Opinion
Volume 11:04, 2025

ISSN: 2472-0992 Open Access

Journal of Pharmacognosy & Natural Products

Biotechnology Fuels Faster Agricultural Genetic Progress

miriam schneider*

Department of Pharmacognosy & Phytotherapeutics, Pacifica Universidad, Lima, Peru

Introduction

Genomic selection has become a game-changer in dairy cattle breeding. Essen-
tially, it allows breeders to predict an animal’s genetic merit using DNA markers,
rather than waiting for progeny performance. This significantly speeds up the
breeding process, helping us improve traits like milk yield and disease resistance
much faster, ultimately leading to more productive and healthier herds[1].

CRISPR-Cas9 genome editing offers powerful tools for improving crops. This tech-
nology allows precise modifications to plant DNA, enabling scientists to introduce
desirable traits like enhanced disease resistance, better nutritional value, and in-
creased yield. It's opening doors to developing resilient and high-performing crops
to meet global food demands[2].

Applying genomic prediction in aquaculture is truly transformative. By using ge-
netic markers, breeders can more accurately select fish with superior traits, like
faster growth rates or increased disease resistance, at an earlier stage. This ac-
celerates breeding cycles and boosts productivity in farmed fish populations, which
is vital for sustainable seafood production[3].

Gene editing technologies are proving invaluable for enhancing disease resistance
in livestock and poultry. By making precise genetic alterations, we can develop ani-
mals that are inherently more resilient to common diseases. This reduces the need
for antibiotics, improves animal welfare, and makes livestock production more ef-
ficient and sustainable[4].

Omics technologies, like genomics, transcriptomics, and proteomics, are funda-
mentally changing crop improvement. They give us a detailed view of plant biol-
ogy, helping us identify genes and pathways linked to desirable traits. This allows
breeders to make more informed decisions, accelerating the development of crops
with better yield, quality, and stress tolerance[5].

Genomic selection is now being effectively applied to forest trees. By analyzing
genetic markers, we can predict traits like growth rate, wood quality, and disease
resistance in young trees. This significantly shortens the breeding cycle compared
to traditional methods, enabling faster development of superior tree varieties for
sustainable forestry and biomass production[6].

Gene editing holds immense promise for improving production traits and animal
welfare in livestock. We're talking about precisely modifying genes to enhance
traits like meat quality, milk composition, or feed efficiency, and also to bolster
natural disease resistance. This technology offers a pathway to more efficient and
ethically sound animal agriculture[7].

Integrated multi-omics approaches are becoming crucial for crop improvement. By
combining data from genomics, transcriptomics, proteomics, and metabolomics,
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researchers get a holistic view of plant biology. This comprehensive understand-
ing helps pinpoint complex genetic interactions for traits like stress tolerance and
nutrient use efficiency, speeding up the breeding of superior crop varieties(8].

Genetic engineering offers advanced strategies to significantly improve plant dis-
ease resistance. Through targeted modifications, scientists can equip crops with
stronger defenses against pathogens, reducing yield losses and the need for chem-
ical treatments. This contributes to more resilient agricultural systems and sustain-
able food production globally[9].

Accelerating genetic gain in crop breeding is absolutely critical for addressing cli-
mate change. By employing modern breeding techniques like genomic selection
and gene editing, we can develop crops that adapt faster to changing environ-
mental conditions, resist new pests, and maintain high yields under stress. This
ensures food security in a rapidly changing world[10].

Description

Modern breeding practices are undergoing a significant revolution, driven by ad-
vanced genetic technologies that promise enhanced productivity, improved wel-
fare, and increased sustainability across diverse agricultural sectors. These in-
novations are critical for meeting global food demands and adapting to environ-
mental challenges. The integration of genomics, gene editing, and various omics
approaches allows for unprecedented precision and speed in developing superior
traits in crops, livestock, and even forest trees, ushering in a new era of biological
engineering for global benefit.

