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Outline of the work:

Plants need to develop tolerance to environmental stresses such as drought, extreme temperatures, and
high salt content for ensuring their survival under such conditions. Dr. Kazuo Shinozaki and Dr. Kazuko
Yamaguchi-Shinozaki through their collaborative research have conducted systematic pioneering studies on
the identification and regulation of genes that are related to environmental stress response and acquisition of
resistance in plants, making great achievements in this field of research.

Initially, they searched for genes that are induced by drought and low temperature and observed that the
expression of several genes is induced at the transcriptional level in response to these stresses. Then, through
detailed analysis of the transcriptional patterns of genes that respond to drought stress, they discovered that in
addition to the known abscisic acid (ABA)-dependent pathway, there exists an ABA-independent pathway,
which is involved in abiotic stress responses as well. Furthermore, they succeeded in identifying not only the
regulatory promoter regions of these genes but also the transcription factors that bind to them. These are
necessary for the expression of environmental stress-inducible genes. It is worthy of note that the novel ABA-
independent cis-acting region, DRE (Dehydration Responsive Element), and the transcription factor DREB
(DRE Binding protein) family identified by them have been mentioned in various plant science textbooks.

Dr. Shinozaki’s collaborative team has also achieved many positive results in understanding the control
system of ABA. They identified AREB (ABA Responsive Element Binding protein), which binds to the cis-



element ABRE (ABA Responsive Element) of the concerned gene, as a transcription factor involved in ABA-
dependent transcriptional regulation, and also observed that AREB is activated through phosphorylation.
Furthermore, they identified major enzymes involved in ABA biosynthesis and degradation, and also
discovered the transporter ABCG25, which is involved in transport between tissues; thus, elucidating the
whole picture of the ABA-dependent control of responses to drought stress.

Drs. Shinozaki and Yamaguchi-Shinozaki also identified important regulatory factors involved in the
perception of environmental stress and the transmission of related signals. In particular, they focused on the
phosphorylation status of enzymes involved in signal transduction, demonstrating that MAP kinases and
SnRK?2 kinases play an important role in intracellular signal transduction related to drought stress-induced
ABA response. Furthermore, they made significant contributions to the field of research on intracellular signal
transduction related to environmental stress responses, including the identification of factors upstream of
SnRK?2 and the discovery of histidine kinase, which is a receptor for osmotic stress.

Signals about water deficit are transmitted from the roots to the leaves via the vascular system of the
stems, and transpiration is suppressed by inducing the closure of the stomata. Drs. Shinozaki and Yamaguchi-
Shinozaki discovered a CLAVATA3/ EMBRYO-SURROUNDING REGION-RELATED 25 (CLE25) peptide
that is involved in this process. CLE25 is synthesized in the roots in response to water stress, transported from
the roots to the leaves through the xylem vessels, and binds to the membrane receptors of the leaf cells to
induce ABA synthesis. As a result, the stomata are closed and the loss of water through transpiration is
suppressed. This study is notable for being the first to demonstrate that peptides are involved in long-distance
signal transduction from the roots to the leaves in response to drought stress.

Drs. Shinozaki and Yamaguchi-Shinozaki have also contributed to applied research to develop crops
resistant to environmental stresses. Through international collaborations, they have developed drought-stress-
tolerant and salt-stress-tolerant rice, wheat, and soybean. Many achievements have also been made regarding
their applicability in the field. In particular, in joint research with the Institute of the Consultative Group on
International Agricultural Research (CGIAR), they have succeeded in strengthening drought tolerance in rice
and soybeans in arid regions and increasing their yield.

The publications based on the results obtained by the joint research conducted by Dr. Kazuo Shinozaki
and Dr. Kazuko Yamaguchi-Shinozaki have received a particularly high number of citations. Both have also
been recognized as Highly Cited Researchers in the field of plant sciences by Thomson Reuters/Clarivate
Analytics continuously since 2014. The two have also jointly received the Japanese Society of Plant
Physiology Prize and the Tsukuba Prize. Dr. Shinozaki has received the Commendation for Science and
Technology by the Minister of Education, Culture, Sports, Science, and Technology, the Medal with Purple
Ribbon; the Person of Cultural Merit Award; the International Prize for Biology; the Khalifa International
Award, and is elected as an international member of the National Academy of Science (USA) and as a Pioneer
Member of the American Society of Plant Biologists. Dr. Yamaguchi-Shinozaki has also received the Tokyo
Techno Forum 21 Gold Medal Award; the Commendation for Science and Technology by the Minister of
Education, Culture, Sports, Science, and Technology, and the MIDORI Academic Award. Hence it can be
concluded that both Dr. Kazuo Shinozaki and Dr. Kazuko Yamaguchi-Shinozaki have made outstanding
achievements in the field of plant biology and agricultural science.
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