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Approaches to the study of plant development

» Reverse Genetics: An approach to study function(s) of gene(s)
(Genotype to Phenotype)

- Identifying & isolation of gene for functional study (gene of interest)
- Analyzing expression pattern of the gene (differential, spatial & temporal)
- Functional characterization of the gene (gain or loss-of-function)

- Gene interaction study (genetic, physical or requlatory interaction)
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Gene interaction study during plant development
(When multiple genes regulate a developmental process )

Genetic interaction:

- Same or different pathways

- Combinatorial mutants: suppressors or enhancers
Physical interaction:

- Protein-protein interaction

- Protein-DNA/RNA interaction
Regulatory interaction:

- Co-expression

- Regulation of gene expression
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Genetic interaction during plant development

» Modifiers: suppressors or enhancers (extra-genic)

» Same or different pathways: upstream or downstream

» Genetic redundancy

» Combinatorial mutant analysis
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CONSTANS activates suppressor of overexpression of CONSTANS T through

flowering locus T to promote flowering in Arabidopsis
. A 358:FT
FT and SOC1 in parallel pathways downstream
Photoperiod | Autonomous § Vernalization : Of CO 358::FT 355::80C1

pathway path
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- _ Image source: Yu et al. (2002) PNAS, 99, 16336-41.
WT Col s0CT-2 Yoo et al. (2005) Plant Physiology, 139, 770-78.
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The Plant Journal (2008) 55, 253-265 doi: 10.1111/j.1365-313X.2008.03499.x

AGAMOUS-LIKE 17, a novel flowering promoter, acts in
a FT-independent photoperiod pathway L
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Image source: Han et al.
(2008) Plant J., 55, 253-65. 0 FT AGL17
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Genetic Redundancy

Image source: Aida et al. (2004) Image source: Okushima et al. (2005)
Cell, 119, 109-20. Plant Cell, 17, 444-63.
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Physical interaction study during plant development

» Protein-protein interaction

Y2H &m—’ 8 ;

Promoter Reporter Gene
Yeast Two Hybrid Assay = Reporter gene expressi

” 7 (S Data Visualization for
AP-MS ~°-'°°‘—’g | P 3| Physical Interaction
Pull-down Assay MS/MS Sequence Identification

. Protein-protein Interaction Network
e B —> &

Expression of Fusion protein ~ Reconstruction of GFP, RFP, or YFP

bimolecular fluorescence complementation
Image source: Zhang et al. (2011) Current Genomics, 11, 40-46.
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Physical interaction study during plant development

Pull-down assay Co-IP assay

Y2H

Prey

Vector p-galactosidase
Vector

AP1

SEP3

AP3

Pl
AP1-MIK

SEU SEP3-MIK

SEU AP1-C o ° o

SEU SEP3-C o o o
Image source: Sridhar et al. (2006)
Development 133, 3159-66.
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Pull down Input Pull down Input —
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anti-GST ‘ anti-His - “ b 1B:H3 |Input

Bimolecular fluorescence complementation (BiFC)
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EFR3:YC PVYE(R).YC EFR3:YC

Image source: Zhao et al. (2015) Plant Cell, 27: 2469-83.



Identification of interacting proteins of the TaFVE protein

involved in spike development in bread wheat

Mano-LC-MS/MS analysis
A g{mwo M/f AD

ATIGI61307 / 0
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., At
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A\ | . O

pBridge

i ic/modificati
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. 7 Floral homeotic proteing ‘
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Spike floral transition
Image source: Zheng et al. (2017) Proteomics 17, 9, 1600331.
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DNA-protein interaction ChIP assay
Footprinting EMSA FRET
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Image source: Dey et al. (2012) Mol Cell Biochem, 365:279-99.
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DNA-protein interaction: Gel-shift assay
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Image source: Zhao et al. (2015)
Plant Cell, 27: 2469-83.
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DNA-protein interaction: ChIP assay
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Image source: Liu et al. (2008)
Development 135, 1481-91.
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A Global Coexpression Network Approach for Connecting
Genes to Specialized Metabolic Pathways in Plants

-Co-expression:

Meta-analysis
Coexpression Modules Efficiently Recover the Majority of Genes for metGSL Biosynthesis in Arabidopsis
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Regulatory interaction: Mode of action

The PLETHORA Gene Regulatory Network Guides Growth and
Cell Differentiation in Arabidopsis Roots~™"
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Image source: Santuari et al. (2016) Plant Cell, 28, 2937-51.
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Architecture of gene regulatory networks
controlling flower development in Arabidopsis

thaliana
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Image source: Chen et al. (2018) NAT. COMM., 9:4534.
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OsMADS34

Fold Change

W WT Mock B WT Dex

W MIGR Mock M MIGR Dex ™ MIGR Dex+ Cye 8 MIGR Cyc

Image source: Khanday, Yadav et al. (2013)

OsMADSS

Direct downstream targets: Mode of action

OsKANADI2
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Plant Physiology , 161:1970-83.
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Image source: Khanday et al. (2016)
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