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Introduction

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.

- Hormone (greek) — to excite

- In general, plant hormones control plant growth and development by affecting the
division, elongation, and differentiation of cells.
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cell cell
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— Aim of this seminar: Elucidate the transduction pathway of the signaling
molecule/hormone auxin from perception to cellular/morphological responses

Excluding: biosynthesis, metabolism, transport



Black box of signaling

signal = |AA
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Auxin History | - 1758-1880

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

1758
Henri Louis Duhamel du Monceau

— two streams of sap moving in opposite
directions are responsible for establishing
correlations between organs

1880
Julius von Sachs

— proposed a first coherent framework of
root-forming, flower-inducing, and other
special substances, which move in
different directions through the plant to
control its growth and development

The vasculature!
Alternatively: movement by diffusion



Auxin History Il - 1880-1935

Shaded
side of
coleoptile

Darwin and Darwin

lNuminated
side of
coleoptile

Canary grass
(Phalaris canariensis)

Boysen-Jensen

Control covered Tip separated

| | by opaque cap H by trans- Ji( separated by mica ( Ave%gtssp)
" ! parent cap by gelatin
Y “block
i, > Y y A
Darwin and Darwin (1880} Boysen-Jensen (1913)
“When seedlings are freely exposed to a Peter Boysen-Jensen demonstrated that the signal
lateral light some influence is transmitted was a mobile chemical substance

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.

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



Auxin History Il - 1880-1935
Y Nt
) into agar block

da

. Agar block
Frits W. Went - 1958 with auxin
Control stimulates growth
. (agar
bluc_k
In 1926, F.W. Went extracted the L“u‘:;'n"}ﬂ
chemical messenger for has no Offset blocks
. . . . effect cause
phototropism, naming it auxin — #  curvature

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.

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



Kenneth V. Thimann
1960

Auxin History Il - 1880-1935

Supplement to “Nature,' January 19, 1935

Identity of the Growth-Promoting and Root-
Forming Substances of Plants

OH

.

IAA
indole-3-acetic acid

— the principal auxin in all plant species



Auxin History Il - 1935-1985

THE

NEW PHYTOLOGIST

Vor. XXXIV, No.§

4 DECEMBER, 1935
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Fig. 4, Exp. 3* Experimental plant no. 1. Section at 1o mm. below top, and
5 mm. below zone covered by gelatins and auxin-«.

202.
*Sunflower seedlings

ACTIVATION OF CAMBIAL GROWTH BY
PURE HORMONES

By R. Snow
Fellow of Magdalen College, Oxford

Cells which
normally
form fibres

Phloem

Fig. 5, Exp. 3* Decapitated control plant no. 1. Section at 15 mm.
below top. »z202.

*Sunflower seedlings




Auxin History Il - 1935-1985

Changes Induced by Indoleacetic Acid in
Nucleic Acid Contents and Growth
of Tobacco Pith Tissuel

Julius Silberger, Jr., and Fu[ke Skoog

Department of Botany,
University of Wisconsin, Madison

Scrence, Vol. 118
October 16, 1953

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)

PER CENT ABOVE CONTROL

AFTER 4 DAYS P
A '4" .
Ly -,
b et -

+—e FRESH WEIGHT
=4 PENTOSE NUCLEIC ACID
w4 DESOXY PENTOSE NUCLEIC ACTD

—I—l—l——l—l—l—i—l—|_]_|_'._|.
JO0SI 00486 04l 37 33 30902?0

005 o4 12 L1 o]
CONC 1AA (MG/L)

F1a. 1, Changes as per cent of controls in fresh weight,
DNA content, and PNA content in excised tobacco pith tiasue
disks cultured on a sucrose agar medium with serial con-
centrations of TAA for 2, 4, and 7 days.

