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BIO129/229: Fundamentals and Frontiers in Plant Biology, 3 units 
 
Quarter/Year: Spring 2022 9:45-11:15 am Tues/Thurs 
Location TBD 
     Highly recommended:  Carnegie Seminar 4 – 5:30 Friday, 260 Panama Street 
 
Faculty:  Sue Rhee, Carnegie Institution for Science, srhee@carnegiescience.edu 
     Virginia Walbot, Department of Biology, walbot@stanford.edu 
   
Grading: Satisfactory/No Credit or Letter Grade  
Based on attendance (required at all sessions for credit), participation in discussion, and turning 
in an acceptable critique for all 9 weekly assignments.  The critique papers are due each 
Thursday. 

 
Online, if required, through the Canvas Website and ZOOM 
 
If Stanford designates spring quarter for online only classes, this course will be given via ZOOM, 
accessible to Stanford affiliates on Tuesday and registered students on Thursdays. If distance 
learning is required for an individual(s), the faculty will arrange either ZOOM class sessions or 
an individual discussion after a student has read the lecture presentation and assigned paper 
each week. Every effort will be made to make the course content and discussions available to 
all students. 
 
Course Status as an Elective 
 
This course can serve as an elective course for Biology Ph.D. candidates in the CMOB track for 
the following areas: Cell Biology, Genetic and Genomics, or the Biology of Molecules. This 
course can also serve as an upper division biology elective for undergraduates. 
 
Audience: Graduate students at any level, co-term and upper-level undergraduate students 
with permission of instructor.  Highly recommended for undergraduates doing research in plant 
biology. 
 
Enrollment Cap: 20 
 
Prerequisites: For graduate students, no prerequisites. For undergraduates, at least one of the 
following: Bio82 (Genetics), Bio86 (Cell Biology), Bio84 (Physiology), or ongoing research in a 
Stanford or Carnegie plant biology laboratory. 
 
Auditing: TGR graduate students can audit lecture classes on Tuesdays.  Other Stanford 
affiliates are invited to attend up to the room capacity seating. 
 
Textbook (optional):  The Botany Coloring Book – why not have fun learning the names of 
plant structures!  About $22 at the bookstore or online. 
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Description and learning outcomes: This course will serve as a primer for all levels of 
graduate, co-term, and upper-level undergraduates interested in learning the fundamental 
principles of plant biology as well as the latest advances in tools, techniques, and theories that 
link basic science with translational science and applications for solving major societal 
challenges of today and tomorrow. Topics include plant evolution, genetics, breeding, plant-
immune signaling, plant-environment interactions, tissue and organ development, metabolism, 
and systems and synthetic biology.  
 
Overall learning goals: Students will learn major concepts and methods in plant biology and 
gain the tools and resources to research the literature more independently and deeply. In 
addition, students will learn fundamental ways that plants are different from animals and 
microbes. In each module, students will learn major concepts and skills from lectures and 
primary literature discussions. Students will also learn how to write a succinct critique of 
research papers and to analyze/present scientific papers to the class. 
 
Class activities: There will be one lecture and one paper discussion class meeting each week. 
The discussion class is structured like a journal club, where individual students will lead 
discussions on specific sections of the paper. Students will write a 1-page critique of the paper 
and submit it before class (via Canvas online or as a printout at the start of Thursday 
discussions); faculty will provide feedback on composition and content. The Carnegie Spring 
Quarter Seminar Series will include speakers highly relevant to this class.  Students are 
encouraged to attend, Fridays 4 – 5 pm at Carnegie Institution for Science (260 Panama St, 
Stanford) with a special session after each talk for students to interact with the speaker. 
 
Topics: 
Module 1 (Weeks 1-3): Plant Genetics, Genomics, and Evolution (Exposito-Alonso, Walbot) 
Module 2 (Weeks 4-6): Plant Cell Signaling, Development, and Physiology (Mudgett, Dinneny, 
Bergmann) 
Module 3 (Weeks 7-9): Plant Metabolism, Systems, and Synthetic Biology (Rhee, Brophy) 

Date Instructors 
(Teaching) 

Topic/Papers/Learning Goals 
*Stanford or Carnegie contribution 

Mar 29 
9:45-
11:15am 

Exposito-
Alonso 
  

Plant evolution: Introduction of plant macro- and micro- evolution 
from geological times to the Anthropocene. The complexity of plant 
genomes and its relationship to speciation, environmental 
adaptation, and contemporary rapid evolutionary processes. 

