parde de de de de Ao de Ao Ao Ao e Ae e e Ao e e A Ae e e A e A U U U O Or Ur Ov dv dv dv dv de de de Ao 1o e e dr Or O de de de Ae Ae e e Or

gl gftnticles

(e-Magazine for Agricultural Articles)

Volume: 06, Issue: 01 (JAN-FEB, 2026)
Available online at http://www.agriarticles.com
°Agri Articles, ISSN: 2582-9882

The Science Behind Male Sterility and Its Role in Sustainable
Crop Breeding

“Sunil Devi', Ankit Kumar?, Harsh Deep’ and Monu Yadav®
'Department of Genetics and Plant Breeding, Hisar
’Regional Research Station, Bawal
*Department of Environmental Science, Hisar
(CCS Haryana Agricultural University, Hisar-125004, Haryana)
“Corresponding Author’s email: sunilgoswami33451@gmail.com

ale sterility in plants refers to the inability to produce functional anthers, pollen, or

male gametes, while female fertility remains unaffected. As male-sterile plants cannot
self-pollinate but can be fertilized by male-fertile counterparts, this phenomenon has become
a cornerstone of hybrid breeding. The establishment of male-sterile lines enables efficient
exploitation of heterosis, especially in predominantly self-pollinating species. Once viewed as
a reproductive limitation, male sterility is now recognized as a vital tool for producing high-
yielding hybrid crops and advancing plant breeding programs.

Keywords: Male sterility, Cytoplasmic-genetic male sterility, Restorer genes, Hybrid seed
production.

Historical Background

The concept of male sterility was first noted by Joseph Gottlieb Koélreuter in the 18th century
and later scientifically described by Edward M. East (1908) in tobacco. Since then, various
forms of male sterility have been identified and utilized across major crops including rice,
maize, sorghum, pearl millet, wheat, and cotton.

Understanding Male Sterility

Male sterility affects the male reproductive organs—typically the anthers or pollen grains—
without compromising female fertility. Such plants can receive pollen from male-fertile
individuals, allowing seed production through cross-pollination. This trait may occur
naturally due to spontaneous mutations or be induced artificially through selective breeding
and modern biotechnological interventions

Types of Male Sterility

1. Genetic Male Sterility (GMS)

o Cause: Mutations in nuclear genes involved in pollen or anther development.

Inheritance: Follows Mendelian patterns (dominant or recessive).

Limitation: Requires careful handling in hybrid programs because fertility segregation

may occur.

Example: ms gene in tomato and barley.

2. Cytoplasmic Male Sterility (CMS)

o Cause: Mutations in the mitochondrial DNA, often leading to defective pollen
development.

e Inheritance: Maternal (passed through the female line).

e Advantage: Simplifies hybrid seed production by eliminating the need for manual
emasculation.

o Restoration: Fertility can be restored by introducing nuclear restorer genes (Rf genes).
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Example: CMS in maize (T-cytoplasm), rice, sorghum
. Cytoplasmic-Genetic Male Sterility (CGMS)
Interaction: Involves both cytoplasmic factors (CMS) and nuclear restorer genes.
Use in Breeding: Offers a stable and manageable system for producing and restoring
fertility in hybrid breeding.
Three Lines System:
A-line (male sterile)
B-line (maintainer line, genetically identical to A-line but fertile)
R-line (restorer line that restores fertility in hybrids)

Mechanisms Behind Male Sterility

Male sterility can result from:

e Abnormal meiosis during pollen formation.

o Defective tapetum (a cell layer that nourishes developing pollen).

e Premature degradation or degeneration of microspores.

« Deficiency in energy production, often due to mitochondrial mutations.

Applications in Agriculture

1. Hybrid Seed Production

v Male sterility systems make large-scale hybrid seed production efficient and cost-effective.

v Crosses between male-sterile and male-fertile plants result in hybrid vigor (heterosis),
increasing yield, stress tolerance, and disease resistance.

2. Genetic and Molecular Research

v Studying male sterility helps in understanding flower development, mitochondrial-nuclear
interactions, and gene regulation.

3. Sustainability

v" Reduces the need for manual emasculation in crops with small or numerous flowers.

v Enhances the efficiency of breeding programs and contributes to food security.

Molecular Basis and Recent Advances
Advances in molecular genetics and genomics have uncovered the roles of:
e Mitochondrial open reading frames (ORFs), such as orfH79 in rice CMS.
e Restorer genes (Rf) that encode pentatricopeptide repeat (PPR) proteins regulating
mitochondrial RNA processing.
e Use of biotechnological tools like gene editing (CRISPR-Cas9) and transgenic approaches
to engineer male sterility and fertility restoration systems.

Examples of Male Sterility Use in Crops

e Maize: CMS-T was widely used but later replaced due to vulnerability to Southern corn
leaf blight.

e Rice: WA-CMS (wild abortive) system is widely used for hybrid production.

e Sunflower: CMS-PET1 system enables large-scale hybrid seed production.

e Sorghum: CMS-A1 is a commonly used system in hybrid breeding.

Challenges and Future Prospects

o Stability: Some male sterility systems can be affected by environmental factors (e.g.,
temperature-sensitive male sterility).

o Restoration: Effective restorer genes are not always available in all crop species.

e Genetic Engineering: Biotechnological approaches, including gene editing (e.g.,
CRISPR), offer new ways to create and manage male sterility traits.

Conclusion

Crop productivity and efficiency. By enabling hybrid seed production without manual
emasculation, it accelerates the development of high-yielding, stress-tolerant varieties. Ongoing
advances in molecular biology and biotechnology continue to deepen our understanding and
expand the agricultural applications of male sterility—an essential strategy for sustainable crop
improvement and global food security.
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