, Chromosome Segment Substitution Line 
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Nitrogen (N) is an important macronutrient for plant growth and development. Currently, N 

fertilizers are required for the efficient production of modern rice due to their limited capacity to 

take up N when present at low concentrations. Studies have shown that wild rice species serve as 

useful genetic resources for improving cultivated species responses to abiotic stresses. We 

identified introgression lines (ILs), KR37 and KR8, that carry a small region of the Oryza 

rufipogon genome in the O. sativa L. cv Koshihikari (KH) background. These lines were found to 

grow better under low N conditions and have similar or lower C/N ratios in aerial portions 

compared to those in the parental KH cultivar, suggesting that they have a higher capacity to take 

up and assimilate N when present at low concentrations. The ILs performance in the field was also 

better than that of KH cultivated without N and fertilizer (-F). Transcriptome analyses based on 

RNA-seq revealed that KR37 induced a relatively fewer suite of genes than KH in response to low 

N conditions. Some ammonium transporters and N assimilation genes such as OsAMT1;2, 

OsGOGAT1, OsGLN1;2 were found to be maintained at a high expression level under low N in 

KR37 but not in KH. Our findings suggest that the superior growth performance of KR37 under 

limited N conditions could be due to expression of wild alleles influencing N uptake and 

assimilation. Our study demonstrates the potential to use wild rice genomes to improve modern 

crops for low nutrient tolerance
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Proteolytic activation of membrane-bound transcription factors is crucial for the rapid 

transcriptional responses to environmental stresses in plants, but it is not yet well understood in 

crops. Here, we show that rice (Oryza sativa) NAC (NAM, ATAF1/2, and CUC2) transcription 

factor ONAC054 plays an important role in the ABA-mediated promotion of leaf senescence and 

environmental stress responses. The onac054 knockout mutants maintained green leaves, while 

ONAC054-overexpressing (OX) plants exhibited early leaf yellowing under dark- and

ABA-induced senescence conditions. In addition, ONAC054-OX seedlings exhibited a tolerance 

phenotype under dehydration stresses. Chromatin immunoprecipitation and protoplast transient 

assays showed that ONAC054 directly activates ABA INSENSITIVE5 (ABI5) and 

TRANSCRIPTION FACTOR RESPONSIBLE FOR ABA REGULATION 1 (TRAB1), encoding

an ABA-inducible bZIP transcription factor, and NON-YELLOW COLORING1 (NYC1), 

encoding a chlorophyll catabolic enzyme, by directly binding their promoters. ONAC054 activity 

is regulated by proteolytic processing of the C-terminal transmembrane domain (TMD). We found 

that the nuclear import of ONAC054 requires cleavage of the C-terminal TMD that occurs in the 

presence of ABA. Furthermore, the ONAC054 transcript (termed ONAC054?) has an alternatively 

spliced form (ONAC054?), with seven nucleotides inserted between intron 5 and exon 6, leading to 

the premature stop codon in the upstream of TMD. These findings demonstrate that the activity of 

ONAC054, which is important for ABA-mediated leaf senescence and environmental stress 

responses in rice, is precisely controlled by multilayered regulatory processes1. 1Sakuraba et al. 

(2020) The Plant Cell, 32: 630-649
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Beneficial bacteria including Streptomyces enhance plant growth and stress tolerance through plant 

growth promoting (PGP) traits particularly, 1-aminocyclopropane-1-carboxylate (ACC) deaminase 

(encoded by acdS). In this work, an endophytic Streptomyces expressing acdS in planta was 

evidently increased salt tolerance of rice by reduction of ethylene, scavenging ROS, balancing ion 

content and osmotic pressure. Expression profiles of stress responsive genes in rice in association 

with the endophytes were correlated to the physiological characteristics. In contrast, acdS mutant 

showed no beneficial effect to rice. Moreover, ACC deaminase-overexpressing mutant did 

significantly boost more growth and salt tolerance in rice than those of wild type. Transcriptome 

profiling revealed that endophytic Streptomyces induced changes in expression of rice genes and 

its transcription factors involved in growth and development, photosynthesis, plant hormones, ROS 

scavenging, ion transport and homeostasis, and plant-microbe interactions. Altogether the results 

strongly supported that ACC deaminase-producing endophytic streptomycetes enhance growth and 

alleviate salt tolerance of rice.
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Plant hormones regulate growth and development and play an important role in the response 

mechanism under abiotic stress. In this study, we characterized the function of cytokinin signaling 

type-A response regulators, OsRR6 and OsRR11, in response to salinity stress. In this experiment, 

the CRISPR/Cas9 gene-edited Osrr6/11 mutant was generated and had a more sensitive phenotype 

than the wild type under salt stress. Compared with the wild type, more sodium ions and hydrogen 

peroxide accumulate. Its cell membrane stability and antioxidant enzyme activity are also worse 

than the wild type. Gene expression analysis revealed that OsRR6 and OsRR11 may be involved in 

regulating sodium ion transport, changes in cytokinin content, and abscisic acid-dependent and 

independent pathways under salt stress. Using Osrr6 and Osrr11 single mutant strains, we found 

that OsRR11 plays the primary role in regulating salt tolerance compared to OsRR6. After 

recovery from salt stress, the Osrr6/11 mutant had fewer adventitious roots than the wild type. By 

external application of cytokinin oxidase inhibitor and abscisic acid, Osrr6/11 mutants form fewer 

lateral roots and lower lateral root density than the wild type. The results suggested that OsRR6 

and OsRR11 negatively regulate abscisic acid sensitivity and endogenous cytokinins to inhibit root 

development. The results suggest OsRR6 and OsRR11 act as positive regulators of salt tolerance 

under salt stress.
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DNA sequencing technologies now considerably facilitate the characterization of genetic diversity 

in important species. Rice (Oryza sativa) genomic resources are abundant and many genes related 

to agronomic traits have been studied and characterized. However, elite germplasm is generally not 

thoroughly genomically characterized, which reduces the possibility of effectively exploiting 

genome information to develop new varieties. In this study, we focused on IRRI's irrigated rice 

breeding program to describe genetic diversity among current elite germplasm. We resequenced 

124 advanced lines representing the diversity of the breeding program. This dataset was combined 

with 254 accessions representative of the diversity within the 3,000 rice genomes. About 5.4 

million SNPs were obtained for analysis. Several regions displayed low nucleotide diversity within 

the elite panel. As expected the elite panel was similar to Xian/indica but PCA analysis revealed 

differences along the genome. More than a hundred genomic regions involved in this 

differentiation were recorded. They ranged from a few kilobases to several megabases, spanning 

approximately 10% of the whole genome. Some highlighted historical introgression and selection 

from circum-aus and Geng/japonica subpopulations. Others displayed atypical patterns, where 

elite materials bore haplotypes absent from common subpopulations. Their origin remains to be 

characterized, in relation to passed base-broadening and introgression programs. These fractions of 

the genome may be rich in genes and exotic alleles underlying important traits. These results and 

genomic information provide important resources for managing diversity in breeding populations 

and for exploring genetic factors involved in crop adaptation and performance.
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Rice is the predominant dietary energy source for more than half of the world’s population. 

However, climate change jeopardizes global rice production hence there is an urgent need to breed 

climate smart rice varieties. A subset of the MAGIC indica population was evaluated for 

agronomic, yield, grain quality and nutritional traits at 12 different locations across Asia, Africa, 

and Latin America from 2018 to 2020. Statistical analysis showed large variation for all the traits. 

The multi-location analysis revealed genotypes viz; IR13V902, IR13V715, IR13V998 and 

IR13V1396 as stable and high yielding. The Genome Wide Association Study (GWAS) revealed 

97 and 100 quantitative trait nucleotides (QTNs) for flowering and plant height, respectively, with 

consistent MTAs for flowering on chromosomes 3 and 6, and for plant height on chromosome 1. 

GWAS identified QTNs associated with OsNAS3, OsYSL14, OsMOT1, OsYSL2 for different 

minerals, while OsSSIIa and OsWx were consistently associated with grain quality. The 14 most 

significant environmental covariables (EC), like minimum air temperature (T2M MIN), 

precipitation (PRECTOT), and others affecting traits (flowering, height, and yield) at various crop 

stages, were found to be the main contributors to the variations in genotype responses across 

different locations/seasons. GWAS using reaction norm parameters to EC identified 79 QTNs for 

phenotypic plasticity. The results will be useful for developing climate smart and nutritious rice 

varieties.

O-S7-02

http://www.isrfg2022.org/


Climate-ready Rice by Marker-assisted Backcrossing

www.isrfg2022.org | Ref NO. 731 | Page 1/1

Jampa Thanyalak 1 , Siangliw L. Jonaliza 2 , Malumpong Chanate 1 , Jamboonsri Watchareewan 2

1.Department of Agronomy, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University, Kamphaeng Saen  

Campus, Nakhon Pathom 73140, Thailand.

2.Innovative Plant Biotechnology and Precision Agriculture Research Team, National Center for Genetic 

Engineering and Biotechnology (BIOTEC), National Science and Technology Development Agency (NSTDA),

Pathum Thani 12120, Thailand.

Extreme climate occurs more often in every region of the world. Heat stress affects plant 

development especially at the reproductive stage which usually results in yield loss. This research 

is an attempt to incorporate spikelet fertility trait under heat stress into an improved aromatic rice 

line ‘RGD’ with submergence tolerance, blast resistance, bacterial leaf blight resistance and 

brown planthopper resistance. The introgression of the heat tolerant allele from the well-known 

‘Nagina-22’ variety (N22) was initiated by a cross between RGD and N22. Marker-assisted 

backcrossing was carried out using nineteen high-throughput markers until BC2F3 population was

obtained. Sixteen BC2F3 lines carrying all homozygous foreground targeted loci were selected. The 

selected lines were evaluated for heat tolerance at the flowering stage and spikelet fertility (SF) 

was used as the heat-tolerant index. All selected lines had 22-34% SF higher than RGD at 22-37°C 

in natural field condition. The SF of six selected lines was found to be 30-42% higher than RGD at 

30-52°C in the greenhouse condition. The results show that N22 allele can restore SF in this 

background suggesting the effectiveness of the newly developed heat tolerance markers.

Evaluation of other desirable traits were also done. Background genotyping and plant type 

selection are being conducted to select the best lines for further trials. These improved lines were  

bred in preparation for unexpected climate conditions including heat, flash flooding and 

outbreaking of disease and insect pests.
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High Iron and Zinc rice (HIZR) was developed to express increased iron and zinc levels in the 

grain as a complementary effort to address Fe and Zn deficiency in populations consuming high 

quantities of rice. Part of the assessment involves characterizing the inserted DNA and 

evaluating the potential for newly expressed proteins to induce allergic reaction/toxicity.

Molecular characterization were conducted to determine integrity of the gene expression 

cassettes, stability, insert number, and absence of plasmid backbone sequences. Southern 

hybridization and nucleotide sequencing showed that a single copy of transfer-DNA without 

additional plasmid sequences was inserted at a single site within the rice genome and was inherited 

over multiple generations as a single genetic locus. The protein safety evaluation followed a 

“weight of evidence” approach that considered the history of safe use, biochemical function, amino 

acid sequence similarity to allergens/toxins, in vitro digestibility, and heat stability. The rice 

nicotianamine synthase, apple ferritin, which were introduced to elevate transport and storage of Fe 

and Zn in the rice endosperm, did not display meaningful amino acid sequence similarity with 

allergens or toxins, were rapidly digested in simulated gastric fluid containing pepsin, and their 

enzymatic activities were completely destroyed following treatment at temperatures well below 

those used during cooking. The lack of any hazards associated with the expressed proteins in 

HIZR, in combination with molecular and compositional analyses, would provide assurance that 

biofortified iron and zinc rice which is planned to be stacked with Golden Rice, is as safe as 

conventional rice.

Keyword: nicotianamine synthase, ferritin, allergen, toxicity
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Rainbow rice varieties, derived from the cross-breeding between the solid purple-leaf Kam Hom 

Nil and the white-striped leaf JHN mutant, exhibit various leaf colours, including cherry red, 

pink-white, and white-green. All Rainbow rice varieties developed white-striped leave before 

accumulating arrays of anthocyanins in cherry red and pink-white rice varieties. This unique leaf 

pigmentation enhances the Rainbow rice's potential as an attractive landscape plant, a rich source 

of nutrients, and ideal genetic materials for studying chloroplast development and pigment

metabolism. In this study, the leaf transcriptomes of three Rainbow rice varieties, including cherry 

red, pink-white, and white, were analyzed and compared with a solid green-leaf variety. We 

identified common differentially-expressed genes between a solid green-leaf variety and other 

Rainbow rice varieties. These genes play roles in chloroplast structure/development, including 

photosynthetic reaction center protein, an ortholog of Arabidopsis photosystem I P subunit, 

chlorophyll A-B binding protein, dynamin family protein (OsARC5), nuclear ribonuclease Z 

(tRNase Z), ribonucleoside-diphosphate reductase small chain (OsRNRS1), and chloroplast 50S 

ribosomal protein L16. Changes in the expression of these genes were found in all rainbow rice 

varieties. Transcriptome analysis also revealed the differential expression of genes in the flavonoid 

pathway among three Rainbow rice varieties and a solid green-leaf variety. This result implies 

different metabolic flows in these varieties may contribute to distinct purple pigmentation.

Differential gene expression in three Rainbow rice varieties provides insight into molecular 

mechanisms underlying leaf colouration in Rainbow rice. It will be helpful for further developing 

molecular markers for precision breeding.
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Reduced representation sequencing, including Genotyping-by-Sequencing, is a

genotyping technique using next generation sequencing (NGS) with reducing sequence targets by 

taking reads only from the limited portion of a genome. The sequence reads generated via NGS are 

usually mapped onto a reference genome to call polymorphic cites. However, it is not so simple 

and easy to map reads harboring mismatches against the reference. Those mismatching reads 

potentially result in mismappings and mappablity biases and then lead detection of error prone 

markers that give us wrong genotype information. To eliminate the error prone markers, we 

established a genotype calling pipeline “Mappable-collinear-polymorphic tag genotyping 

(MCPtagg)” and developed an R package “MCPtaggR” providing functions for the pipeline. The 

current MCPtaggR only accepts a biparental population and requires genome sequences of both 

parents. Our test using real data obtained from a rice tetraploid population, which segregates Oryza 

sativa (Asian rice) and O. glaberrima (African rice) genome segments, demonstrated the 

superiority of MCPtagg over the conventional genotype calling pipeline. In addition, if the genome 

sequence is not available for one of the parents, one can use “X-nized genome” that is obtained by 

converting an available genome sequence into another based on whole-genome resequencing data. 

Genotyping via MCPtagg also outperformed the conventional pipeline even with an X-nized 

genome in our test on real data of an F2 population derived from an indica x japonica cross.

MCPtagg could provide high quality genotype information even for populations derived from a 

distant cross. MCPtaggR is now available on https://github.com/tomoyukif/MCPtaggR.
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Rice is one of the oldest cereal grains and feeds more than half of the world's population. The 

Oryza genus includes 27 species, with 11 different genome types identified by genetic and 

cytogenetic analyses and is distributed across 5 continents (i.e., Asia, Africa, North America, South 

America, and Australia). Six genome types, including the domestic rice - O. sativa, are diploid, and 

the remaining 5 are tetraploids. Several studies have explored Asian and African Oryza species, 

whereas America’s Oryza has yet to be investigated thoroughly. Specifically, three tetraploid 

species contain the CCDD genome type (O. grandiglumis, O. latifolia, and O. alta), which arose 

less than 2 million years ago that are indigenous to Latin America. Thus, three platinum standard 

de novo assemblies have been generated and validated using Bionano optical maps in the Wing 

Lab. Accordingly, the three species were analyzed for genome annotation (i.e., Blast2GO), gene 

homology (i.e., Genetribe), transposable elements (i.e., EDTA), and structural variant content (i.e.,

SyRi) present in homoeologous chromosomes. These analyses will contribute to

understanding phenotype and physiological variation due to genome polyploidy. This work will 

also facilitate the study of the evolutionary divergence of the CCDD species, with the eventual goal 

of their neo-domestication.
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SUMOylation is a key post translation modification (PTM) in plants. This process has been 

reported as a critical regulator in plant development and response to abiotic and biotic stresses. The 

mechanisms of the SUMOylation are best known in the model organisms, Saccharomyces 

cerevisiae and Arabidopsis thaliana. The SUMOylation pathway consist of 5 main steps, 

maturation of SUMO proteins, activation of mature SUMOs by E1 ligase (e.g., SAE1a), 

conjugation of SUMO-E1 complex by E2 ligase (e.g., SCE1), ligation of SUMO complex with a 

substrate (target proteins) by E3 ligase (e.g., HYP2 and SIZ1), polySUMOylation (alternative) by 

E4 ligase (e.g., PIAL), and deSUMOylation by protease enzymes (e.g., ULP and Desi). To 

translate the information from model species to crop plants (i.e. Oryza sativa), we identified 

SUMOylation machinery genes in rice by querying the protein sequences of S. cerevisiae and A. 

thaliana against O. sativa genome (TBLASTN/BLASTP), searching for specific protein domains, 

and exploring the transcriptomics. In this preliminary work, we have uncovered six SUMO 

modifiers, seven (E1-E4) ligases, and over 20 proteases encoded genes in rice genome. The 

number of genes in rice are not comparable to genes in Arabidopsis, suggesting an 

expansion/reduction of SUMOylation genes and potentially leading to evolution of some distinct 

mechanism of rice throughout the evolution. The identified and improved gene models could be 

the starting point and resources for the study of the SUMOylation mechanism in rice and 

potentially be a target for gene editing in crop improvement.

