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oReport summary (English)

Principal investigator: Wasesda University associate professor Motoki Tominaga
R & D title: Artificial control of cytoplasmic streaming: establishment as a basic
technology for plant biomass enhancement.

1. Purpose of R & D

Fossil fuels such as oil and coal are finite, and the carbon dioxide emitted is a major cause of global
warming. Plant biomass is considered a carbon-neutral infinite energy because it is generated by
fixing carbon dioxide by plants using photosynthesis. Recently, to increase the plant biomass
production per unit area, various biotechnological attempts have been made to increase the plant
yield. Plants grow by synthesizing sugar from carbon dioxide by photosynthesis in the leaves,
absorbing inorganic salts and water from the roots, and circulating them inside the plant body. To
increase the production of plants, it is essential to enhance the mass transport of products throughout
the plant. We will develop the universal biomass production technology that can be applied to every
plant by artificially accelerating the velocity of the motor protein myosin, which is responsible for
intracellular transport in plants (cytoplasmic streaming).

2. Outline of R & D (1) Contents:—(2) Achievements:

Waseda University/Tominaga Group

* Basic mechanism

— We found that cytoplasmic streaming was conserved in land plants as a growth control system by

expressing Marchantia polymorpha myosin XI in Arabidopsis, which is located at the base of land

plants.

— We found that cytoplasmic streaming is involved in the polar growth of plant cells.

* Regulation of plant growth by speed-modified myosin XI

— High-speed myosin XI-2, myosin XI-K, and XI-B promote early growth, late growth, and early

flowering, respectively.

* Product enhancement of biodiesel production plant Camerina and tree model plant poplar.

— We succeeded in increasing seed production of camelina and biomass production of poplar by

expressing high-speed myosin XI.

Chiba University/Ito Group

+ Identification of motor function of all Arabidopsis myosin XIs.

— We succeeded in identifying the velocity and enzymatic activity of all Arabidopsis myosin XIs.

* Cloning of maize myosin XI.

— We identified a ubiquitously expressed maize myosin XI and succeeded in generating high-speed
maize myosin XI.

+ Development of new high-speed myosin XI.

— Using a motor domain derived from Chara braunii, we have succeeded in developing a new
high-speed chimeric myosin XI that generates 3 times faster than the conventional (current)
high-speed type and 7 times faster than the wild-type.

* Growth enhancement and increased seed production of rice model plant Brachipodium.

— We succeeded in increasing the size and the production of seeds of Brachipodium by expressing
the new high-speed type.

JT/Hiei Group
Expression of high-speed myosin XI in maize.

— High velocity corn myosin XI (ZmXI-3, 7) did not show any effects on enhancement in the T1
generation.

(3) Future developments:

The technology for acceleration of cytoplasmic streaming velocity can be applied to various plants.

For example, by increasing the size of corn, soybeans, sugar cane, etc., important resource plants, it

is expected that the production of biomass energy and feed will be increased, and at the same time

the global reduction of carbon dioxide will be achieved.



