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Introduction

- Hormone (greek) → to excite 

Definition:
Hormones are chemical signals that are produced in one part of the body, 
transported to other parts, bind to specific receptors, and trigger responses in target 
cells and tissues.

- In general, plant hormones control plant growth and development by affecting the 
division, elongation, and differentiation of cells.
 

→ Aim of this seminar: Elucidate the transduction pathway of the signaling 
molecule/hormone auxin from perception to cellular/morphological responses 

cell division
cell 

elongation cell 
differentiation

Excluding: biosynthesis, metabolism, transport 
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Auxin History I - 1758-1880

1758 

Henri Louis Duhamel du Monceau

By definition hormones need to move between organs
→ transport system in plants?

The vasculature!
Alternatively: movement by diffusion

1880 

Julius von Sachs



Auxin History II - 1880-1935

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

Peter Boysen-Jensen demonstrated that the signal 
was a mobile chemical substance

“When seedlings are freely exposed to a 
lateral light some influence is transmitted 
from the upper part of the coleoptile that 
acts on the lower part of the coleoptile”
“The Power of Movement in Plants” 
(1880) by Darwin and Darwin.



Auxin History II - 1880-1935

Frits W. Went - 1958

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

In 1926, F.W. Went extracted the 
chemical messenger for 
phototropism, naming it auxin → 
auxano (greek) = to grow

→ an asymmetrical distribution of 
auxin moving down from the 
coleoptile tip causes cells on the dark 
side to elongate faster than cells on 
the brighter side.



Auxin History II - 1880-1935

James F. Bonner

→ Auxin induces rapid growth of coleoptile segments by cell enlargement



IAA 
indole-3-acetic acid 

Kenneth V. Thimann 
1960 

Auxin History II - 1880-1935

→ the principal auxin in all plant species



+ IAA - IAA

Auxin History III - 1935-1985

→ Auxin induces cell extension, division and differentiation



Auxin History III - 1935-1985

Auxin treatment increases the 
level of nucleic acids!

Gene activation?

Support: Inhibitors of RNA and protein biosynthesis 
prevent cell elongation (Key, 1969, Annu Rev 
Plant Physiol)

Gene activation hypothesis: Auxin regulates the 
synthesis of specific RNAs required for cell growth 



Auxin History III - 1935-1985

Growth response 10 min after IAA 
application

Too rapid for gene activation?

Acid growth hypothesis



Auxin History III - 1935-1985

Rapid induction of mRNAs after 10-
15 min of IAA application

Rapid induction of mRNAs after 10-
15 min of IAA application

Matches the reported elongation 
kinetics (protein synthesis?)

The most likely scenario:
Auxin regulates cell growth 

indirectly by controling de novo 
expression of genes required for 

that process. 
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Gene activation hypothesis suggests the 'nuclear route'



Arabidopsis thaliana

Arabidopsis thaliana

Small size      (30 cm)

Rapid life cycle (6-8 weeks)

Prolific seed production (5000 seeds/plant)

Sequenced genome (125 Mb; ~28,000 genes)

Easily transformable

Tremendous community resources

A power multicellular eukaryotic model system



Indole-3-acetic 
acid

Auxin regulates plant development

Growth & Apical dominance

Root development

Tropic growth responses

Embryonic patterning

wild-type bdl axr1 
mutant



Indole-3-acetic 
acid

Auxin regulates plant development

Growth & Apical dominance

Root development

Tropic growth responses

Embryonic patterning

wild-type axr6-3 mutant



Indole-3-acetic 
acid

Auxin regulates plant development

Growth & Apical dominance

Root development

Tropic growth responses

Embryonic patterning
cycB1::GUS

- auxin + auxin



Indole-3-acetic 
acid

Auxin regulates plant development

Growth & Apical dominance

Root development

Tropic growth responses

Embryonic patterning

wild-type aux1 mutant



Aim:
- Isolation of mutants with increased auxin resistance
- Identification of signaling elements that regulate auxin response

What was NOT known?
- enzymes of auxin biosynthesis
- auxin transport facilitators
- auxin signaling elements

- Arabidopsis genome sequence

What was known?
- Auxin induces cell extension
- Auxin induces cell division
- Auxin induces cell differentiation

Depends most likely on de novo 
gene expression/protein synthesis
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Genetic approach?