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



Auxin History Ill - 1935-1985

J. Mol. Biol. (1985) 183, 5368

Rapid Induction of Specific mRINAs by
Auxin in Pea Epicotyl Tissue

Athanasios Theologist, Thanh V. Huynh and Ronald W. Davis

Department of Biochemistry
Stanford School of Medicine
Stanford University, Stanford, C'A 84305, U8 A,
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Figure 3. Induction kinetics of the IAA-inducible mBENAs, Endogencous TAA-depleted pea segments were treated with
or without 20 ua-IAA. Poly(A})* RNA was mulated at various time intervals from 2 g fresh weight {100 segments) of
control or TAA-treated tissue: 20 ug of poly(A)* RNA from 0. 5. 10, 15, 20, 30, 60 and 120 min ineubhations wers
electrophoretically separated and transferred to aminophenylthicether paper as described in Materials and Methods
Time-points are indicated at the bottom of respective lanes on the right-hand side of the Figure. Two RKA papers were
prepared, vne contained the TAA mRNAs (+14A) and the other the control mBNAs [—TAA). The filters were
successively hybridized to *?P-labeled plAA4/5, plAAS and pWT1 plasmid DNAs (top, middle, bottom right) after
previous removal of the radioactive probe as described in Materials and Methods. The autoradiograms of these papers
are shown on the right-hand side of the Figure, and were scanned in a Joyee-Loebl recording densitometer. The areas
under the eurves were quantitated by weighing, and the results are shown on the left-hand side of the Figure. (@) With
TAA; {O) without LAA. '

<+— Rapid induction of mMRNAs after 10-
15 min of IAA application

\J

The most likely scenario:
Auxin regulates cell growth
indirectly by controling de novo
expression of genes required for
that process.



Black box of signaling

signal = IAA
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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



Auxin regulates plant development

Indole-3-acetic ©OH
acid
0

N\

N
H

[ Embryonic patterning
Growth & Apical dominance

Root development

Tropic growth responses

wild-type bdl axr1
mutant



Auxin regulates plant development

Indole-3-acetic OH
acid

Ir=

Embryonic patterning

[ Growth & Apical dominance

Root development

Tropic growth responses

wild-type axré-3 mutant
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Auxin regulates plant development
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Mol Gen Genet (1937 206 200206 m

£ Springer-Yerlag 1987

Auxin-resistant mutants of Arabidopsis thaliana
with an altered morphology

Mark A. Estelle® and Chris Somervyille
MELU-DNOE Plant Research Laboratory, Michigan State University, East Lansing, MT 48824, 1154

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

What was known?

_ Auxin i I '
uxin induces cell extension } Depends most likely on de novo gene

- Auxin induces cell division ) ) )
expression/protein synthesis

- Auxin induces cell differentiation

What was NOT known?

- enzymes of auxin biosynthesis
- auxin transport facilitators

- auxin signaling elements

- Arabidopsis genome sequence



Black box of signaling

signal = I1AA
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Mutagenesis

Prerequisite:
- Phenotype associated with trait of interest

|—> Seedling development — screen for mutants defect in wild-type response

Germination:

Ems = ethyl methanesulfonate

'

Substitution G/C to A/T
\_ Y,

IAA 2,4-D

NG
0
I
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Mutagenesis

Prerequisite:
- Phenotype associated with trait of interest

|—> Seedling development — screen for mutants defect in wild-type response

Germination:
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Mutant/Gene nomenclature

Same mutant screen, +

different genes: alleles:

auxin axr1-1

axr1

axr2 axr1-2
axr3 § : . 4/: axr1-3
axrx Name of the mutant: auxin ref/stant 1 - axr1 axri-x

Name of the gene: AUXIN RESISTANT 1 -AXR1

'

