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oReport summary (English)

Principal investigator: MITSUDA Nobutaka, Group Leader, Bioproduction Research
Institute, National Institute of Advanced Industrial Science and Technology (AIST)
R & D title: Development of new wood in plants without wood formation

1. Purpose of R & D

To reduce production cost of next-generation biofuels, bioplastic, and high-value wood for the
reduction of CO, emission, we attempt to establish new technologies to produce new wood which is
easy to be saccharified, extract each component, or has high quality with increased productivity first
in model plant Arabidopsis and then in poplar, rice and other suitable plants for application. At the
same time, we attempt to develop an alternative method which doesn’t make the final plant as a
transgenic plant to achieve same goals.

2. Outline of R & D

(1) Contents:

Plant secondary cell wall (wood) has a chemically and biologically very stable structure made of
cellulose, hemicellulose, and lignin. Arabidopsis double mutant of NST/ and NST3 transcription
factor genes showed almost complete loss of secondary cell wall formation in stem and hypocotyl
fiber cells. In this study, we have been tried to develop new artificial cell walls in this double mutant
by expressing various transcription factor genes in fiber cells. When the transgenic plants produced
new cell walls as expected, we analyzed their characteristic and introduced the causal genes into
poplar, rice, and sorghum if they appeared to be useful. While one of the obtained results was the
increased production of woody substances, this could increase recalcitrance and therefore we also
tried to change the quantity and quality of lignin by expressing various enzymatic genes from many
organisms.

(2) Achievements:

We found out more than 10 genes which can reproduce cell walls in the Arabidopsis nst/ nst3 double
mutant by expressing more than 600 transcription factor genes in it and the systematic observation.
Especially, the discoveries of 1. The gene which can dramatically increase wood production 2. The
gene which can enlarge stem width by increased secondary growth 3. The gene which can induce
cell wall with no lignin 4. The gene which negatively regulate wood formation, are quite significant
and expected for industrial application. A part of these genes induced similar phenotype in poplar,
rice, and sorghum. A part of the transgenic poplar was provided to the groups which focus on the
study of downstream process of wood utilization. We found the reinforced wood can be similarly
processed like normal wild-type wood in their processes and confirmed the effect of lignin reduction
also for the reinforced wood. Furthermore, we found around 10 enzymatic genes from various
organisms can change quantity or/and quality of lignin when they are expressed in Arabidopsis fiber
cells from the screen of more than 100 genes. 5. One of them doubled saccharification rate of the
cellulose from secondary cell wall. 6. We also developed a new high-throughput method to analyze
sugar composition of cell wall.

(3) Future developments:

Among major achievements shown above, 1. and 4. are employed for the collaboration with private
company to develop new reinforced wood. No. 3 is also served for the collaboration with another
private company to increase fruit shelf life. No. 5 is now under negotiation for the collaboration with
foreign institute and company to apply it to the particular grass species. We also utilized the new
method No. 6 for the development of new strain of another large grass species suitable for biofuel
production in collaboration with another private company. As described, most of our outcome is now
served for the collaboration with private companies and on the way to commercialization in future.



