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INTRODUCTION

Angiosperms, or flowering plants, signify the most
evolutionarily progressed and ecologically prevailing
classification in the plant kingdom. Their remarkable success in
terrestrial ecosystems is primarily due to the development of
highly specialized reproductive organs called flowers. Apart
from their visual appeal, flowers serve as intricate reproductive
structures that orchestrate gamete generation, pollination,
fertilization, and later seed and fruit formation. The massive
variety seen in floral structures among angiosperm species
signifies a complex network of genetic and molecular
regulatory systems that accurately govern floral organ identity,
arrangement, and growth. A significant breakthrough in plant
developmental biology was the creation of the ABC model of
flower development, an influential genetic model that clarifies
how particular combinations of homeotic genes dictate the
identity of floral organs in different concentric whorls of a
flower. In 1988 George Haughn and Chris Somerville
introduced this model concept, the ABC model transformed the
comprehension of floral morphogenesis by showing that a
limited number of regulatory genes can produce the complete
pattern of floral organs.

This model proposes that the identity of floral organs is
determined by the combined functions of three primary classes
of homeotic genes A, B, and C genes. The ABC model
originated mainly from comprehensive molecular genetic
research carried out in the model plants Arabidopsis thaliana
and Antirrhinum majus. These genes control the development
of four floral whorls: sepals, petals, stamens, and carpels. Class
A genes merely determine sepals in the first whorl, the joint
action of A and B genes governs petals in the second whorl, B
and C genes together formed stamens in the third whorl, and
Class C genes independently regulate carpel development in the
fourth whorl.
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The ABC model recognised a molecular basis
for comprehending floral organogenesis and
concrete the way for more complex ideas like
the ABCDE and quartet models of flower
development. Presently, it stands as one of the
most significant theories in plant genetics and
evolutionary developmental biology, providing
essential knowledge regarding floral evolution,
agricultural enhancement, reproductive
biology, and the genetic modification of
flowering plants.

Basic Structure of a Flower

A standard dicot flower consists of four

concentric whorls of organs arranged from the

outermost to innermost positions:

1. Whorl 1 — Sepals: green, protective organs
forming the calyx.

2. Whorl 2 — Petals: often colored and
fragrant, forming the corolla.

3. Whorl 3 — Stamens: male reproductive
organs composed of a filament and anther
(androecium).
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4. Whorl 4 — Carpels: female reproductive
organs forming the gynoecium, containing
ovules.

The specification of each whorl involves a

unique  combination of  transcriptional

regulators that instruct floral meristem cells to
adopt particular organ identities. These
regulators are encoded by the so-called floral
homeotic genes, whose loss or misexpression
leads to characteristic organ transformations
(homeotic mutations).

Exposure Floral Homeotic Mutants
In Arabidopsis and Antirrhinum, traditional
genetic screenings uncovered mutants where
one floral organ type was substituted for
alternative. For an example, certain mutants
generated petals in place of sepals, or carpels
rather than stamens. These mutants were crucial
in unravelling the major genetic principles of

floral organ identity.
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In Arabidopsis, three main types of mutants
were discovered:

A) Class A mutants (such as, apetalal,
apetala?)

Sepals changed into carpels, and petals
substituted by stamens.

B) Class B mutations (for example, apetala3,
pistillata)

Petals changed into sepals, and stamens turned
into carpels.

C) Class C mutations (e.g., agamous)
Stamens became petals, and another flower
took the place of carpels.

These outcomes prompted the hypothesis that
the identity of organs in each whorl arises from
the combinatorial activity of A, B, and C gene
functions, with these genes functioning in
mutually antagonistic patterns within the floral
meristem.

The Classical ABC Model

The ABC model proposes that three classes of
homeotic gene functions determine the identity
of floral organs in specific whorls through
combinatorial expression:

Whorl Organ Type Gene Functions Active
1 Sepal A
2 Petal A+B
3 Stamen B+C
4 Carpel C

o A-function genes specify sepals and petals
(when combined with B).

e B-function genes specify petals (with A)
and stamens (with C).

o C-function genes specify stamens and
carpels and also terminate floral meristem
activity.

