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Genomics is the study of the genome’s structure, function, evolution and mapping, including gene interactions with each other and with 
the environment. Genomics is a tool that allows studying fine evolutionary processes in non-model mammals. These approximations provide 
valuable information regarding levels and distribution patterns of neutral and adaptive genetic variation. Additionally, genomics allows 
studying organisms responses to environmental changes and anthropogenic activities. This information has high potential applications in 
the development of management and conservation plans for threatened mammalian populations and species. The present work provides 
information so that the reader can understand and outline a mammal conservation genomics project. This is an introductory guide for the 
use of genomics in the study of mammals, with emphasis in the link between genomics and conservation biology. This guide explains some 
general aspects of the genomics approximation that allow studying mammals such as sequencing methodologies, reduced representation 
sequencing, mitogenomes, whole genome sequencing, low coverage whole genome sequencing, metagenomics and transcriptomics; 
including some examples of their applications in conservation. We conclude this document with some challenges and perspectives for the 
application of mammal conservation genomics.
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La genómica es el estudio de la estructura, función, evolución y mapeo de genomas, incluyendo la interacción de los genes entre sí y 
con el ambiente. La genómica es una herramienta que permite el estudio de procesos evolutivos finos en mamíferos no-modelo, aportando 
información muy valiosa respecto a niveles y patrones de distribución de la variabilidad genética neutral y adaptativa, así como sobre la 
respuesta de los organismos a los cambios ambientales y a las presiones antropogénicas. Por lo anterior, esta información tiene alto potencial 
para el desarrollo de planes de manejo y conservación de especies y poblaciones de mamíferos en riesgo. El presente trabajo provee la 
información necesaria para comprender y delimitar un proyecto de genómica para la conservación. Presentamos una guía introductoria a 
la genómica aplicada en el estudio de mamíferos con énfasis en la conexión de la genómica con la conservación. La guía aborda distintas 
aproximaciones genómicas que permiten el estudio de mamíferos, como las plataformas de secuenciación, representación reducida de 
genomas, mitogenomas, secuenciación de genomas completos, secuenciación de genomas completos a baja resolución, metagenómica y 
transcriptómica; incluyendo algunos ejemplos de su aplicación en la conservación. Concluimos con algunos retos y perspectivas respecto a la 
aplicación de la genómica para la conservación de mamíferos.

Palabras clave: Genómica de la conservación, mamíferos, mitogenomas, secuenciación de nueva generación, pangeno, secuenciación de 
representación reducida, transcriptómica, secuenciación del genoma completo.
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Conservation genetics and genomics
Conservation genetics refers to the application of population 
genetics, evolutionary theory and molecular tools in 
combination with ecological data for the conservation of 
wildlife (Frankham 2003; Allendorf et al. 2010; Ouborg et 
al. 2010). Traditional conservation genetics approaches 
have been useful to solve phylogenetic uncertainty, to 
understand the levels and distribution of genetic diversity, 
and its correlation to extinction risk.

Conservation genetics aims at better understanding 

the extent of the impact of human activities, such as 
habitat fragmentation and habitat loss, on the loss 
of genetic diversity and the disruption of population 
structure. Also, conservation genetics has been applied to 
infer biological aspects of inconspicuous or understudied 
species, to assess the levels of inbreeding and the risk of 
inbreeding depression to propose genetic rescue, and in 
wildlife forensics (Frankham 2003; 2005; 2010; Allendorf 
et al. 2010; Ouborg et al. 2010; Shafer et al. 2015; Whiteley 
et al. 2015; Hedrick and Garcia-Dorado 2016).
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Initially, conservation genetics relied on data obtained 
from isozymes. Then, with the technical advances of 
molecular biology and Sanger Sequencing, studies focused 
more on mitochondrial DNA (mtDNA; see Supplementary 
Materials S1 for a list of abbreviations), which is maternally 
inherited and provides a window into evolutionary 
processes that occur over geological time, such as lineage 
divergence, speciation, adaptive radiations, and extinctions. 
The design of species-specific nuclear microsatellite loci 
allowed the analysis of biparentally inherited loci, which 
provides information about historical processes on an 
ecological scale such as connectivity between populations 
or gene flow, inbreeding and kinship, genetic drift, effective 
population size and human-mediated bottlenecks, and 
natural selection (Sunnucks 2000; Schlötterer 2004; Selkoe 
and Tonnen 2006; Allendorf et al. 2010).

