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Strategic International Collaborative Research Program (SICORP)

Japan — Europe Joint Research Program

Executive Summary of Final Report

1. Project title : Comparative potato and cassava OMICS for sustainable crop

production (COSMIC)

2. Research period : Apr., 2017 ~ Mar., 2021
3. Main participants :

Japan-side
Name Title Role in the
research
project
Pl Motoaki Seki Team RIKEN CSRS Project Leader
Leader in Japan
Co-PI Yoshinori Utsumi Research RIKEN CSRS Sub-project
Scientist Leader in Japan
Collaborator | Chikako Utsumi Technical | RIKEN CSRS Transformation
Staff (T.S.)
Collaborator | Maho Tanaka T.S. RIKEN CSRS Transcriptome
Collaborator | Yoshie Okamoto Part Timer | RIKEN CSRS Exp. support
Collaborator | Megumi Miyamoto Part Timer | RIKEN CSRS Exp. support

Total number of participants throughout the research period: 6

Partner-side

Name Title Affiliation Role in the
research project
Pl Salomé Professor | CNB-CSIC Project Leader
Prat
Co-PI Uwe Professor | FAU Pl in Germany
Sonnewald
Collaborator | Sophia Group FAU Potato research
Sonnewald | Leader
Collaborator | Frank Group FAU Cassava research
Ludewig Leader
Collaborator | Giinter Postdoc | FAU Potato research
Lehretz
Collaborator | Janine PhD FAU Cassava research
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Bergmann | student

Total number of participants throughout the research period: 8

4, Summary of the international joint research: Three groups (RIKEN, CNB-CSIC,
FNU) have conducted integrated omics analysis (transcriptome, metabolome, and
hormonome) using storage organs of cassava and potato, and morphological studies on
cell differentiation and elongation of storage organs. The purpose of this study is to
elucidate the molecular mechanisms (factors and process of cell differentiation etc) of
storage organ formation. In this study, we demonstrated that cytokinin and auxin play a
major role in tuberous formation in cassava and the role of jasmonic acid is different
between cassava and potato. INTACT technologies were developed and transformed
into cassava and potato to carry out morphological studies on cambium cell
differentiation and cell elongation. Glycolate Dehydrogenase (EcGlyDH)-overexpressing
cassava and potato plants were prepared. We also found that cassava root formation
responds to photoperiod-dependent signals. In the future, it is expected that the genes
involved in early bulking of tuber will be identified and practical technologies for
avoidance of energy loss in photorespiration will be developed by promoting the ongoing
research, resulting in the improvement of productivity of cassava and potato.

5. Outcomes of the international joint research

5-1 Scientific outputs and implemented activities of the joint research: The
phytohormonal dynamics of cassava tuberous root formation process were clarified by
integrated omics analysis and the /n vitro tuber formation assay. INTACT technologies
were developed to clarify the orientation of cell division and the activation region of cell
division during tuber formation. EcGlyDH-overexpressing cassava and potato were
created to reduce the effects of photorespiration under the high temperature stress.
5-2 Synergistic effects of the joint research: We could strengthen the research
networks among each institute. Through the research activities, we could develop
human resources that can understand the global cassava and potato research projects
necessary for molecular breeding and the elucidation of the molecular mechanisms.

5-3 Scientific, industrial or societal impacts/effects of the outputs: We will perform
the identification of candidate genes related to tuber development under photoperiod
control and the optimization of metabolic system involved in photorespiration under high
temperature through the analysis of the results obtained in this study in collaboration
with each institute. The international brain circulation was established through the
participation in the workshop of young researchers. We will continue to develop the

cooperative relationship through the acquisition of new competitive research funds.
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1.

