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Arabidopsis as a genetic model 

!  Easy to grow 

!  Small genome 

!  Short life cycle 

!  Self fertile 

!  Produces many 
progeny 

!  Easily 
transformed 

HIV E. coli 

S. cerevisiae C. elegans 
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Arabidopsis thaliana D. melanogaster 

Populus and Physcomitrella Maize 

Human Rice 
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Wheat 
Arabidopsis Genome Information 

115 million basepairs 

Arabidopsis as a developmental model 

http://www.geochembio.com/biology/organisms/arabidopsis/ http://phytomorph.wisc.edu/results/gravitropism.php 

!  Photosynthesis 
!  Amino acid biosynthesis 
!  Secondary metabolites 
!  etc. 

Arabidopsis as a biochemical model 

Arabidopsis as a disease model 
Discoveries made in plants 

!  Mendel – heritable traits 
!  Barbara McClintock – jumping genes 
!  RNA-mediated silencing 
!  Innate immunity and intracellular receptors 
!  Protein degradation 
!  Cryptochromes and the circadian clock 
!  Binding of small molecules by SCF complexes 
!  RUB1/Nedd8 conjugation 
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Discoveries made in plants 
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http://molbio.mgh.harvard.edu/sheenweb/pathogen.html 
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Arabidopsis Mutagenesis and Mutant Screens 

Seeds 
(M0) 

Grow to the next generation Mutagenize Seeds 
(M1) 

Seeds 
(M2) 

M2 seeds are used in the mutant screen.  Individuals displaying the 
phenotype of interest are moved to soil and grown to the next generation. 

Recombination 
mapping 
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Bulk segregant analysis and WGS 

www.mccullagh.org/db9/ 10d-17/giraffe-grazing.jpg 

Plants are sessile 

Plant responses to the environment 

•  Plants are constantly adjusting to changes in their 
environment 

•  Involves changes in: gene expression, biochemistry, 
cell biology, morphology & growth 

•  Plants alter their shape, size, and direction 
of growth to continually adjust to 
their changing environment 

•  Responses to changes often governed by plant 
growth regulators 

•  Developmental plasticity governed by differential 
production & distribution of hormones 

Three questions in phytohormone research 

!  What are phytohormones? 
!  What do phytohormones do? 
!  How do they do it? 

What are phytohormones?  

Special glands Many parts of plant 

Via blood to target May act where made 

Active at low levels Active at low levels 

Animal hormones Phytohormones 

synthesis 

transport 

efficacy 

response Very specific Less specific, often interact 
with other hormones 



6

What are phytohormones?  (categories) 

!  “Growth-stimulating” hormones   
!  Auxin - IAA 
!  Cytokinin - BA 
!  Gibberellin - GA 
!  Brassinosteriod - BL 

!  “Growth-inhibiting” hormones 
!  Ethylene - a gas 
!  Abscisic Acid - ABA 
!  Salicylic Acid – SA 
!  Jasmonic Acid -JA 

What do phytohormones do? 
!    

!    
!    
!    Rescued by hormone application 
!    
!    
!    Resistant in endogenous and bioassay response 
!    

!    Bioassay response even in the absence of hormone 

!  Bioassays - Apply hormone and examine response 

!  Screen for mutants altered in this response: 
!  Auxotrophic 

!    
!  No response (aka insensitive, resistant) 
!    

!  Constitutive response 
!    

What do phytohormones do? 
!  Bioassays - Apply hormone and examine response 
!  Screen for mutants altered in this response: 

!  Defects reveal processes in which the hormone acts 
!  Defective genes reveal proteins acting in pathways 

for biosynthesis, signaling, inactivation  

!  Hormone inhibitors can reveal biosynthesis pathway 
(mutants) 

!  Hormone-responsive promoter-reporter fusions can 
reveal sites of hormone action (mutants) 

What do phytohormones do? 
Example 1 - Gibberellin 

The history of gibberellin 

!  “bakanae”: foolish seedling disease (rice) 
!  yellow slender leaves, elongated seedlings, stunted root 
!  seriously lowers yield or killed plants 

!  1898 - fungal infection identified as cause 
!  now prevented by treating seeds with fungicide before sowing 

!  1926 - cultured filtrates have similar response  
!  fungus must secrete a factor that stimulates shoot elongation, 

inhibits root elongation, inhibits chlorophyll (also in maize, oat) 
!  1935 - “gibberellin” purified 
!  1950s - GAs found to be endogenous plant hormones 
!  current - 125 GAs identified in plants, fungi 

Functions of gibberellin 

!  Stimulates shoot elongation - cell division, elongation 
!  Stimulates bolting/flowering in long days 
!  Breaks seed dormancy to induce germination 
!  Stimulates enzyme production (α-amylase) in 

germinating cereal grains to mobilize seed reserves 
!  Can delay senescence in leaves and citrus fruit 
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GA mutants - barley 
!  grd2 – dwarf 

