Gibberellins: The Plant Growth
Hormones Shaping Life

A journey through the discovery, chemistry, and remarkable impacts
of one of nature's most powerful plant growth regulators.
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The Discovery and History of Gibberellins

v The story of gibberellins starts with an odd plant disease
and develops into one of the most important findings in
plant physiology, which fundamentally alters our

knowledge of how plants regulate their growth.
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The "Foolish Seedling" Disease: A Serendipitous Discovery

Early 20th Century Japan

Rice farmers notice plants infected by Gibberella fujikuroi
growing abnormally tall and weak, a condition called

"bakanae" or "foolish seedling" disease. The infected plants 1
would grow excessively tall but ultimately collapse under their
own weight.
2
Post-World War 1l 3

Western scientists isolate gibberellic acid (GA3) from fungal
cultures, confirming gibberellins as potent plant growth
regulators. This discovery opened new avenues for
understanding plant development and growth control
mechanisms.

1935: Naming of Gibberellin

Japanese scientist Teijiro Yabuta successfully isolates
active substances from the fungus and coins the term
"gibberellin" after the fungal genus. This marked the first
characterization of these powerful growth-promoting
compounds.



= Toliaall Al Ua_A

-aliasyy -
Jish oanb pe IS5 gainy ) sSn 8 D0y Hlais Aleae @il Y1 s ) dadaa o pdall g &) Jil sl () ddacally Cuas
Ll Al (A lei LS5 da i Jday sati Aleadd) clilall culS Meliasdl ALAN" (m e S"UISL" cexi Alla o8y cmia g
Yare ol pal) diand Y

D sSam 58 Sl s g il uially Liadi "ol jia mllaias gl ¢l (e Alladl) ol sl J3e 8 Usly g et SUL allall e

saitll 33 el Ay g8l Ul pall 03] J oY) Cana i) 130 Jiay
Al Aallal) o ad) day oY

138 i il gail Ay g8 ciladaia s il il o cpaSe g ladll & )l (e @l pald) (mea g il slalall e
saill aadass T g el ) glat agal sasas T8AT Caliasy)



From Disease to Discovery

The stark contrast between healthy rice plants and those affected by
"bakanae" disease led researchers to investigate the underlying

mechanism, eventually revealing the powerful growth-promoting
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properties of gibberellins.

[J) The term "bakanae" literally translates to “foolish seedling"
In Japanese, describing the unusually tall but weak plants
that would ultimately collapse before harvest.

@ale e IS AL glal) bl laaal o Al 2l "pliaald) ALEN™ 1) Td s " GUSL" mlliac aa 5y [
Aol J8 Callaall 33l 8 Hlei cilS a5 A LS




il o) dditad ilaasl) G

Chemical Structure of Gibberellins Family
The molecular architecture of gibberellins determines their biological activity and reveals how

these hormones interact with plant cellular machinery to produce their remarkable effects on

growth and development.
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Gibberellins: Tetracyclic Diterpenoid Acids

Complex Family of Growth Regulators

« QOver 130 different gibberellins identified
across plant species

* Only GAL, GA3, GA4, and GA7 function as
bioactive hormones

« All share an ent-gibberellane skeleton with
either 19 or 20 carbon atoms

Critical Structural Features

* Bioactive forms have 19 carbons with a
lactone bridge between C4 and C10

« Hydroxyl group at C-3[3 position
« Carboxyl group at C-6 position

GA3 Gibberellic Acid
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Chemical Structures of Bioactive Gibberellins 1:‘*555# adaidl) ‘mﬁb—*“ ‘\#‘-}‘ﬁﬁ‘ ‘-r‘.-.‘sbm
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The subtle differences in hydroxylation patterns
and ring structures between gibberellin variants
determine their binding affinity to receptors and
subsequent biological activity in plants.
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Transport and Localization of

Gibberellins in Plants

Understanding how gibberellins move within plant
tissues is crucial for explaining their site-specific effects
and the coordination of growth responses across

different plant organs.
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How Gibberellins Move Within Plants

>

Local Accumulation

Bioactive GAs concentrate in
specific growth zones like root
tips, shoot apices, and
developing seeds where they
directly stimulate cell division
and elongation.

o=

Long-Distance Transport

Plants primarily transport
Inactive GA precursors through
vascular systems, which are
then converted to active forms
at target sites—a strategy that
helps regulate when and where
growth occurs.