Name of the protein: AUXIN RESISTANT 1 - AXR1



Phenotypes

- rosette smaller, short petioles, crinkled leaves

- roots thinner, not as highly branched

- 25-30 inflorescences compared to 1-5 in WT
— apical dominance

- pollen fertility reduced — stamen shorter

Auxin response assay — root growth inhibition:
- auxin + auxin ++ auxin

Inhibition of

root growth 0% 50% 100%




Phenotypes

- rosette smaller, short petioles, crinkled leaves

- roots thinner, not as highly branched

- 25-30 inflorescences compared to 1-5 in WT
— apical dominance

- pollen fertility reduced — stamen shorter

Root growth inhibition on auxin media:
A i I I

[P Y

100

75

80— -

Percent Growth Inhibition

1l
1072 1078 1077 10°€ 1075
[2,4-D] M




Mol Gen Genet (1937 206 200206 m

£ Springer-Yerlag 1987

Auxin-resistant mutants of Arabidopsis thaliana
with an altered morphology

Mark A. Estelle® and Chris Somervyille
MELU-DNOE Plant Research Laboratory, Michigan State University, East Lansing, MT 48824, 1154

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!

“...An attractive possibility is that the AXR7 gene codes for an auxin receptor...“



The Flant Cell, Vol. 2, 1071-1080, November 1920 © 1990 American Society of Plant Physiologists
Growth and Development of the axr1 Mutants of
Arabidopsis

Cynthia Linceln, James H. Britton, and Mark Estelle’
Department of Biclogy, Indiana University, Bloomington, Indiana 47405

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



Isolation of additional mutants with
axr1-like phenotype:

——— e

Table 1. Recovery of axr! Mutants®

M2 population Mutagen Selection Mutants recovered

AP EMS 24D axrl-7
axri-2
anrl-3 < —
axry -4
axr’i-5
axri-g
B EMS 24D axri-f
axrl-g
axri-g
axrl-11
axr1-12 <—
axri-15
iy EMS 2.4-D awrf-16
axri-17
axr?-18
axrl-19
axri-20
axri-21
g EMS 188 asrf-22

o ¥ 24-D axri-23 F

" A total of 470,000 seeds from four distinct M2 populations was
screaned for mutants thal were able to elongate roots on either
5 uM 2,4-0 ar 50 oM 184,

" Estelle and Somervilla {1987).

“ This study.




Isolation of additional mutants with

axr1i-like phenotype: Segregation analysis:
Table 1. Racovery of axr! Mutants® - Table 2. Genetic Segregation of 2.4-D Resistance in axr7 Lines
M2 population Mutagen Eala_muorl Mutants recovered T o Mumber of Plants
AP EMS 24D axr1-1 — — _
axri-2 Cross Resistant  Sensitive  **°
axry-3
— axr1-19 = wild-type F1 0 24
axrl-5 F2 186 4493 2.07
awri-G garT1-21 » wild-type F1 0 |
B~ EMS 2.4-D axri-F = 82 281 1-19=
7-
;;I_g axr1-22 x wid-type F1 0 22
axr1-11 F2 56 216 283"
axri-12 axr1-23 = wild-type F1 0 33
axrl-15 F2 17 383 0.683°
iy EMS 2.4-0 awrf-16 ==
axri-17 * +# was calculated based on an expected ratio of three sensitive
axr:-:g to one resistant.
axry- o
axr1-20 P = 0.05.
axri-21
ce EMS 1A axr1-22 axr1 X WT F1 F2
D- ¥ 2.4-D axr1-23
" A total of 470,000 seeds from four distinct M2 populations was .
screaned for mutants that were able to elongate roots on either X : ’ 3 ‘ . 1
& uM 2,4-0 or 50 pM 18A,

" Estelle and Somervills {1987).
“ This study.

axr1i-like mutant phenotypes are inherited recessively
— typical for loss-of-function alleles



axr mutations in the same gene?
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Result: No complementation.
No functional gene product,
therefore mutant phenotype.

Mutant phenotype
— same gene/allelic
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Result: Complementation.

therefore wildtype phenotype.

Functional product from both genes.