Mar 31 
9:45-
11:15am 

Exposito-
Alonso 
  

Classic paper: major contribution to the modern synthesis of 
evolution: *Clausen J, *Keck DD, *Hiesey WM. 1941. Regional 
differentiation in plant species. Am Nat. 75: 231–250. 
http://www.jstor.org/stable/2457513  
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Discussion paper: addressing global change problems using 
fundamental plant biological principles: Monroe JG, Powell T, Price 
N, Mullen JL, Howard A, Evans K, et al. Drought adaptation in 
Arabidopsis thaliana by extensive genetic loss-of-function. Elife. 
2018;7: e41038. https://doi.org/10.7554/eLife.41038  

Apr 1 
4-6 pm 

Carnegie 
seminar 

Speaker: Annie Schmidtt, UC Davis 
“How natural variation in the seasonal germination niche shapes 
plant life histories and climate adaptation” 

Apr 5 
9:45-
11:15am  

  
Walbot 

Plant genetics: Alternation of generations and practical 
applications of controlling reproduction: [1] genetics of sporophytic 
and gametophytic self-incompatibility, [2] gametophyte advantage 
genetics and the popcorn industry, [3] cytoplasmic male sterility 
and the risk of monoculture.   

Apr 7 
9:45-
11:15am  

  
Walbot 

Classic paper: Specificity determinants and diversification of the 
Brassica self-incompatibility pollen ligand (2004) T. Chookajorn, A. 
Kachroo, D. R. Ripoll, A. G. Clark, and J. B. Nasrallah. PNAS 101: 
911-917. https://doi.org/10.1073/pnas.2637116100 
Discussion paper: Y. *Lu et al.  2019.  A pistil-expressed pectin 
methylesterase confers cross-incompatibility between strains 
of Zea mays.  Nature Communications 10, 2304. 

https://doi.org/10.1038/s41467-019-10259-0 

Apr 8 
4-6pm 
 

Carnegie 
seminar 

Speaker: *Rachel Egger, Syngenta 
“Novel Technologies for Haploid Genome Doubling in Corn” 

Apr 12 
9:45-
11:15am  

  
Walbot 

Plant breeding: Historic plant breeding principles:  line selection, 
hybrid vigor, mutation breeding, wide crosses, yield drag and time 
costs in historic improvement schemes. Modern solutions:  
transgenic introduction of specific alleles, haploid lines for instant 
homozygosity, quantitative and individual trait mapping, CRISPR-
Cas9 targeted mutagenesis.   

Apr 14 
9:45-
11:15am  

  
Walbot 

Classic paper:  Donald N. Duvick. 2005. The contribution of 
breeding to yield advances in maize (Zea mays L.).  Advances in 
Agronomy 86:  83-145.  This review is long and comprehensive; 
suggest you search for a few specific traits (drought, planting 
density, herbicide resistance, etc.) to get a summary of the data on 
trait of interest.   
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  https://doi.org/10.1016/S0065-2113(05)86002-X    
Discussion paper:  *Kelliher, T. et al. 2019.  One-step genome 
editing of elite crop germplasm during haploid induction.  Nature 
Biotechnology  37:  287–292.  

   https://doi.org/10.1038/s41587-019-0038-x 

Apr 15 
4-6pm 

Carnegie 
seminar 

Speaker: Harry Klee, University of Florida   
“What went wrong with the industrial tomato and how do we fix it?” 

Apr 19 
9:45-
11:15am 

Mudgett Plant Immune Signaling: From genes to channels – A remarkable 
view into activation of immune signaling 
Overview: We will discuss some of the most recent and exciting 
discoveries in plant innate immunity research. We will explore 
protein structural biology and biochemistry studies revealing the 
molecular mechanisms of host-pathogen recognition, defense 
signaling and homeostasis, and disease resistance execution. The 
focus will be on protein structure-based insights to intracellular 
immune receptor (NLR) activation and downstream signaling 
leading to a host response called effector-triggered immunity (ETI). 
The remarkable surprise uncovered in these studies points to a 
new mechanistic understanding of calcium signaling and 
homeostasis.  