The combined use of mtDNA and nuclear microsatellite 
loci allowed making inferences regarding breeding 
strategies, sex proportions, and evolutionary vs. historical 
processes. Today, with the advent of next-generation 
sequencing and the genomic era, we have the potential to 
unlock the information contained in whole genomes from 
non-model species, mitogenomes, reduced representation 
of genomes, metagenomics, transcriptomics, and other 
omics approaches (Schlötterer 2004; Allendorf et al. 2010; 
Ouborg et al. 2010; Shafer et al. 2015; Allendorf 2017).

This review will provide a concise guide for applying 
genomics and transcriptomics in the conservation of 
mammals. We expect that this information is useful to 
uncover the potential of genomic tools for the study 
and conservation of mammals, and we will provide basic 
information and concepts (Supplementary Materials S2) 
for mammalogists who are getting started in the field of 
conservation genomics.

Next- Generation Sequencing platforms
The introduction of Next Generation Sequencing (NGS) 
made it possible to obtain the genetic information of a 
species in a relatively short time. Initially, this approach was 
very expensive, but with technologic advancement and 
increases in the demand for this methodology, sequencing 
costs have gradually decreased, making it accessible to 
laboratories with modest budgets. NGS conforms to a 
group of advanced sequencing technologies that allow 
for the rapid sequencing of DNA and RNA. The advantages 
of NGS lie in technological advancements, speed, cost-
effectiveness, and data output capabilities (Goodwin et al. 
2016). Moreover, NGS allows incrementing the quantity of 
loci from few loci to thousands of loci, thus providing higher 
statistical power to analyses; also, it allows sequencing 
multiple fragments simultaneously. NGS data can be used 
in adaptive genomics, to study loci involved in adaptation 
to environmental changes, to assess levels of neutral and 
genetic variation and to understand resilience to climate 
change and habitat fragmentation (Li et al. 2020). 

NGS uses massively parallel sequencing where millions of 

DNA fragments are sequenced simultaneously. NGS varied 
platforms use different technologies, such as sequencing 
by synthesis (Illumina), nanopore sequencing (Oxford 
Nanopore), or real-time sequencing (PacBio), allowing to 
obtain millions of sequences in a short time (Hu et al. 2021). 
The Illumina platform (i.e. HiSeq, NovaSeq; www.illumina.
com) produces short reads that are typically 50-300 bp 
long, offer high accuracy, low cost per base, and high 
throughput. Short-reads are suitable for applications, such 
as re-sequencing, population genomics, and metagenomics 
(Simon et al. 2009). In particular, for monitoring genetic 
diversity, detecting inbreeding in populations, identifying 
candidate loci under selection and determining population 
connectivity. It is also useful in resolving phylogenomic 
relationships among populations and species, especially 
with conservation concerns. Lastly, it can be used to detect 
the presence of species in environmental samples, which 
helps monitor elusive or endangered species (Fuentes-
Pardo and Ruzzante 2017). However, short-reads often 
struggle to resolve repetitive regions, structural variants, 
and complex genomes due to their limited length.

On the other hand, technologies like PacBio (www.
pacb.com) and Oxford Nanopore (nanoporetech.com/
es) produce long-reads that are several kilobases long 
(thousands of bases long). Long reads allow sequencing 
and assembling the repetitive regions in the genome, 
thus producing highly contiguous genomes. Long-read 
technologies have the caveat of higher error rates than 
short-read sequencing (but this has been improving in 
recent years) and are generally more expensive compared 
to short-read technologies (Cuber et al. 2023). Using long-
reads for de novo genomic assemblies produces high-
quality reference genomes for species without existing 
data, that are assembled to the chromosome level. Thanks 
to long reads spanning large regions of the genome, it 
is possible to identify structural variants in the genome, 
such as large insertions, deletions, or rearrangements that 
might be linked to adaptation or disease susceptibility (Lu 
et al. 2016).