- 
auxin

+ 
auxin

IAA 2,4-D

Prerequisite:
- Phenotype associated with trait of interest

Mutagenesis

Seedling development → screen for mutants defect in wild-type response

Ems

+ 
auxin



+ 
auxin

Mutant/Gene nomenclature

Name of the mutant: auxin resistant 1 - axr1

Name of the gene:    AUXIN RESISTANT 1 - AXR1

Name of the protein: AUXIN RESISTANT 1 - AXR1

axr1-1axr1-1
axr1-2
axr1-3
axr1-x

alleles:
axr1
axr2
axr3
axrx

Same mutant screen, 
different genes:



WT axr

WT axr

Phenotypes

- rosette smaller, short petioles, crinkled leaves
- roots thinner, not as highly branched
- 25-30 inflorescences compared to 1-5 wild type 
→ apical dominance
- pollen fertility reduced → stamen shorter



“...An attractive possibility is that the AXR1 gene codes for an auxin receptor...“

Conclusion:
- Defects associated to auxin action at every developmental stage
→ AXR1 must be elemental for auxin response across tissues and      
    developmental stages
→ but mutants viable → loss-of-function, not null alleles!



Aims:
- Further characterization of axr mutants
- Genetic mapping of the underlying gene



Isolation of additional mutants with 
axr1-like phenotype:

Segregation analysis:

axr1-like mutant phenotypes are inherited recessively 
→ typical for loss-of-function alleles

X

axr1    x    WT F1 F2

3 :  1



axr mutations in the same gene?

Mutant phenotype
→ same gene/allelic

axr1-12 axr1-3P

F1

X

Wild type phenotype
→ different genes



Complementation test

axr1-x mutations are alleles in the same gene



WT axr1-12 axr1-3
WT axr1-12 axr1-3

Morphology:

Alleles show different expression of 
morphological and response defects

→ Allelic differences also in root growth assays





Conclusion:
- axr1 mutants represent different alleles in the same gene

- 'weak and strong' alleles

- essential function in growth related processes throughout 
  developmental stages is confirmed

- AXR1 gene maps to the top of chromosome 1



Aim:
- Fine-mapping and cloning of AXR1



AXR1 - Chromosome Walking

Very large region (physically)

Genomic DNA libraries

Target region in smaller DNA 
fragments → subcloning





Vectors for cloning of large DNA fragments – YACs, cosmids, ...



AXR1 - Chromosome Walking



AXR1 - Chromosome Walking

YACs

Cosmids

Transform cosmid clones E – H by agrobacterium 
transformation into axr1-3 mutants

Check for restoration of 
the wild type phenotype



WT axr1-3 axr1-3 
[pOCA18-H]

Cosmid H can restore the wild 
type phenotype in the mutant 

background

Cosmid H contains the 
AXR1 gene

Transgenic complementation analysis



Cosmid H contains the AXR1 gene

Transgenic complementation analysis

Screen cDNA library with cosmid H

2 cDNAs identified

Which genes are located on cosmid H?

AXR1 candidates

WT
γ-ray 

mutant

How much transcript (1.8 kb mRNA) ist 
present in the axr1-23 deletion mutant?

Northern Blot

None!
→ 1.8 kb transcript represents the AXR1 gene



Sequencing of the AXR1 gene in axr1-3 and axr1-12 mutants

axr1-3 = G461A
Cysteine → Tyrosine

axr1-12 = C1246T
Glycine → STOP



AXR1 Protein: 540 AS, ca. 60 kD

axr1-3
C →Y

AXR1 function?

Sequence similarity searches with Genbank database:

Similarity to human and yeast E1 ubiquitin activating enzymes
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Preliminary model of auxin signaling

How could protein degradation be associated with the gene 
activation hypothesis?
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