Tokunaga, H., Baba, T., Ishitani, M., Ito, K., Kim, O.K., Le, H.H., Le, H.K., Maejima, K.,
Namba, S., Natsuaki, K.T., Nguyen, D.V., Nguyen, H.H., Nguyen, N.C., Nguyen, V.A,,
Nomura, H., Seki, M., Srean, P., Tanaka, H., Touch, B., Trinh, H.X., Ugaki, M., Uke, A.,
Utsumi, Y., Wongtiem, P. and Takasu, K. (2018) Sustainable Management of
Invasive Pests of Cassava in Vietnam, Cambodia and Thailand. In “Crop Production
under Stressful Conditions: Application of  Cutting-edge Science and
Technology in Developing Countries (Edited by Drs. Makie Kokubun and
Shuichi Asanuma)”, Springer, pp. 131-157, doi: 10.1007/978-981-10-7308-3_8
Malik, A.l., Kongsil, P., Nguyen, A.V., Ou, W., Sholihin, Srean, P., Sheela , M.N.,
Lopez-Lavalle, L.A.B., Utsumi, Y., Lu, C., Kittipadakul, P., Nguyen, H.H., Ceballos, H.,
Nguyen, T.H., Gomez, M.S., Aiemnaka, P., Labarta, R., Chen, S., Amawan, S., Sok, S.,
Youabee, L., Seki, M., Tokunaga, H., Wang, W., Li, K., Nguyen, H.A., Nguyen, V.D.,
Ham, L.H. and Ishitani, M. (2020) Cassava breeding and agronomy in Asia - 50 years
of history and future directions. Breed. Sci. 70:145-166. doi: 10.1270/jsbbs.18180.
Utsumi, Y., Tanaka, M., Utsumi, C., Takahashi, S., Matsui, A., Fukushima, A,
Kobayashi, M., Sasaki, R., Oikawa, A., Kusano, M., Saito, K., Kojima, M., Sakakibara,
H., Sojikul, P., Narangajavana, J. and Seki, M. (2020) Integrative omics approaches
revealed a crosstalk among phytohormones during tuberous root development in
cassava. Plant Mol. Biol., doi: 10.1007/s11103-020-01033-8.
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4. Seki, M., Tokunaga, H., Utsumi, C., Okamoto, Y., Moriya, E., Vu, T.A., Sakamoto, A.,

Takei, Y., Sakurai, T., Endo, M., Mikami, M., Toki, S., Tsuji, H., Jarunya Narangajavana,
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J., Triwitayakorn, K., Sojikul, P., Nguyen, A.H., Do, Q.T.N., Nguyen D.V., Nguyen, A.V,,
Le, H.H., Pham, N.T., Nguyen, H.H., Touch, B., Srean, P., Wongtiem, P., Ishitani, M.
and Utsumi, Y. (2018) Advancement of Asian Cassava Molecular Breeding towards
SDGs. Proceedings of the 18th Science Council of Asia (SCA) Conference "Role
of Science for Society: Strategies towards SDGs in Asia", Dec. 5-7, 2018, Tokyo,
Japan, Theme 10, 6.
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Takei, Y., Sakurai, T., Endo, M., Mikami, M., Toki, S., Tsuji, H., Jarunya
Narangajavana, J., Triwitayakorn, K., Sojikul, P., Nguyen, A.H., Do, Q.T.N., Nguyen
D.V., Nguyen, A.V, Le, H.H., Pham, N.T., Nguyen, H.H., Touch, B., Srean, P.,
Wongtiem, P., Ishitani, M. and Utsumi, Y. (2018) Advancement of Asian Cassava
Molecular Breeding towards SDGs. Proceedings of the 18th Science Council of
Asia (SCA) Conference, Tokyo, Japan, Dec. 5-7, 2018 (B1%&#5)

of friable embryogenic callus in cassava cultivar “KU50" is observed under
conditions of reduced nitrate, potassium and phosphate. The Fourth Scientific
Conference of the Global Cassava Partnership for the 21st - GCP21-1V, Cotonou,
Republic of Benin, 2018 £ 6 B 12 B (BEFHR)

3. Tokunaga, H., Nguyen A.H., Nguyen, H.H, Ishitani, M., Takasu, K, Touch B, Utsumi Y.,
Nguyen, V.A., Wongtiem, P. and Seki, M. Developing a sustainable seed system for
cassava in Southeast Asia. The Fourth Scientific Conference of the Global
Cassava Partnership for the 21st — GCP21-1V, Cotonou, Republic of Benin, 2018
6 A 128 (BEHHESE