Each sequencing approach offers unique strengths: 
short-reads provide high accuracy and depth, while long-
reads offer extended sequencing that can span complex 
genomic regions. Both types can be integrated and offer 
the possibility of hybrid sequencing approaches that can 
achieve superior genome assemblies and variant detection 
(Whibley et al. 2021). In conjunction, this hybrid approach 
allows for an understanding of the genetic makeup of 
endangered species. Current technologies, such as high-
throughput chromosome conformation capture (Hi-C) and 
PacBio high fidelity (HiFi), produce highly accurate long 
reads, provide uniform coverage and allow us to assemble 
genomes to the chromosome level (www.pacb.com).

NGS technologies have revolutionized conservation 
genomics by enabling the collection of detailed genetic 
data, previously limited by traditional sequencing. This 
information can be used to understand the biological and 
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(ddRADseq), which use one or two restriction enzymes, 
respectively, to cut DNA (Miller et al. 2007; Baird et al. 2008; 
Peterson et al. 2012).

RRS refers to sequencing a small fraction of the genome 
to obtain SNPs; typically, between 1 and 10 % of the 
genome is covered (Peterson et al. 2012; Andrews et al. 
2016, Figure 1). This approach allows obtaining genomic 
data from hundreds of individuals, and it is usual to obtain 
thousands to tens of thousands of SNPs (Davey et al. 2011; 
2013; Andrews et al. 2016). The number of SNPs or coverage 
required will depend on the study’s objective, for example, 
higher coverage will be needed if we want to search for 
signals of selection (Andrews et al. 2016; Ahrens et al. 2018).

To implement this type of study, several aspects should 
be considered, such as the restriction enzymes to be used 
to digest the DNA, as the type and number of enzymes will 
have an impact on the number of SNPs obtained depending 
on the genome size of the studied species, and the number 
of SNPs required (Davey et al. 2011; 2013; Peterson et al. 
2012; Andrews et al. 2016; Fu et al. 2016). 

Other methodological aspects to consider are biases 
and errors that could be introduced during library 
preparation (Mastretta-Yanes et al. 2014; O’Leary et al. 
2018). The number of reads per sample (coverage and 
depth of coverage) will also impact the number of SNPs 
discovered; this will depend on the objective of the study, 
the number of SNPs to uncover, and the genome size of the 
species (O’Leary et al. 2018). As previously mentioned, to 
discover candidate loci under selection, a higher number of 
SNPs is required. Previous studies conducted on the same 
or on closely related species may serve as a guide; also, 
if this information is not available for our study species, 
we could conduct pilot studies to test different enzyme 
combinations and different sequencing depths (Davey et 
al. 2013; O’Leary et al. 2018). 

SNPs discovery based on RRS can be performed with 
and without a reference genome (see O’Leary et al. 2018; 

ecological factors that affect species’ survival, adaptation, 
and resilience, informing more effective conservation 
strategies. NGS allows for the comprehensive assessment 
of genetic diversity at the whole-genome level. This 
allows detecting single nucleotide polymorphisms (SNPs), 
microsatellites, and other types of genetic variation such as 
transposable elements and structural variants across entire 
populations, offering a detailed picture of genetic variability 
to identify adaptive traits, make informed management 
strategies, detect hybridization and monitor genetic health 
(Supple and Shapiro 2018).

For example, in the Mountain Gorillas (Gorilla beringei 
beringei), a species critically endangered due to habitat loss, 
poaching, and disease, a high-quality reference genome was 
obtained through the combination of short-reads (Illumina) 
and long-reads (PacBio), overcoming the challenges posed 
by its complex repetitive genome structure. This high-
quality genome assembly revealed regions of the genome 
susceptible to inbreeding depression and identified 
genetic variants linked to immune function, helping inform 
breeding programs to maintain the genetic diversity of the 
Mountain Gorilla (Xue et al. 2015). 

Massive parallel sequencing offers a wide range of 
possibilities for the study of wildlife which are detailed in 
the following sections and compared in Table 1.

