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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 regulatory interaction)
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Functional characterization of the gene

- Loss-of-function (necessity of a gene)

- Knock-out 

- Knock-down 

- Gain-of-function (sufficiency of a gene)

- Ectopic expression

- Activation tagging
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Loss-of-function (Knock-out)

- T-DNA insertion inactivation: Screening T-DNA insertion lines

- Transposon insertion inactivation : Screening lines

- Genome editing: Targeting a gene for genome editing
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Loss-of-function (Knock-out)

- T-DNA insertion inactivation: Screening T-DNA insertion lines

- Transposon insertion inactivation : Screening lines

Source: Pan et al. (2003)
Nucleic Acids Research, 31, 1245-51.
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T-DNA Express - SIGnAL : 
Salk - Salk Institute
(signal.salk.edu/cgi-bin/tdnaexpress)

http://signal.salk.edu/cgi-bin/tdnaexpress
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T-DNA Express - SIGnAL : 
Salk - Salk Institute
(signal.salk.edu/cgi-bin/tdnaexpress)

http://signal.salk.edu/cgi-bin/tdnaexpress
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Loss-of-function (Knock-out)
Genome editing: Targeting a gene for genome editing

Image source: Arora & Narula (2017)
Front. Plant Sci. 8:1932.
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Loss-of-function (Knock-out)
CRISPR/Cas9 based genome-editing

Image source: 
https://www.sigmaaldrich.com/
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CRISPR/Cas9 based genome-editing

Image source: https://www.sigmaaldrich.com/

Image source: Arora & Narula (2017)
Front. Plant Sci. 8:1932.
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Functional characterization of the gene

- Loss-of-function (Knock-down/down-regulation)

- Anti-sense RNA Technology

- Double-stranded RNA interference (dsRNAi)

- Artificial miRNAs
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Anti-sense RNA Technology

Image source: Li et al (2011)
PLoS ONE, 6, e17444.
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Anti-sense RNA Technology

Image source: Li et al (2011)
PLoS ONE, 6, e17444.
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Double-stranded RNA Interference Technology

Image source: Majumdar et al (2017)
Front. Plant Sci. 8:200.

Image source: Li et al (2011)
PLoS ONE, 6, e17444.
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Double-stranded RNA Interference Technology

Image source: Li et al (2011)
PLoS ONE, 6, e17444.

Image source: Prasad et al. 
(2005) Plant J., 43, 915-28.
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Artificial miRNA Technology

Image source: Liu et al (2017)
Front. Microbiol. 8:1801.

Image source: Schwab et al. 
(2006) Plant Cell 18: 1121-33.

Image source: Warthmann et al. 
(2008) PLoS ONE 3: e1829.
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Artificial miRNA Technology

Image source: Schwab et al. 
(2006) Plant Cell 18: 1121-33.

Image source: Warthmann et al. 
(2008) PLoS ONE 3: e1829.
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Gain-of-function (Ectopic expression)

Image source: Prasad et al. (2001) 
Dev. Genes Evol., 211:281–90.

Image source: Choi et al. (2012) J. Plant Biol. 55:429-35.
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Image source: Tani et al.  (2004) 
Funct Integr Genomics. 4:258-66.

Gain-of-function: Activation tagging

Image source: Jang & Li  (2017) 
Front. Plant Sci. 8:1253.
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Regulated gene expression of constructs in plants

- Spatial regulated construct: Use of tissue-specific Promoter

- Temporal regulated construct: Stage-specific promoter or chemical 
inducible system

- Spatial and Temporal regulated: Combination of both
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Regulated gene expression of constructs in plants

Glucocorticoid receptor-based system

Image source: Khanday, Yadav (2013) Plant Physiology , 161:1970-83.

Image source: Prasad et al. 
(2005) Plant J., 43, 915-28.
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Regulated gene expression of constructs in plants
Estrogen receptor-based system

Image source: Siligato et al. (2016) Plant Physiology , 170:627-41.

XVE: chimeric transcription factor

X- DNA-binding domain of LexA

V- trans-activation domain of VP16

E- partial human estrogen receptor

Image source: Zuo et al.  (2000) 
Plant J. 24:265-73.
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Regulated gene expression of constructs in plants
Estrogen receptor-based system

Image source: Siligato et al. (2016) Plant Physiology , 170:627-41.

pG10-90:XVE>>PLT5-YFPpG10-90:XVE>>GUS
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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 regulatory interaction)


