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Plant Biotechnology and Synthetic Biology

{4 g i £ 8

Course Outline:

Climate change and population growth are global challenges for sustainable agriculture and crop
production that must be addressed using efficient breeding technologies and novel breeding tools
such as CRISPR-Cas9. The new course ‘Plant Biotechnology and Synthetic Biology’ will introduce
students to conventional and advanced methods of plant genome engineering and biotechnology
approaches applied to crop plants. Novel synthetic biology techniques for the regulation of plant
genes and metabolic processes will be explained. Students will be introduced to the relevant
literature and trained in the presentation and discussion of research results.
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This is a two-hour lecture and one-hour discussion course for Master- and PhD level students. The
course will be taught in English. Students are encouraged to make presentations in English but
presentations in Chinese are acceptable.
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2% (lecture): Tuesday 10:00~12:00 am
23 # (Discussion): Thursday 10:00~11:00 am

Instructors:
Dr. Wilhelm Gruissem (Professor and Yushan Scholar)
Dr. Shuen-Fang Lo (Associate Research Fellow)



About the Instructors:

Dr. Wilhelm Gruissem has been the former Director of the
Department of Plant Biology at UC Berkeley (USA) and
y scientific consultant of the Executive Yuan. Since 2000 he
' is Professor at the Eidgendssische Technische Hochschule
Zurich (ETH Zurich;
https://impb.ethz.ch/research/reseach-pb.html) in
F/\! Switzerland. He is a fellow of the American Association

. 8 : AW for the Advancement of Science and the American Plant
Blology Society. His research is highly cited in the field. Currently, he is also a Professor at NCHU
and a Yushan Scholar. Dr. Gruissem has a laboratory and research team at NCHU and participates in
the University’s higher education and training programs. His research focuses on improvement of
rice and cassava for traits that cannot be achieved by conventional breeding. He is also well known
as Editor of the acclaimed book ’Biochemistry and Molecular Biology of Plants’
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Dr. Shuen-Fang Lo is an Associate Research Fellow in the Biotechnology
Center at NCHU, where she is leading a research program in rice
improvement for abiotic stress. She had a Postdoctoral Fellow position at
Academia Sinica for ten years where she was instrumental building the
Taiwan Resource of Insertional Mutant (TRIM) collection for rice. She is
also a member of the international C4 Rice Consortium that is supported by
the Bill & Melinda Gates Foundation
(https://c4rice.com/the-team-2/academica-sinica/). Dr. Lo has received several awards for her
innovative research, including the 2008 Crazy idea award by Ministry of Economic Affairs, and
Forward-Looking Technology and The Best Media Attention award from the Ministry of Science
and Technology in 2017 Future Tech.
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Course topics

1.

© N o 00 o @0k W

Crop and animal domestication and breeding are the origins of plant
biotechnology and synthetic biology

Principles of plant genetic engineering

Conventional mutagenesis and CRISPR-Cas genome editing
Genome editing and fast breeding for new traits

Early transgenic plant traits (insect and herbicide resistance)
Advances in crop genome engineering and new traits

Micronutrient improvement

Pathogen resistance

Abiotic stress tolerance

Nutrient-use efficiency and yield increase

Photosynthetic factories

Changing crop source-sink relations

Novel bioproducts (plant-produced vaccines, renewable chemicals)
Synthetic biology toolbox and technologies

Direct and indirect biosensors for plant hormones, synthetic plant hormone
regulatory circuits

Ethical and societal aspects of plant genome engineering and synthetic
biology

Based on the topic of each lecture students will be assigned selected papers for review and
discussion. Students are expected to participate actively in the discussions. Chinese-to-English
translation can be provided, but students should be motivated to converse in English science
language.
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1. Sonnewald U, Fernie AR, Gruissem W, Schldpfer P, Anjanappa RB, Chang SH, Ludewig F,
Rascher U, Muller O, van Doorn AM, Rabbi IY and Zierer W. (2020) The Cassava

Source-Sink project: opportunities and challenges for crop improvement by metabolic
engineering. Plant Journal, https://doi.org/10.1111/tpj.14865

2. Elegba W, Gruissem W and Vanderschuren H. (2020) Resistance screening of
farmer-preferred cassava cultivars from Ghana to a mixed infection of CBSV and UCBSV.
Plants, E1026, https://doi.org/10.3390/plants9081026