Reduced Representation Sequencing (RRS)
There are several genotyping-by-sequencing (GBS) 
methodologies to obtain SNPs based on Reduced 
Representation Sequencing (RRS). These methods are based 
on the use of restriction enzymes for library preparation, 
followed by fragment size selection, adaptor ligation, PCR 
amplification and multiplexing (see review in Andrews et al. 
2016). Sequencing is performed with a short-read platform. 
The most used methods for the study of mammals are 
restriction site-associated DNA sequencing (RADseq) and 
double digest restriction site-associated DNA sequencing 

Table 1. Comparison of Whole Genome Sequencing (WGS), Low-coverage WGS (lcWGS), and Reduced Representation Sequencing (RRS) in evolutionary and conservation studies.

Feature / Application WGS lcWGS RRS

Genome coverage High (>20× recommended for SMC). 
Complete breadth.

Low (<5× typical). Random but complete 
breadth.

Very low (<10% of genome). Sparse/
fragmented breadth.

Primary variant type SNPs, Indels, and Structural Variants (SVs). Primarily SNPs via genotype likelihoods. Primarily SNPs at targeted restriction sites.

Genetic load & inbreeding Excellent; gold standard for Runs of 
Homozygosity (ROH)

Reliable for population-level inbreeding 
coefficients.

Limited; misses rare variants and many ROH 
due to data gaps.

Selection (adaptation) High; identifies narrow genomic islands of 
divergence

High; enables genome-wide selection scans 
and genotype-environment association.

Lower; likely to miss localized adaptive 
signals.

Demographic Inference High resolution for deep and recent history 
(MSMC/PSMC).

Robust for recent history; accurate Site 
Frequency Spectrum models.

Reliable for broad signals, but may miss 
specific parameters

Reference requirement Essential; requires high-quality assembly. High; requires a species-specific or related 
reference

Low; can be used de novo without a 
reference genome.

Main advantage Capture of all variation types, including 
complex SVs.

Cost-effective population screening while 
retaining individual info.

Low cost; high individual sample sizes 
possible.

Main limitation High sequencing and computational costs. Requires specialized probabilistic tools (e.g., 
ANGSD).

Biased by “null alleles” and lack of functional 
genome context.
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Figure 1. Overview of library preparation for whole genome sequencing (WGS) and reduced representation sequencing (RRS) for the study of mammals.



www.mastozoologiamexicana.org   175

Castellanos-Morales et al.

Bohling 2020). The selection of a reference genome will 
impact variant calling pipelines: the closer the species, the 
better the results (Bohling 2020). When a reference genome 
is not available (de novo variant calling), it is recommended 
to implement optimization protocols to define parameter 
values to identify SNPs (Paris et al. 2017).

RRS is useful for estimating levels of genetic diversity and 
genetic structure that allows us to propose conservation 
actions such as defining management units and assessing 
connectivity between populations. This approach was used 
to assess the impact of urbanization on genetic variation 
and genetic differentiation in the eastern grey squirrel 
(Sciurus carolinensis) (Fusco et al. 2023). The authors used a 
landscape genomics approximation to assess connectivity 
in rural and urban areas within the species’ native range. 
Accordingly, connectivity was higher than expected in 
urban areas, whilst connectivity was lower than expected 
in areas impacted by agriculture.

Also, RRS provides accurate measures of inbreeding 
and allows performing robust kinship and relatedness 
analyses (Luikart et al. 2019). For example, relatedness 
analyses were used to assess if kinship influences home 
range overlap in an urban population of bobcats (Lynx 
rufus) (Payne et al. 2025). These analyses were performed by 
combining positioning data, to estimate individual home 
range and home range overlap, with SNPs data, to estimate 
relatedness between pairs of individuals. Accordingly, 
there was higher relatedness between female pairs than 
between male pairs and male-female pairs; also, mother-
daughter pairs showed higher home-range overlap than 
unrelated individuals. Results suggest that urbanization 
doesn’t seem to have a negative effect on genetic variation 
in this population yet, but expansion of the urban matrix 
will likely have major impacts on population fragmentation, 
isolation, and inbreeding, as has been reported in other 
urban bobcat populations. Moreover, this study shows that 
these felines are not as solitary as previously thought.

