Ratna RM and Lakshmi KK. Zoo Eco Pha Adv, Vaol.l, Iss.l, September-December, 2025: 12-13

Zoology, Ecology and Pharma Advances

Content Available at www.uniquepubinternational.com/journals
(An International online peer reviewed Journal) ISSN (0): XXXX-XXXX

Review Article

Advances in Conservation Genomics of Threatened Vertebrate Species

M. Ratna Raju' and K. Lakshmi Kantamma?

I Assistant Professor, Department of Zoology, College of Science and Technology,
Andhra University, Visakhapatnam- 530 003
2Head, Department of Zoology, S.V.K.P. & Dr. K. S. Raju Arts & Science College (A),
Penugonda, Andhra Pradesh 534320

Article History: Received: 19 Oct 2025, Revised: 03 Dec 2025, Accepted: 25 Dec 2025

*Corresponding author
M. Ratna Raju

Abstract

Conservation genomics has emerged as a transformative field for understanding and protecting threatened vertebrate
species. With rapid advancements in next-generation sequencing (NGS), whole-genome resequencing, environmental
DNA (eDNA), and long-read technologies, researchers can assess genetic diversity, adaptive variation, inbreeding,
hybridization, and demographic history with unprecedented resolution. These tools have already influenced wildlife
management decisions involving species recovery, captive breeding, and population monitoring. Despite its promise,
challenges remain, including limited genomic resources for non-model taxa, bioinformatic complexity, and difficulties
translating genomic insight into conservation policy. This review synthesizes current advances in conservation
genomics of threatened vertebrate species, highlights major applications, and outlines future directions for integrating
genomic data into effective conservation strategies.
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INTRODUCTION

Threatened vertebrate species face increasing
pressures from habitat loss, climate change,
overexploitation, and emerging diseases. Conservation
genetics has long served as an essential tool for
assessing genetic diversity and population viability.
However, the transition from traditional genetic
markers to genome-wide data has revolutionized the
field. Conservation genomics enables highly resolved
insights into evolutionary history, gene flow, adaptive
traits, and molecular indicators of population health
[1].- These genomic datasets allow wildlife managers to
make more informed decisions regarding population
rescue, species recovery planning, captive breeding,
and translocation programs.

ADVANCES IN GENOMIC TECHNOLOGIES
I. Next-Generation Sequencing (NGS)

NGS technology has dramatically reduced the cost of
sequencing, enabling large-scale genomic studies in
non-model organisms. Whole-genome resequencing
now allows direct estimation of heterozygosity,
detection of deleterious variants, and identification of
adaptive loci critical for survival in changing
environments [2].
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2. Long-Read Sequencing

Long-read technologies such as PacBio HiFi and
Oxford Nanopore overcome assembly challenges
associated  with  repetitive  regions,  providing
chromosome-level reference genomes. High-quality
assemblies are increasingly available for threatened
vertebrate species through initiatives like the Earth
BioGenome Project [3].

3. Environmental DNA (eDNA) Genomics
Advances in eDNA metabarcoding allow detection of
species presence, population structure, and even
genomic variation from environmental samples. This
method is particularly useful for elusive or low-density
species such as amphibians and freshwater vertebrates

[4]-

APPLICATIONS OF GENOMICS IN
CONSERVATION BIOLOGY

l. Identifying Genetic Diversity and Inbreeding
Genomic approaches provide accurate estimates of
genome-wide heterozygosity and runs of
homozygosity, enabling detection of inbreeding
depression. This has proven valuable in critically
endangered species such as the kakapo and Amur
leopard [5].
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2. Understanding Adaptive Variation
Genome-environment association studies (GEA) help
identify loci under selection and evaluate climate
resilience. This is critical as many threatened
vertebrates face rapid environmental change [6].

3. Hybridization and Introgression Detection
Genomic markers can distinguish between natural
hybridization and human-mediated introgression. This
has informed conservation decisions for wolves,
wildcats, and amphibians affected by invasive congeners
[71.

4. Demographic History Reconstruction
Genomic data allow precise reconstruction of
historical population contractions and bottlenecks,
supporting assessment of long-term species viability.
Such analyses often guide prioritization in conservation
planning [8].

5. Disease Genomics

Pathogen-host genomics contributes to understanding
susceptibility to diseases such as chytridiomycosis in
amphibians or facial tumor disease in Tasmanian devils.
Genomic screening supports identification of resistant
genotypes for captive or managed breeding 999.

CHALLENGES IN CONSERVATION
GENOMICS

Despite its promise, conservation genomics faces

several obstacles:

e Cost and Technical Capacity: Many
conservation organizations lack bioinformatics
expertise and infrastructure.

e Sampling Limitations: Ethical and logistical
issues may prevent sampling from critically
endangered animals.

e Interpretation Gaps: Translating genomic
insights into conservation policy requires cross-
disciplinary collaboration.

e Equity and Data Sovereignty: Genomic data
from indigenous lands or biodiverse regions
require ethical governance frameworks [10].

FUTURE DIRECTIONS
The integration of machine learning, predictive
genomics, and high-throughput sequencing will enhance
the ability to forecast population declines and identify
conservation interventions. Future priorities include:
o Expanding reference genome databases for
threatened vertebrates
o Developing user-friendly bioinformatics pipelines
e Improving genomic monitoring programs at
population and landscape scales
e Integrating genomics with ecology, behaviour, and
environmental datasets
These developments will increase the relevance and
accessibility of genomic tools for conservation
managers.
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CONCLUSION

Conservation genomics has become an indispensable
component of modern conservation biology. Advances
in sequencing technologies, analytical tools, and global
genomic initiatives have enabled unprecedented
insights into genetic diversity, adaptation, and
population history of threatened vertebrate species.
Although challenges remain in translating genomic data
into actionable conservation practices, ongoing
technological progress and interdisciplinary
collaboration are rapidly bridging this gap. As genomic
methods continue to evolve, they will play an
increasingly central role in preventing extinctions and
guiding species recovery efforts worldwide.
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