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ABC Model of Flower Development in Plants 

Introduction 

Flower development is key to plant reproduction and survival. It involves complex 
genetic and molecular mechanisms guiding the shift from vegetative to reproductive 
growth. The ABC model of flower development is a key framework in understanding the 
flower development. It explains how specific gene classes define the identity of floral 
organs. In this post we will discuss the ABC model of flower development in plants. You 
can download the notes as PDF from the download link provided below.  

Overview of Flower Development in Plants 

 Flower development in plants is a complex and highly regulated process.   
 The process begins with the initiation of the floral meristem. 
 Floral meristem is a specialized group of cells that give rise to the flower.  
 The initiation of floral meristem is triggered by a combination of genetic and 

environmental factors. 
 These factors include plant's developmental stage, photoperiod, and temperature. 
 Floral meristem undergoes a series of morphological changes to form the different 

floral organs such as sepals, petals, stamens, and carpels.  
 The floral meristem first differentiates into the floral organ primordia. 
 They are small groups of cells that will develop into specific floral organs.  
 Arrangement and identity of these floral organs are determined by a network of 

genes. 
 The genetic regulation of floral organ formation is orchestrated by a group of 

genes known as Floral Organ Identity Genes.  
 These genes are responsible for specifying the identity of the floral organs and 

ensuring that they develop in the correct position and order.  
 During the differentiation stage, the floral organ primordia develop into mature 

floral organs through a series of cell division, expansion, and differentiation 
events.  

 This process is guided by a complex interplay of genetic signals and hormonal 
signals. 

History of Flower Development Research 

 Breakthroughs in molecular biology in the mid-20th century facilitated precise 
studies in developmental biology. 

 The identification of homeotic genes, which control the identity of plant organs, 
was a major milestone in developmental biology. 

 Research on Arabidopsis, a model plant, led to the discovery of important 
regulatory genes named as the MADS-box gene family, which are crucial for 
flower development. 
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 The culmination of these historical efforts was the formulation of the ABC model 
of flower development in plants 

 This model elucidates the role of three classes of genes (A, B, and C) in determining 
the identity of floral organs.  

 The ABC model of flower development was first formulated by George Haughn and 
Chris Somerville in 1988 

What is ABC Model of Flower Development? 

The ABC model of flower development explains how three classes of genes (A, B, and C) 
interact to determine the identity and formation of the four types of floral organs: sepals, 
petals, stamens, and carpels. This model emerged from extensive genetic studies on 
Arabidopsis thaliana and Antirrhinum majus (model organisms in plants).  

 

Genes Involved in the ABC Model 

Fundamentally, the ABC model suggests that the identity of the floral organs is 
determined by the combinatorial activity of gene classes. These genes are categorized 
into three main classes: Class A, Class B, and Class C genes. Each class has distinct roles 
and interacts in specific ways to determine the identity and arrangement of sepals, petals, 
stamens, and carpels. 

Class A Genes 

 Class A genes includes genes such as APETALA1 (AP1) and APETALA2 (AP2). 
 These genes are primarily responsible for the development of sepals and petals.  
 AP1 and AP2 are expressed in the outermost whorls of the flower, where they 

promote the formation of sepals in the first whorl. 
 Class A genes in conjunction with Class B genes initiate the production of petals in 

the second whorl.  
 The function of Class A genes is restricted by Class C genes, ensuring that sepals 

and petals form only in the outer whorls. 

Class B Genes 

 Class B genes includes APETALA3 (AP3) and PISTILLATA (PI). 
 These genes are crucial for the identity of petals and stamens.  
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 Class B genes operate in the second and third whorls of the flower.  
 In combination with Class A genes, AP3 and PI specify petal development in the 

second whorl.  
 In the third whorl, Class B genes work with Class C genes to form stamens.  

 

Class C Genes 

 Class C genes includes AGAMOUS (AG). 
 This gene class plays a significant role in the formation of stamens and carpels, the 

reproductive organs of the flower. 
 AG is expressed in the innermost whorls, where it promotes the development of 

stamens in the third whorl and carpels in the fourth whorl.  
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 Additionally, Class C genes repress the activity of Class A genes in these inner 
whorls, preventing the formation of sepals and petals in those regions. 

 

 The regulatory interactions among Class A, B, and C genes are intricate and finely 
tuned.  

 These genes do not work in isolation but are part of a complex network that 
includes feedback loops and cross-regulation.  

 For example, AG can inhibit the expression of AP1, ensuring that the boundaries 
between the whorls are maintained.  

Class D and E Genes 

Apart from A, B and C, two supplementary class of genes were also proposed. These genes 
were described as D and E 

 D genes specifies the identity of the ovule, as a separate reproductive function 
from the development of the carpels. 

 E genes relates to a physiological requirement that is a characteristic of all floral 
whorls. 

 Initially E was described as necessary for the development of the three innermost 
whorls. 