One of the advantages of genomics data is the 
implementation of genotype-environmental association 
studies and other methods to search for candidate loci 
under selection in non-model organisms and without a 
reference genome, such as FST outlier tests (Davey et al. 
2011; Andrews et al. 2016; Ahrens et al. 2018). The latter 
permits uncovering processes of local adaptation and 
identifying putatively adaptive genetic variation that could 
be considered in conservation actions (Luikart et al. 2019). 
This approach was used to uncover candidate loci, associated 
with local adaptation, resulting from habitat specialization, 
in two species of Dromiciops, a marsupial endemic to the 
Valdivian Forest in Chile and Argentina (Quintero-Galvis et 
al. 2024). These authors also assessed the potential changes 
in allele frequencies as a response to future environmental 
change. This study helped identify vulnerable areas for the 
preservation of both species (D. bozinovici and D. gliroides), 
and to prioritize populations for conservation taking future 
environmental change into consideration.

RRS, in combination with fecundity and survival data, 
is useful to assess inbreeding depression. For example, a 
study used ddRADseq data to assess inbreeding depression 
in North Atlantic right whales (Eubalaena glacialis), a 
highly endangered marine mammal (Crossman et al. 
2024). Even though these authors found low correlation 
between inbreeding and fecundity, they identified a few 
SNPs with potential involvement in reproduction that may 
be associated with fecundity. They suggest that several 
factors, such as body size and anthropogenic stressors, 
may affect fitness.

RRS is a promising genomic approximation for the 
conservation of mammals given that its lower costs allow 
sequencing a higher number of individuals than whole 
genome sequencing (WGS) and low coverage whole 
genome sequencing (lcWGS). Moreover, this approach 
provides higher resolution than other types of molecular 
markers (i.e. mtDNA and microsatellite loci) for the 
estimation of key population parameters such as effective 
population sizes and kinship, as previously mentioned. 
Finally, the possibility of differentiating and measuring 
neutral and adaptive genetic variation offers a great 
opportunity for the study and preservation of species and 
their potential to respond to environmental change.

Mitogenomics
The mitochondrion is an organelle with its own genetic 
material (the mitogenome), present in nearly all eukaryotic 
cells, whose origin dates to ancient bacterial endosymbiosis 
(Jin et al. 2020). The mitogenome is a circular, double-
stranded molecule, approximately 16 to 18 kb in length in 
animals (Nicholls and Minczuk 2014). This molecule contains 
13 protein-coding genes (PCGs) involved in oxidative 
phosphorylation (aerobic respiration), 2 ribosomal RNA 
genes, 22 transfer RNA genes, and a non-coding control 
region (CR) which is approximately 1 kb in length (Gibson 
et al. 2004; Ladoukakis and Zouros 2017). The synteny of the 
mitogenome in mammals is highly conserved and the array 
does not change between taxonomic units (Meganathan 
et al. 2012). Each of the two strands of the mitogenome 
contains an origin of replication and is labeled as “heavy” 
(OH) and “light” (OL) origins (Nicholls and Minczuk 2014). 

The mitogenome is characterized by maternal 
inheritance and a compact synteny, meaning that coding 
sequences are separated by only a few bases, lacking 
introns, or even exhibiting small overlaps (Fernández-
Silva et al. 2004). Many of the protein-coding genes 
can have incomplete stop codons (such as TA or T), for 
which stop codons are generated through the process 
of polyadenylation (addition of a repetitive adenine 
nucleotide sequence) after transcription (Donath et al. 
2019). Although the primary function of mitochondria is 
to participate in the process of oxidative phosphorylation, 
they are also related to a wide variety of cellular 
processes such as apoptosis, aging, signaling, metabolic 
homeostasis, and the biosynthesis of macromolecules 
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such as pyrimidines, amino acids, phospholipids, folate 
coenzymes, heme and urea (Attardi and Schatz 1988; 
Ladoukakis and Zouros 2017).