Keyword: SUMOylation, post translation modification, Oryza sativa

P3

http://www.isrfg2022.org/


Expression profiles of OsNramp6 transcript variants involving in

Magnaporthe oryzae resistance and non-resistance of Vietnamese

rice cultivars

Phi Bang Nguyen2,3, Phuong Nguyen Doan Nguyen1 , Dat Xuan Hoang Vo2, Chau Bao Ngoc Nguyen4, Quoc Bao 

Nguyen1,2*

1. Research Institute of Biotechnology and Environment, Nong Lam University, Ho Chi Minh City, Vietnam

2. Faculty of Biological Sciences, Nong Lam University, Ho Chi Minh City, Vietnam

3. Thu Dau Mot University, Binh Duong, Vietnam

4. Faculty of Biotechnology, Ho Chi Minh City Open University, Vietnam.

Magnaporthe oryzae is considered as a devasting factor causing blast disease on rice cutivars and 

leading to rice yield loss in Vietnam and other rice-growing countries. The recent studies indicated 

that 30% hectares of rice area are affected by rice blast disease. MicroRNAs (miRNAs) are short 

non-coding RNAs which are related to plant development and biotic stress tolerance. In previous 

study, osa-miR7695 is one of the common miRNAs and its target OsNramp6 which are evaluated 

as factors can contribute to the pathogenic activity of different rice varieties.Up-regulation of

osa-miR7695 was observed in blast resistant rice cultivars in comparison with blast non-resistant 

rice cultivars. The OsNramp6 gene is a target for osa-miR7695, and considered a factor involved in 

rice immunity but scant evidence has demonstrated systematic expression profiles of OsNramp6 

transcript variants involving M. oryzae susceptibility and resistance of rice plants. In this study, a 

real-time qPCR (qRT-PCR) approach was used to evaluate the expression levels of eight 

OsNramp6 transcript variants in various Vietnamese rice cultivars. Results indicated that 

OsNramp6.1 and OsNramp6.4 transcript variants showed decreased expression levels at 24 hpi in

M. oryzae resistant rice cultivars and vice versa in the rice group of M. oryzae resistance, 

suggesting that both could be used as potential markers for discrimination between blast resistant 

and non-resistant Vietnamese rice cultivars. Identification of potential microRNAs in rice that 

contribute to the regulation of OsNramp6 transcripts-mediated facilitation of infection by M. 

oryzae has still to be confirmed for elucidating their roles in rice immunity against M. oryzae.
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Rice blast fungus (Pyricularia oryzae), widely distributes and damages rice-growing areas around 

the world, it is one of the most dangerous threats to the world's food security. The genetic diversity 

of the rice blast population in Thailand was investigated based on the genomic sequences of three 

avirulence genes, AVR-Pi9, AVR-Pik, and AVR-Pita1. Sixty rice blast isolates were collected from 

rice-growing areas around Thailand. Gene-specific primers were used to amplify and sequence 

these avirulence genes. The results showed that AVR-Pi9, AVR-Pik, and AVR-Pita1 were detected 

in all, 57 and 23 isolates, respectively. Different avirulence genes have different levels of genetic 

variation: AVR-Pi9 and AVR-Pik genes have relatively low genetic diversity. In contrast,

the AVR-Pita1 gene has high genetic diversity. In two rice blast isolates, AVR-Pi9 sequences 

showed evidence indicating a potential movement of this isolate from Japan to Thailand. Three 

AVR-Pik alleles were found, including AVR-PikA (3.51%), AVR-PikD (71.93%), and isolates with 

two copies of AVR-PikD and AVR-PikF (24.56%). AVR-PikA and AVR-PikF are virulent to Thai 

rice variety Jao Hom Nin. Six haplotypes of AVR-Pita1were identified with one deletion and 12 

amino acid substitutions. These genome adaptations will lead the pathogen to overcome host 

resistance. The finding provided useful information to predict the possible future adaptation of 

Thai rice blast isolates and lead to the development of a rice-blast-resistant breeding program.
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Rice blast fungus effector proteins encoded by avirulence (AVR) genes are secreted inside plant 

tissue during plant-pathogen interaction to decrease host defensive signals and to promote rice 

blast fungal development. AVR-Pi9 gene is dominantly present in Thailand rice blast isolates.

However, information on the regulatory elements of this gene is unknown. This study investigates 

the minimum AVR-Pi9 promoter by promoter truncation assay and found that the 200 bp located 

between -900 to -700 upstream of AVR-Pi9 ORF is essential for transcriptional regulation. This 

region was used as a biotinylated probe for protein-DNA pull-down assay to discover transcription 

factors that regulate the expression of the AvrPi9 gene and MoHOX6 (G4MRM6) was identified. 

To further investigate the correlation of the AVR-Pi9 gene with the transcription factor MoHOX6, 

we performed spray inoculation of M. oryzae wild?type KJ201 and the mutant ?MoHOX6 with 

Nakdong rice seedlings and then analyzed the expression level of AVR-pi9 gene at 0, 24, and 48 h 

post-inoculation (hpi). The result showed that in KJ201, AVR-Pi9 expresses the highest at 24 hpi, 

in contrast, AVR-Pi9 expresses the highest at 48 hpi in the mutant ?MoHOX6, suggesting that 

MoHOX6 accelerates the expression of AVR-Pi9. Moreover, the AVR-Pi9 promoter was fused with 

the luciferase reporter gene and transfected into rice protoplast. The result showed the expression 

of luciferase in the rice protoplast, suggesting that the AVR-Pi9 promoter can function inside the 

plant cell. This study provides the first insight into the function and regulation of the AVR-Pi9 

promoter of M. oryzae.

Keyword: avirulence gene, expression, Magnaporthe oryzae, promoter, rice blast, transcription 

factor
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Abstract

Rice, as a staple crop, is very critical for the world's food supply. Due to the sessile nature of the 

plants, rice is also affected by biotic and abiotic stresses. Bacterial leaf streak (BLS), one of the 

biotic stresses, is caused by Xanthomonas oryzae pv. oryzicola (Xoc) and is a devastating disease 

that threatens to rice production anually. Although effective utilization of host plant resistance 

genes is recommended, there are only a few resistance genes and defense-related genes that confer 

resistance to BLS. Here, whole-genome resequencing and QTL-seq approach were performed in an 

F2 population derived from the cross of Thai rice varieties between HCS-57-b8 (improved 

Homcholasit) and Niaw Dam Chaw Mai Pai 49. Thai Xoc isolate, 1NY2-2, was used for the 

identification of quantitative trait loci (QTL) that provide resistance to BLS. The QTL-seq 

approach identified a QTL region at the end of chromosome 3, harboring 138 single nucleotide 

polymorphisms (SNPs) with 59 candidate genes. These identified genes were annotated as 

functioning in abiotic/biotic stress tolerance, hormone signaling, and plant character development. 

Of these 59 genes, 3 genes were selected as potential candidate genes for BLS disease resistance in 

Thai rice as research has shown their involvement in other bacterial-related defense mechanisms.

Collectively, this study could provide insight into BLS resistance genes and their potential 

contribution to molecular breeding for BLS-resistant Thai rice varieties.

Keyword: Keywords: Bacterial leaf streak (BLS), Xanthomonas oryzae pv.oryzicola (Xoc), rice, 

resistant genes, Quantitative trait loci (QTL)
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Rice blast is the prevalent disease which is reduced rice production. Improving rice blast-resistant 

cultivars could prevent the yield loss caused by rice blast fungus Magnaporthe oryzae. Hahng Yi 

71 (HY71), a Thai glutinous landrace rice cultivar conferring board spectrum resistance. In a 

previous study, a major QTL qBL5-HY71(t) was discovered, located on chromosome 5 of

HY71 between RM164 and RM39 markers (19.1-28.5 Mb). The objective of our study is to narrow 

down the 9.4 Mb region of the qBL5-HY71(t) and to identify the corresponding resistance gene for 

rice blast resistance. Near isogenic lines (NILs) with the introgression of the qBL5-HY71(t) were 

produced via the backcross method using the RD6 rice variety as a recurrent parent. Whole 

genome resequencing of HY71 and RD6 was performed. Genetic variants between HY71 and RD6 

in the qBL5-HY71(t) region were identified. The results show 139,472 sequence variations, 

including 120,082 single nucleotide polymorphisms (SNPs) and 19,390 insertions/deletions 

(InDels). The effect of each variant on gene function was annotated using the SnpEff program. The 

variants were categorized into four groups according to their impact: high, moderate, low, and 

modifier. The high impact group was used to identify the putative function in defense response 

including nucleotide-binding site leucine-rich repeat (NBS-LRR) and bio-stress resistance

related-protein. Four candidate genes (Os05G0479700, Os05G0479800, Os

05G0474800, Os05G0474800) coded for the defense response gene, were identified. Gene 

expression patterns during rice blast infection and their functions will be examined and presented 

at the symposium.

Keyword: Hahng Yi 71; Rice blast; Rice blast resistant gene; Narrowing down
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Rice blast fungus, Magnaporthe oryzae, contains avirulence genes (AVR gene), which determine 

the virulence of the fungus. The identification of AVR genes is important for rice resistance variety 

improvement. AVR-Pik is one of the high-variant AVR genes that consists of six alleles namely: 

AVR-PikA, AVR-PikB, AVR-PikC, AVR-PikD, AVR-PikE, and AVR-PikF. Currently, breeders and 

plant pathologists identify the AVR genes and their alleles using the pathogenicity assay with the 

rice near-isogenic lines (NILs) or the PCR amplification and AVR gene sequencing. Both methods 

are laborious and time-consuming. This study aims to develop a simple method for AVR gene 

identification using different AVR-Pik alleles as a model. CRISPR-Cas12a system was used by 

deciding specific crRNAs, Cas12a enzyme, FQ-labeled reporter, and target DNA of different

AVR-Pik alleles at 37 degree celcius for 5 minutes. The fluorescence signal was visualized by the 

naked eye under an LED transilluminator, and fluorescence intensity was measured under a

real-time PCR machine. The results show that different AVR-Pik alleles can be identified by the 

combination of crRNAs. The sensitivity of this method was limited to 2 ng/ul of DNA target. The 

easy DNA extraction method, RPA-assisted gene amplification, and optimization of the

CRISPR-Cas12a method for in-field use are in progress.
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Using resistance rice variety is the best strategy to control rice blast disease. Jao Hom Nin (JHN) is 

a Thai non-glutinous rice variety containing a broad-spectrum rice blast resistance gene, Pi7-J. In 

this study, 2,200 mutant lines from JHN fast neutron mutant population were screened using the 

rice blast fungal conidia suspension spray method. Two mutant lines (Mu316 and Mu12854) which 

still contained intact Pi7-J resistance gene showed a parial decrease in resistance. A whole-genome 

re-sequencing using Illumina NovaSeq 6000 was performed on JHN and both mutant lines and 

total clean reads of 50,528,316, 74,795,519, and 70,619,087 were generated respectively. The 

mapping percentage of reads against the Nipponbare genome (IRGSP-1.0) are 98.07, 98.36, and

95.35. After calling the SNPs and InDel variations, the annotation was done using the SnpEff 

program. To further screen for the candidate genes involve with defense response in JHN, a 

minimum length of 10 base pairs InDel, when compared between JHN and mutant lines, was used 

as the criterion and 592 candidate genes were obtained. Of which, candidate genes with high 

impact effect were further screened. Cloning and characterizing of the short list candidate genes 

are in progress.
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Xanthomonas oryzae pv oryzae (Xoo) is the pathogen responsible for causing bacterial leave blight 

(BLB) in rice plants, one of the most devastating disease that affect rice production around the 

world, which is commonly observed during the tillering stage. This research aimed to identify a 

novel SNP associated with the bacterial blight resistance gene using a genome-wide association 

study (GWAS). GWAS was conducted on 200 indica rice accesstions against seven Xoo isolates.

TASSEL program version 5.0 was used to identify highly significant SNPs when the site data on 

the SNPs were filtered by >5% minor allele frequency (MAF) and 75% call rate. In order to 

calcalate genetic effects as random cofactors, the mixed linear model (MLM) was used. Based on 

the genotyopic data derived from 406,083 SNP loci, 138 highly significant associated SNPs were 

identified and selected for gene annotation. To select candidate resistance gene, the NBS-LRR 

region and genes related to disease resistance mechanisms were considered. SNP: S4_31662020 

(LOC_Os04g53160.1), an NBS-LRR disease resistance protein on chromosome 4, S11_5223765 

(LOC_Os11g09780) on chromosome 11, and S7_8465899 (LOC_Os07g14820), a leucine-rich 

repeat region on chromosome 7 were identified as potential novel resistance gene candidates. They 

will be new genetic resources for developing DNA markers for bacterial leaf blight resistance 

breeding programs.
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Rice blast disease, caused by Magnaporthe oryzae, is one of the most severe diseases of rice. It is 

one of the most damaging crop diseases, reducing the global rice yield by 10–30%. The

effector AvrPi9 of M. oryzae has a virulence function in rice. However, the mechanism underlying 

its virulence in the host is not fully understood. In this study, the rice target proteins of

AvrPi9 effector extracts from healthy rice and inoculated rice were identified by protein-protein 

pull-down assay. Mass spectrometry (MS) was used to identify the candidate proteins from the 

elution fractions. Our findings show that 62 proteins were present, of which 24 were present only 

in healthy rice, 25 were present only in infected rice, and 13 were common to both healthy and 

inoculated rice samples. Interestingly, NB-ARC domain-containing protein (encoded by 

LOC_Os10g03670 gene) shows promise as a target for the AvrPi9 effector. Several studies have 

reported that this protein contributes to the resistance of plants to diseases. This

result highlight that NB-ARC domain-containing protein may important role as a disease resistance 

protein when rice blast fungus delivers effector proteins into rice cells. The validation of the 

binding between AvrPi9 effector and this protein is in progress.

Keyword: NB-ARC domain-containing protein; AvrPi9; protein-protein pull-down assay
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Rice blast disease, caused by the fungus Magnaporthe oryzae, is one of the most important diseases 

of rice production worldwide and causes tremendous yield losses in rice production annually. A 

cost-effective and environmentally friendly method of controlling blast disease is using a resistant 

rice cultivar. Information on both resistance genes in rice germplasm and avirulence gene in rice 

blast fungus population is important. Pathogens’ rapid adaptation will drive the natural selection of 

resistance genes in rice cultivars. In this study, the genetic variation of the effector gene, AvrPi9 of 

the rice blast fungus population in Thailand, was investigated. Moreover, rice blast resistance (R) 

genes, Pi9 were screened by PCR technique using gene-specific markers in 451 rice varieties from 

around the world (363 Thai landrace rice varieties, 21 Thai improved rice varieties, 43 Japanese 

rice varieties and 24 worldwide rice varieties). The results showed that 98.88% (176/178) 

examined Thailand’s blast population containing the AvrPi9 gene. Additionally, no sequence 

variation was observed in the AvrPi9 gene sequence of 176 rice blast isolates. On the other hand, 

the rice blast resistance gene, Pi9 was found at 49.73% (183/368) in Thailand landrace rice 

varieties, 72.09% (31/43) in Japanese rice varieties, and 66.67% (16/24) in the international rice 

varieties. Our finding reveals the conservation of the AvrPi9 gene in almost all Thailand rice blast 

fungus isolates. The information on both AVR and R genes obtained from this study will be 

beneficial to rice blast-resistant breeding programs in the future.

Keyword: Rice blast, Magnaporthe oryzae, AvrPi9, Pi9, Rice
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Bacterial leaf blight (BLB) caused by Xanthomonas oryzae pv. oryzae (Xoo) is one of the most 

economically damaging diseases on rice crops worldwide. This study uses genome-wide 

association study (GWAS) data, previously studied in 222 Thai rice accessions against 20 Xoo 

isolates to identify the candidate genes involved in BLB resistance and defense response. The 

genomic regions spanning 500 kb on both sides of significant single nucleotide polymorphisms 

(SNPs) were annotated using the SNPEFF program. A total of 93 candidate genes from 9 rice 

chromosomes were selected for the expression analysis by RT Real-time PCR. From the 

expression analysis, two genes, LOC_Os01g66860 and LOC_Os011g40840 on chromosomes 1 and 

11 were significantly upregulated in Xoo inoculated rice plants. Gene sequences of both loci were 

downloaded and were both annotated as serine/threonine protein kinase. These candidate genes 

were selected for further functional characterization using the CRISPR-Cas9 technique. The gRNA 

specific to each gene were designed and used for vector construction. The vectors will be used to 

transform into rice callus for gene knockout and phenotypic evaluation of the transgenic lines will 

be performed.

Keyword: Bacterial leaf blight, Xanthomonas oryzae pv. oryzae, defense response, resistance gene,  

GWAS
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Ascorbic acid (AsA) or vitamin C is an antioxidant and plays a significant role in defense response 

in plants. GDP-D-mannose pyrophosphorylase (GMP or VTC1) catalyzes the production of

GDP-D-mannose, which is a precursor for AsA, glycoprotein, and cell wall polysaccharide 

synthesis. OsVTC1-1, OsVTC1-3, and OsVTC1-8 are three homologs of the OsVTC1 gene 

identified in rice. In this study, the role of OsVTC1-1 gene was examined during inoculation with 

rice blast fungus. Cell wall monosaccharides, photosynthetic efficiency, superoxide anion 

accumulation, and malondialdehyde (MDA) content were altered in OsVTC1-1 RNAi line after 

rice blast inoculation led to enhance disease resistance compared to the wild type. Furthermore, we 

identified genes and proteins that are involved in defense response as well as hormone synthesis 

and signaling pathways in OsVTC1-1 RNAi line after rice blast inoculation. According to our 

findings, OsVTC1-1 gene is important for resistance against rice blast fungus through a diverse of 

defense mechanisms, such as hormone synthesis and signaling pathways.