3. WuTY, Miiller M, Gruissem W and Bhullar NK. (2020) Genome wide analysis of the
transcriptional profiles in different regions of the developing rice grains. Rice 13, 62,
https://doi.org/10.1186/s12284-020-00421-4

4. Van Der Straeten D, Bhullar N, De Steur H, Gruissem W, MacKenzie D, Pfeiffer W, Qaim M,
Slamet-Loedin |, Strobbe S, Tohme J, Trijatmiko KR, Vanderschuren H, Van Montagu M,
Zhang C and Bouis H. (2020) Multiplying the efficiency of biofortification through
metabolic engineering. Nature Communications, 11, 5203,
https://doi.org/10.1038/s41467-020-19020-4

5. Uhrig RG, Echevarria-Zomefio S, Schlapfer P, Grossmann J, Roschitzki B, Koerber N, Fiorani
F and Gruissem W. (2020) Diurnal dynamics of the Arabidopsis rosette proteome and
phosphoproteome. Plant, Cell & Environment 44: 821-841,
https://doi.org/10.1111/pce.13969
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10.

11.

12.

Elegba W, McCallum E, Gruissem W and Vanderschuren H. (2021) Efficient genetic
transformation and regeneration of a farmer-preferred cassava cultivar from Ghana.
Frontiers of Plant Science 12: 668042, https://doi.org/10.3389/fpls.2021.668042

Anjanappa RB and Gruissem W. (2021) Current progress and challenges in crop
transformation. J Plant Physiol 261: 153411, https://doi.org/10.1016/].jplph.2021.153411
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International Conference on Precision Crop Breeding, National Chung Hsing University
Taiwan, “Precision genome editing for crop trait improvement and breeding: the regulatory
frame work in Europe (invited speaker) October 13, 2020 (Online because of COVID-19
quarantine in Taiwan)

RPLE-FRFHEFARMZARNEIFRCTFREASLHINTEE ST BF - =X
¢ A ~ ¢ (ISBAB 2020)“Genetic engineering and CRISPR-Cas9 for trait development in
cassava and rice” (invited speaker)” October 23-24, 2020

Hsien-Wen Li Lecture, Academia Sinica, Taiwan, “Genetic engineering and CRISPR-Cas9
for trait development in cassava and rice” November 25, 2020

Center for Desert Agriculture Spring Lecture Series, KAUST University, Saudi Arabia,
“Genetic engineering and CRISPR-Cas9 strategies for sustainable micronutrient and yield
increase in rice and cassava” April 8, 2021 (Online because of COVID-19)

CMD2 Project Meeting (Identifying the gene for cassava mosaic disease resistance type 2)
April 12-13, 2021 (Online because of COVID-19)

Cassava Source-Sink (CASS) Meeting (CASS progress at ETH Zurich and National Chung
Hsing University) May 6-7, 2021 (Online because of COVID-19)

International Symposium “Hope for the Future”, RIKEN Center for Sustainable Resource
Science, “Genetic engineering and CRISPR-Cas9 strategies for sustainable micronutrient
and yield increase in rice and cassava” (invited speaker) May 28, 2021 (Online because of
COVID-19)

SoAR Foundation consultation on Developing Global Priorities for Plant Research, August
5-12, 2020, Washington, USA (Online because of COVID-19)

Advisory Committee, Institute of Transformative Biomolecules (Japan WPI Center) August
13, 2020, Nagoya, Japan (Online because of COVID-19)

Yushan Working Group, Ministry of Education, Taiwan, August 24, 2020 (Online because
of COVID-19)

Advisory Board Meeting (Chair), Leibniz-Institute for Plant Genetics and Crop Research
October 7-9, 2020, Gatersleben, Germany (Online because of COVID-19)

Annual Review of Plant Biology Editorial Board Meeting (Co-Editor in Chief) October
17-18, 2020, San Francisco, USA (Online because of COVID-19)
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13. Board of Trustee Meeting, Leibniz-Institute for Plant Genetics and Crop Research
November 12, 2020, Gatersleben, Germany (Online because of COVID-19)

14. Board of Trustee Meeting, Leibniz-Institute for Plant Genetics and Crop Research March
22,2021, Gatersleben, Germany (Online because of COVID-19)

15. Evaluation Board, Max Planck Society (search for a new Director for the MPI Molecular
Plant Physiology, Golm), March 9, 2021 Berlin, Germany (Online because of COVID-19)
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