The mitogenome has an estimated average of 9.04×10-9 
substitutions per nucleotide per year in mammals (Soares 
et al. 2013). Synonymous mutations are more common 
than non-synonymous mutations (Konrad et al. 2017). 
Asymmetric replication is the main explanation for the high 
mutation rate of the mitogenome (Hassanin et al. 2005; 
Nicholls and Minczuk 2014). Most mutations occur in the 
non-coding region, making the presence of a conserved 
(coding) and a less conserved (non-coding) region sources 
of genetic diversity among species, or even among 
individuals within the same population (Gibson et al. 
2004; Ladoukakis and Zouros 2017). Studies on molecular 
evolution of the mitochondrial genome in mammals have 
shown that the protein coding regions (PCGs) are mainly 
subject to purifying selection, but substitution rates, as well 
as the strength and patterns of selection, are heterogeneous 
(da Fonseca et al. 2008; Shen et al. 2010; Botero-Castro et al. 
2018; Rocamontes-Morales et al. 2025). Such variation has 
been related to metabolic demands or other life history 
attributes (da Fonseca et al. 2008). For example, changes 
in selection regimes along the mitochondrial genome 
have been associated with the evolution of sanguivory and 
nectarivory in bats (Botero-Castro et al. 2018; Rocamontes-
Morales et al. 2025).

The study and characterization of the mitogenome 
and mitochondrial markers have served as the foundation 
for molecular analyses of phylogeny, phylogeography, 
and population connectivity in a wide range of mammal 
species (Avise and Ellis 1986; Jin et al. 2020). Intra- and 
inter-population genetic diversity is also addressed using 
mitochondrial markers. This is often studied to propose 
new conservation strategies based on connectivity, gene 
flow, and the preservation of diversity. Recently, there has 
been a suggestion that the widespread influence of both 
direct and indirect selection on mitochondrial markers 
makes any conclusions drawn from it unclear or open to 
interpretation. In mammals, indirect selection on mtDNA 
can result from linkage disequilibrium with maternally 
inherited traits (Hurst and Jiggins 2005; Mohammadi et al. 
2019). The combined use of mitochondrial markers with 
nuclear markers provides better resolution for integrative 
systematic studies of a taxonomic group, enabling the 
ability to differentiate between species, individuals, or 
populations. This approach allows researchers to gain 
a more comprehensive understanding of evolutionary 
relationships and genetic diversity within and among 
species or populations. Combining both types of markers 
facilitated the identification of mitochondrial-like sequences 
within the nuclear genomes of numerous animals known as 
nuclear-mitochondrial DNA segments (NUMTs), which are 
common in mammalian genomes and have the potential 
to be used for phylogenetic inference (Calabrese et al. 
2017; Uvizl et al. 2023). NUMTs themselves can be useful 

molecular tools for phylogenetic and population genetic 
studies, because of their fast evolution (Zhang and Hewitt 
1996; Toews and Brelsford 2012; Calabrese et al. 2017; Uvizl 
et al. 2023).

Recently, the complete assembly of mitogenomes 
has been achieved through the implementation of NGS. 
This allows for comparative inferences and evolutionary 
phylogenetics. Despite the abundance of mitogenome 
reconstructions made possible by different methods, 
complex regions such as the repetitive ones and segmental 
duplications found in the CR have been difficult to resolve 
(Heyer et al. 2001; Bronstein et al. 2018; Formenti et al. 2021). 
In theory, when repeats longer than the sequencing reads 
are present, assemblies are constrained within the confines 
of these repetitive elements (Picardi and Pesole 2012). 

Currently, mitogenome assemblies have a low margin of 
error and are highly accurate (Formenti et al. 2021; Nachtigall 
et al. 2021; Uliano-Silva et al. 2023). Comparisons between 
mitogenomes facilitate the retrieval of phylogenetic 
relationships within the study group. The quantity, quality, 
and diversity of complete mitogenome assemblies 
and datasets available for mammals enable a precise 
phylogenetic comparison of sequence data and assembly 
approaches to describe it and enable the development of 
a new line of research in the field of mammalian genomics.

Mitogenomes have been widely used in phylogenomics 
of mammals, to obtain a better understanding of 
relationships between species and within species 
(Castellanos-Morales and Gutiérrez-Guerrero 2025). A study 
obtained 93 mitogenomes for six species of the genus 
Dasyprocta (Ruiz-García et al. 2022) and found that this 
genus requires taxonomic revision. Several species may be 
constituted by more than one lineage, while others were 
not supported by the analysis. These results are relevant for 
conservation as some of the taxa that require revisions are 
endemic to islands and may be endangered.

