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MADS-box Gene: A Key Regulator in Floral Organ Formation

Studying how genetics shape plant development has been a key part of botanical research
for a long time. The MADS-box gene family, named after its first discovered members
(MCM1, AGAMOUS, DEFICIENS, and SRF), plays a crucial role in controlling how flowers
develops in plants. These genes are central to understanding plant growth and structure.
This article is about MADS-Box Gene - A Key Regulator in Floral Organ Formation. You
can download the notes as PDF from the download link provide below.

What is MADS-Box Gene?

MADS-box genes are a family of regulatory genes that control the development of various
plant structures, especially flowers. They play a key role in determining the identity and
formation of floral organs. They are named after its first discovered members (MCM1,
AGAMOUS, DEFICIENS, and SRF).

The MADS-box Gene Family

» MADS-box genes were first discovered in yeast and plants in the late 20th century.

» They were found to regulate important developmental processes, like mating in
yeast and flower formation in plants.

» The first MADS-box gene identified was ARG80 from budding yeast, but it wasn't
initially recognized as part of a large gene family.
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» The MADS-box gene family got its name later as an acronym referring to the four
founding members, ignoring ARG80:
1. MCM1 from the budding yeast, Saccharomyces cerevisiae
2. AGAMOUS from Arabidopsis thaliana
3. DEFICIENS from the snapdragon Antirrhinum majus
4. SRF from the human Homo sapiens
» Structurally, MADS-box genes are characterized by a conserved DNA-binding
domain known as the MADS-box.
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» The MADS-box domain spans approximately 56 to 60 amino acids.
» This domain allows the protein to bind to specific DNA sequences, thereby
regulating the expression of target genes.
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Higher Secondary Biology (Plus 1)
»  Higher Secondary Biology (Plus 2)
» MADS-box genes are further classified into two main groups: Type I and Type II.
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Type I MADS-box genes, often referred to as SRF-like genes, are primarily involved
in various cellular processes.

Type Il genes, also known as MEF2-like, are heavily implicated in developmental
regulation, particularly in plants.

The Type II group is subdivided into several clades, including the AGAMOUS-like,
APETALA1-like, and SEPALLATA-like genes, each playing distinct roles in flower
development.

Evolutionarily, MADS-box genes have exhibited both conservation and
divergence.

The core MADS-box domain has remained highly conserved across species.
However, the gene family has also undergone significant diversification,
particularly in plants, where gene duplication events have led to the emergence of
new functions.

This balance between conservation and innovation has allowed MADS-box genes
to contribute to the vast morphological diversity observed in flowering plants
today.

Role of MADS-box Genes in Floral Organ Formation

>

>

The regulation of floral organ formation by MADS-box genes is a complex process
involving multiple layers of genetic control.

At the core of this regulation is the ABC model of flower development, which
describes how combinations of MADS-box gene activity determine the identity of
floral organs.

According to this model, the activity of A-class genes specifies sepals, A- and B-
class genes together specify petals, B- and C-class genes specify stamens, and C-
class genes specify carpels.

MADS-box genes such as APETALA1 (A-class), APETALA3 and PISTILLATA (B-
class), and AGAMOUS (C-class) are key players in this model, and their precise
expression patterns are critical for normal flower development.

AGAMOUS not only specifies stamen and carpel but also represses the expression
of A-class genes in the center of the flower.

Function of MADS-box genes
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MADS-box genes have various functions.

In animals, they are involved in muscle development and cell growth.

In fungi, they help with pheromone response and arginine metabolism.

In plants, MADS-box genes control major aspects of development, like
gametophyte, embryo, seed, root, flower, and fruit development.

Some MADS-box genes in flowering plants have roles similar to HOX genes in
animals.
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Floral homeotic MADS-box genes (like AGAMOUS and DEFICIENS) help
determine floral organ identity based on the ABC model.

MADS-box genes also regulate when flowering occurs.

In Arabidopsis thaliana, SOC1 and Flowering Locus C (FLC) are key MADS-box
genes involved in flowering time.

These genes ensure that flowering and fertilization happen at the optimal time
for reproduction.

Structure of MADS Box
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Structure of MADS-box Proteins
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MADS-box proteins have four distinct structural domains.

The N-terminal end contains the highly conserved MADS DNA-binding domain.
Adjacent to the MADS domain are the moderately conserved Intervening (I) and
Keratin-like (K) domains, which play a role in specific protein-protein
interactions.

The C-terminal domain is highly variable and contributes to transcriptional
activation and the formation of heterodimers and multimeric protein complexes.

Conclusion: MADS-box genes are crucial for controlling flower formation and plant
development, contributing to the variety of flowers in nature. Research on these genes
has expanded our understanding of plants and has potential applications in crop
improvement. As studies progress, MADS-box genes will play an increasingly important

role in advancing plant science and biotechnology.
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