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Abstract
A significant spice crop, Coriandrum sativum L. (coriander) is grown extensively
for its leaves, seeds, and essential oils. Mutation breeding is a useful technique
for increasing coriander yield, its quality, and disease resistance. The use of
physical and chemical mutagens in coriander breeding, as well as the ensuing
genetic variability and enhanced features.
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Introduction

The genetic improvement of coriander (Coriandrum sativum L.) relies heavily on
the presence of genetic variability. When natural variation is limited, mutation
breeding serves as a powerful tool to induce novel traits. By employing physical
and chemical agents, breeders can disrupt the genetic code to create “hopeful
monsters”- variants that may possess superior yield, higher essential oil content,
or better disease resistance.

Classification of Mutagenic Agents

Mutagens are broadly categorized into physical and chemical agents. In coriander
research, these tools are selected based on their ability to penetrate seed tissues
and their efficiency in inducing chromosomal or point mutations.

A. Physical Mutagens (Ionizing Radiation)

Physical mutagens typically involve ionizing radiation, which strips electrons

from atoms, leading to DNA strand breaks.

e Gamma Rays: These are the most widely used physical mutagens in
coriander breeding. Emitted from sources like Cobalt-60 (* {60} Co), they
have high penetrating power.

Leveraging Plant Science, Biotechnology and Sustainable Agriculture for a Resilient Future
ISBN- 978-93-49938-75-5  Year: 2026 69


mailto:skbotany@gmail.com
https://zenodo.org/uploads/19661194

Salve K. M.

Dosage Dynamics: Research indicates that the dosage of radiation is critical.
For coriander, doses ranging from 10 kR to 25 kR (kilo-Roentgens) are
standard.

Biological Impact: While higher doses increase the likelihood of mutation,
they often lead to a "biological cost" in the M_1 generation, such as reduced
pollen fertility and stunted growth. Moderate doses are generally preferred to
balance mutation frequency with plant survival.

Chemical Mutagens
Chemical mutagens are often preferred for inducing point mutations (single
nucleotide changes) rather than large-scale chromosomal aberrations.

Alkylating Agents: This group includes Ethyl Methane Sulphonate (EMS)
and Methyl Methane Sulphonate (MMS). They work by adding ethyl or
methyl groups to DNA bases, leading to mispairing during replication.
Sodium Azide (SA): A potent chemical mutagen known for its high
efficiency and low toxicity to the plant's overall physiology. It is frequently
used to create variations in seed size and aromatic properties.

Comparison: Some studies suggest that MMS can be particularly effective
because it can induce desired mutations at lower concentrations with less
biological damage to the embryo compared to harsher chemicals.

Synergy through Combination Treatments

To maximize the “mutation spectrum” — the variety of different types of
mutations produced — breeders often employ combination treatments. By
exposing coriander seeds to a physical mutagen (like Gamma rays) followed by a
chemical one (like EMS), the cumulative effect can increase mutation frequency.
This approach aims to hit different parts of the genome or utilize different repair
mechanisms within the cell to lock in beneficial traits.

The Relationship between Dose and Response
A fundamental principle in mutation breeding is the inverse relationship between
the mutagen dose and plant vitality.

Germination and Growth: As the concentration of a chemical or the
intensity of radiation increases, the germination rate typically decreases.
Seedling Vigor: High doses often result in slower seedling growth and
higher lethality (the LD {50} or Lethal Dose 50% is a common benchmark
used to determine the ideal treatment level).

Optimal Selection: The goal is to find the "sweet spot" where the dose is
high enough to cause genetic change but low enough to allow the M 1
generation to survive and produce seeds (M_2) for further selection.

Application Techniques and the M_1 Generation
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The process of inducing mutations is a precise laboratory to field procedure. For

chemical mutagens, the following protocol is generally standard:

e Pre-soaking: Seeds are soaked in distilled water (usually for 6 — 12 hours).
This softens the seed coat and initiates metabolic activity, making the DNA
more susceptible to the chemical agent.

e Chemical Treatment: The pre — soaked seeds are immersed in the
mutagenic solution (EMS, SA, or MMS) at a specific concentration and
temperature.

e Washing and Drying: After the treatment period, seeds are thoroughly
washed to remove residual chemicals and then air-dried.

e Sowing the M_1 Generation: The treated seeds are sown in the field to
raise the M 1 generation. This generation is primarily used to observe the
direct effects of the mutagen and to harvest seeds for the M_2 generation,
where recessive mutations finally become visible.