Genomic selection represents a powerful paradigm shift, particularly in animal
breeding, fundamentally changing how genetic improvements are achieved. For
instance, in dairy cattle, this technique allows breeders to accurately predict an an-
imal's genetic merit using DNA markers early in life, bypassing the lengthy process
of waiting for progeny performance. This significantly accelerates improvements
in crucial traits like milk yield, feed efficiency, and disease resistance, fostering
healthier and more productive herds that are better suited for modern farming sys-
tems [1]. Similarly, in the aquaculture industry, genomic prediction transforms the
selection process, enabling earlier identification of fish with superior growth rates
or enhanced disease resistance. This not only boosts productivity in farmed fish
populations but also underpins more sustainable seafood production practices [3].
The benefits extend impressively to forestry, where genomic selection is effectively
applied to predict traits such as rapid growth rate, superior wood quality, and ro-
bust disease resistance in young trees. This dramatically shortens breeding cycles
compared to traditional methods, facilitating the faster development of superior tree
varieties essential for sustainable forestry and efficient biomass production [6].
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Gene editing technologies, notably the versatile CRISPR-Cas9 system, provide
precise tools for modifying DNA, opening new avenues for both crop and livestock
improvement with unparalleled accuracy. In the realm of crops, this technology
allows for targeted genetic changes to introduce highly desirable traits like en-
hanced disease resistance against various pathogens, better nutritional value for
consumers, and increased yield per harvest, ultimately leading to the development
of more resilient and high-performing crop varieties [2]. For livestock and poultry,
gene editing proves invaluable in bolstering intrinsic disease resistance, creat-
ing animals inherently more resilient to common diseases. This innovation sig-
nificantly reduces the need for antibiotics, thereby improving animal welfare and
making livestock production more efficient and sustainable in the long run [4]. Be-
yond merely resisting diseases, gene editing in livestock holds immense promise
for enhancing specific production traits such as meat quality, milk composition, or
feed efficiency, contributing directly to more efficient and ethically sound animal
agriculture practices [7].

Beyond individual gene manipulation, integrated omics technologies—including
genomics, transcriptomics, proteomics, and metabolomics—are revolutionizing
crop improvement by offering a holistic and detailed view of complex plant biology.
These comprehensive insights help researchers identify complex genetic interac-
tions and crucial biochemical pathways linked to highly desirable traits like en-
hanced stress tolerance, improved nutrient use efficiency, and overall resilience,
thereby speeding up the development of superior crop varieties that can thrive in
challenging environments [5, 8]. Furthermore, broader genetic engineering strate-
gies provide advanced methods to significantly improve plant disease resistance.
By precisely equipping crops with stronger intrinsic defenses against pathogens
through targeted modifications, these approaches effectively reduce yield losses
and diminish the need for chemical treatments, supporting more resilient agricul-
tural systems and sustainable food production globally [9].

The collective and strategic application of these modern breeding techniques, en-
compassing genomic selection, advanced gene editing, and sophisticated multi-
omics approaches, is absolutely critical for accelerating genetic gain, especially
in the face of ongoing global climate change. These powerful technologies en-
able the rapid development of crops that can adapt faster to dramatically changing
environmental conditions, resist the emergence of new pests and diseases, and
steadfastly maintain high yields even under increasing environmental stress [10].
Ultimately, these profound biotechnological advancements are pivotal in ensuring
global food security, fostering sustainable agricultural practices, and enhancing
the overall resilience of our intricate food systems in a rapidly evolving and unpre-
dictable world.

Conclusion

Modern biotechnologies are fundamentally transforming agriculture, aquaculture,
and forestry. Genomic selection has emerged as a game-changer, allowing breed-
ers to predict an animal’'s genetic merit using DNA markers, which significantly
speeds up breeding processes in dairy cattle, aquaculture, and forest trees. This
leads to faster improvements in critical traits such as milk yield, growth rates, wood
quality, and disease resistance, ultimately fostering more productive and health-
ier populations. Parallel to this, gene editing technologies, particularly CRISPR-
Cas9, offer powerful tools for precise modifications to plant and animal DNA.
This enables scientists to introduce desirable traits like enhanced disease resis-
tance, better nutritional value, increased yield in crops, and improved resilience
to diseases, production traits, and welfare in livestock. Furthermore, integrated
omics technologies—genomics, transcriptomics, proteomics, and metabolomics—
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provide a holistic view of plant biology. These comprehensive insights help iden-
tify genes and pathways linked to desirable traits, accelerating the development
of crops with superior yield, quality, and stress tolerance. Genetic engineering
also offers advanced strategies to significantly improve plant disease resistance,
reducing reliance on chemical treatments. Collectively, these biotechnological ad-
vancements are crucial for accelerating genetic gain in breeding, enabling faster
adaptation to climate change, enhancing global food security, and promoting more
efficient and sustainable agricultural systems.
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