Apr 21 
9:45-
11:15am 

Mudgett Literature: A classic review on plant disease resistance proteins 
provides content for the discovery of the relevant genes and the 
ideas of researchers at the time for their putative function. The 
meeting review provides an overview of the most recent findings in 
this area. Two primary literature articles provide key functional 
data. Background information for ZAR1 and NRG1 can be found in 
the cited references.  

Classic review: Staskawicz, B. J., Ausubel, F. M., Baker, B. J., 
Ellis, J. G., and Jones, J. D. G. 1995. Molecular genetics of plant 
disease resistance. Science 268, 661-667. Link 
Discussion paper: Bi, G., Su, M., Li, N., Liang, Y., Dang, S., Xu, 
J., Hu, M., Wang, J., Zou, M., Deng, Y., Li, Q., Huang, S., Li, J., 
Chai, J., He, K., Chen, Y. H., and Zhou, J. M. 2021. The ZAR1 
resistosome is a calcium-permeable channel triggering plant 
immune signaling. Cell 184:3528-3541.e12. Link  
Optional reading:  
Margets, Rima, Helm and Carter (2021) Molecular mechanisms 
and structure - Zooming in on plant immunity. MPMI 34, 12: 1346-
1349. Link 
Jacob, P., Kim, N. H., Wu, F., El-Kasmi, F., Chi, Y., Walton, W. G., 
Furzer, O. J., Lietzan, A. D., Sunil, S., Kempthorn, K., Redinbo, M. 
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R., Pei, Z. M., Wan, L., and Dangl, J. L. 2021. Plant “helper” 
immune receptors are Ca2+-permeable nonselective cation 
channels. Science 373:420-425. Link 

Apr 22 
4-6pm 

Carnegie 
seminar 

Speaker: *Jazz Dickinson, UCSD  
“Discovering small molecule regulators of plant development” 

Apr 26 
9:45-
11:15am 

Dinneny Plant-environment interactions: from the field to the Petri dish 
and back to the field 
 
 

Apr 28 
9:45-
11:15am 

Dinneny Classic paper: Drew M.C. (1975) Comparison of the effects of a 
localised supply of phosphate, nitrate, ammonium and potassium 
on the growth of the seminal root system, and the shoot, in 
barley. The New Phytologist 75, 479–490. 
 
Discussion paper: Pandey et al., (2021) Plant roots sense soil 
compaction through restricted ethylene diffusion. Science Jan 
15;371(6526):276-280. doi: 10.1126/science.abf3013. 

Apr 29 
4-6pm 

Carnegie 
seminar 

Speaker: Gitta Coaker - UC Davis 
“The battle between bacterial pathogens and their hosts” 

May 3 
9:45-
11:15am 

Bergmann Plant tissue and organ development: Plant bodies are diverse, 
but some design principles emerge from examination of how the 
above-ground portions of the plant are made and patterned. 

May 5 
9:45-
11:15am 

Bergmann Classic paper: 
Experiments on the cause of dorsiventrality in leaves. 
SUSSEX IM. Nature. 1951 Apr 21;167(4251):651-2. doi: 
10.1038/167651a0. 
 
Discussion paper:  
Boundary Formation through a Direct Threshold-Based Readout of 
Mobile Small RNA Gradients. Skopelitis DS, Benkovics AH, 
Husbands AY, Timmermans MCP. Dev Cell. 2017 doi: 
10.1016/j.devcel.2017.10.003 
 
Reviews and modern classic paper (optional) 
Role of PHABULOSA and PHAVOLUTA in determining radial 
patterning in shoots.McConnell…Barton MK. Nature. 2001 Jun 
7;411(6838):709-13. doi: 10.1038/35079635 
Small RNAs Turn Over a New Leaf as Morphogens. 
doi: 10.1016/j.devcel.2017.10.025. [companion to Skopelitis paper] 
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The Sussex signal: insights into leaf dorsiventrality. 
doi: 10.1242/dev.131888. [a fun history] 
Leaf adaxial-abaxial polarity specification and lamina outgrowth: 
evolution and development. 
doi: 10.1093/pcp/pcs074. [a wider view of leaves] 
 

May 5 
4-6pm 

Carnegie 
seminar 

Speaker: Aman Husbands, U. Penn 
“HD-ZIPIII transcription factors are controlled by deeply-conserved 
START domains” 

