
Plant hormone 
and 

growth and development II



Gibberellins/ Gibberellic acid

floral induction
germination
hypocotyl
elongation
leaf expansion
apical dominance
floral development
fruit maturation
internode elongation

Gibberellic acid (also called Gibberellin A3, GA, and (GA3) is a hormone found in 
plants. Its chemical formula is C19H22O6

It can influence many developmental processes such as:



Cabbage can be induced to bolt and flower by 
applications of GA3



History of GA:

The GA was first discovered by Japanese farmers in 1935. In the rice field, some plants
used to grow too tall and failed to set any seeds. This disease was called “bakannae” 
disease.

Plant pathologists found that a chemical or chemicals secreted by a pathogenic fungus
Gibberella fujikori caused the “bakannae” symptoms. The chemical was named as 
gibberellin A.

Later it became evident hat many different Gas were present in Gibberella cultures 
although GA3 was usually the principle compound.



GA structure

ent-gibberellane

By definition, all Gas possess a 
tetracyclic (four-ringed) ent-gibberellane
skeleton (containing 20 carbon atoms), or
a 20-nor-ent-gibberellane 
skeleton (containing only 19 carbon atoms)
skeleton

Gibberellins that have the full diterpenoid complement of 20 carbon atoms are referred
to as C20-GAs  and the others that have 19 carbons are called C19-GAs. 

C20-GAs C19-GAs



Effect of Gibberrellins on plant growth and development

Stimulation of stem and root growth
Gibberellin regulate the transition from juvenile to adult phase
Influence floral initiation and sex determination
Promote pollen development and tube growth
Promote fruit set and parthenocarpy



GA biosynthesis

Giberrellins are synthesized via
the terpenoid pathway 

There are three stages of this pathway:

Stage 1: occurs in plastid, four isoprenoid units are assembled
To give a 20 carbon precursor Geranyl geranyl diphosphate (GGPP)

Stage 2: occurs in plastid envelope and ER, where ent-kaurene
is converted to the first-formed GA, GA12

Stage 3: occurs in cytosol, GA12 is converted to other C20 GAS and then
Into C19 GAS  including the bio active ones





In which tissues GA is biosynthesized?



Phenotypes of wild-type Arabidopsis and gai, ga1, and the rga
mutants

GA signaling



Domain structure of the RGA or GAI repressor protein



The current model of GA signaling during growth



Cytokinin

Cytokinins were discovered in search for factors that stimulate plant cells to divide
(i.e. undergo cytokinesis) 

What it does?

It influences many developmental processes:

Leaf senescence
Nutrient mobilization
Apical dominance
Formation and activity of shoot apical meristem
Floral development
Breaking of bud dormancy
Seed germination
Chloroplast differentiation
Development of autotrophic metabolism
Leaf and cotyledon expnasion



History:

Scientists were looking for some substance which can initiate the proliferation of stem 
tissue in culture. They found that addition of coconut milk with auxin greatly stimulates
the proliferation in a wide variety of tissues (1948), indicating that coconut milk has 
some sort of chemical substance which stimulates cell division. 

Eventually it was shown that the substance is zeatin (1974). However, the first cytokinin
To be discovered was the synthetic analog kinetin.

In 1950’s Skoog and co workers tested many substances  for their ability to initiate and 
sustain the proliferation of cultured tissues. They found that nucleic acid adenine had
a slight promotive effect.

Eventually, they discovered a derivative of adenine, kinetin as the compound which 
stimulated the cell division in conjunction with auxin (1955).

In 1973, Letham found that extracts of immature endosperm of maize were found to 
contain a substance that has sam biological effect as kinetin. He isolated and purified the
substance and named as Zeatin.



Kinetin

Adenine



These zeatins can also be present in the plant as a riboside, ribotide or glycoside.
However, only the free cytokinins are hormonally active.

Yamada et al., (2001) elegantly showed that only the free base form of trans-zeatin,
But not it’s riboside or ribotide derivatives bind to cytokinin receptor CRE1



Biosynthesis:

Isopentenyl transferase (IPT) mediated transfer of the isopentenyl group dimethyl
allyl diphosphate (DMAPP)to a adenosine moiety is the first committed step  of
cytokinin biosynthesis.



Source of IPT gene:

1) Agrobacterium
2) t-RNA



The ipt gene and the two auxin biosynthetic genes of T-DNA are phyto-oncogenes, since
they can induce tumors in plants.

Unlike animal tRNA-IPT genes, plant tRNA-IPT genes encoded proteins that are capable of
synthesizing free cytokinins.

Site of Biosynthesis:

Root apical meristems are a major site for cytokinin biosynthesis and being transported 
to whole plant by xylem.

In addition, cytokinin may also be produced in xylem precursor cells, phloem,
leaves, ovules, immature seeds, root primordia, columella cells, upper part of young
inflorescence  and fruit abscission zone.



Cytokinin oxidase irreversibly degrades some cytokinins

Cytokinin metabolism



Cytokinin possibly plays an opposite role in regulating cell proliferation in shoot and root 

Phenotype of cytokinin oxidase over expression lines



Phenotypes of Arabidopsis plants harboring mutations in cytokinin receptors



Simple versus phosphorelay types of two-component signaling systems



Model of cytokinin signaling 