Keyword: ascorbic acid, GDP-D-mannose pyrophosphorylase, VTC1, Magnaporthe oryzae, rice 

blast
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Dirty panicle is an important disease affecting many rice-growing areas in Thailand. The disease

can cause mild to drastic yield losses and poor seed or grain quality. The pathogens causing dirty

panicle are several fungi, including Curvularia lunata and Bipolaris oryzae. Here, we used a

QTL-seq approach to identify QTLs associated with resistance to dirty panicle caused by C. lunata 

and B. oryzae. A representative isolate of each pathogen was used to screen 400 F2 progeny (RD47 

x DH103). Two bulks with extreme phenotypes, 25 plants in each bulk, were sequenced and 

subjected to QTL-seq analysis. Four QTLs associated with resistance to B. oryzae were identified 

on chromosomes 6, 9, and 10, and three QTLs associated with resistance to C. lunata were 

identified on chromosomes 3, 9, and 10. The QTLs on chromosomes 9 and 10 were found for 

resistance to both B. oryzae and C. lunata. Twenty-four KASP markers were developed to validate 

the identified QTLs. Four markers on chromosome 9 (DP_9_18493128, DP_9_19918713, 

DP_9_20080072, and DP_9_20857648) showed significant association with resistance to B. 

oryzae with PVE of 10.52%, 5.87%, 7.77%, and 8.56%, respectively. These markers explained 

resistance to C. lunata with PVE of 7.85%, 11.02%, 15.20%, and 14.02%, respectively. The 

marker DP_10_20653028 on chromosome 10 showed significant association with resistance to B. 

oryzae and C. lunata, with PVE of 13.59% and 10.90%, respectively. Several resistance genes 

were found within the significant QTLs on chromosomes 9 and 10, including LOC _Os09g34150 

(NBS-LRR), LOC_Os09g34160 (resistance protein), LOC_Os10g38800 (LRR protein kinase).

Keyword: Dirty panicle disease, QTL-seq, Curvularia lunata, Bipolaris oryzae
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During plant-phytopathogen interactions, fungi secrete effector proteins in the host cells to 

suppress the immune system and get an advantage for successful infection. Recently, a nuclear 

effector of Magnaporthe oryzae, MoHTR1, has been reported to be secreted into the rice nuclei to 

modulate host immunity via transcriptional reprogramming of defense genes. However, the 

regulatory mechanisms of in planta expression of MoHTR1 in M. oryzae has been remain 

unsolved. To identify the cis-elements controlling the transcription of MoHTR1, we performed a 

promoter truncation analysis in the promoter region of MoHTR1 with sGFP tagging. We found 8 

bp of cis-elements (TATTTCGT) by determining a promoter activity via measuring fluorescence 

intensity. Transversion substitution mutation of these 8-bp sequences led to reduced virulence of 

the fungal pathogen as much as the deletion of MoHTR1. Of 156 genes containing the same cis

-element sequences of MoHTR1 in the M. oryzae genome, we validated that Slp1, MoHDA1, and 

four effector candidate genes are expressed similar to MoHTR1. Furthermore, we revealed that in 

planta specific expression of Slp1 is regulated by the same cis-element of MoHTR1. To examine 

whether MoHTR1’s promoter can regulate expressions of other genes, we replaced the promoter 

region of MobZIP14, a transcriptional factor gene expressing during vegetative growth but not in 

the infection stage, with that of MoHTR1. We found that MobZIP14 was expressed during the 

infection stage with the promoter of MoHTR1. Our findings will provide comprehensive insights 

into regulatory mechanisms of fungal effector genes during plant-pathogen interactions.
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To increase rice production and improve traits related to yield should be a major focus of plant 

breeding efforts. These traits include durable disease resistance and abiotic stress tolerance. Marker 

assisted selection (MAS) is necessary in rice breeding for biotic and abiotic stress. To improve rice 

with blast resistance and drought tolerance, we develop backcross population from donor, 

RGD03068-MS2-MS9-B with drought QTL (DT-QTL8), and recurrent parent, Kaew Kaset with 

blast resistance. Two major blast QTL, qBL1 and qBL11, were used to select in BC1F1, BC2F1, 

BC3F1, BC3F2 and BC3F3. Blast resistance screening was evaluated in 102 selected lines of BC3F5 

population. The blast isolates collected from each region of Thailand were divided into 4 mixes.

The symptom score of 0 to 6 determines resistance to susceptibility. BC3F5 population showed blast

resistance for 4 mixes with the mean values of 2.94, 1.19, 1.90 and 2.25 for mix 1, 2, 3 and 4, 

respectively. To select rice with drought tolerant, the seven DNA markers for DT-QTL located on 

chromosome 8 covering 24.3 Mb to 27.9 Mb were used for selection in BC3F7. The 98 lines of 

BC3F7 were selected and screened under drought stress in field experiment. Yield under drought 

stress in BC3F7 decreased by 33% while donor parent, RGD03068-MS2-MS9-B decreased by 

48%and KDML105 decreased by 63%. These results indicated the used of MAS has a great role in 

plant breeding for increasing grain yield as well as biotic and abiotic stress tolerance of crops.
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Plant pathogens secrete effectors to facilitate infection by modulating the host immune system. 

Among the effectors secreted into plant cells, nuclear effectors are translocated in the host nuclei 

and interact with proteins and DNA to regulate various defense mechanisms. Nuclear localization 

sequence (NLS) is the most well-known factor in transporting proteins from cytoplasm to nucleus. 

However, molecular mechanism on NLS-associated transportation and the roles of NLS in the 

reprograming of host gene expression are not well understood. We previously reported that 

MoHTR1, a nuclear effector of the rice blast fungus, Magnaporthe oryzae, is translocated to rice 

nuclei but not in fungal nuclei. To identify plant-specific NLS, we used NLS prediction tools and 

found one non-classical NLS (PGRSKKE) in MoHTR1. We further identified that RxKK residues 

was important for the nuclear localization of MoHTR1. MoHTR1 NLS altered the localization of 

cytoplasmic effectors of M. oryzae from cytoplasm to nucleus in the host. Furthermore, nuclear 

effector candidates which have RxKK sequence were also localized in rice nuclei. SUMOylation 

was involved in the secretion and translocation of MoHTR1 to BICs and host nuclei. In addition, 

MoHTR1 NLS was important for pathogenicity of M. oryzae by reprograming of defense-related 

genes and was associated with transcriptional regulation of host target gene candidates. Taken 

together, our findings will shed light on the plant-specific NLS and the roles of nuclear effector 

NLS in pathogen-host interactions.
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Rice sheath blight is one of the most economically important rice diseases and is caused by the 

fungus Rhizoctonia solani Kühn. Sheath blight disease severity is measured through three disease 

components, namely lesion number (LN), maximum lesion length (MLL), and vertical sheath 

colonization (VSC). We have identified QTLs for these components and donor lines conferring 

disease resistance through genome wide association studies. With this, we performed a multiway 

cross to pyramid these QTLs to establish lines with durable resistance against sheath blight. In this 

study, 764 F1 lines were generated from the multiway cross, which were screened through artificial 

inoculation of R. solani LR1 isolate in microfield conditions. Selected resistant lines were used to 

generate F2 seeds and were again screened for resistance through detached tiller assay. A highly 

resistant line was obtained from the F2 lines which performed on par in two disease components 

(MLL and VSC) and better in one disease component (LN) than our Oryza rufipogon-derived 

resistant control. This demonstrates that pyramiding of QTLs linked to the different disease 

components contributes to generating lines with durable resistance, which in turn can be used in 

breeding for rice sheath blight resistance.
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Blast disease affect to a severe yield loss in rice production worldwide by the causative fungus 

Pyricularia oryzae. The broadly and highly resistance gene Pi7-J have been used in several rice 

breeding program in Thailand. However, the breakdown of resistance was observed in some 

planting areas. To close the gap of resistance failure, identification of correspond resistance gene is 

required. In this study, 111 varieties of Thai landrace rice were done a whole genome sequencing 

then compared with reference genome Japonica. A total of 13,695 SNP (MAF 5% and missing ?

10%) were used in association analysis with the average disease score validated by 2 virulence 

isolates specific to resistance gene Pi7-J, TH196036 and TRG1, under greenhouse condition. 

MLM analysis with PCA and Kinship by TASSEL software showed associated SNP on 

chromosome 2 at position 35,141,108 bp (LOD = 3.97) for TRG1 and chromosome 12 at position 

10,050,309 bp (LOD = 5.04) and 12,650,562 bp (LOD = 7.37) for TRG1 and TH196036,

respectively. These positions were located close to the cloned resistance gene Pib and Pita which 

correspond to the AvrPib and AvrPita found in TRG1 and TH196036. Therefore, the resistance 

gene Pib and Pita should be used to increase broad spectrum resistance in breeding lines carry 

Pi7-J by pyramiding method.
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The diversity and the pathogenicity of Pyriculia oryzae are highly diverse. AVR genes have been 

confirmed that it is evolve rapidly, leading to breakdown of the resistant rice cultivars. To 

investigated population diversity and to track the emergence of virulent pathotypes, WGS was 

employed in 108 blast fungal isolates collected in Thailand. These isolates were evaluated on 54 

varieties of rice differential set then 37 selected varieties (polymorphic phenotype ? 5% and 

missing data ? 20%) were analyzed with 37,455 SNP that derived from comparison of 108 

sequences and reference isolate 70-15 and filtering with 5% MAF and 30% missing data. The 

analysis was processed via MLM model with PCA and Kinship by TASSEL software. Association 

study shown that there were 320 peaks in 134 LD blocks from 7 chromosomes and 4 super contigs. 

Forty-four SNP that had GWAS’s LOD >3.5 and represented LD blocks were developed to be 

molecular markers. Genotyping with 108 isolates shown 8 markers can explained pathotypes in 9 

rice varieties included IRBLa-C, IRBLks-S, IRBLb-B, IRBL11-Zh, LTH, CO39, KD-Pish-1,

KD-Pish-2 and KDML105. Three of these markers has position on genome near genes involved in 

pathogenicity mechanism from the Pathogen Host Interaction database (PHI-base) included MGG 

01227, MGG 01230, MGG 00345 and MGG 09676. These molecular markers from association 

study can be uses to track the pathogenicity and choose the suitable advanced breeding varieties for 

epidemic areas.
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Brown planthopper (BPH; Nilaparvata lugens Stål) is considered the most important rice pest in 

many Asian countries. Several BPH-resistant genes have previously been identified. However, 

there are few reports of genes specific for BPH resistance at the early seedling stage, a crucial stage 

for direct-seeding cultivation. In this study, we performed a QTL-seq analysis using two bulks (20 

F2 lines in each bulk) of the F2 population (n=300) derived from a cross of Rathu Heenati (RH) x 

HCS-1 to identify QTL/genes associated with BPH resistance at the early seedling stage. An 

important QTL was identified on chromosome 3 and Bph14 was identified as a potential candidate 

gene based on the differences in gene expression and sequence variation when compared with the 

two parents. All plants in the resistant bulks possessed the functional Bph14 from RH and all plant 

in the susceptible bulk and HCS-1 contained a large deletion (2703 bp) in Bph14. The functional 

Bph14 gene of RH appears to be important for BPH resistance at the early seedling stage of rice 

and could be used in conjunction with other BPH-resistant genes in rice breeding programs that 

confer resistance to BPH at the early and later growth stages.

Keyword: Oryza sativa (Rice); brown planthopper; QTL-Seq; resistance; marker-assisted breeding; 

Bulk-segregant analysis; BPH; Nilaparvata lugens Stål
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Flowering with proper timing is a crucial for successful cultivation. Thus, during domestication, 

the rice genome has evolved natural alleles of flowering genes which allow rice to adapt to broader  

areas. Here, we found natural alleles of CIRCADIAN CLOCK ASSOCIATED 1 (OsCCA1) by 

analyzing SNPs from the International Rice Genebank Collection Information System database.

Interestingly, rice varieties harboring japonica-type OsCCA1 flowered earlier than those harboring 

indica-type OsCCA1. Actually, japonica cultivar 'Dongjin' containing a T-DNA in OsCCA1 locus 

delayed flowering under both LD and SD. RT-qPCR analysis showed that mutation of OsCCA1 

upregulates the expression of OsPRR37 or DTH8 by repressing Ehd1-Hd3a/RFT1 pathway. In 

addition, OsCCA1 directly bound to the OsPRR37 promoter. Further surveys showed that natural 

alleles of OsCCA1 are evolutionary conserved in O. rufipogon, a progenitor of cultivated rice. Or-I 

and Or-III type, the ancestors of O. sativa indica and japonica harbored indica- and japonica-type 

OsCCA1, respectively. Taken together, our results indicated that OsCCA1 could be a 

domestication locus contributing to the geographic adaptation of cultivated rice.
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The anatomy of rice leaves is closely related to photosynthesis and grain yield. Therefore, 

exploring insight into the quantitative trait loci(QTLs) and alleles related to rice flag leaf 

anatomical and vein traits is vital for rice improvement. Here, we aimed to explore the genetic 

architecture of eight flag leaf traits using one single-locus model; a mixed-linear model (MLM), 

and two multi-locus models; fixed and random model circulating probability unification 

(FarmCPU) and Baysian information and linkage disequilibrium iteratively nested keyway 

(BLINK). We performed GWAS using 329 rice accessions of RDP1 with 700K single nucleotide 

polymorphisms (SNPs) markers. The phenotypic correlation results indicated that rice flag leaf 

thickness was strongly correlated with leaf mesophyll cells layer (ML) and thickness of both major 

and minor veins. All three models were able to identify several significant loci associated with 

these flag leaf traits. MLM was able to identify three non-synonymous SNPs located neaf 

NARROW LEAF 1 (NAL1) in association with ML and the distance between minor veins (IVD) 

traits. Several significant SNPs associated with the known gene function in rice leaf development 

and yield traits were detected by multi-model GWAS performed in this study.

Keyword: GWAS, rice, leaf thickness, vein size, vein density,
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A gene associated with upper secondary rachis branches boosts 

superior grains without incurring a grain quality penalty
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To address the future food security in sia, we need to improve the genetic gain of grain yield while 

ensuring consumer acceptance. This study aimed to identify novel genes influencing the number of 

upper secondary rachis branches (USRB) to elevate superior grains without compromising grain 

quality by studying the genetic variance of 310 diverse O. sativa var. indica panel using single- and 

multi-locus genome-wide association studies (GWAS), gene set analyses and gene regulatory network 

analysis. GWAS of USRB identified 230 significant (q-value < 0.05) SNPs from chromosomes 1 and

2. GWAS targets narrowed down using gene set analyses identified large effect association on an 

important locus having a superior haplotype contributing to increased USRB, branching density, and 

filled spikelets, along with relatively superior values of key grain quality parameters. Through 

haplotype mining, we further demonstrated the synergy of offering added yield advantage due to the 

superior haplotype of theUSRB-related gene in elite materials with low glycaemic index.

Keyword: panicle architecture, GWAS, yield components, genomics, grain quality

P26

http://www.isrfg2022.org/


Multiplex CRISPR/Cas9 and CRISPR/Cpf1 mediated targeting of 

the EPF and EPFL gene family in Rice
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The EPIDERMAL PATTERNING FACTOR (EPF) and EPF-LIKE (EPFL) gene family act to 

regulate stomatal development; however, their functions are not well characterized in rice (Oryza 

sativa). In this study, we used clustered regularly interspaced short palindromic repeats 

(CRISPR/Cas9 and CRISPR/Cpf1) technology to knockout (KO) the 11 EPF/EPFL genes in the 

rice cultivar IR64. Golden gate cloning was performed to assemble 2-4 gRNAs in a single CRISPR 

cassette, increasing the number of targets of the CRISPR system. Most of the OsEPF/EPFL KO 

lines generated no significant alteration in the leaf stomatal density of IR64. These results suggest 

that most of the OsEPF/EPFL genes do not directly regulate stomatal development in rice leaves, 

but may have roles in stomatal development in other parts of the rice plant, or roles other than 

stomatal development. This work demonstrates that multiplex CRISPR constructs can be used to 

perform more robust gene editing systems for generating knockout lines.

Keyword: CRISPR, Stomatal Density, Epidermal Patterning Factor/Epidermal Patterning Factor 
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A novel photoperiodic flowering regulator OsAIM1 induces 

flowering by activating the expression of Ehd1 in rice.
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Photoperiod acts as a major environmental cue that decides the timing of flowering in plants. In a 

short-day (SD) model plant rice (Oryza sativa), natural variation of photoperiod-associated floral 

regulators contributes to diversification of flowering time and adaptation to various photoperiods in 

a wide range of latitudes during domestication. Here, we identified that OsAIM1 participates in the 

regulation of photoperiodic flowering in rice. Two independent knock-out lines of OsAIM1 

displayed late-flowering under SD conditions. Moreover, overexpression of OsAIM1 results in 

accelerated flowering under SDs while delayed flowering under long days. The expression level of 

Ehd1, a flowering activator upstream of two rice florigen genes Hd3a and RFT1, was increased in 

OsAIM1-D. OsAIM1 acts as a transcriptional activator and binds to the promoter regions of Ehd1 to 

induce flowering. Transient expression assay using luciferase reporter system revealed that 

OsAIM1 activates the expression of Ehd1. Investigation of natural variation of OsAIM1 alleles 

among cultivated and wild rice varieties revealed that OsAIM1 has four haplotypes (OsAIM1a, 

OsAIM1b, OsAIM1c, and OsAIM1d) composed of three non-synonymous SNPs which were 

obtained during rice domestication. Among the four haplotypes, OsAIM1b confers late flowering 

compared with other haplotypes, suggesting a single SNP in OsAIM1b affects flowering time of 

cultivated rice. Moreover, a survey on geographic distribution of OsAIM1 haplotypes suggests that 

variation of OsAIM1 contributed to the regional adaptation of cultivated rice. Taken together, these 

results imply that OsAIM1 played a crucial role in wide regional adaptation of cultivated rice by 

fine-tuning photoperiodic flowering.