May 10 
9:45-
11:15am 

Rhee  Plant systems biology: Basic Concepts in Experimental Design 
and Quantitative Data Analysis 
Overview of plant systems biology with topics including biological 
networks and modeling 

May 12 
9:45-
11:15am 

Rhee  Quantitative analysis papers: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3321166/ 
https://pubmed.ncbi.nlm.nih.gov/8899234/ 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3444174/ 
Classic paper: 
Milo, R. et al. Network motifs: simple building blocks of complex 
networks. Science 298, 824–827 
(2002).https://science.sciencemag.org/content/298/5594/824 
Discussion paper: Wei Liu, Ann Feke, Chun Chung Leung, Daniel 
A. Tarté, Wenxin Yuan, Morgan Vanderwall, Garrett Sager, Xing 
Wu, Ariela Schear, Damon A. Clark, Bryan C. Thines, *Joshua M. 
Gendron (2021) A metabolic daylength measurement system 
mediates winter photoperiodism in plants. Developmental Cell 
56(17): 2501-2515.e5, 
https://doi.org/10.1016/j.devcel.2021.07.016. 
(https://www.sciencedirect.com/science/article/pii/S153458072100
5992) 

May 13 
4-6pm 

Carnegie 
seminar 

Speaker: *Joshua Gendron, Yale University  
“Illuminating the plant calendar” 

May 16  
4-6pm 

Stanford Bio 
Seminar 

Speaker: Zach Lippman, Cold Spring Harbor Laboratory 
“Dynamic evolution of gene duplications and their interactions in 
shaping trait variation” 

May 17 
9:45-
11:15am 

Rhee  Plant metabolism: An overview of plant metabolism with a focus 
on photosynthesis 
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May 19 
9:45-
11:15am 

Rhee  Reviews:  
Johnson MP. Photosynthesis. Essays Biochem. 2016 Oct 
31;60(3):255-273. doi: 10.1042/EBC20160016. Erratum in: Essays 
Biochem. 2017 Oct 31;61(4):429. PMID: 27784776; PMCID: 
PMC5264509. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5264509/ 
 
Evolutionary History of Plant Metabolism 
Hiroshi A. Maeda and Alisdair R. Fernie 
Annual Review of Plant Biology 2021 72:1, 185-216  
 
Classic paper:  
Hatch MD, Slack CR. Photosynthesis by sugar-cane leaves. A new 
carboxylation reaction and the pathway of sugar formation. 
Biochem J. 1966;101(1):103-111. doi:10.1042/bj1010103 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1270070/ 
Discussion paper:  
*Nam, HI., Shahzad, Z., *Dorone, Y. et al. Interdependent iron and 
phosphorus availability controls photosynthesis through retrograde 
signaling. Nat Commun 12, 7211 (2021). 
https://doi.org/10.1038/s41467-021-27548-2 

May 20 
4-6pm 

Carnegie 
seminar 

Speaker: *Hatem Rouached, Michigan State University 
“Uncovering the molecular basis of photosynthesis regulation by 
nutrient signals” 

May 24 
9:45-
11:15am 

Brophy Plant synthetic biology: Engineering features outside the reach 
of evolution: an overview of plant synthetic biology. 

May 26 
9:45-
11:15am 

Brophy Classic paper: Construction of a genetic toggle switch in 
Escherichia coli Gardner, T.S., Cantor, C.R., Collins, J.J. Nature 
(2000) 403, 339-342. doi:10.1038/35002131 
Discussion paper (technical):  
Field trial demonstrating phytoremediation of the military explosive 
RDX by XplA/XplB-expressing switchgrass 
https://www.nature.com/articles/s41587-021-00909-4 
Nature Biotech 2021 
Discussion paper (opinion): Opinion: Allow golden rice to save 
lives Wu, F., Wessler, J., Ziberman, D., Russell, r.m., Chen, C., 
Dubock, A.C., PNAS (2021) 118(51) e2120901118. 
doi:10.1073/pnas.2120901118  
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May 27 
4-6pm 

Carnegie 
seminar 

Speaker: Howard Salis, Penn State U. 
"Building an Engineering Discipline for Biology: Model-predictive 
Design of Genetic Systems for Reprogramming Cellular Functions" 

June 3 
4-6pm 

Carnegie 
seminar 

Speaker: Mark Urban, U. Connecticut 
“Improving the forecast for biodiversity in the global heat age” 

 