4. Tokunaga,H., Nguyen, A.H., Anh V.T., Behnam, B., Ishitani, M, Quynh, D.T., Tsuji, H.,
Utsumi, Y., Vu N.A. and Seki, M. Studies on key environmental factors affecting
flower formation and branch development in cassava. The Fourth Scientific
Conference of the Global Cassava Partnership for the 21st - GCP21-1V, Cotonou,
Republic of Benin, 2018 &£ 6 B 14 H (BfF5#H)
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& Understanding the Molecular Mechanism of the Effect to Day-Length on
Tuberous Root Development in Cassava (Manihot esculenta Crantz), The Fourth
Scientific Conference of the Global Cassava Partnership for the 21st -
GCP21-1V, Cotonou, Republic of Benin, 2018 £6 A 14 H

M. Identification of Genes and Enzymes Encoding Starch Biosynthesis on Cassava
(Manihot esculenta Crantz), The Fourth Scientific Conference of the Global
Cassava Partnership for the 21st - GCP21-1V, Cotonou, Republic of Benin, 2018 &
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Utsumi, Y., Tokunaga, H., Utsumi, C., Okamoto, Y., Moriya, E., Vu, T.A., Sakamoto, A.,
Takei, Y., Sakurai, T., Endo, M., Mikami, M., Toki, S., Tsuji, H., Narangajavana, J.,
Triwitayakorn, K., Sojikul, P., Nguyen, A.H., Do, Q.T.N., Nguyen, D.V., Nguyen, V.A,
Le, H.H., Pham, N.T., Nguyen, H.H., Touch, B., Srean, P., Wongtiem, P., Ishitani, M.
and Seki, M. Advancement of Cassava Molecular Breeding in east-Asia. The Plant
and Animal Genome XXVII Conference (PAG) . San Diego. USA. 2019 % 1 A
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EIG CONCERT COSMIC Project. Kick-off meeting, £ :Salomé Prat (CNB-CSIC.
HiR), P/ ARAVEULNA AT/ AY—t>»&Z—(CNB-CSIC, ¥ RKU—FR, X
~_A ), BAfE 1 2017/11/12~2017/11/14, =A% 15 &

EIG CONCERT COSMIC Project. Mini-workshop at RKEN Yokohama. Ff## : B8R
B (GBHf, F— LY —&—), G BIFFEEF v /X (R, BA), HAfHE 1 2018/5/6
~2018/5/10. ZMA# : 30 &

COSMIC Workshop “Physiology meets development — metabolic and molecular
control of crop yield”, =% : Uwe Sonnewald (FAU. #d%). 7T : Welcome Hotel
Bamberg (/N> ~ LS o KA Y), HAIRE 1 2018/9/16~2018/9/18. &MIA%L : 40 £
RIKEN CSRS Seminar for COSMIC project, E## : BRI (BH, F—L U —&—),
SR L BEHE RS v /X R (BE. BA). # 1 2019/6/10. SMMA%L 1 30 £
COSMIC Workshop "Physiology meets structure - Integrative models for assimilate
transport ", TfEZE : Uwe Sonnewald (FAU. #d%). 3577 : Welcome Hotel Bamberg
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Moo tERs (K4 ) (285 L 7=s COSMIC Workshop “Physiology meets development
- metabolic and molecular control of crop yield” % §f& L. Dr. Salomé Prat, Dr. Uwe
Sonnewald, Dr. Motoaki Seki. Dr. Yoshinori Utsumi 2\B1F#E L 7z, FHREFEIC
B9 2Ibahb8biTo7,
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MRS (K4 ) Z5M L7z, COSMIC Workshop "Physiology meets structure -
Integrative models for assimilate transport"% B3 L. Dr. Salomé Prat. Dr. Uwe
Sonnewald, Dr. Motoaki Seki. Dr. Yoshinori Utsumi 2\B1F#E L 7z, FEREFE(IC
BEd2fIbahbtEbiTo7,
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