Keyword: Photoperiodic flowering, OsAIM1, rice (Oryza sativa), natural variation
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Overexpression of OsERF106MZ promotes root growth in rice 

seedlings by relieving the ABA-mediated inhibition of root growth
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Roots are essential for plant growth and have a variety of functions, such as anchoring the plant to 

the ground and absorbing water and nutrients. OsERF106MZ is a salinity-induced gene that is 

expressed in germinating seeds and rice seedling roots. However, the roles of OsERF106MZ in 

root growth remain poorly understood. Histochemical staining of ?-glucuronidase (GUS) activity 

in transgenic rice seedlings harboring OsERF106MZp::GUS indicated that OsERF106MZ is 

mainly expressed in the root exodermis, sclerenchyma layer, and vascular system. OsERF106MZ 

overexpression in rice seedlings leads to an increase in the length of primary roots (PRs). The 

expression of the abscisic acid (ABA) biosynthetic gene OsAO3 is downregulated in 

OsERF106MZ-overexpressing roots under normal conditions, while the expression of OsNPC3, an 

AtNPC4 homolog involved in ABA sensitivity, is reduced in OsERF106MZ-overexpressing roots 

under both normal and NaCl-treated conditions. Under normal conditions,

OsERF106MZ-overexpressing roots show a significantly reduced ABA level; moreover, 

exogenous 1.0 µM ABA application can suppress OsERF106MZ-mediated root growth promotion. 

Additionally, OsERF106MZ-overexpressing roots display less sensitivity to ABA-mediated root 

growth inhibition when treated with 5.0 µM ABA under normal conditions or exposed to

NaCl-treated conditions. Chromatin immunoprecipitation (ChIP)-qPCR and luciferase (LUC) 

reporter assays showed that OsERF106MZ can bind directly to the sequence containing the GCC 

box in the promoter region of the OsAO3 gene and repress its expression. OsERF106MZ may play 

a role in maintaining root growth for resource uptake when rice seeds sprout under salinity stress 

by alleviating ABA-mediated root growth inhibition.

Keyword: ABA; AP2/ERF; root growth; salinity stress; transcription factor
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APETALA2/Ethylene-Responsive Factors (AP2/ERFs) belong to a multiple gene family, and 

involved in regulating plant growth, development and stress response. In our previous study (Chen 

et al. 2021), we demonstrated OsERF106MZ might act as a negative regulator of shoot growth and 

the salinity stress response in rice. AP2/ERFs may physically interact with other proteins, which 

affect its localization, stability, abundance, transcriptional activity and target specificity. Therefore, 

in order to find the interacting proteins of OsERF106MZ and further understand its role and 

physiological function related to rice plant growth and salinity stress tolerance, we screened 

OsERF106MZ-interacting protein by LC-MS/MS. The result showed that under normal growth 

condition (0 mM) and 150 mM NaCl treatment, there were 77 and 22 putative proteins interacting 

with OsERF106MZ in shoot and root, respectively. Most of these proteins are known to be 

involved in stress response, plant growth regulation and cellular components. Among them, we 

selected two known major transcription factors, including OsMBF1 (multiprotein bridging factor1) 

and Os03gBTF3 (basic transcription factor 3). For further studies, OsMBF1 is transcription

co-factor participating in abiotic stress, and BTF3 regulates stress related gene and is involved in 

plant growth and development. BiFC analysis revealed potential interactions between 

OsERF106MZ and OsMBF1, OsERF106MZ and Os03gBTF3. In the future, we will take more 

action on OsMBF1 and Os03gBTF3 genes to address their role on rice plant growth and stress 

response.

Keyword: Transcription factor; Salt stress; Protein protein interaction; Immunoprecipitation; 
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Overexpression of OsbHLH068 in rice promotes root growth and 

delays flowering time
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The second largest transcription factor (TF) family, basic/Helix-Loop-Helix (bHLH), plays a 

critical role in plant developmental and physiological processes. In our previous study (Chen et al. 

2017), we showed that heterologous expression of the OsbHLH068 in Arabidopsis improved salt 

stress tolerance and delayed flowering. However, the role of OsbHLH068 in rice remains unclear. 

Histochemical staining of ?-glucuronidase (GUS) activity in transgenic rice plants harboring 

OsbHLH068::GUS indicated that the GUS signals were localized to the embryo of germinated 

transgenic seeds and in the terrestrial tissues of transgenic seedlings. Additionally, GUS signals 

were also observed in flag leaves, lemma nerves, and anthers during reproductive growth. The 

GFP-fused OsbHLH068 proteins were localized to the nucleus of root cells.

OsbHLH068-overexpressing transgenic rice had a longer primary root and a late-flowering 

phenotype. Further qPCR analysis indicated the expression of several root growth- and flowering-

related genes, such as OsDGL1, OsRR2, OsEhd1, and OsHd3a, were changed in OsbHLH068-

overexpressing transgenic rice. Taken together, we speculate that OsbHLH068 plays a pleiotropic 

role in regulating root growth and flowering.

Keyword: flowing, OsbHLH068, root growth, transcription factor
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Drought stress is one of the serious causes of reduced rice yield. Here, we report that rice 

CMGMYB, an R2R3-type MYB transcription factor, negatively regulates drought tolerance. 

Overexpression of CMGMYB in two independent transgenic lines resulted in higher susceptibility 

under water-deficit conditions. To understand the regulatory mechanism of CMGMYB in drought 

tolerance, we first examined whether CMGMYB alters expressions of genes in phenylpropanoid 

pathway and found that CMGMYB represses those genes, including lignin- and

flavonoid-biosynthetic genes. Since lignin improves water transport through mechanical support 

and flavonoid acts as a non-enzymatic antioxidant, we subsequently measured lignin and flavonoid 

contents in leaves and found that CMGMYB inhibits the accumulation of both lignin and 

flavonoid. Moreover, CMGMYB was shown to repress the antioxidant activity and promote the 

ROS accumulation in leaves. Taken together, we propose that CMGMYB decreases the 

phenylpropanoid and thus promotes ROS accumulation under drought conditions, ultimately 

leading rice plants to become more drought susceptible.

Keyword: Drought tolerance, Flavonoid, Lignin, Phenylpropanoid pathway, Rice
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Genome-wide association mapping and transcriptomic studies 

reveal candidate genes for nitrogen use efficiency in Aus Rice
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Abstract

In many countries, rice feeds over 50% of the population. Between 2013 and 2050, global rice 

demand will increase by 85%. Large-scale nitrogen (N) applications in rice fields have 

increased yields. However, only 40% of the applied N goes to rice crops, leaving the rest to 

cause environmental issues like increased greenhouse gas production and eutrophication of 

water bodies. Therefore, increasing the rice plants' nitrogen use efficiency (NUE) is required. 

In this context, we conducted a greenhouse experiment on 230 six-week-old rice genotype 

accessions from the Bengal and Assam Aus Panel to assess plant height, tiller number, nitrogen 

balance index (NBI), and shoot biomass related to NUE of rice under 0% and 100% N 

application (recommended dose of N application). The 100% nitrogen application resulted in 

increases in all the traits, and all were under strong genetic control. Tiller number, nitrogen 

balance index, and shoot biomass displayed a high genotype by treatment interaction.

Genome wide association studies (GWAS) revealed some potential candidate genes for example, 

OsI BAK1 and OsNAC42 for relative plant height, CDK D-1 and CycU3;1 for relative tiller 

number, OsRGB1 and KNOX for NBI, and OsIDHc;2 and OsNAR2.1 for shoot biomass. In 

addition, ongoing RNA-seq analyses of N-responsive and N-unresponsive accessions aims to 

validate genes found in the GWAS will be reported. The study will be helpful to understand

the genetic variation for NUE in rice cultivars and candidate genes with potential to improve 

NUE in rice.

Keyword: Keywords: Nitrogen, rice, nitrogen use efficiency, GWAS, NBI, RNA-seq
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Inactivating transcription factor OsWRKY5 enhances drought 

tolerance through abscisic acid signaling pathways
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During crop cultivation, water-deficit conditions retard growth, thus reducing crop productivity. 

Therefore, uncovering the mechanisms behind drought tolerance is a critical task for crop 

improvement. Here, we show that rice (Oryza sativa) WRKY transcription factor OsWRKY5 

negatively regulates drought tolerance. We determined that OsWRKY5 was expressed in leaves, 

and that its expression was reduced by drought stress and abscisic acid (ABA). Notably, the 

genome-edited loss-of-function alleles oswrky5-2 and oswrky5-3 conferred enhanced drought 

tolerance. Loss of OsWRKY5 activity increased sensitivity to ABA, thus

promoting ABA-dependent stomatal closure. Transcriptome deep sequencing analysis 

demonstrated that the expression of abiotic stress-related genes including OsMYB2 was 

upregulated in oswrky5 knockout mutants. Moreover, dual-luciferase, yeast one-hybrid, and ChIP 

assays showed that OsWRKY5 directly binds to the promoter of OsMYB2 and

represses OsMYB2 expression. Our results demonstrate that OsWRKY5 functions as a negative 

regulator of ABA-induced drought stress tolerance, suggesting that inactivation of OsWRKY5 

could be useful to improve drought tolerance in rice cultivars.

Keyword: drought stress, CRISPR/Cas9
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The crucial role of inorganic phosphate (Pi) for plant development and productivity along with the 

significantly poor Pi-use efficiency (PUE) of rice has resulted in a need to develop Pi

deficient-tolerant genotype with both high Pi uptake and use efficiency. In this study, 160 

Vietnamese rice accessions were treated under low Pi supply under greenhouse conditions to 

discover the genotypic and phenotypic variability in response to Pi starvation. Plants were grown 

for six weeks in Yoshida media with either a full (320 µM) or low Pi supply (10

µM). Genome-wide association studies (GWAS) approach was performed to identify quantitative 

trait loci (QTLs) associated with phenotypic traits (the number of crown roots, root length, shoot 

length, root weight, shoot weight, and total weight) and biochemical traits, including relative 

efficiency of phosphorus use (REP), relative root to shoot weight ratio (RRSR), relative 

physiological phosphate use efficiency (RPPUE), and relative phosphate uptake efficiency 

(RPUpE). 21 QTLs identified from the 36 significant markers were associated with plant growth 

regulation under Pi starvation. The GWAS analysis in four biochemical traits related to Pi content 

in rice discovered 31 significant single nucleotide polymorphisms, 18 quantitative trait loci 

(QTLs), and 85 candidate genes. Interestingly, these studies shared a common robust QTL 

(qRST9.14) and the co-located gene GLYCEROPHOSPHODIESTER PHOSPHODIESTERASE

13 (OsGDPD13), which were found strongly correlated to Pi starvation. Further investigation of 

the promising QTLs and the underlying genes is ongoing to provide valuable insights into plant 

adaptation to low Pi supply, contributing to the development of crop plants with higher PUE.

Keyword: Genome-wide association study, Oryza sativa, Phosphate starvation, Phosphate uptake 

efficiency, Phosphate use efficiency, Quantitative trait locus
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Rice is unique for its ability to germinate and establish seedling under hypoxic environment. The 

accumulation of ethylene under hypoxia has been recognized as a key determinant for hypoxia 

adaptation in plants, but the mechanism linking low oxygen sensing to ethylene accumulation is 

largely unknown. Here, we report a protein kinase 1 (PK1) which is essential for the induction of 

genes involved in ethylene biosynthesis and signaling, and is a key regulator for anerobic 

germination and root development under hypoxia. We found that PK1 is a

mitochondria-associating protein and its activity is determined by its association with mitochondria 

and interaction with a mitochondria protein kinase (mtPK). We found that PK1-mtPK interaction is 

necessary for root development under aerobic, but reduction of PK1-mtPK interaction and solely 

enhancement of PK1 expression is required for ethylene biosynthesis under hypoxia. Our finding 

suggested a plastistic mechanism for root growing under aerobic or hypoxic environment in rice.

Keyword: mitochondria, rice, hypoxia
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Root architecture is critical for plants to secure water and nutrient supply from the soil, but abiotic 

stresses suppress its development. The phytohormone jasmonic acid (JA) regulates plant growth 

and responses to environmental stimuli, but its role on root development for adaptation to 

environmental challenges had been unknown. We have discovered a novel JA Upstream Protein 1 

(JAUP1) that evolved recently in rice. JAUP1 encodes a nuclear protein that has not been 

identified and characterized previously. JAUP1 regulates a self-perpetuating feed-forward loop to 

activate the expression of genes in JA biosynthesis and signaling that enhances cold, dehydration 

and salt tolerance. JAUP1 overexpression alleviates abscisic acid- and stress-mediated suppression 

of lateral root (LR) growth. Wound-activated JA/JAUP1 signaling protects root apical meristem 

(RAM) at the tip of lateral root primordia (LRP) and induces cell wall remodeling in epidermal 

cells overlaying the emerging LRP, thereby facilitating LR emergence. JAUP1 also reduces grain 

yield loss under limited water supply. We reveal a hitherto unappreciated role for wound-induced 

JA in LR development under abiotic stress and suggest that JAUP1 can be used as a molecular 

marker for breeding rice adapted to extreme environmental challenges.

Keyword: JAUP1, jasmonic acid, abiotic stress, lateral root emergence
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Abstract

The Thai rice cultivar 'Luang Pratahn' is a promising candidate for a salt-tolerant donor plant. 

Previously, several key genes responsible for salt tolerance were identified using time-course data 

and weighted co-expression networks of transcriptome data. The OsPTR2 gene is one of the key 

genes with prior information related to the salt tolerance mechanism in rice. Salt stress could 

induce OsPTR2 gene expression in salt tolerant cultivars, ‘Pokkali’ and ‘Luang Pratahn’, while 

no salt stress induced OsPTR2 expression could be detected in IR29, the salt susceptible line, 

suggesting the possibility of OsPTR2 involvement in salt tolerance. Based on the bioinformatics

analysis, OsPTR2 and AtPTR2 are transmembrane proteins and share 5 similar domains. Therefore, 

the homozygous line of the atptr2 knocked-out mutant was used to investigate the involvement of 

the AtPTR2 gene in salt stress response. After 7 days under salt stress conditions, the atptr2 mutant 

showed a significantly shorter root length and lower dry weight than the wild type (WT), without a 

significant difference in photosynthetic pigment contents between the mutant and WT. These 

results suggested that AtPTR2 had a potential role in root development under salt stress conditions. 

The revertant of atptr2 mutant by OsPTR2 expression will be done for further characterization.

Keyword: Donor cultivar, salt tolerance, OsPTR2, rice gene expression, orthologous mutant 
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The climate change conditions espectially in high temperature directly affects to rice yield. 

Therefore, rice varieties need to be improved for heat tolerance. Thus, the developing molecular 

markers could be increased the efficiency in selection procedure. The objective of this study is to 

discovery the QTLs related to the heat tolerance by using QTLseq technique in F2 population 

derived from Pathum Thani1 x M9962 (highly heat tolerance) under 40 C greenhouse. The highest 

seed set from 30 plants and the lowest seed set from 30 plants were selected and DNA was 

extracted. After that, QTLseq was analyzed to find QTLs on the chromosomes. The result found 

that the mean of seedset in F2 population was 59% and the distribution od seedset showed left 

skewed. In addition, the QTLseq analysis showed 3 QTLs that related to heat tolerance on 

chromosome 2, 3 and 11. The prediction of the gene found the candidate gene that related to heat 

tolerance was Os02T0128400-01 which identified as heat shock protein (HSP40) and lacated on 

chromosome 2. From this result, the re-comfirmed in F3 population must be confirmed and it can 

be developed as MAS for heat tolerance breeding program in the future.

Keyword: Rice, Seed set, Heat stress, QTL-seq
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Rice is one of the most important crops of Thailand grown throughout the country. Intensive rice 

cultivation with the heavy load of machinery causes a high risk of soil compaction. Soil 

compaction restricts root growth, reduces soil water and nutrient availability, and decreases soil 

porosity, including gas diffusion between plant root and environment. Root growth restriction 

under compacted soils has been reported to be directly attributable to restricted ethylene diffusion. 