A crucial element of the model is that A and C
functions mutually suppress each other, with
the existence of one inhibiting the expression of
the other in shared areas. This spatial limitation
guarantees the correct formation of organ
identity regions.

Molecular Basis of the ABC Genes

The majority of ABC genes code for MADS-
box transcription factors, which are a group of
DNA-binding proteins that gene
expression in the process of floral organ
MADS domain is a
conserved motif for DNA binding (~58 amino
acids) designated after four original members:
MCM1, AGAMOUS, DEFICIENS, and SRF.

control

development. The
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A-Function Genes

In Arabidopsis, the A-class is mainly

represented by APETALA1 (AP1) and

APETALA2 (AP2).

e APl isa MADS-box gene found in the outer
two whorls, determining sepal and petal
identity. It also functions in the transition
of floral meristem identity.

e AP2 is distinct from the majority of other
floral homeotic genes as it belongs to the
AP2/EREF transcription factor family instead
of being a MADS-box gene. AP2 suppresses
the expression of the C-function gene
(AGAMOUS) in the whorls,
preserving the A-domain.I

outer

o In Antirrhinum majus, the corresponding A-
class genes consist of SQUAMOSA and
LIPLESS1/2.

B-Function Genes

The B-function genes act in the second and

third whorls, specifying petals and stamens.

They include:

e APETALA3 (AP3) and PISTILLATA
(PI) in Arabidopsis.
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e Their  Antirrhinum homologs  are

DEFICIENS (DEF) and GLOBOSA (GLO).
AP3 and PI proteins form heterodimers, which
are essential for their stability and DNA-
binding ability. The AP3/PI complex activates
downstream genes that lead to petal and stamen
differentiation. Mutations in either gene lead to
the loss of B-function, causing petals to convert
to sepals and stamens to carpels.

C-Function Genes
The C-function is represented by AGAMOUS
(AG) in Arabidopsis and its Antirrhinum
counterpart PLENA (PLE).
AG is expressed in the inner two whorls
(stamens and carpels) and plays a dual role:
1. Specifies stamen and carpel identity.
2. Terminates floral meristem activity,
preventing  indeterminate  flower
formation.
Mutations in 4G result in flowers where
stamens are replaced by petals and carpels by a
new flower, creating a reiterative floral
structure.

Genetic Interactions and Regulation

The ABC genes are regulated both spatially and
temporally through complex genetic networks.
The expression domains of A, B, and C genes
are established by upstream regulators such as
LEAFY (LFY) and WUSCHEL (WUS),
which activate floral meristem identity and C-
class expression respectively.

e LFY promotes the expression of AP,
AP3, PI, and AG, linking meristem
identity to organ identity.

e WUS acts in the center of the floral
meristem to activate 4G, but its
expression is terminated once AG
becomes active — a feedback loop that
ensures meristem determinacy.

The mutual repression between A and C genes
is fundamental:

e A-function genes (like AP2) repress
AG in outer whorls.

e C-function gene (4G) represses
API/AP2 in inner
This mutual exclusion creates distinct
expression domains that define organ
identity.

whorls.
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CONCLUSION

The ABC model of flower development is one
of the most important achievements in plant
developmental biology, explaining how flowers
form their distinct reproductive organs through
the coordinated action of homeotic genes.
Studies in  Arabidopsis thaliana and
Antirthinum  majus  demonstrated  that
combinations of A, B, and C class genes
determine the identity of sepals, petals,
stamens, and carpels in specific floral whorls.
Most of these genes encode MADS-box
transcription factors that regulate organ
differentiation and floral meristem activity
through precise spatial and temporal gene
expression. The model also revealed the
importance of genetic interactions, particularly
the mutual repression between A and C
functions, which ensures proper floral
patterning.  Beyond  explaining  floral
organogenesis, the ABC model laid the
foundation for advanced concepts such as the
ABCDE and floral quartet models. Its
significance extends from evolutionary biology
to modern agriculture, where understanding
floral genetics supports crop improvement,
hybrid seed production, and ornamental plant
breeding. Overall, the ABC model remains a
landmark framework for understanding the
molecular basis of flower development and
diversity in angiosperms.
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