!  Recessive 
!  GA-deficient 
!  rescued by GAs 

!   = GA auxotroph 
!  Sln1d – dwarf 

!  Dominant 
!  Does not respond to GA 

application 
!   = GA response mutant 

(signaling) 
!  sln1c – slender 

!  Recessive 
!  Phenocopies GA application 

!   = constitutive response mutant 
(signaling) 

Plant Cell, Vol. 14, S61-S80, May 2002 

wild type

grd2 Sln1d

sln1c

grd2 mutant defect 

grd2 

X 
active 

Plant Cell, Vol. 14, S61-S80, May 2002 

What does grd2 tell us? 
!  Auxotrophic mutant 

!  Defective in biosynthesis - 
elucidates/confirms pathway 

!  Reveals/confirms phytohormone 
role in development: 
!  GA auxotroph is a dwarf 
!  Therefore, GA is required for 

shoot cell elongation 

control 7 d, GA3 
pea 

control 100 pg GA3 
rice 

1 ng GA3 

Biochemistry & Molecular Biology of Plants, Buchanan et al., eds., 2000, Chapter 17 

What do phytohormones do? 
Example 2: Brassinosteroids 

The history of Brassinosteroids 

!  1960s – crude extract of Brassica pollen induced 
rapid elongation of bean stems (GA-independent) 

!  1979 – isolation and identification of first steroidal 
plant growth regulator, brassinolide 

!  Current – 40+ related steroid compounds, collectively 
called brassinosteroids 

!  Found in algae, ferns, higher plants 

Steroid hormones in plants and animals 

plants 

insects 

mammals 

The Plant Cell, Vol. 14, S97-S110, May 2002
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Brassinosteroid functions 

!  Increase rate of stem elongation 
!  Pollen tube growth 
!  Unrolling of grass leaves 
!  Bending of grass leaves at junctions 
!  Enhance seed germination 
!  Xylem differentiation 
!  Stress responses - thermotolerance 
!  Photomorphogenesis 

Brassinosteroid biosynthetic mutants 

Auxotroph 

Wild type det2

Biochemistry & Molecular Biology of Plants, Buchanan et al., eds., 2000, Chapter 17 

det2 mutant defect 
!  BR auxotroph = male 

sterile dwarf 
!  Therefore, BR is 

required for  
!  Male fertility 
!  Cell elongation in 

shoots 
!  Determine specific 

location of blockage 
!  Feeding with 

intermediates 
!  Quantifying 

metabolites 

active

det2 
X 

Biochemistry & Molecular Biology of Plants, Buchanan et al., eds., 2000, Chapter 17 

BL 

Brassinosteroid-insensitive mutants (bri) 

Not rescued by BL application 

Defective in a Leucine-rich 
repeat receptor-like kinase 
localized to plasma membrane 
= the BR receptor 

Pea

Tomato

Arabidopsis

The Plant Cell, Vol. 14, S97-S110, May 2002

What do phytohormones do? 
Example 3 - Ethylene 

The history of ethylene 
!  Ancient Egyptians - gas figs to   

 stimulate ripening 
!  Ancient Chinese - burn incense in closed rooms to 

enhance pear ripening 
!  1864 - gas leaks from street lights led to stunted 

growth, twisting, and abnormal stem thickening (triple 
response) and early senescence of nearby plants  

!  1901 - Russian scientist showed that the active 
component was ethylene  

!  1934 - plants synthesize ethylene 
!  1935 - ethylene proposed to be responsible for fruit 

ripening as well as inhibition of vegetative tissues 
!  1980s – ethylene biosynthetic pathway elucidated 
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Ethylene functions 
!  Inhibition of cell expansion 
!  Pathogen response 
!  Abiotic stress response 
!  Formation of root hairs 
!  Fruit ripening 
!  Flower senescence and abscission 
!  Seedling triple response 

The triple response 

!  Dark-grown seedlings incubated with ethylene 
!  exaggerated curvature of the apical hook 
!  radial swelling of the hypocotyl 
!  shortening of hypocotyl and root 

Biochemistry & Molecular Biology of Plants, Buchanan et al., eds., 2000, Chapter 17 

Ethylene mutants 

!  Exploits the 
ethylene triple 
response to isolate 
mutants 

!  Use ethylene 
response mutants to 
elucidate the 
ethylene signaling 
pathway 

Using the triple response to find mutants 

!  ein = ethylene insensitive 
!  etr = ethylene resistant 
!  Resistant in both air and ethylene 
!  Ethylene acts to inhibit cell growth 

Science 1999, 284:2148-2152 

Using the triple response to find mutants 

!  ctr = constitutive 
triple response 

!  eto = ethylene 
overproducer 

Plant Physiol. (1999) 119: 521-530 

eto mutants vs. ctr mutants 

!  eto mutants 
overproduce ethylene 

!  eto mutants are 
sensitive to ethylene 
biosynthesis inhibitors 
(defect in biosynthesis) 

!  ctr mutants are not 
sensitive to inhibitors 
(defect in signaling) 

Plant Physiol. (1999) 119: 521-530 
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So you have all these mutants ... 