Whole genome sequencing (WGS) 
and Pangenomics
WGS is a comprehensive technique used to sequence the 
complete DNA of the genome (Figure 1). WGS covers the 
entire genome, including nuclear and mitochondrial DNA, 
allowing us to study a full picture of genetic variation (Ng 
and Kirkness 2010).

Covering the entire genome of an organism offers 
insights into both coding and non-coding regions that 
regulate gene expression or have other important 
functions. WGS allows researchers to examine all types of 
genetic variation, from single nucleotide polymorphisms 
(SNPs) to larger structural variants like insertions, deletions, 
and duplications (Ekblom and Wolf 2014). As provided in 
the previous section, through NGS technologies, short and 
long-read technologies (i.e. Illumina, PacBio) facilitate the 
production of high-quality genome assemblies. 

In conservation, WGS has proven useful for the 
identification of population bottlenecks, inbreeding, and 
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adaptive traits in endangered species. For example, the 
Tasmanian devil (Sarcophilus harrisii) is endangered due to 
transmissible cancer known as Devil Facial Tumor Disease 
(DFTP). Through WGS analysis it was possible to identify 
genetic variants associated with disease resistance, aiding 
conservation managers to plan breeding programs to 
enhance the chances of survival for this species (Stahlke 
et al. 2021).

In another study, WGS was implemented to assess 
inbreeding depression in black bears (Ursus americanus), 
brown bears (U. arctos), and polar bears (U. maritimus) 
through runs of homozygosity (ROH). These authors 
detected higher variance in the amount of inbreeding and 
detrimental variants within species than between species; 
smaller, isolated, or recently bottlenecked populations 
had higher genetic load than larger and connected 
populations. Overall differences in genetic load between 
species were related to historic effective population size, 
where polar bears showed lower genetic load because 
small historic effective population sizes may have allowed 
the purge of deleterious alleles. This study also highlights 
the applicability of WGS in conservation by identifying 
populations that require management to reduce genetic 
load (Clendenin et al. 2025).

Beyond the single reference genome approach, the 
emerging field of pangenomics is the study of all genomic 
content within a species or across populations. Pangenomics 
includes core genes shared by all individuals and accessory 
genes that vary between individuals or populations 
(Tettelin and Medini 2020). Accessory genes can reflect 
local adaptations or environmental pressures (Whelan et 
al. 2021). Pangenomics captures a broader spectrum of 
genomic variation, offering a more complete picture of 
species diversity than single-genome sequencing. 

Pangenomics has been more commonly applied in 
microbial genomics and to study crops, mainly because 
of the complexity and size of mammalian genomes which 
can be challenging and costly to sequence to construct a 
pangenome. The genomes of bacteria and archaea range 
from 0.6 to 14.3 Mb, while the reported genome sizes 
in mammals go from 1.6 to 6.3 Gb (Kapusta et al. 2017; 
Martinez-Gutierrez and Aylward 2022); plus, in mammals 
40% of the genome is constituted by repetitive elements, 
while coding regions represent ~2-8%. The latter impacts 
the availability of high-quality genomes; for example, 
by March 2024 there were complete genomes available 
at NCBI for only 1,011 mammalian species; moreover, a 
small fraction of these genomes have curated annotations 
(Castellanos-Morales and Gutiérrez-Guerrero 2025). 

Pangenomics is starting to be applied in mammalian 
representatives, such as the case of the domestic pig (Sus 
scrofa) pangenome are now available (Li et al. 2023). In a 
study based on 250 individuals from 32 breeds across 
Eurasia, it was possible to identify 3,438 novel genes absent 
from the current reference genome. The catalog sequences 
were characterized as presence/absence variations (PAVs) 

within pigs. The authors found that 16.8% of the genes 
in the pangenome catalog undergo PAV. They also found 
several genes associated with adaptation that are relevant 
to immune responses (e.g. swine leukocyte antigen, 
respiratory syndrome virus) (Li et al. 2023). This example 
highlights the importance of studying pangenomes, which 
revealed hidden layers in the diversity of pigs, and can be 
applied to mammalian species with a focus on conservation. 