Screening and Selection in the M_2 Generation

While the M_1 generation shows the immediate physiological impact of the
mutagens, the M_2 generation is where the real genetic “treasure hunt” begins.
Because most induced mutations are recessive, they only manifest visually when
the plant inherits the mutated gene from both parents, which typically occurs
during the segregation that happens in the second generation.

Visual Macro — Mutation Screening

The first step in the M_2 generation is the identification of macro — mutations —

changes that are easily visible to the naked eye. In coriander, breeders look for:

e Morphological Variants: Changes in leaf shape (e.g., feathery vs. broad),
plant height (dwarfing), or branching patterns.

e Chlorophyll Mutations: Variations in leaf color (albino, xantha, or
chlorina), which serve as indicators of the mutagen's effectiveness, even if
these specific plants aren't commercially viable.

e Phenological Changes: Plants that flower significantly earlier or later than
the control group.

Quantitative Micro-Mutation Analysis

Not all improvements are visible. Micro — mutations involve small, cumulative

changes in polygenic traits. These require statistical analysis and precise

measurement:

¢ Yield Components: Measuring the number of umbels per plant, the number
of seeds per umbellate, and the 1000 seed weight.
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e Essential Oil Content: Using techniques like Hydro — distillation or Gas
Chromatography (GC) to determine if the mutation has enhanced the
concentration of Linalool, the primary aromatic compound in coriander.

Biotic and Abiotic Stress Screening

Mutant populations are often subjected to “stress tests” to identify resilient lines:

e Disease Resistance: Screening for resistance to common coriander
pathogens like powdery mildew (Erysiphe polygoni) or stem gall.

e Drought and Salinity: Testing the M 2 and M 3 lines in controlled
environments to find variants that can thrive in marginal soils or with less
water.

Verification in the M_3 and M_4 Generations

Once a promising M 2 plant is identified, its seeds are harvested and sown in
“plant to grow” progenies in the M_3 generation. This step is crucial to confirm
that the observed trait is truly heritable and not just a temporary environmental
fluke. If the trait remains stable and uniform through the M 4 generation, it is
officially considered a “mutant line” and may be fast — tracked for variety
release.

Comparison and Conclusion

To wrap up this chapter on coriander mutation breeding, it is essential to compare
the primary tools at a breeder's disposal and summarize the strategic importance
of these techniques.

1. Comparative Analysis: EMS vs. Gamma Radiation

Choosing between a physical and chemical mutagen depends on the breeder's
specific goals. Below is a comparison of the two most common agents used in
coriander research.

Feature Gamma Radiation (Physical) Ethyl Methane Sulphonate
(EMS)

Primary Action | Physical energy (Ionizing radiation) Chemical alkylation

Genetic Large chromosomal | Precise  point  mutations

Change aberrations/deletions (SNPs)

Ease of Use Requires specialized facility (Gamma | Can be done in a standard

cell) lab

Penetration Uniform and high Dependent on seed
soaking/permeability

Coriander Effective for yield and structural traits | Excellent for oil quality and

Impact leaf traits

Handling Risk | High (Radiation safety protocols) High (Carcinogenic; requires
fume hood)

2. Summary and Future Outlook
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The application of mutagenic agents like Gamma rays, EMS, and Sodium Azide
has revolutionized our ability to “engineer” coriander. By carefully controlling
the dosage and following rigorous pre — soaking and screening protocols,
researchers can bypass the limitations of natural selection.

As we move forward, the integration of traditional mutation breeding with
modern molecular markers will allow for even faster identification of desirable
mutants. Instead of waiting for the M_2 generation to grow to maturity, breeders
may soon be able to scan the DNA of young seedlings for specific genetic
markers associated with high Linalool content or disease resistance.

3. Practical Takeaways for the Breeder

e Start with the LD_ {50}: Always determine the lethal dose for your specific
coriander variety before starting a large-scale project.

e Prioritize the M_2: Devote the most resources to the second generation, as
this is where recessive traits emerge.

e Quality over Quantity: A few stable, high-quality mutants in the M 3
generation are more valuable than hundreds of unstable variants in the M_1.
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