Rice with an ethylene-insensitive response could be a potential way to improve rice growth and 

water and nutrient uptake. Here, we investigate the reduction in root length in 275 rice accessions 

under ethylene treatment in a hydroponic system and conducted a genome-wide association study 

(GWAS) to identify QTLs/genes associated with ethylene insensitivity. Two rice accessions, AT 

and YM, exhibited the lowest and highest reduction in root length, 22.70% and 88.74%, 

respectively. Interestingly, population analysis revealed that japonica rice and indica rice were 

divided into subgroups and also showed a significant difference in phenotype (p < 0.001). A QTL 

was identified on chromosome 10, and LOC_Os10g02970 (Leucine-rich repeat receptor-like 

kinase) proved to be a promising candidate. Furthermore, we selected rice accessions with 

contrasting phenotype after ethylene treatment for testing in mesocosm. Root response results in 

mesocosm did not match those from the hydroponic system. Therefore, we assumed that root 

response to ethylene was not the main factor affected by soil compaction in Thai rice.
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Rice is a staple food for more than half the world’s population. Soil salinity is a major 

environmental constraint to rice production resulting in yield losses. Rice varieties with salt 

tolerance are necessary to maintain rice production in salt-prone areas. SKC1 was known to be the 

major gene controlling Na+/K+ homeostasis and associated with salt tolerance in rice. However, 

the results of salt tolerance screening in an F7 population (Pokkali x KDML105) showed that salt 

tolerance was not fully associated with SKC1 in this population. This suggests that genes other than 

SKC1 may control salt tolerance in this population. Here, we used the QTL-seq approach to 

identify QTLs/genes associated with salt tolerance at the seedling stage based on 160 lines from 

the F7 population. Sixteen and seventeen plants with high tolerance and high susceptibility, 

respectively, were selected to perform QTL-seq analysis. Five QTLs, namely qST1, qST3, qST6, 

qST8, and qST11, were identified on chromosomes 1, 3, 6, 8 and 11, respectively. These QTLs

contained 279, 670, 453, 549, and 167 genes, respectively. SKC1 was located in the region of 

qST1. Differential gene expression analysis based on RNA-seq from 14-day old rice stems was 

performed for Pokkali and KDML105 comparing salt treatment and control to prioritize candidate 

genes. Nine genes from the QTLs on chromosomes 3, 6, and 8 were significantly differentially 

expressed. These genes could be useful for the rice breeding program for salt tolerance at the 

seedling stage.
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Soil salinity can affect growth at both seedling and reproductive stages and affects yield. In this 

study, we identified genes related to salinity tolerance at seedling stage using QTL-seq approach. 

Four hundred and fifty-four F3 lines derived from a cross of KDML105 x KD-CSSL106, a CSSL 

derived from KDML105, were evaluated for salinity tolerance under 150 mM NaCl treatment.

QTL-seq was conducted using two bulks of plants with extreme phenotypes, 20 lines in each bulk. 

The salt injury scores (SIS) of the tolerant group ranged from 4.60-5.57 while the susceptible 

group had SIS ranging from 7.8-9.0. KDML105 had SIS score of 7.85, while KD-CSSL106 had 

SIS of 6.13. A significant QTL was identified on chromosome 1 within the region of qSt1b at 

position 40.2-42.6 Mb. This region contains a total of 381 genes. We further developed six KASP 

SNP markers covering the 2.3 Mb region and used to genotype the individual lines (40 lines) to 

narrow down the region. Based on the genotyping results, the QTL region was able to narrow 

down into 0.3 Mb at position 40.2- 40.5 Mb that contained 21 genes. The markers developed for 

the two genes, LOC_Os01g70010 and LOC_Os01g70020, had the explains 11.49%PVE. These 

DNA markers could be applied in breeding program for salinity tolerance at seedling stage.
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Conventional plant breeding is largely dependent on selection of desirable plants which is highly 

decided by the genotype and environment interaction while marker-assisted selections (MAS) can 

be used for monitoring the presence or absence of genes. To improve rice variety for submergence 

and deep water tolerance, we developed a single cross between deep water rice variety, RD45 and 

submergence tolerant variety, RGD99002-MS873-4-21-13-B. Two major genes for submergence 

tolerance, Sub1A and Sub1C, were used for selection and combining with phenotypic selection 

under submergence and deep-water conditions. . Seven lines were selected in F7 population and 

evaluated under submergence and deep-water conditions. The submergence condition was initiated 

at 30 DAS and was completely flooded for 14 days. Selected F7 lines and

RGD99002-MS873-4-21-13-B showed a recovery of more than 80% while submergence intolerant 

check was completely dead. Deep water condition started at 30 DAS by raising the water level of 5 

cm per day until 150 cm. Elongation ability was scored at water level of 90, 130 and 150 cm 

following Standard Evaluation System for Rice (IRRI, 2013). All F7 lines and RD45 had good 

elongation ability at water level of 90 and 130 cm with elongation score of 3 and 5, respectively.

While susceptible checks cannot elongate at water level more than 90 cm (score = 9). These results 

suggested that the MAS combined with phenotypic screening was effective in improving the traits 

with complex genetic control such as submergence tolerance and deep water tolerance.
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"Stomata" are tiny pores on the plant epidermis that regulate water loss and CO2 uptake for 

photosynthesis. In the short term, water loss is controlled by changes in stomatal conductance or in 

the longer term, by changes in stomatal density. They have been an active subject of research for 

centuries, but knowledge of the genetic components of stomatal development in crops (especially 

rice) is still very limited compared with the model plant Arabidopsis thaliana. In this study, leaf 

stomatal density was found to vary by over 2.5-fold across a panel of 235 rice accessions. Using 

GWAS, we successfully identified five different QTLs associated with stomatal density on 

chromosomes 2, 3, 9, and 12. Forty-two genes were identified within the haplotype blocks 

corresponding to these QTLs. Of these, nine genes contained haplotypes associated with different 

stomatal densities. These include a gene encoding a B- BOX zinc finger family protein, a

leucine-rich repeat family protein, and the 40S ribosomal protein S3a, none of which have 

previously been linked to stomatal traits. We have further investigated and show that a closely 

related B- BOX protein regulates stomatal development in Arabidopsis. The results of this study 

provide information on genetic associations with stomatal density in rice. The QTLs and candidate 

genes could be useful in future breeding programs for low or high stomatal density and thus 

improved photosynthetic capacity, water use efficiency, or drought tolerance.
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Iron (Fe) excess is a major constraint on crop production in flooded acidic soils, especially in rice 

cultivation. Cis-regulatory elements (CREs) are important for the precise control of gene 

expression. In rice, CREs that regulate Fe excess response mechanisms remain largely unknown. 

We previously reported comprehensive microarray analyses of several rice tissues in response to 

various Fe excess levels (Aung et al. 2018). In this study, we further explored novel CREs and 

promoter structures in rice by bioinformatics approaches using microarray data. We performed 

network analyses via the categorization of the gene expression patterns of Fe excess-responsive 

transcriptional regulons and found four major clusters: Fe storage, Fe chelator, Fe uptake, and 

WRKY and other co-expression types. Then, CREs within these clusters were explored by 

microarray-associated motif analyzer (MAMA), which we previously established by Kakei et al. 

(2013). We identified a total of 560 CRE candidates extracted by MAMA analyses and 42 

important conserved sequences of CREs directly related to the Fe excess response in rice tissues. 

Enriched sequences of CREs explored by MAMA led to high-accuracy expression patterns about 

83%. We found several novel CREs as candidate Fe excess CREs and new roles of known CREs in 

the Fe excess response. We also built a molecular model and promoter structures regulating Fe 

excess-responsive genes based on new finding CREs. Our findings of Fe excess-related CREs and 

conserved sequences will provide a comprehensive resource for discovery of genes and 

transcription factors, and clarification of the Fe excess response mechanism in rice.
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A major challenge for global food security is the lack of fresh water, making up for 60% of yield 

losses. A smart solution to the above challenge would be to use abundantly available saline water. 

Since most crops lack the ability to cope with salinity, major plant breeding efforts are underway to 

enhance crop tolerance to salt stress. However, these costly and long-term approaches have so far 

not provided the expected breakthrough results. In contrast, we show here that root-associated 

microbes from mangroves can enable plants to grow using saline irrigation. Firstly, isolation, 

identification, and characterization of the bacterial communities of mangroves were carried out.

Secondly, a collection of bacterial strains isolated from Avicennia marina were tested to alleviate 

salt stress on Arabidopsis thaliana (100 mM NaCl) using a high throughput screening. Two strains 

out of 11 significantly increased the fresh weight of both rice (Oryza sativa) and Arabidopsis. In the 

greenhouse experiment, the rice plants inoculated with either of the two strains and their 

consortium showed better performance for growth and development compared to the control. This 

approach used hypoxic methods to test plants growing in waterlogged environments, such as rice, 

under salinity stress conditions. It will add valuable insights into the mechanism of plant-microbial 

symbiosis in harsh environments and eventually enhance agricultural sustainability and maintain 

human health, given the food link.

Keyword: Mangroves, Avicennia marina, abiotic stress, salinity, waterlogging, PGPB, symbiosis, 
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P46

http://www.isrfg2022.org/


Random vs Selective Mutagenesis for Reduced Stomata Density 

and Size: The key to improve WUE in Climate-ready Rice

Ruengphayak Siriphat1, Pitaloka Mutiara K.1, Phuntong Chutima1, Nongngok Rungsan1, Chutteang Cattleya2, Arikit 

Siwaret12, Gray Julie E.3, Vanavichit Apichart12

1.Rice Science Center, Kasetsart University, Nakhon Pathom, 73140, Thailand

2.Department of Agronomy, Faculty of Agriculture Kamphangsaen, Kasetsart University, Nakhon Pathom, 73140,  

Thailand

3.Department of Molecular Biology and Biotechnology, University of Sheffield, Sheffield, S10 2TN, UK

www.isrfg2022.org | Ref NO. 710 | Page 1/1

Rice is among the lowest water-use efficient crops, and rice plants utilize most of the uptake water 

for transpirational cooling via stomata.To improve water-used efficiency (WUE) in rice, reducing 

stomatal density and size may help to optimize transpiration and photosynthesis. We have 

generated a new series of rice stomata mutants to improve WUE. Under non-selective pressure, we 

identified four Stomatal Model Mutants (SMM) expressing distinct stomata density (High vs Low 

Density = HD vs LD) and size (Big vs Small Sizes = BS vs SS) from the microscopic screening of 

the 250 Fast-Neutron Super Mutants Collection (FNSM). LD and SS had less impact on leaf 

drying, Fv/Fm, grain yield, and harvest index in the greenhouse long-term water stresses. LD 

showed the highest WUE and biomass/plant in the long-term water-stress treatment in the field 

than any SMM. Under severe water stress conditions, we screen 1,000 random M5 FN Mutant 

Population (FNMP) at the R1-2 reproductive stage for a high recovery rate. After three cycles of 

selection, only three M7 mutants, which showed high recovery rates from the reproductive water 

stress screening, also showed LD compared to the wild type and HD. Comparison under sufficient 

and restricted irrigations revealed that the three drought-selected LD and SMM-LD were more 

water-used efficient and had more drought tolerance than BS, HD, and SS. These results are 

conclusive evidence linking LD, WUE, and drought tolerance in rice.

Keyword: Mutagenesis, Stomata, Water-used efficiency, Climate-ready Rice

P47

http://www.isrfg2022.org/


Ectopic expression of rice malate synthase in Arabidopsis revealed 

its roles in salt stress responses

www.isrfg2022.org | Ref NO. 712 | Page 1/1

Thanabut Supisara 1, Sornplerng Pinmanee 1, Buaboocha Teerapong 1,2

1Center of Excellence for Molecular Crop, Department of Biochemistry, Faculty of Science, Chulalongkorn 

University, Bangkok, Thailand

2 Omics Sciences and Bioinformatics Center, Faculty of Science, Chulalongkorn University, Bangkok, Thailand.

Expression of rice malate synthase (OsMS), one of the two key genes in glyoxylate cycle, is highly 

upregulated under salt stress. We aimed to investigate the role of OsMS in salt-stress responses 

using the Arabidopsis T-DNA insertional mutant line of malate synthase (AtMS), an OsMS 

orthologous gene, for ectopic expression. Germination of the Atms mutant under salt stress was 

lower than that of Arabidopsis wildtype (WT); furthermore, the two Atms mutant lines ectopically 

expressing OsMS reversed the salt-sensitive phenotype. Atms mutants salt-treated for 3 days 

exhibited higher electrolyte leakage, higher Na+/K+ ratio, lower expression of stress-responsive 

genes, and lower soluble sugar content than WT and the OsMS-expressing Atms mutant lines.

Consistently, Atms mutants salt-treated for 3 days followed by a 5-day recovery period displayed 

greater fresh-weight reduction. Notably, leaf greenness and chlorophyll and carotenoid contents 

were higher in the Atms mutant lines than in the WT under stress. OsMS-expressing Atms mutants 

exhibited a change in pigment content closer to that of WT. During dark-induced senescence, an 

Atms mutant, Aticl, mutant (the other key gene in glyoxylate cycle), and three double mutant lines 

of Atms and Aticl exhibited lower decreases in leaf greenness than the WT and OsMS-expressing 

Atms mutant lines. Furthermore, SAG12 expression levels in the Atms mutant, Aticl mutant, and 

double mutant lines were lower than those in the OsMS-expressing Atms mutant lines. Altogether, 

our data indicate that OsMS likely plays a key role in salt stress responses, possibly through the 

induction of leaf senescence.
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Soil salinity stress is one of the major abiotic stresses leading the yield reduction in rice. ‘Luang 

Pratahn’ a Thai rice variety that was proven for salt tolerant phenotype at seedling stage was used 

as a model to explore the genes involving in salt-stress tolerance by using time-series transcriptome 

data. The transcriptomes from the normal and salt stressed plants at individual time points of 0, 3, 

6, 12, 24, and 48 hours after salt stress treatment were compared. Only one significantly 

differentially expressed gene (DEG) was detected after 12 and 24 hours of the treatment, which 

were OsRCI2-5 and OsRMC, respectively, while after 48 hours of salt-stress treatment, 64 

differentially expressed genes (DEGs) were detected. Without taking DEGs into consideration, the 

WGCNA was constructed using transcriptome data from all time points and OsRMC could not be 

detected, while some other genes were included. Therefore, OsRMC was selected for further 

characterization as the representative of the gene identified as DEGs of individual time point, while 

OsPCL1 was selected as the representative gene detected by both DEGs and WGCNA. The

salt-stress induced gene expression of both genes was investigated by qRT-PCR. Both rice genes 

have the homologous genes in Arabidopsis. Therefore, Arabidopsis mutants with T-DNA insertion 

at the AtRMC or AtPCL1 were evaluated for salt stress responses. Unclear phenotypic responses of 

atrmc mutant were revealed, while salt stress tolerant enhancement was detected in atpcl1 mutant. 

These data suggest that WGCNA is the transcriptomic approach to determine salt stress tolerant 

gene effectively.
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SUMOylation is an important PTM which plays an essential role in plant responses to abiotic and 

biotic stresses including to salt stress. Our previous study on Arabidopsis identified two SUMO 

Proteases, OTS1 and OTS2, that act redundantly in responding to salt stress. We wanted to 

understand the role of SUMO in rice to devise a strategy for generating salt tolerant rice crops.

Homology comparison led to the discovery of the rice orthologs of AtOTS1 and AtOTS2, OsOTS1 

and OsOTS2. To investigate the role of rice OTS1 and OTS2 in salt tolerant in rice, we have 

generated OsOTS1, OsOTS2 single and double mutant lines through CRISPR technology in rice. 

Unlike the OsOTS1 RNAi lines being hypersensitive to high salt, there is no significant deference 

in growth reduction between Nippon Bare wildtype and individual OsOTS1 and OsOTS2 CRIPSR 

lines which indicated possible functional redundancy of these two genes when under salt stress in 

rice. Further investigation will be carried out to see if OsOTS1/2 double mutant CRISPR lines 

display the similar phenotype as observed in OsOTS1 RNAi lines under high salt treatment.
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Transcription factors (TFs) such as ethylene-responsive factors (ERFs) are important for regulating 

plant growth, development, and responses to abiotic stress. Notably, more than half of the rice 

ERF-X group members, including ethylene-responsive factor 106 (OsERF106), are abiotic

stress-responsive genes. However, their regulatory roles in abiotic stress responses remain poorly 

understood. OsERF106, a salinity-induced gene of unknown function, is annotated differently in 

RAP-DB and MSU RGAP. In this study, we isolated a novel (i.e., previously unannotated) 

OsERF106 gene, designated OsERF106MZ (GenBank accession No. MZ561461), and investigated 

its role in regulating growth and the response to salinity stress in rice. OsERF106MZ is expressed 

in germinating seeds, primary roots, and developing flowers. Overexpression of OsERF106MZ led 

to retardation of growth, relatively high levels of both malondialdehyde (MDA) and reactive 

oxygen species (ROS), reduced catalase (CAT) activity, and overaccumulation of both sodium 

(Na+) and potassium (K+) ions in transgenic rice shoots. Additionally, the expression of OsHKT1.3 

was downregulated in the shoots of transgenic seedlings grown under both normal and

NaCl-treated conditions, while the expression of OsAKT1 was upregulated in the same tissues 

grown under NaCl-treated conditions. Further microarray and qPCR analyses indicated that the 

expression of several abiotic stress-responsive genes such as OsABI5 and OsSRO1c was also 

altered in the shoots of transgenic rice grown under either normal or NaCl-treated conditions.

Therefore, the novel transcription factor OsERF106MZ negatively regulates shoot growth and 

salinity tolerance in rice through the disruption of ion homeostasis and modulation of

stress-responsive gene expression.
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[Background]

Cytoplasmic male sterility (CMS) is a powerful tool to produce F1 hybrid seeds. In general, CMS 

plants exhibit unfunctional anthers or pollen caused by the mitochondrial gene. We produced a 

CMS line, TAA by successive backcrossing Oryza sativa cv. Taichung 65 to cv. Tadukan. The 

TAA, in which mitochondria were derived from Tadukan, exhibited normal pollen, but indehiscent 

anthers. We have identified a TAA-specific mitochondrial gene, named orf312, as a strong 

candidate for Tadukan-type (TA) CMS.

[Objective and methods]

To investigate whether orf312 causes TA-CMS, we used the mitochondria-targeted TALEN 

(mitoTALEN). The mitoTALEN was expected to cause double-strand breaks in the orf312 coding 

sequence, leading to the deletion of orf312 by homologous recombination in the mitochondrial 

genome. If orf312 is responsible for TA-CMS, knocking out of orf312 results in fertility 

restoration.

