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ABSTRACT

Plant population genetics explores the distribution of genetic variation within and among plant
populations and identifies the evolutionary forces that shape this diversity. Because plants are
sessile organisms with unique reproductive strategies—such as selfing, outcrossing, clonal
growth, and diverse pollination systems—their genetic structures differ significantly from those of
animals. Evolutionary processes including mutation, natural selection, genetic drift, gene flow
through pollen and seed dispersal, and recombination influence plant adaptation and population
resilience. Technological advances in molecular markers, genome sequencing, and computational
modeling now allow researchers to detect fine-scale population structure, trace domestication
histories, and understand adaptive responses to environmental stressors. Plant population
genetics is crucial for conserving endangered plant species, improving crop genetic resources,
restoring degraded habitats, and managing plant diseases. By integrating ecological,
evolutionary, and genomic perspectives, this field provides vital insights into the mechanisms
that maintain plant biodiversity and support sustainable plant breeding and conservation
strategies.
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INTRODUCTION

Plant population genetics examines how evolutionary processes influence genetic variation within and
between plant populations. Unlike animals, plants rely on unique reproductive systems and dispersal
mechanisms that shape their genetic structure. These characteristics make plant population genetics a
distinct and essential branch of evolutionary biology, providing deep insights into how plant species
adapt, diversify, and persist across different environments.

A fundamental aspect of plant population genetics is measuring allele frequencies, which reflect the level
of genetic diversity in a plant population. Changes in allele frequencies over generations help researchers
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understand how plant populations respond to environmental challenges such as climate variation,
pathogens, and competition (Alhasnawi et al., 2024). High genetic diversity typically enhances a plant
population’s capacity to survive under changing conditions.

Mutation serves as the original source of new genetic variation in plant genomes. While some mutations
may have little effect, others can promote adaptation to stressors like drought, salinity, or nutrient
deficiency. Plants with large genomes, such as many angiosperms, often accumulate significant genetic
variation, providing raw material for evolutionary change (Rajora, 2024).

Natural selection is a major driver of plant adaptation. Selective pressures—such as herbivory, pathogen
attack, soil composition, and climate—favor plant individuals that carry advantageous genetic traits.
These adaptive traits may include drought tolerance, disease resistance, improved pollination efficiency,
or faster growth, ultimately shaping the genetic composition of plant populations.

Genetic drift plays an important role, particularly in small or isolated plant populations. Habitat
fragmentation, a common consequence of human activities, increases the risk of drift by reducing
population size and causing loss of genetic diversity. For rare or endangered plant species, drift can lead
to inbreeding depression and reduced fitness, threatening long-term survival (Wright & Gaut., (2005).
Gene flow is especially dynamic in plants because it occurs through both pollen and seed dispersal.
Wind, insects, birds, and mammals facilitate pollen movement, while seeds may be carried by animals,
water, or environmental forces. High gene flow reduces population differentiation, whereas restricted
gene flow promotes local adaptation and genetic divergence.

Recombination generates new allele combinations in plants, enhancing genetic diversity. Plant life cycles,
which include alternation of generations, can influence recombination rates and patterns. Molecular tools
now allow scientists to map recombination hotspots in plant genomes, offering insights into their
evolutionary potential (Thon et al., 2024). Plant population genetics is deeply connected to ecological
factors. Pollinator availability, symbiotic interactions (such as mycorrhizal associations), soil microbiomes,
and habitat conditions influence reproductive success and gene flow. Understanding these ecological
interactions helps explain how plant genetic diversity is maintained in natural ecosystems.

Technological advancements such as next-generation sequencing, microsatellite analysis, SNP markers,
and genomic modeling have transformed the study of plant population genetics. These tools enable the
reconstruction of domestication pathways, detection of hybridization events, and identification of adaptive
genes in crop species and wild relatives.

Applications of plant population genetics extend to conservation biology, agriculture, and ecosystem
restoration. Conservationists use genetic data to design strategies that preserve genetic diversity in
threatened plant species. Plant breeders use population genetic insights to develop high-yielding, stress-
resistant crops. In ecological restoration, genetic assessments ensure that reintroduced plant populations
maintain long-term viability (Ouborg et al.,1999).

CONCLUSION

Plant population genetics provides a powerful framework for understanding the evolutionary processes
that shape genetic diversity in plants. By examining how mutation, selection, drift, gene flow, and
recombination influence plant genomes, researchers gain insight into the mechanisms that enable plants
to adapt to environmental stress, maintain reproductive success, and persist through ecological change.
With the increasing threats of climate change, habitat loss, and biodiversity decline, plant population
genetics has become essential for conservation efforts, crop improvement, and sustainable ecosystem
management. Advances in genomic technologies continue to refine our understanding of plant
evolutionary dynamics, supporting strategies to enhance genetic resilience and ensure the survival of
plant species worldwide. Ultimately, plant population genetics strengthens the scientific foundation for
protecting global plant diversity and securing future agricultural productivity.
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