 When D genes area mutated the structure of the ovules becomes similar to that of 
leaves  

 Ehen E genes are mutated, the floral organs of the three outer-most whorls are 
transformed into sepals. 

 The products of genes with D and E functions are also MADS-box genes. 

Interactions Among Class A, B, and C Genes 

 The ABC model of flower development elucidates the interactions among Class A, 
B, and C genes, which are fundamental in determining the identity of floral organs.  

 These gene classes collaborate through intricate mechanisms that regulate both 
spatial and temporal expression patterns, ensuring the correct formation of 
sepals, petals, stamens, and carpels.  
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 At the molecular level, these interactions are mediated by transcription factors, 
which are proteins that bind to specific DNA sequences and modulate gene 
expression. 

 The boundary of these gene expressions is tightly regulated. 
 Class A and C genes exhibit antagonistic interactions, meaning the presence of 

Class A genes in the outer whorls inhibits Class C gene expression, and vice versa. 
 Transcription factors such as APETALA1 (AP1) from Class A, APETALA3 (AP3) 

and PISTILLATA (PI) from Class B, and AGAMOUS (AG) from Class C, play pivotal 
roles in this regulatory network.  

 These factors can form complexes that bind to regulatory regions of target genes, 
thus influencing their expression.  

 For example, AP1 and AP3/PI complexes are essential for petal development, 
while AP3/PI and AG complexes are crucial for stamen formation. 

 Mutant analyses, where specific genes are disrupted, have revealed the resultant 
floral organ transformations, highlighting the roles of these genes.  

Experimental Evidence Supporting the ABC Model 

Homeotic mutants in Arabidopsis thaliana and Antirrhinum majus provide robust 
evidence for ABC model. These mutants exhibit alterations in floral organ identity, 
demonstrating the role of specific genes in the development of sepals, petals, stamens, 
and carpels. 

 In Arabidopsis, mutations in the A-class genes, such as APETALA1 (AP1) and 
APETALA2 (AP2), cause sepals to transform into carpels and petals to stamens.  

 Similarly, B-class mutations, like PISTILLATA (PI) and APETALA3 (AP3), lead to 
the transformation of petals into sepals and stamens into carpels.  

 C-class mutations, including AGAMOUS (AG), result in the conversion of stamens 
to petals and the proliferation of floral organs.  

 These phenotypic changes underscore the ABC model's validity in delineating 
floral organ identity. 
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Wild type Arabidopsis flower (A), color coded in (B) to demarcate the sepals (red), petals 
(purple), stamens (green) and carpels (yellow). (C) A cartoon version of an Arabidopsis 
flower, with the domains of ABC gene function shown below. The function of A alone 
specifies sepal identity (red) in the first whorl, while a combination of A (red) + B (blue) 
function specifies petal identity (purple) in the second whorl. The combination of B (blue) 
+ C (yellow) function specifies stamen identity (green) in the third whorl, while C function 
alone specifies carpels (yellow) in the fourth whorl. (D–F) How the ABC model explains 
different mutant phenotypes. (D) The elimination of A function results in flowers 
composed of carpels in the first whorl, stamens in the second and third whorls, and 
carpels in the fourth whorl; the lack of A function in the first two whorls results in ectopic 
expression of C function in those regions. (E) A flower lacking B function consists of sepals 
in the first and second whorls and carpels in the third and fourth whorls. (F) A flower 
lacking C function consists of sepals in the first whorl, petals in the second and third 
whorls, and sepals in the fourth whorl (source: https://www.cell.com/current-
biology/fulltext/S0960-9822(17)30343-3)  

Impact of the ABC Model on Plant Developmental Biology 

 The ABC Model has significantly influenced the field of plant developmental 
biology by providing a clear and systematic understanding of flower development.  

 This model has enabled researchers to decipher the genetic and molecular 
mechanisms that govern the formation of floral organs. 

  As a result, it has become a cornerstone in plant breeding, allowing for the 
manipulation of flower structures to enhance desirable traits, such as increased 
ornamental value or improved reproductive efficiency. 

Applications of ABC Model in Plant Breeding and Horticulture 

 Applications of the ABC Model in plant breeding are diverse and impactful.  
 By understanding the roles of A, B, and C class genes, breeders can engineer plants 

to produce flowers with specific characteristics.  
 For instance, altering the expression patterns of these genes can lead to the 

development of novel flower forms, which can be used to create new varieties of 
ornamental plants.  

 Additionally, the model has facilitated the breeding of crops with optimized flower 
structures to enhance pollination and fruit production, thereby improving 
agricultural yields. 

In conclusion, the ABC Model continues to be a pivotal tool in plant developmental 
biology, driving innovations in flower development research and plant breeding. Its 
integration with other models and its application in evolutionary studies promise to 
further our understanding of the complexities of plant growth and evolution. 
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