[Results]

In 28 transgenic plants, orf312-knocked out 24 plants exhibited anther dehiscence, resulting in 

fertility restoration. Other 4 plants, in which the orf312 sequence entirely remained, anthers did not 

dehisce and remained sterile. This indicated that orf312 causes TA-CMS. Furthermore, NGS 

analysis revealed that three homologous recombination events occurred via different homologous 

sequences. Surprisingly, one of the recombinant sequences was detected also in TAA. However, its 

copy number in the transgenic line was 6.7e+03 times higher than that of TAA. These results 

suggested that a nearly subliminal amount of the recombinant molecule was intrinsically present in 

TAA and its copy number was increased due to mitoTALEN-mediated reorganization of the 

mitochondrial genome.
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Moderate leaf rolling is considered optimal for the ideal plant type in rice (Oryza sativa L.), as it 

improves photosynthetic efficiency and consequently grain yield. Here, we identified three stable 

rice QTLs controlling adaxial leaf rolling using a recombinant inbred line (RIL) population derived 

from a cross between Tong 88-7 (T887) and Milyang 23 (M23). These QTLs, qARO1, qARO5, and 

qARO9 conferred the rolling phenotype of both the flag leaf and upper secondary leaf, and different  

allelic combinations led to a wide variation in the degree of leaf rolling. Additive gene actions of 

qARO1 and qARO9 on leaf rolling were observed in a backcross population. In addition, qARO1 

and qARO9 were successfully fine-mapped to approximately 60 and 90 kb intervals on 

chromosomes 1 and 9, respectively. Histological analysis of near-isogenic lines (NILs) revealed 

that qARO1 influences leaf thickness across the small vein, and qARO9 affects leaf thickness in the 

entire leaf and bulliform cell area, thus leading to adaxial leaf rolling. The results of this study 

advance our understanding of the genetic bases of adaxial leaf rolling, and this information can be 

used for the development of rice varieties with the ideal plant type.

Keyword: leaf rolling, ideotype breeding, ideal plant type, v-shape leaf
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The japonica rice (Oryza sativa L.) cultivar Koshihikari is an important breeding material with its  

superior agronomic characteristics such as adaptability to diverse environments, tolerance to

pre-harvest sprouting, cold tolerance during booting stage, and most importantly good EQ and 

stickiness of cooked rice. Although Koshihikari has been extensively studied for genetics and 

genomics, highly contiguous genome assembly is still in need for studying cultivar specific 

genomic regions like structural variations and presence/absence variations. A highly-quality de 

novo assembly of Koshihikari was achieved in this study using Illumina short-read and Nanopore 

long-read sequencing. The Oxford Nanopore Technologies GridION generated 3,510,702 reads 

(~16 Gb) and covered about 42 times of depth of japonica rice genome. Illumina MiSeq paired-end 

resequencing generated 34,940,048 reads (18.4 Gb) which covered 49 times of sequencing depth. 

A reference-guided scaffolding using Nipponbare (IRGSP 1.0) was adopted and successfully 

generated a high-quality genome sequence, 348.7 Mb in size with 161 scaffolds composed of 1,530 

contigs. The Benchmarking Universal Single-Copy Orthologs (BUSCO) gene completion of 

assembly was 98.5% of Embryophyta gene groups, which was similar to that of Nipponbare, 

98.4%. The Koshihikari draft genome constructed in this study could further be used in various 

genomics study of Koshihikari unraveling the cultivar specific genetic variations and utilized in 

breeding programs.
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Members of the ATP-binding cassette (ABC) protein family transport specific substrates across 

different biological membranes and play an important role in plant growth and development, 

interaction with other organisms, repelling enemies, or attracting mutualistic symbionts. Plants 

release diverse metabolites and hormones into the rhizosphere to adjust soil properties and 

communicate with surrounding organisms. ABC transporters are one of the key players in root 

exudation. Thus, understanding the link between ABC transporters and the rhizobiome may allow 

targeted engineering of the rhizobiome, which has a large application potential in improving crop 

performance. However, only a few transporters were proven to release metabolites into the 

rhizosphere. Here, we identified a rice ABC transporter (ABCX) and investigated its role in plant 

growth and arbuscular mycorrhizal (AM) symbiosis. Treatment with ABA increased the transcript 

level of ABCX, pointing to ABA as the mobilized substrate. Subcellular localization and transport 

activity assays showed that ABCX is a plasma membrane-localized ABA importer determining the 

uptake of ABA into cells. T-DNA insertion mutation of ABCX showed a change in the number of 

tillers, shorter shoots, and reduced AM mycorrhization, suggesting an important role of ABCX in 

plant growth and AM symbiosis. Taken together, ABCX is the first validated ABA importer 

belonging to the ABC family in rice, it plays a crucial role in rhizospheric communication and has 

a promising potential to improve sustainable agriculture.

Keyword: ABC transporter, ABA, arbuscular mycorrhiza fungi, AM symbiosis, rhizospheric 

communication
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Panicle traits are the most important trait that directly contributes to increasing rice production. 

Traits such as panicle length, frequency of branching, and number of first and second branches 

affect the number of spikelets per panicle (SpNP). SpNP is an important factor in increasing the 

yield potential of rice. Genome-wide association study (GWAS) is an approach to decipher the 

molecular genetics underlying natural phenotypic variation to find those statistically associated 

with a target trait. Although several factors controlling SpNP traits in rice have been identified, 

there are few studies on the genetic control of the traits in different environments and on stable 

genetic associations with the traits in different environments. Here, we performed a GWAS 

analysis on 253 rice accessions grown in two different environments in wet seasons (2020 and 

2021) to identify QTLs controlling SpNP traits. Mixed linear model (MLM) results based on 1.6 

million SNPs identified 18 QTLs associated with SpNP traits. These included 10 QTLs on 

chromosomes 1, 3, 4, 5, 6, 8, 11, and 12 for the 2020 wet season and 8 QTLs on chromosomes 1, 2, 

4, 8, and 12 for the 2021 wet season, of which one QTL on chromosome 12 was co-localized in 

both environments. The GWAS results of this study led to QTLs that serve as the basis for 

identifying new genes controlling SpNP and yield in rice. These genes could be further validated in 

the future and used to develop markers for marker-assisted selection (MAS) in high-yield rice 

breeding programs.

Keyword: Rice (Oryza sativa L.), GWAS, Spikelet number per panicle, Yield
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Thailand is well known for the rice Khao Dawk Mali 105 (KDML105) and has been the top 

exporter of premium quality rice. KDML105 is regarded as a premium rice due to its aroma, good 

eating and cooking qualities and therefore has high price in the world market. Despite the high 

qualities of KDML105, rice consumers are now shifting to aromatic white rice of lower quality 

than KDML105 and with lower price. The breeding of Hom Siam with high yield and grain quality 

almost similar with KDML105 is an option to increase economic returns to farmers and rice 

exporters. Hom Siam is a rice cultivar with KDML105 background derived from crossing 

RGD03068-MS2-MS9-B with drought QTL on chromosome 8 and with Kaew Kaset which 

possess blast resistance QTL. Hom Siam was generated through backcross breeding coupled with 

marker-assisted selection. To maintain the qualities of KDML105, molecular markers for aroma, 

gelatinization temperature and amylose content were used in every backcross generation. SNPs on 

genes involved in starch biosynthesis such as starch branching enzyme, soluble starch synthase, 

alkali degeneration and floury endosperm were used in genotyping and identified that Hom Siam 

has exactly 100% allele similarity with KDML105 for starch biosynthesis traits, thus, Hom Siam 

has good eating and cooking qualities. Hom Siam had been deployed to rainfed lowland areas in 

Thailand in wet season 2021 and obtain? high yield in Sisaket, Phayao and Roi Et, with an average 

yield of 1200, 1191 and 1121 kg/rai respectively.

Keyword: Hom Siam, marker-assisted selection, starch biosynthesis, rice quality
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Decades of genetic research have identified dozens of genes controlling traits valuable to breeding 

programs. However, when the availability of these genes in elite breeding programs is assessed, the 

majority are either absent or very rare, making it difficult to use in elite population improvement 

breeding programs. The Native Trait Discovery and Deployment team at IRRI has been working to 

produce high-quality near-isogenic lines in elite indica backgrounds to be used as donors to 

introduce key genes into elite breeding programs. These include major genes contributing to 

multiple disease resistances (blast, bacterial blight, RYMV, BPH and more), abiotic stress 

tolerance, agronomic traits, and grain quality. Deployment has been completed for many

high-value genes, such as xa13, Xa21, Xa23, Pi9, Pikh, Pi54, pi21, rymv1-2, rymv1-5, rymv2, 

RYMV3, BPH9-9, fgr-1, GW5 and Alk. In addition to individual genes, substantial effort is 

underway to create pyramids and coupling-phase linkages of key genes in the same genomic 

region. These newly-deployed genes are high-quality NILs (>2cM introgression size, >95% 

background recovery rate) in the elite indica IRRI 154 genomic background. This NIL library in a 

common genomic background represents a substantial resource for gene validation purposes, 

testing genetic interactions, and for introduction of these genes into modern elite indica breeding 

programs.

Keyword: NIL library, elite breeding program, disease resistance, abiotic stress tolerance, grain 

quality
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Biofortification and yield improvement of major crops through precision breeding technologies, 

which utilizes Site-Directed Nucleases (SDN), can help alleviate global micronutrient deficiency 

and food shortage. Transcription activator-like effector nucleases (TALENs) and Clustered 

Regularly Interspaced Short Palindromic Repeats (CRISPR) were used to introduce breaks and 

subsequent repair in the rice genome leading to insertion/deletion of short sequences (SDN-1), 

replacement (SDN-2), or insertion of larger DNA segments (SDN-3). Both TALENs and CRISPR 

constructs were delivered through Agrobacterium-mediated transformation. SDN-1

(CRISPR-Cpf1) was used to knock-out yield related genes, THOUSAND-GRAIN WEIGHT 6 

(TGW6) and Grain number 1a (Gn1a). This resulted in increased grain size and weight of IR64 and 

Samba Mahsuri seeds. SDN-2 (CRISPR-Cas9) was utilized to replace the native promoter of rice 

nicotianamine synthase 2 (OsNAS2), a gene encoding an enzyme that synthesizes the zinc chelator 

nicotianamine, with a rice constitutive promoter. This led to a significant increase in zinc 

concentrations in brown NSIC Rc238 seeds. SDN-3 (TALENs) was applied to insert OsNAS2, 

driven by the promoter of Thioredoxin h-type (pOsTRXh), in a noncoding but highly expressed 

region in Chromosome 3 of BR28. Molecular analyses have shown heritable targeted insertion and 

further testing is needed to measure zinc levels. We have demonstrated the applications of SDN-1, 

SDN-2, and SDN-3 in improving agronomic and nutritional traits in rice. Crops generated through 

these approaches have great potential to ease the burden of regulatory requirements for product 

development and deployment.
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Development of consumer-oriented rice varieties with multiple abiotic and biotic stress tolerances 

is a must in the face of a changing climate and the increase in the cost agricultural input such as 

fertilizers and water. Here, we utilized a donor line MS11-Pup1 harboring the Pup1 QTL 

conferring simultaneous tolerance to low input of phosphorus (P) fertilizer and rainfed condition 

aiming to improve the abiotic stress tolerance in a high quality rice, Golden Queen 3 and one of its  

derivative lines. To minimize linkage drag, used KASP markers based on the whole genome 

sequences of parental lines. This aims to develop introgression lines with minimal donor parent 

introgression in a rapid manner. In a parallel breeding program, we introgressed a broad-spectrum 

resistant gene against blast, Pi9, into a temperate climate adapted, indica variety, CSA, harboring 

the Sub1 and AG1 genes. CSA-Pi9 showed tolerance to both submergence and anaerobic 

germination and exhibited a high level of resistance to the Pi9 differential blast isolate.

Unexpectedly, CSA-Pi9 showed high level of tolerance to saline conditions in the reclaimed areas 

in South Korea whereas both parental lines showed poor performance. Multiple gene 

introgressions in CSA resulted in a few undesirable grain traits. To improve grain traits, we 

therefore sequenced the genome of CSA-Pi9, generated a pseudomolecule and surveyed the 

candidate grain trait related genes which can be target for genome editing.

Keyword: Climate Change, Molecular Breeding, Abiotic Stress, Biotic Stress, Phosphorus, 

Drought
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Glutinous rice in Thailand is mainly produced for food security. The famous glutinous rice in 

Thailand, RD6, is mostly planted by farmers and is produced in the north and northeast 

Thailand. RD6 is very susceptible to blast disease and due to its tall height, this cultivar is very

prone to lodging. Problems faced by farmers were addressed by breeding Thanyasirin, with strong 

stem and resistance to blast. Thanyasirin was developed by crossing Jao Hom Nin with blast 

resistance QTL namely, qBL1 and qBL11 to RD6 and employing marker-assisted selection (MAS) 

in 4 backcross generations. Farmers benefited from Thanyasirin which generated 215 million baht 

net income. Cost of production of Thanyasirin, particularly using combined harvest is high which 

led to the development of cultivar short RD6, generated by crossing Thanyasirin with

RGD05219-12-12-B. The eating qualities of RD6 and blast resistance were maintained by using 

MAS. Short RD6 has been further improved to become aromatic, with strong stems, short plant 

height and with resistance to blast and bacterial blight diseases by crossing short RD6 with 

RGD07123-MAS-12-22-8 by MAS and eventually named Nan59. Thanyasirin, short RD6 and 

Nan59 are still planted by farmers for consumption. For farmers to have additional income from 

glutinous rice, non-photoperiod sensitive rice was developed by MAS and named Homnaka which 

has basically the same characteristics as short glutinous rice that can be planted in both dry and wet 

season. The grain starch of Homnaka is suited for glutinous rice flour production and for delicacies 

such as sweet crispy rice and mango sticky rice. Thus, glutinous rice is mainly part of the culture of 

the Thai people basically for food security and bio-economics. All these development series 

varieties by development of MAS with genome analysis resolved problems of farmer and next to 

economic for export good glutinous to the world.

Keyword: marker-assisted selection (MAS)
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The aromatic Thai glutinous rice cv. RD6 is highly susceptible to blast (BL)

(Pyricularia oryzae) and bacterial blight (BB) (Xanthomonas oryzae pv. oryzae) disease. Previous 

report RD6 was successful improved resistance to BL disease carrying qBl1 and

qBl11 (RGD04069). This study was continued the breeding program to introgressed a BB 

resistance gene xa5 in their genetic background via marker-assisted selection (MAS). Two 

backcrossing and five selfing populations were conducted to transfer positive allele of xa5 from a 

donor parent, RGD07011, to a recurrent parent RGD04069. The linked molecular markers

i.e. RM212-RM319 for qBl1, RM224-RM144 for qBl11 and PAxa5 for xa5 were used for MAS 

in this study. Finally, 6 lines of BC2F6 with gene combinations were selected based-on good 

plant-type, yield performance, cooking qualities and resistance to BL and BB diseases. The 

pyramid lines showed more resistant to both diseases than original RD6. The yield performance 

of pyramid lines (PLs) were not difference to RD6. An elite pyramid line RGD07585-5-B-

MS12-1-MS14 (TS2) has been widely grown in the North and Northeast of Thailand with a name 

semidraft Thanyasirin with BL and BB resistance’. This indicated that MAS is very effective 

breeder-assistance to improve rice characters. Now the TS2 is continuing improve for more broad 

spectrum resistance to BL and BB by pyramid more significant resistance genes in Thailand.

Keyword: blast disease, bacterial blight disease, rice, resistance gene, MAS
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Cooked rice elongation (CRE) is an attractive grain quality uniquely found only in the Indian and 

Pakistan’s Basmati and Myanmar’s Paw San Hmwe. Genes controlling CRE were identified in 

Basmati. Niaw Hawm Nuan (NHN) is a newly developed waxy rice variety reported for the first 

time to have an unusual high CRE. We developed a 91 BC1F2 lines derived from a cross between a 

high CRE, NHN; and PinK+4#20A09, a low glycemic index and low CRE, to identify QTLs and 

genes responsible for CRE in the waxy rice. The length of grain was measured before and after 

cooking. The grain elongation ratio was calculated. The pooled DNA samples from 20 plants with 

high-CRE and low-CRE extremes were sequenced using whole-genome sequencing. We identified 

three significant delta SNP (single nucleotide polymorphism) Indexes (dSI) on chromosome 1, 6, 

and 8. Highly significant dSI was detected between 27.5 and 33.5 Mb on chromosome 1. In this 

critical region, five SNPs were identified in the soluble starch synthase IVa (SSSIVa) gene. Five 

SNP markers were developed from this study. Applying the five markers, 96 germplasm 

accessions were classified into five groups of haplotype associated with the CRE trait. The two 

significant markers, C/T and A/G, generated three haplotype patterns (HPs), -C-A-, -C-G-, and

-T-A-, which are associated with low, intermediate, and high CRE, respectively. This finding will 

benefit rice breeders to improve waxy rice for cooked rice elongation by marker-assisted selection.

Keyword: Cooked rice elongation, soluble starch synthase IVa, single nucleotide polymorphism, 

marker-assisted selection
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Rice (Oryza sativa L) is the most important food crop in Thailand. Currently, there were more than 

600 accessions. These accessions comprised of wild and cultivated rice. Numerous phenotypes and 

their related genes are still unexplored. In addition, several phenotypes are controlled by several 

genes. These are proven to be difficult to determine using conventional approach. Gene editing is a 

powerful technology that can precisely change gene expression via insertion, deletion or change of 

nucleotides of genomic DNA or transcripts. Gene editing platform technology were developed to 

explore Thai rice genomics. Two efficient systems for callus induction; microspore-derived callus 

via anther culture and scutellum-derived callus, were established. The rate of callus induction and 

regeneration potential were determined in more than 200 rice accessions. Genome-wide association 

studies (GWAS) were performed, and putative genes related to those characters were

identified. Agrobacterium transformation system was tested using several strains of 

Agrobacterium. Green fluorescent gene (GFP) was used as a reporter gene for observation via 

fluorescent microscopy. Currently, two rice genes; betaine aldehyde dehydrogenase (BADH2) and 

thermo-sensitive genic male sterility (TMS-5) that regulate aromatic trait and pollen fertility were 

selected. CRISPR/CAS-sgRNA plasmid were constructed and transformed into three rice 

cultivars. The transformed rice lines currently are under molecular investigation.

