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Basic Facts about Plants

Plants have cells
Hook 1665 S ORI

Plants have genes
Mendel 1865

Plants can ,move”
Darwin 1880




Conclusion 1:

Plants are beautiful, important and
iInteresting




Life on Mars is green




Light
Temperature
Water

Challenges of Plant Life

Life Strategy:

Adapting Development and

Soil (nutrients) Physiology



Plasticity of Plant Growth

long day short day

control nitrate






Rooting




Conclusion 2:

Plants live different lives.

Their life strategy involves superb
adaptation abilities.



Life on Mars is green




Plant Development is Ruled by Small Molecules




Gibberellin

Cabbage treated with gibberellic acid.



The introduction of semi-dwarf wheat varieties strikingly improved grain yield
Part of ““Green Revolution”




Discovery of Auxin




Auxin: The Most Versatile Hormone
In Plants Auxin

Embryogenesis
Organogenesis
Growth

Tropisms

Branching
Vasculature formation
Regeneration

Stress adaptation




Conclusion 3:

Plants’ life is govern by hormones.

Auxin is the most versatile of them.




1965 WIEN
Plant Genetics congress

Arabidopsis
thaliana

2000
Genome sequenced

Small genome
Simple structure
Easy to grow
Self-pollinator
Easy genetics

Many tools






ISTA-built Vertical Microscope

Von Wangenheim, Hauschild, Fendrych et al., 2017



Automatic Growth Tracking

Winner: Nikon Small World in Motion Competition 2017






Structure of Protein Complexes




Conclusion 4: METHODS

Arabidopsis:
Hero of plant genetics.

Molecular biology:
DNA manipulation in bacteria.

Microscopy:
Seeing is believing.

Biochemistry/structural biology: s



Auxin: The Most Versatile Signal
In Plants Auxin

Embryogenesis
Organogenesis
Growth

Tropisms

Branching
Vasculature formation
Regeneration

Stress adaptation




Local Auxin Gradients
iIn Plant Development

3 ™ .4 :

Sabatini et al. 99; Friml et al. 02; Ottenschlager et al. 03; Benkova et al. 03; Friml et al. 03



Local Application of Auxin
Induces Organ Formation

NPA

Reinhardt et al. 03
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Life Imaging of Lateral Root B




Plant “movements

Halotropism
Root gravitropism

Shoot gravitropism



Conclusion 5:

Auxin accumulates locally in given
cells and reprograms them.

This is the basis for the universal function
of auxin in growth and development.




Root and Shoot Gravitropism

Auxin




Auxin stimulates growth in shoots and inhibits in roots
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Auxin signaling mechanism

Blueprint for other pathways

Ub

F-box proteins
' Auxin
Jasmonate
Strigolactone
Giberellin

| Ethylene
- Pollen recognit.

_________________________________

Dharmasiri et al. 2005,
Kepinski et al. 2005



Root gravitropism — Small inconsistency

Auxin inhibits root growth = roots grow down
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Mechanism slow

but /

Root gravitropism rapid



Methods: Root Chip microfluidics

Fendrych et al., 2018



—4— avGrowth ——TMR - 10nM 1AA

growth (um per min)
TMR intensity ~ 10nM I1AA

time (min)

Fendrych et al., 2018



Roots — Which pathway auxin uses to inhibit growth?

Rapid, non-transcriptional (10s) tir1 WT

e



TIR1/AFBs have Adenylate Cyclase motif

F box LRR AC
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cAMP: the major signalling component of animals

Animals

GPCR - cAMP

G Protein-coupled

Ligand

Receptor
GDP
o
B “y
/Y G Protein

Hormones
Adrenalin Vision
Glucagon
Vasopresin Smell
FSH, LH
TSH Heartbeat
Neurotransmiters . .
Doparmin Lipolysis
Serotonin

Histamin

Inactive
Adenylate Active

Cyclase  Adenylate

Cyclase

ol
GTP

N

cAMP ATP

N N

" <’N |
-
0=P—O OH

OH

cAMP

Fungi

Nutrient sensing

Bacteria

Nutrient sensing

Plants

%,

(almost)

Low levels of cAMP detected
Controversial

At the research periphery



TIR1/AFBs have Adenylate Cyclase motif

F box LRR AC
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Qietal., 2022



o Al TIR1/AFB auxin receptors have AC activity
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De Vries et al. 2020. J. Exp. Bot. 71: 3254-3269., https://doi.org/10.1093/jxb/eraa007.



cAMP production for rapid responses?

e
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Qietal., 2022



Conclusion 6:

Small inconsistency in the gravitropism
timing led to discovery of additional auxin
signaling mechanismes.

Auxin receptors produce cAMP as second
messengers to regulate auxin responses.







— P |S‘T :
.li Institute of Science IJ-'H\,'\

\

STRIA-

inology