WT phenotype
— different genes



Complementation test

Table 3. Complementation Analysis of axr? Lines

Number of Plants
Cross Resistant Sansitiva
axri-12 = axri-3 a3 0
axr?-19 = axr!-3 21 0
axrl-20 = axri-3 13 0
axri-22 = axri-3 24 0
axr!-23 = axr1-3 39 0

p axri-x mutations are alleles in the same gene



Morphology:

WT axr1-12

WT . axr1-12  axri-3
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Figure 1. Phenotype of Wikd-Type and Mutant Bosettes

Rosettes were photographed when the plants were 3 weeks old
(&) Wild type

(b) axr1-12/axr1-12.

() axr1-3/axri-3

Bar = 1 cm
. . . 7 E e : [ [ e pa ite
N A”e“C dlﬁerences aISO in root growth assays Figure 2. Comparison of Mature Wild-Type and Mutant Plants
Wild-type and mutant plants were photographed when 7 weaks
old.

Alleles show different expression of S
morphological and response defects #7373

Bar = 3 cm.
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The Plant Cell, Vol. 2, 1071-1080, Novemnber 1920 © 1990 American Society of Plant Physiologists

Growth and Development of the axr1 Mutants of
Arabidopsis

Cynthia Lincoln, James H. Britton, and Mark Estelle’
Departmeant of Biology, Indiana University, Bloomington, Indiana 47405

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



Arabidopsis auxin-resistance
gene AXR1 encodes a protein

related to ubiquitin-activating
enzyme E1

H. M. Ottoline Leyser, Cynthia A. Lincoln*,
Candace Timpte, Douglas Lammer,
Jocelyn Turner & Mark Estellet

Department of Biology, Indiana University, Bloomington,
Indiana 47405, USA

Aim:
- Fine-mapping and cloning of AXR1



AXR1 - Chromosome Walking

of
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Very large reglon (physically)

Target region in smaller DNA
fragments — subcloning

1

Genomic DNA libraries



Genomic Library
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Vectors for cloning of large DNA fragments — YACs, cosmids, ...

Approximate maximum length of DNA that

can be cloned into vectors
WHE o r--. ™Y
Cloned DNA FI- r g
Vector type {kh] : {lmngh,tu:lmkhl

b iubbe prose §

Plasmid 20 / ,w{ f
lambda phage 25 g % — u-..--n
Cosmid 45 iﬂ.wf %%mmﬂ" -
BAC (bacterial artificial 300 p— -
chromosome) + i } + :::.::.1::-::,"...1_
YAC (yeast artificial 1000 Lr_‘ L TEL : tebomere
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AXR1 - Chromosome Walking
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AXR1 - Chromosome Walking

tof
Chromosome 1 6.6+ 20cM R4 2Tl

dis] =3 gxrl-—3> cerl

Telomere

o 1a8 1 6811
Centromere 488

b
YACs

SER rroerrrrrrrre

- .ﬂ Telomere
Cenfromere

E
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C— - Cosmids
w5 kb o ]
Transform cosmid clones E — H by agrobacterium Check for restoration of

transformation into axr7-3 mutants ™ the WT phenotype



Transgenic complementation analysis

°WT axr1-3  axr1-3 Cosmid H can restore the wild
[POCA18- ] ™ type phenotype in the mutant
background
\j

Cosmid H contains the
AXR1 gene




Transgenic complementation analysis

Cosmid H contains the AXR7 gene

l

Screen cDNA library with cosmid H —» Which genes are located on cosmid H?

l

2 cDNAs identified — AXR1 candidates
Northern Blot — How much transcript (1.8 kb mRNA) is
present in the axr1-23 deletion mutant?
WT y-ray
h mutant
AXRI  axrl-23 l

None!
. <— La3kb — 1.8 kb transcript represents the AXR1 gene



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

@ T T axr1-3= G4B1A
Cysteine — Tyrosine

R axr1-12 = C1246T
© TN Glycine — STOP
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r— AXR1 Protein: 540 AS, ca. 60 kD

— Similarity to human and yeast E1
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The ubiquitin system
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Preliminary model of auxin signaling
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Preliminary model of auxin signaling
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How could protein degradation be associated with the gene
activation hypothesis?
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