!  How to order the 
mutants? 

!  Epistasis 
!  Make the double 

mutants 
!  Signaling pathway --> 

Phenotype of the 
later mutant is visible 

Plant Physiol. (1999) 119: 521-530 

Epistasis with ethylene mutants 

etr1 = ein1 Etiolated 
ein2 Etiolated 
ein3 Etiolated 

Genotype Ethylene phenotype 
Wild type Triple response 

eto1 Triple response 
ctr1 Triple response 

etr1 eto1 Etiolated 
ein2 eto1 Etiolated 
ein3 eto1 Etiolated 

!  ETR1, EIN2, and EIN3 act after ETO1 

Epistasis with ethylene mutants 
Genotype Ethylene phenotype 
Wild type 
etr1 = ein1 Etiolated 

ein2 Etiolated 

ein3 Etiolated 

Triple response 

eto1 Triple response 
ctr1 Triple response 

etr1 ctr1 Triple response 
ein2 ctr1 Etiolated 
ein3 ctr1 Etiolated 

!  CTR1 acts after ETR1 
!  EIN2 and EIN3 act after CTR1 

How to order ein2 and ein3? 

!  Epistasis doesn’t work when mutants act the same 

Genotype Ethylene phenotype 
Wild type 

ein2 Etiolated 
ein3 Etiolated 

Triple response 

ein2 ein3 Etiolated 
OE EIN3 Triple response 

OE EIN3 ein2 Triple response 

!  EIN3 acts after EIN2 

Recessive mutants reveal negative and postive regulation 

ethylene 

ETO1 

ETR1 

CTR1 

EIN2 

EIN3 

response constitutive 
response 

EIN3 

EIN2 

CTR1 X 

constitutive 
response 

CTR1 

EIN2 

EIN3 

ETO1 X 

EIN3 X 

ethylene 
resistant 

EIN2 X 

ACC synthase  inhibitor 

Raf-like kinase 

Membrane protein 

Transcription factor 

Membrane-bound His kinase 

Molecular characterization can support epistasis 
!  EIN3 encodes a transcription factor that turns on 

ethylene induced genes, secondary transcription factors 
!  Transcription is last step in most pathways - makes 

sense that mutant is at the end 

Genes Dev, 1998, 132:3703 
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Molecular characterization doesn’t always tell 
you what you want to know 

!  EIN2 shows 
similarity to a 
disease-related 
family of metal-
ion transporters   

!  The strongest 
mutant! 

 Science. (1999) 284:2148-52 

Recessive mutants reveal negative and postive regulation 

ethylene 

ETO1 

ETR1 

CTR1 

EIN2 

EIN3 

response constitutive 
response 

EIN3 

EIN2 

CTR1 X 

constitutive 
response 

CTR1 

EIN2 

EIN3 

ETO1 X 

EIN3 X 

ethylene 
resistant 

EIN2 X 

ACC synthase  inhibitor 

Raf-like kinase 

Membrane protein 

Transcription factor 

Membrane-bound His kinase 

But, etr1 alleles are dominant 

ethylene 

ETR1 

CTR1 

response 

ethylene 

ETR1 

CTR1 

response 

Dominant etr1 mutant is resistant to ethylene 
What is the interaction between ethylene, ETR1, and responses? 

Dominant ETR1 -   
can’t bind ethylene, 

always turns on CTR1? 

Dominant ETR1 -   
signaling defect, 

can’t turn off CTR1? 

Why are all original etr1 alleles dominant? 

!  Loss-of-function mutant is dead 
!  Essential gene 

!  Loss-of-function mutant has no phenotype 
!  Redundant genes 

ETR1 is a member of a 5-gene family 

Plant Cell 2002, 14: S47-S59 

Triple and quadruple LOF mutants resemble ctr1  

!  Proteins are functionally redundant 
Cell 1998, 94:261271 

wt ctr1 etr1-6 
etr2-3 
ein4-4 

etr1-6 
etr2-3 
ein4-4 

etr1-6 
etr2-3 
ein4-4 
ers2-3 

ctr1 wt 
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Loss of ethylene receptors leads to constitutive response 

ethylene 

ETR1 

CTR1 

response 

Gain-of-function etr1 mutant shown to bind less ethylene 
Therefore, always turns on CTR1 " ethylene insensitive phenotype 

Ethylene acts to inhibit an otherwise active receptor 

ETR1 X 

constitutive 
response 