Cs

Transport Proteins

Recently identified transporters
from the NPF and SWEET
protein families facilitate GA
movement across cell
membranes with varying
degrees of specificity, creating
complex distribution patterns.
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Gibberellin Transport Pathways in Plant Tissues

VSRR R RGBS

Synthesis in Young Tissues

Gibberellins are primarily
synthesized in actively
growing tissues like young
leaves, developing seeds,

and root tips.

Action at Target Sites

They reach various target
organs such as stem
internodes, roots, and
flower buds, where they
regulate diverse
developmental processes
like stem elongation and
seed germination.

Phloem-Mediated
Movement

Transport occurs mainly
through the phloem, the
plant's food-conducting
tissue, along with
photosynthates. This is a
non-polar transport,
meaning it's not directional
like water transport.
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Gibberellins as Growth Hormones in Plant Development
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Multifaceted Roles of Gibberellins Across Plant Life Stages

Seed Germination

GA signals the to
produce that
break down reserves into

, providing energy for the
growing embryo to emerge from
the seed coat.

Flowering & Fruiting

GAs help regulate the transition
from vegetative to reproductive
growth, influence flower gender in
some species, and stimulate fruit
development through cell
expansion.

Breaking Dormancy

GAs overcome seed and bud
dormancy by

and promoting cell
division, enabling plants to resume
growth after unfavorable periods
like winter.

Stem Elongation

GA promotes rapid cell division in
and
subsequent ,
leading to dramatic increases in
plant height, especially In
grasses and bolting plants.
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Physiological and Molecular Mechanisms of

Gibberellins

The remarkable effects of gibberellins on plant growth stem from
sophisticated molecular interactions that trigger cascades of gene
expression changes, ultimately transforming cellular behavior.
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How Gibberellins Work at the Molecular Level
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The degradation of DELLA proteins acts as a molecular switch that unleashes a suite of growth-promoting genes,

fundamentally altering the plant's developmental trajectory.
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Gibberellin Signaling Pathway: From Perception to Growth Response

Key Steps in GA Signaling

v GA binds to GID1 receptor in cytoplasm

v' GA-GID1 complex binds DELLA proteins

v' DELLA proteins are targeted for degradation

v Transcription factors are released from
Inhibition

v' Growth-promoting genes are activated
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Agricultural Importance and Applications
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Gibberellins in Crop Improvement and Stress Response

Green Revolution Connection

Semi-dwarf varieties of wheat

and rice that revolutionized

agriculture carry mutations

affecting GA biosynthesis or

signaling. These

and

allocate more resources to

growth.

rather than stem

Commercial Applications

Agricultural applications include

In seedless
grapes, malting barley for beer
production, inducing male flowers
in cucumbers for hybrid seed
production, and accelerating
sugarcane ripening.

Stress Adaptation

GA signaling adjusts during
environmental stresses like
drought, cold, and salinity. Plants
often

, then restore
GA activity during recovery
phases.



T Alatu g Jualaal) Craead A il )

(Green Revolution Connection) s!_«aill 5 ¢l Ll ;W)

Mutations) <l db ac) 50l 250 ctaal A 3% 5 =Gl e (Semi-dwarf varieties) 4ajil 4d caly 1 e
AE I aghdls s 5 ] saa ol pa Tl A Sl (Signaling) <3y LT (Biosynthesis) wsead) @dash e a4

Ll et e Y (Grain Production) cassadl 1wy ol sall e s sell paZos® (L 5udl) (Lodging)

(Commercial Applications) 4 ja) ki)

(Stress Adaptation) &) g i

ﬁ La E-T'E|_J;:Jr'- -._I._Ll_l.n-_idl ;_,..e....._l
Lo . . i Db ow TR af 1A e * #I‘ [:’JiH J.Hs :
il Aagld aagd; sl s (Environmental Stresses) Adl chigayl ol s pall &l ) s ”

T | L5 lL:'-Jhw-—LLw-'“ 5‘)1-6319.}.15-1143 .
(B ol Bt 3. Conserve Resourees) sl Bl gad g sl dgs el ol sl s el £ <

4 sl 2127 (Malting) s2dl) jaads e
Tl at’s

Al ool 2y el SA K30 e ¥l oug<i e e

St i gl o



Conclusion: Gibberellins — Tiny Hormones, Massive Impact

v From a to a cornerstone of modern

agriculture, the discovery and understanding of

worldwide.

v The intricate chemistry, transport mechanisms, and signaling
pathways of gibberellins reveal nature's elegant solutions for

regulating plant growth and development.

v’ Future research and biotechnological applications
promise new breakthroughs in harnessing these powerful

hormones for
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