Keyword: Rice, Gene editing, Betaine aldehyde dehydrogenase 2, Thermo-sensitive genic male 

sterility
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Callus induction is a critical trait for rice genome editing. The ability to induce callus affect the 

potential of genetic transformation. High callus induction rate in recalcitrant indica rice benefits the 

gene editing system. In this study, a genome-wide association study (GWAS) was conducted on 

the rice germplasm of 110 diverse indica rice accessions. Rice seeds were cultured onto three basal 

medium including B5, MS, and N6 with 2 mg/l 2,4-D. Seven quantitative trait loci (QTLs) on 

chromosomes 2, 6, 7, and 11 conferred a callus induction rate in these three medium. For B5 

medium, one QTL (qCI-B5-Chr6) was identified on the rice chromosome 6. Three Caleosin-related 

family proteins which play a role in lipid degradation during seed germination were

identified. Experimental data suggest that these genes may play a role in seed development and 

germination. For MS medium, two QTLs (qCI-MS-Chr2 and qCI-MS-Chr6) were identified on the 

rice chromosomes 2 and 6, respectively. The qCI-MS-Chr2 showed Pectin lyase catalyzes the 

hydrolysis and disassembly of pectin which may play a role during callus development. For N6 

medium, four QTLs (qCI-N6-Chr6.1, qCI-N6-Chr6.2, qCI-N6-Chr7, and qCI-N6-Chr11) were 

identified on the rice chromosomes 6, 7, and 11, respectively. For qCI-N6-Chr6.1, the

OsIAA20-Auxin-responsive Aux/IAA gene family member was identified. This gene has various 

roles in plant development. Surprisingly, the qCI-N6-Chr6.2 was located in the same region as the 

qCI-B5-Chr6. These region might be considered promising QTLs for callus induction. Results 

provide insight into the potential QTLs and candidate genes for callus induction in rice.
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Advances in omics and meta-omics technologies allow us to dig into the rice genome, 

transcriptome, proteome, metabolome, and microbiome. The plant-associated microbiome is 

distributed in or on plant tissues, including seeds, leaves, stems, roots, and environments such as 

soil, water, and atmosphere. As a biotic factor, it affects plants’ growth, development, and health.

For the last 5 years, we explored microbial communities of rice and paddy soils to understand

eco-evolutionary relationships among rice, environments, and microbial communities. From paddy 

soils, we revealed that microbial trophic lifes (oligo- and copiotroph) are responsible for 

community variations by geography and cropping practices, suggesting that the microbiome can be 

considered information for precision agriculture. We further assessed the effects of rice evolution, 

including speciation and domestication, on seed microbial communities. Using bioinformatics 

tools, we found that rice domestication is the crucial evolution event that differentiated seed 

microbial communities and their associations. Lastly, we tracked rice-associated endophytic 

microbial communities to understand the fate of microbial communities during the rice cultivation 

season. Based on a longitudinal study under field conditions, we revealed the spatiotemporal 

dynamics and inheritance of microbial communities and underlying ecological forces. Thus, our 

previous works addressed the unprecedented complexity and ecological properties of

rice-associated microbial communities. Our next step is to unveil the abiotic and biotic

stress-associated functional rice microbiome as the expanded bioinformation that can be applied 

for developing sustainable rice farming systems.
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The stable symbiosis between beneficial microorganisms and plants is one of the critical factors for 

the successful development of endosymbionts into biofertilizers. Piriformospora indica (P. indica) 

is an endophytic fungus colonized with plant roots. P. indica inoculation can promote rice plant 

growth and improve stress tolerance. This research focused on studying the effects of 

environmental nitrogen on the symbiosis between rice and P. indica. The results showed that 

symbiosis efficiency between P. indica and rice plants in low nitrogen status was higher than in 

well-nitrogen conditions. Transcriptome analyses of rice root tissues were applied to explore the 

mechanisms involved in the nitrogen-influenced rice-P. indica symbiosis. The well-nitrogen and 

non-P. indica treated plants were set as a control group, and then the differential expression genes 

regulated by P. indica inoculation (+Piri), nitrogen deficiency (-N) and +Piri/-N co-treatment were 

analyzed. A total of 39 genes were up-regulated and 89 genes were up-regulated in all three 

treatment groups. The results showed that the up-regulated gene group includes several transporter 

genes such as sugar transporter, amino acid transporter, and potassium transporter; on the other 

hand, the expressions of phosphate transporter genes were repressed in P. indica colonized roots. It 

was suggested that P. indica colonization could modify the nutrient uptake and transport in plants; 

moreover, nutrient transport could also play a role in influencing symbiosis under nitrogen 

deficiency conditions. Several pathogen-resistance (e.g., CHT, OsPR4d) were significantly

down-regulated in +Piri/-N samples. Reducing defense responses might increase P. indica

colonization efficiency.
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Rice eating quality (EQ) is an important characteristic that is directly related to the values in 

marketing. EQ is a complex trait, however evaluating EQ through sensory test or determining 

physico-chemical properties have not been so successful due to inefficiency and its complicated 

nature. Since the olfactory sense perceives preliminary information, aroma and flavor are 

considered two of the main EQ-related factors in rice sensory properties. Hence, identifying 

important volatile organic compounds related to the EQ of cooked japonica rice is critical. In this 

study, attempts had been made to screen and profile volatile organic compounds of japonica rice 

using headspace gas chromatography mass spectrometry, and important compounds were analyzed 

together with sensory panel test results. Partial least squares discriminant analysis demonstrated an 

outstanding classification effect of the identified volatile compounds on eating-quality 

discrimination. Several volatile compounds related to lipid oxidation and fatty acid degradation 

were identified to affect the EQ in japonica rice. The results could serve as a foundation for future 

research on integrated rice EQ, and could facilitate the development of high-quality rice varieties.
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Rice (Oryza sativa L.) is a stable food crop of the world’s population. Drought stress causes 

physiological changes in rice, leading to morphological changes and yield reduction. Several 

parameters have been used to distinguish drought responses in rice, including SPAD value and 

reflectance indices. In this study, 5 rice cultivars, ‘RD43’, ‘RD69’, ‘Supanburi 1 (SPR1)’, 

‘Hawm Daeng (HD)’ and ‘Pathumthani 1 (PTT1)’, were subjected to drought stress at booting 

stage. SPAD value and reflectance indices were determined on the flag leaves after 3, 6 days of 

water-withholding and 3 days after rewatering to evaluate which parameters could be distinguish

drought response among these cultivars. The results showed that SPAD value of all cultivars were 

similar during 6 days of drought stress, but they were different at recovery period. On the other 

hand, some vegetive indices, such as ZMI, PRI and CTR1, could distinguish the stress responses 

after 3 – 6 days of drought stress and after recovery. These suggested the potential use of these 

vegetative indices to determine drought tolerance level in rice as they are more sensitive than 

SPAD value. Based on the hierarchical cluster analysis of vegetative indices during drought stress, 

‘SPR1’ rice was the most drought susceptible cultivar, while ‘RD43’ rice was the most tolerant 

one. At recovery stage, ‘RD43’ and ‘RD69’ rice showed the highest potential of drought

recovery, while ‘HD’ rice had the lowest drought recovery performance. These information may 

be applied to estimate the rice productivity via satellite remote sensing system in the future.

Keyword: Rice, Drought stress, SPAD value, and Reflectance indices

P69

http://www.isrfg2022.org/


High-throughput phenotyping for investigating drought responses 

in Thai rice

Cattleya Chutteang1,2*, Piyamat Muangsuai1, Cattarin Theerawit3, Anuruck Arunyanark1, Chanate Malumpong1,2, 

Suriyan Cha-um3, Jonaliza L. Siangliw3, Apichart Vanavichit1,2 and Theerayut Toojinda3

1Department of Agronomy, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University, Kamphaeng Saen,  

Nakhon Pathom 73140, Thailand

2 Rice Science Center, Kasetsart University, Kamphaeng Saen, Nakhon Pathom 73140, Thailand

3 National Center for Genetic Engineering and Biotechnology (BIOTEC), National Science and Technology

Development Agency (NSTDA), Khlong Nueng, Khlong Luang, Pathum Thani, 12120 Thailand

www.isrfg2022.org | Ref NO. 689 | Page 1/1

High throughput phenotyping system (HTPS) technology is a new technology and can be used to 

assess the plant phenotype with rapid and automatic data acquisition. The aims of this research 

were to investigate drought responses in Thai rice at reproductive stage and find out the correlation 

between parameters from HTPS and morphological and physiological responses under water 

deficit. The experimental design was split-plot in a completely randomized design (RCBD). The 

main plot was three types of water regimes consist of flood (control), irrigated 50% of evaporation 

rate, and withhold water. The subplot was six rice varieties. The experiment was conducted at 

reproductive stage. Morphological and physiological parameters were collected at the same time 

with parameters from HTPS cosisted of chlorophyll fluorescence and Red Green Blue (RGB) 

image analysis system. The results showed that water deficit reduced stomatal conductance, net 

photosynthesis rate (Pn), transpiration rate (E), and declined relative water content (RWC). The 

leaf rolling and leaf drying increased resulting in low biomass and yield. The significant 

correlation between parameters from HTPS such as the canopy quantum yield (QY), the area of 

canopy and perimeter from side view and physiological parameters like Pn, E, RWC, biomass, and 

yield was found. Therefore, the HTPS technology can be used for evaluating drought stress in Thai 

rice at reproductive stage as rapid and nondestructive methods.
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A critical role of anthocyanin is the photoprotection of photosynthetic apparatus by absorbing 

excess visible and UV light and performing free-radical scavenging. Rainbow rice originated from 

the cross-breeding between solid-purple-leaf rice and the specific white-green-striped leaf rice 

mutant. The most appealing leaf phenotypes are categorized into arrays of anthocyanin-rich 

phenotypes, including Cherry-red greenish striped, Pink-white greenish striped, solid purple 

greenish, and chlorophyll-depleted, white-greenish striped leaves. Their leaves turn chlorophyll 

into arrays of anthocyanins and flavonoids in response to low temperatures. In general, the 

chlorophyll content of all Rainbow rice leaves is drastically reduced compared to regular,

solid-green-leaf rice. Because all Rainbow rice varieties can produce high biomass and moderate 

grain yield, we are interested in the impact of anthocyanins and flavonoids in photobiology. Five 

Rainbow rice varieties and solid-green Riceberry rice were greenhouse-grown for high-resolution 

phenotyping (Photon System Instrument). Chlorophyll fluorescence showed that total quantum 

yield increased from 9 am until evening. All anthocyanin-rich Rainbow rice varieties retained 

higher maximum quantum yield (Fv/Fm) than the solid green Riceberry rice.

In contrast, Riceberry rice showed significantly higher minimal fluorescence yield (F0) than all 

Rainbow rice varieties. The Cheery-red Rainbow rice had the highest Fv/Fm than any tested rice, 

showing unique flavonoid content that may impact photoprotection. This result may help rice 

breeders to redesign the rice phyllosphere for better photosynthetic efficiency in the tropic, where 

light intensity and temperature are stressful.
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Rice (Oryza sativa L.) is a significant cereal crop consumed in staple and processed forms, along with 

wheat, maize, and potato. Pigmented rice is recognized as a source of natural antioxidant compounds such 

as flavonoids, g-oryzanol, tocopherol, anthocyanin, and others. Anthocyanins are a type of antioxidant that 

are also utilized as natural pigmentations. Given their nutritious benefits, anthocyanin-enriched rice or 

coloured rice varieties are a feasible alternative for promoting human health. The biosynthesis of 

anthocyanin in rice is a complex process involving multiple structural and regulatory genes. Several genes 

have been characterized to be responsible for the anthocyanin biosynthesis such as Rc and Lc genes, while 

further research on other anthocyanin biosynthesis genes in rice warrants more attention. Thailand is one 

of the main genetic resources for rice cultivars in the world. The antioxidant content in local Thai rice 

varies due to many factors such as their genotypes and the level of antioxidant content positively corelates 

with rice pigmentation. In this research, a genome-wide association study or GWAS approach was utilized 

to associate the antioxidant phenotypes determined by ABTS, DPPH, FRAP, TFC, and TPC methods 

against the SNPs in the rice genomes of 233 cultivars. A total of 115 significant genes were predicted to 

involved with the seed antioxidant traits. These significantly predicted genes are overlapped to the 

reported QTL analysis subjected to antioxidant properties by 86%. Twelve genes were consistently 

associated in all five phenotypes such as LOC_Os07g10970.1 (Leucine Zipper protein-like), 

LOC_Os07g11000.1 (Structural constituent of ribosome), LOC_Os07g11010.1 (Protein Kinase-associated 

protein phosphate), LOC_Os07g11020.1 (rc-bHLH transcription factor) LOC_Os07g11050.1, (IPP 

Transferase), LOC_Os07g11060.1 (Expressed Protein), LOC_Os07g11070.1 (DUF630/DUF632 

domains), LOC_Os07g11100.1 (Hypothetical protein), LOC_Os07g11110.1 (NAD dependent epimerase), 

LOC_Os07g11120.1 (Hydrolase, NUDIX family), LOC_Os07g11650.1 (LTPL164 - Protease inhibitor)

and LOC_Os08g20636.1 (Expressed Protein). These data will support for further characterization of the 

genes involving antioxidant property of rice seeds.
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Green leaf accumulated high density of chlorophyll, whereas dark-purple leaf rice accumulated a 

large amount of anthocyanin. Rainbow rice, derived from a cross breeding between a green-leaf, 

purple-grain JHN and a white-striped leaf mutant (WSL), resulted in Rainbow rice lines with 

unique colorful striped pattern of array of pigments, anthocyanin, proanthocyanin, and chlorophyll. 

In this study, six rice varieties including three rainbow rice, two solid purple leaf, and a dark green 

leaf, were compared using RNA sequencing and whole genome sequencing (WGS).

Differentially-expressed genes were significantly detected not only on two genes involved in 

anthocyanin biosynthesis pathway, Leucoanthocyanidin Reductase (ANR,) and Flavonoid

3'-hydroxylase (OsF3'H), but also a chlorophyll-breakdown gene, Red Chlorophyll Catabolite 

Reductase 1 (RCCR1) and three additional candidate genes, Chlorophyll a/b-binding domain, 

Protochlorophyllide reductase A, and Ribonucleotide reductase small subunit 1, (STRIPE1)which 

play roles in photosynthesis, chlorophyll biosynthesis, and leaf patterning, respectively.

To identify molecular markers for the pigment-striped leaf patterns, SNP markers were designed 

from six unique sequence variants on three genes, ANR, , F3’H, and RCCR1. Six rice (Oryza 

sativa L.) varieties were compared, including purplish-green Riceberry, solid-purple DSK33 and 

DSK104, Cherry-red striped RB01, Pink-white-striped RB04, and white-striped RB05. Only 

haplotype 2 (-G-G-) of OsANR_5’UTR_G/A and OsANR_Exon6_G/A, were the strongest 

candidates to differentiate striped-leaf from solid-leaf patterns. Riceberry, DSK33 and DSK104 

were categorized as haplotype 1 (-A-A-), whereas solid-green rice as haplotype 3 (-G-A-). More 

haplotypes have yet to be identified to differentiate the cherry-red RB01 from other Rainbow rice 

varieties. Functional markers were developed for marker-assisted selection in Rainbow rice 

breeding program.

Keyword: Leaf-pigmented genes, Rainbow rice, SNP marker, Haplotype, Striped-leaf pattern, 

Chlorophyll, Anthocyanin
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Most of rice varieties have white aleurone layer, while some of rice varieties have aleurone in red 

or black colors. In addition, the grain shape of rice is varied from short to long grain shape. The 

pigment in aleurone layer is anthocyanin that increases nutrition in rice, while the variation of grain 

shape is preferred by consumer in each region. Therefore, this study was evaluated the genetics to 

cotrol color in aleurone layer and grain shape in F2 population that derived from Riceberry (indica) 

which has black color and long grain crossed with DOA2 (japonica) which has white color and 

short grain. The Chi-square was used to investigate the gene action of two genes that controlled 

pigment in aleurone layer. In addition, the segregation of grain shape was evaluated that it is 

controlled by multiple genes. The results showed that the color in aleurone layer was identified as 

quanlitative trait with segregate to purple:red:white in ratio 9:3:4. This indicated that the color in 

aleurone layer was controlled with two makor genes and action with recessive epistasis. In 

addtition, the distribution of grain shape was a normal distribution. Moreover, the pedigree 

selection with MAS was continued to select the progenies until F8. Finally, the 3 black short grain 

showed good performance in yield and high nutrition with good cooking quality under tropical 

clemate.
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Rice, one of the most widely grown grain crop, accounts for 20% of the caloric intake of the 

human population as a whole. The incidence of type 2 diabetes (T2D) has increased rapidly from 

6.5% in 2015 to 10.7% in 2030, in particular among the elderly population (72%). There are strong 

links between consuming large amount of white rice, a sedentary life, and T2D. The softness of 

cooked white rice is associated with high glycaemic index (GI) due to its rapid digestibility and 

absorption causing post-prandial blood glucose spikes. Consumers, in general, prefer white rice 

over whole grain rice is stemmed mainly from the hardness and palatibility of cooked brown

rice. This has led us to implement a new breeding goal to improve the softness and palatibility 

while promoting nutritional value of whole grain rice. In this study, we identified associations 

between dietary fibre profiles using an enzymatic method combined with high-performance liquid 

chromatography (HPLC), and the textural properties of whole grain rice determined by a texture 

analyzer. We demonstrated the strong association between the ratio of soluble to insoluble dietary 

fibre (SDF:IDF) and the hardness (r = -0.74, p < 0.01) of cooked whole grain rice. The SDF:IDF 

ratio can be designed as a biomarker for breeding whole grain rice with softness and high 

palatibility of cooked rice to meet consumers’ well-being.

