- Hormone

The physical traits, gzhenotype, of a plant results from a complex interaction

between its genetic instructions, genotypeg, and the externaénvironment The
growth and differentiation of cells in different parts of the plant are coordinated in
response to these inputs.

Questions:

1) How does the plant receive and respond to environmental inputs or "signals"?

2) What communicating steps the plant use to adjust growth and development in
response to the environment?

The answer lies in understanding the role of plant hormones.



N Definition

Plant hormonesare small organic compounds that influence physiological responses to
environmental stimuli at very low concentrations (generally less thahM)D Hormones are not
directly involved in metabolic or developmental processes but they act at low concentrations to
modify those processes.

What can they do?

Hormones regulate or influence a range of cellular and physiological processes, including

Cell Division

Cell Enlargement
Cell Differentiation
Flowering

Fruit Ripening
Movement (tropisms)

Seed Dormancy

Seed Germination
Senescence

Leaf Abscission
Stomatal Conductance



- Not all researchers agree that the term "hormone" should be applied to plants.
f Plants do not have a circulatory system and therefore hormone action in plants is fundame

different from hormone action in animals. Many plant biologists use the term "plant growth
regulator” instead of "hormone" to indicate this fact. The table below summarizes some of th
differences between plant and animal hormones.

Plant Hormones Animal Hormones
1.Small moleculesnly 1.Peptides/proteins and/or small molecules
2. Producedhroughout theplant 2. Producedn specialized "glands"

3. Mainlylocal targets (nearby cells and tissye 3. Distanttargets ("action at a distancg

4. Effectsvary depending on interaction with 4. Specifieffects

other hormones
5. Regulatiorby central nervous system
5."Decentralizetregulation
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m_  Ethylene
=

Ethylene is a gaseous molecule produced in all parts of the plant

made by most plants including angiosperms, gymnosperms,
ferns, mosses and also synthesized by fungi and bacteria M
meristematic regions (shoot apex) and senescing tissues are |"ethienine
rich sources
ethylene production is stimulated by physiological stresses N
including wounding, anaerobic conditions, flooding, chilling,
disease and drought
‘-. fH
C=C
H”  “H
in 1901, D. Neljubow realized that his dapown pea seedlings Ethylene

yewere short, fat and negatively gravitropit ¢ triple responsg
because of a component in "laboratory air" which he subsequently
identified as ethylene

Ye Cousins (1910) first reported that ethylene occurred in plants.



_Developmental processes regulated by ethylene

o

Promotion of seed germination
Inhibition or promotion of root growth

Inhibition of shoot growth

Promoting the elongation growth of submerged aquatic species
Inhibition/promotion of cell division and cell elongation
Induction of lateral cell expansion

Bud dormancy release

Initiation of adventitious roots and root hairs

Altering gravitropism in roots and stems

Promoting leaf epinasty

Inhibition/promotion of flowering

Abscission of leaves, flowers, fruits

Promoting senescence of leaves, flowers

Involved in defense response pathway
Induction of phytoalexins and other disease resistance factors
Fruit ripening
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n Triple response phenotypes
=

Reduced elongation of hypocotyl and root
-Ethylene
Y Thickening of hypocotyl

Y Exaggeration of the apical hook curvature

+Ethylene
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In 1988, on the basis of triple
response screening, the first ethyle
mutant was isolated and reported




Tab. |. Ethylene-related mutants.

Locus

Name

Phenotype and comments

References

Arabidopsis thaliana

errd Ethylene resistant Ethylene insensiuve: delay in bolung time: increase inro-  Bleecker et al. 1988, Chang et al. 1993
sette size; TR/ 1s homologous to two-component regula-
tors

TS Ethylene response sensor  Ethylene insensitive: ERS 1s homologous to ETR/: muta-  Hua et al. 1995
tion was induced with reverse genetics

e Ethylene insensitive Ethylene insensitive: delay in bolting ime; increase inro-  Guzman and Ecker 1990
sette size

vind Ethylene insensitive Ethylene insensitive Kieber et al. 1993

cind Ethylene insensitive Ethylene insensitive Roman et al. 1995

et Ethylene insensitive Ethylene insensitive Roman et al. 1995

ein? Ethylene insensitive Ethylene insensitive Roman et al. 1995

ainl ACC insensiuve Ethylene insensitive: increase in rosette size Van Der Straeten et al. 1993

et Ethylene insensitve Ethylene insensitive Harpham et al. 1991

etol Ethylene overproducer Constitutive ethylene response in etiolated seedlings, due to  Guzmén and Ecker 1990
higher ethvlene biosynthesis level

eto Ethviene overproducer Consututive ethylene response in etiolated seedlings. due to  Kieber et al. 1993
higher ethylene biosynthesis level

etod Ethylene overproducer Constitutive ethylene response in etiolated seedlings, due to  Kieber et al. 1993
higher ethylene biosynthesis level

corl Constitutive tnple Consutuuve ethylene responses at all developmental stages  Kieber et al. 1993

response tested. not due 1o higher ethylene biosynthesis: phenocop-

1ed by ethylene treatment: CTR/ 1s homologous to Raf ki-
nases

hils! Hookless No differental growth in apical hook of euolated seedlings; Guzman and Ecker 1990.
phenocopied by treatments with auxins or auxin transport  Lehman et al. 1996
inhibitors: HLS T 1s homologous to N-acetvltransferases

cirl Ethylene-insensitive root  Root is ethylene insensiuve and agravitropic Roman et al. 1995

aux/t AuXin insensitive Root 1s agravitropic and insensitive to ethylene and auxin:  Maher and Martindale 1980,
apical hook slightly ethylene insensitive: ALX/ is homolo-  Pickett et al. 1990, Roman et al. 1995.
gous 10 amino acid permeases Bennett et al. 1996

axr! Auxin resistant Root 1s agravitropic and insensitive to ethvlene. auxin and  Estelle and Somerville 1987.

cvtokinin: the shoot ts short and bushy: enolated seedlings
have a short hvpocoryl and are defective in apical hook for-
mation: AXR/ 15 homologous to ubiquitin-activating en-
zvme EI

Lincoln et al. 1990. Leyser et al. 1993



Ref: Smalle J and Straeten VD (1997); Physiologia Plantarum 168D5%93