Keyword: whole grain rice; rice bran; soft texture rice; dietary fibre profiles; biomarker

www.isrfg2022.org | Ref NO. 676 | Page 1/1

P75

http://www.isrfg2022.org/


Advancing the development of two high iron and zinc rice events to

multilocation field trial in the Philippines

Mota Gela Myan B. 1 , Dueñas Conrado N. Jr. 1, 2 , Soriano Jessica Candace V. 1 , Matres Jerlie Mhay K. 1 , Arcillas

Erwin R. 1 , Tsakirpaloglou Nikolaos 1, 3 , Trijatmiko Kurniawan R. 1 , Reinke Russell F. 1 , Slamet-Loedin Inez H. 1*

1.International Rice Research Institute

2.University of Pavia

3.Texas A&M University and Texas A&M AgriLife Research

Rice biofortification is a sustainable approach to help alleviate micronutrient deficiencies that 

affect billions of people worldwide. Iron (Fe) and zinc (Zn) deficiencies are the major causes of 

anemia and stunting, respectively, in children. The sink strength and source strength enhancement 

approach was applied to develop products combining Fe storage-protein amenable for deregulation 

and Fe and Zn chelators from rice. Two best-performing transgenic events were developed from 

the construct containing a gene encoding ferritin from apple (Apfer) and a gene encoding enzyme 

that synthesizes nicotianamine from rice (OsNAS2) under cauliflower mosaic virus 35S promoter 

(pr35S). Events IRS1030-031 and IRS1030-039 were the best in terms of Fe and Zn levels in 

grains and yield among the 6 events evaluated in 2 confined field trials at IRRI, one wet season and 

one dry season. Ten lines of IRS1030-031 and IRS1030-039 were recently evaluated in a confined 

field trial to select the 3 best-performing lines per event for multilocation field trial in the 

Philippines. Higher levels of Fe (up to 10.5 ug/g) and Zn (up to 46.5 ug/g) in polished grains were 

achieved in the lines of 2 transgenic events compared to the conventional counterpart (2.3 ug/g Fe 

and 12.9 ug/g Zn). The increase in Fe and Zn contents was attained without significantly affecting 

the yield. The upcoming multilocation field trial will evaluate the 3 selected lines per event and 

generate environment risk assessment data needed for product release.
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Iron (Fe), zinc (Zn), and vitamin A (Vit A) deficiencies are serious health constraints 

worldwide. Biofortification of rice with increased grain micronutrient content is a sustainable 

complementary option to help alleviate ‘hidden hunger’. The objective of this project was to 

develop lines that combine provitamin A, Fe, and Zn in the genetic backgrounds of modern

high-yielding rice varieties. Golden Rice GR2E NSIC Rc238 or GR2E BRRI dhan29 introgression 

lines were crossed with High Iron and Zinc Rice (HIZR) IRS1030-031 or IRS1030-039 in the 

genetic background of NSIC Rc238 or BRRI dhan28 germplasm. The F1 plants were selfed to 

generate F2 seeds. Multiplex PCR zygosity assays for GR2E and HIZR events were conducted to 

identify F2 plants homozygous for both T-DNAs. A replicated trial on the F3 plants with 3 

replications was conducted in the screen house to evaluate the trait combination effect on 

agronomic performance and investigate possible trait interaction. Harvested grains were milled and 

measurements of ?-carotene, Fe, and Zn contents are currently underway. For introgression, F1 

plants were crossed twice with NSIC Rc238, BRRI dhan28 or BRRI dhan29 to generate BC2F1 

seeds. These lines will be further backcrossed and selfed to produce fixed lines and will be 

evaluated in the multilocation field trials in the Philippines and Bangladesh. Promising lines will 

be nominated for varietal test and release in the respective countries.
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Red rice contains high levels of proanthocyanidins and anthocyanins. The red coloration of rice 
grains is controlled by two complementary genes, Rc and Rd.Earlier experiments conducted on 
Pathum Thani 1 (PTT1) produced red pericarp mutant lines, R684-13-15 and R2523-8-10, which 
have stronger antioxidant capacity. This study focused on the Rc gene, which regulates 
pigmentation in the rice bran layer, that causes the change in color from brown to red. Initially, the 
two mutant rice lines and wild type (PTT1) were planted in the same plot, young leaves were 
collected from each plant for DNA extraction. The samples were subjected to agarose gel 
electrophoresis. Then, using next generation sequencing technologies, GBS (genotyping by 
sequencing) libraries were performed to determine the DNA sequence alignment gene. Finally, the 
bioinformatics analysis by quality control of raw sequencing data, mapping clean reads and SNP 
and InDel detection and annotation. The results showed that, R684-13-15 had the highest raw and 
clean base sequencing data of 794,073,024 bp and 794,054,016 bp, respectively. All three 
varieties/lines had the highest SNP were located in intergenic region (67.4% in the average), 
R684-13-15 had the highest total SNP of about 326,531. The mutant rice line, R684-13-15, 
restored the reading frame of the gene, and reverted the bran layer pigmentation to red (wild rice). 
The analysis of R684-13-15 revealed three SNPs in intronic region. It’s the Rc gene, which similar 
to LOC_Os07g11020 in Oryza sativa (14 bp deletion). The effect of Rc gene reverted the color 
from white to red. 
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Rice feeds more than half of the world’s population, and is a model system for plant genetics, 

genomics, and breeding due to its small size (~400Mb). The first rice genome, sequenced 20 years 

ago, was the foundation of the Gramene database (http://www.gramene.org) at the time to provide 

a comparative genome mapping resource for grasses. Since then, new genomes representing a 

wider variety to explore agriculturally important traits, have been sequenced, prompting the 

creation of the first Pan-Genome site: Gramene Oryza (https://oryza.gramene.org). The current 

release 5 (Oct. 2022) features 28 Oryza genomes, including domesticated African rice, 16 

MAGIC16 collection, short life cycle KitaakeX, and heirloom US Carolina Gold Rice. The 

International Rice Genome Sequencing Project (IRGSP) genome is the reference for gene 

expression and pathway information, and was used to build 27 cross-rice synteny maps. Gene trees 

are foundational for pan-genomes, supporting traversal and within-species analyses. Over 38K 

gene trees were built with the Oryza proteomes and 8 outgroups (Leersia, Arabidopsis, sorghum, 

maize, grape, Chlamydomonas, Selaginella, Drosophila), enabling phylogenetic inference of 

orthologs and paralogs, insights of allelic genes within and across species as well as lineage 

specific expansion and contraction, gene function projection, and synteny maps. We provide 

various views to interrogate the gene tree data, including the novel neighborhood view in the 

search component of the site. In addition, the site includes BLAST and text-based searches. We 

work with the community to coordinate data stewardship, training and feedback. Gramene Oryza 

is funded by USDA-ARS-8062-21000-041-00D.
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Eugenol, a natural monoterpene, inhibits pre-harvesting sprouting 

by a stepwise modulation of GA, ABA and ROS in rice
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Pre-harvest sprouting (PHS) strongly diminished quality and quantity of rice production.

Unfortunately, recent global climate change causes greater fluctuations in rainfall consequently 

exacerbates PHS. It is therefore necessary to develop actions to avoid PHS and secure rice 

production. Eugenol (C10H12O2) is a natural monoterpene which was found to inhibit seed 

germination. The mechanism of eugenol inhibited seed germination in plants remains controversial 

and has not been thoroughly investigated. In this study, using a recently published GA and ABA 

simultaneously responsive dual luciferase reporter system, the results revealed that eugenol 

inhibited the transcriptional response of GA, but induced ABA response. Furthermore, in situ 

detection of ROS in germinating seeds demonstrated that eugenol markedly reduced the 

accumulation of H2O2 in scutellum and aleurone layer. Taken together, eugenol inhibited rice seed 

germination was mediated through a two-phase regulation: In the first phase, eugenol enhances 

ABA response but inhibit GA response after 6 hour of seed imbibition. In the second phase, 

eugenol declines scutellum and aleurone layer-localized H2O2 after 24 hours of seed imbibition.

The understanding of eugenol-inhibited seed germination mechanism shed light on the 

development of novel efficient inhibitors for the prevention of PHS.

Keyword: Pre-harvest sprouting, PHS; Eugenol.
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Useful alleles from a Japanese landrace ‘Omachi’ that improve 

lodging resistance in temperate japonica rice
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1.Graduate School of Agriculture, Tokyo University of Agriculture and Technology 
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The genetic improvement of lodging resistance is an important breeding target for stable grain 

yield and quality in rice. The lodging resistance has ever been achieved mainly by shortening the 

culm. However, there is a growing need to strengthen the culm itself because recently developed 

high-yielding cultivars have heavy panicles and the typhoons become more powerful than ever due 

to global climate change. In our previous study, we found that a landrace 'Omachi' had one of the 

thickest and strongest culms among temperate japonica rice, although the genetic factors have been 

unknown. In this study, we phenotyped recombinant inbred lines (RILs) derived from a cross 

between ‘Koshihikari’ and ‘Omachi’ for two years and performed QTL analysis. As a result, the 

QTLs for culm diameter was detected on the long arms of chromosomes 3 and 7 for both years.

The presence of the QTL on chromosome 7 was also confirmed by genetic analysis using the F2 

population derived from a cross between one of the RILs and Koshihikari. The estimated effect of 

increase in culm strength was about 40% when both alleles from ‘Omachi’ were substituted for 

‘Koshihikari’. While culm diameter was genetically independent of days to heading and culm 

length, the QTLs related to culm thickness increased pleiotropically spikelet number per panicle. 

These results suggested that the strong culm QTLs derived from ‘Omachi’ contain alleles that are 

useful for breeding to increase lodging resistance and also contribute to yield.

Keyword: Temperate japonica, Lodging resistance, QTL, Landrace

PA3



Cadmium-induced changes in the root transcriptome reveal the

large fluctuation of nitrogen transporters between a Cd-tolerant

and a Cd-sensitive rice cultivar under Cd treatment
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Min-Yu Yang, Chwan-Yang Hong

Department of the Agricultural Chemistry, National Taiwan University, Taipei, Taiwan

Cadmium (Cd) is a potential risk factor for food safety in rice. The responsive mechanisms to 

Cd have been studied in rice, however, the effect of Cd on the transcriptional patterns of nitrogen 

(N), phosphorus (P), and potassium (K) transporters remain largely unknown. Here, we conducted 

a transcriptome study under the condition of Cd treatment of a Cd-tolerant (Tainung 67, TNG67) 

and a Cd-sensitive (Taichung Native 1, TN1) cultivar. Rice root transcriptome analysis has 

identified 3,146 differentially expressed genes (DEGs; 1,146 up-regulated and 2,000

down-regulated) and 2,202 DEGs (1,100 upregulated and 1,102 downregulated) in TNG67 and 

TN1, respectively, under Cd stress. After Cd treatment for 24 and 48 hours, the up-regulated genes 

demonstrated a dominantly more numbers than down-regulated genes in TN1, but not in TNG67. 

The gene ontology (GO) analysis displayed that many DEGs were related to the absorption of 

nutrients in rice. We further investigated the genes related to the absorption of the N, P, and K in 

the RNA-seq data. The results indicated that there were less fluctuations in the expression of the P 

and the K transporter genes, however, a large fluctuations of gene expression of nitrate transporters 

were found through the time of Cd treatment. The roles of these nitrate transporters in the uptake or 

transport of Cd will be further analyzed and hopefully it can be applied to increase food safety in 

the future.

Keyword: cadmium, transcriptome, and nitrate
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Development of multi-stress tolerant indica rice variety by  

pyramiding quantitative trait loci
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Wanju-gun, Republic of Korea

Pyramiding multiple abiotic/biotic-stress resistance QTL/genes is required to protect rice 

production from harsh environments caused by climate-change. Phosphorus-deficiency and blast 

following flooding at germinative/vegetative stages are two of the most critical stresses that can 

potentially reduce rice yields. Recently, the QTL/genes conferring tolerance to submergence, 

anaerobic germination, phosphorus deficiency and resistance to blast have been pyramided into the 

elite indica varieties, Ciherang and IR64, and developed as Ciherang-Sub1+AG1+Pi9 (CSA-Pi9) 

and IR64-Pup1+Sub1 (IPS). Sub1 and AG1 in CSA-Pi9 conferred tolerant phenotypes with the 

same or greater transcription levels of the major genes compared to those of each positive controls 

under respective stress condition. The lesion lengths in CSA-Pi9 were significantly shorter 

compared to Ciherang-Sub1+AG1 upon inoculation of a blast isolate harboring Avr-Pi9. No 

significant differences were observed in length, number, and architecture of panicles between

CSA-Pi9 and Ciherang-Sub1+AG1; however, CSA-Pi9 had superior grain quality with less 

chalkiness than Ciherang-Sub1+AG1. The Sub1 QTL in IPS functioned normally under 

submergence condition by recovering growth condition with the major gene at comparable 

transcription level to IR64-Sub1 after submergence. Under the phosphorus deficient condition, the 

total P content in IPS was same as IR64-Pup1; however, the crown root number, root length and 

OsPSTOL1 expression levels in IPS were significantly lower than those of IR64-Pup1. With these 

results, we assumed that the transcription of Pup1 was interrupted by Sub1 under

phosphorus-deficient condition. Analysis of the interactions between these two QTL/genes are 

being performed. These two developed breeding lines could be useful donors in breeding program 

for developing climate-resilient varieties with multiple-stress resistance QTL/genes.

Keyword: Phosphorous deficiency, Submergence, Anaerobic germination, Blast, Rice
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Searching for the traits and genes associated with deep-water 

resistance for rice breeding in organic farming

Iwasa Marina1*, Adachi Shunsuke1, Nomura Tomohiro1, Motobayashi Takashi1, Nakamura Tetsuya2 and Ookawa 
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2.Yukimai Design Co., Ltd.

Weed control in organic farming requires a large burden for farmers. It has been reported that deep-

water management, which maintains 15-20 cm depth of water after transplanting, can efficiently 

suppresses weed growth. However, the management also suppresses rice growth and eventually 

grain yield. There has been little research to identify key traits and genes associated with deep-

water resistance. Here we evaluated genetic diversities of plant length and tiller number among 166 

temperate japonica rice cultivars under shallow-water (SW, 5 cm depth of water) and deep-water 

(DW, 15 cm depth of water) plots.We also searched the quantitative traits loci (QTLs) and genes by 

genome wide association study (GWAS). The plant length in DW plot ranged from 33.2 to 54.0 

cm, while that in SW plot ranged from 23.7 to 41.6 cm at 10 days after treatment. The tiller number 

in DW plot ranged from 1 to 5 per plant, while that in SW plot ranged from 3 to 10 per plant, at 17 

days after treatment. These results indicate that DW results in increased plant length and reduced 

tiller number, and traits values ranges widely in temperate japonica cultivars. The QTLs for plant 

length and tiller number under DW plot were identified on chromosomes 3 and 4, respectively.

Each QTL contained 12 and 83 genes on chromosome 3 and 4, respectively. Identifying causal 

genes related to deep-water resistance and their utilization for organic breeding could contribute to 

satisfy both of weed management and high yield in organic rice cultivation.

Keyword: organic rice farming, weed control, deep-water resistance, GWAS, QTL
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Predicting Leaf Photosynthetic Rate in Field-Grown Rice by 

Estimated Transcriptome
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Leaf photosynthetic rate is greatly affected by genetic and environmental factors as well as plant 

ages. Thus, it is still difficult to predict the photosynthetic dynamics of field-grown crops. We 

hypothesize that transcriptome information, which reflects all these factors, can be used for the 

photosynthetic prediction. Based on large-scale RNA-seq of a set of inbred lines derived from a 

cross between rice cultivars Koshihikari and Takanari (~5,000 samples), we recently developed the 

transcriptome estimation platform “FIT” for field-grown rice using genotypic information, 

meteorological data, and plant age (Kashima et al. 2021). In the current study, we aim to create a 

statistical model to predict photosynthetic rates from the estimated transcriptome. CO2 assimilation 

rate was measured by closed-photosynthesis system MIC-100 from June to September in 2018 and 

2019 (~13,000 samples). We regressed the CO2 assimilation rates with the estimated transcriptome 

based on LASSO. The model enabled us to predict the dynamics of photosynthesis of untrained 

genotypes in 2019 with RMSE 3.94-7.54 µmol m-2 s-1. It showed poor prediction performance for 

the data in 2020 due to occasional errors in transcriptome estimation and/or improper variable 

selection in LASSO. This issue was solved by several algorithms including ensemble learning and 

Group LASSO (RMSE 5.90-7.19 µmol m-2 s-1). Our results, for the first time, showed the 

possibility of transcriptome for predicting photosynthesis in the field. Our modeling platform is 

expected to be applied to different environments, different rice genotypes, and different phenotypes 

in future research.

Keyword: photosynthetic prediction, transcriptome, FIT, statistical modeling, LASSO
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