The Human Pangenome Project is another example 
of current pangenomics that seeks to obtain the 
pangenome of humans (Wang et al. 2022). Pangenome 
projects face the challenge of managing an enormous 
amount of data and require robust computational 
resources and bioinformatics expertise. However, the 
potential for integrating pangenomics with the other 
‘omics’ approaches (i.e., transcriptomics, epigenomics) 
could provide a more holistic understanding of species 
adaptation and resilience, and the link between genotype 
and phenotype, which could be highly valuable for 
mammalian conservation efforts.

Pangenomics studies on human genomes and crops 
have uncovered intraspecific structural variation. Structural 
variants (SVs) change the total amount of DNA such as 
gene duplications, insertions and deletions, or change 
the sequence of DNA such as translocation, inversions, 
and fissions/fusions (Smeds et al. 2024). These studies 
highlight the importance of SVs in functional genomic 
variation, molecular evolution, and rapid adaptation to 
environmental changes. Therefore, obtaining multiple 
high-quality genomes for endangered species will allow 
performing analyses on SVs to better understand fitness-
associated traits of conservation interest (Wold et al. 2021). 
Implementing this approximation for the study of wildlife 
is still methodologically challenging, but steps are being 
taken with promising results. For example, in Scandinavian 
wolves (Canis lupus) it has been demonstrated that in a 
small, isolated and inbred population, SVs increased genetic 
load and may play a role in inbreeding depression—as this 
type of variants will have significant effects on protein 
function—, while immigration reduced genetic load and 
provided a means for genetic rescue (Smeds et al. 2024).

Another approach is to obtain low-coverage genomes. 
lcWCS allows for cost-effective population screening. This 
approach focuses on overall population characteristics such 
as allele frequencies and patterns of variation across SNP 
throughout the genome, patterns of linkage disequilibrium, 
identity by descent segments, selection scans to detect 
signatures of selection and adaptive divergence, among 
others (Lou et al. 2021).

One of the main constraints to applying lcWGS to non-
model organisms is the need for a reference genome to 
map short-sequence reads, but if a reference genome for 
the target species is not available, a reference genome of a 
closely related species can be used. An alternative is using a 
reference transcriptome to map short-reads. There are still 
several limitations and challenges for the implementation 
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of lcWGS to wildlife (e.g. required quantity and quality of 
DNA, need of bioinformatic skills and access to a computer 
cluster to conduct analyses), but this approach may be 
particularly useful to study rare or endangered species 
where obtaining a large sample size could be difficult (Lou 
et al. 2021). This approach can also help take advantage 
of samples from mammalogical collections, where a few 
samples per locality may be available, depending on the 
species of interest.

A study compared results from mid-coverage WGS 
(30x), lcWGS (9x) and RRS (RADseq) data regarding the 
population structure and historical demography of the 
North American mountain gout (Martchenko and Shafer 
2023). All data sets (WGS and RADseq) revealed similar 
results for population differentiation, demographic history, 
and signals of adaptation, suggesting that the long-term 
adaptive capabilities of the North American mountain 
gout may be compromised as the species has low genetic 
variation (Martchenko and Shafer 2023). According to these 
authors, WGS provides certain advantages over RADseq as 
it is more adequate for inferring adaptive processes and for 
calculating inbreeding through ROH.

Metagenomics
Metagenomics refers to the production of comprehensive 
genomic data from samples that contain more than one 
taxon, such as environmental samples (soil, water, or 
fecal samples) or individual samples (swaps, blood, urine, 
feces). Initially, metagenomics was developed to study 
communities of microorganisms. Currently, metagenomics’ 
application has extended because it provides valuable 
information about genome-wide variation of communities 
and taxonomic groups (Seeber and Epp 2022).

Metagenomics is being used to study spatial and 
temporal changes in biological communities, to record 
rare species that are difficult to sample or observe in the 
wild, for early detection of invasive species, to analyze 
the microbiome and its relationship with health or 
susceptibility to disease, to characterize diet items, etc. 
(Bohman et al. 2014; Thomsen and Willerslev 2015; Ruppert 
et al. 2019). In this section, we will focus on two applications 
of metagenomics: (a) metabarcoding (amplification of a 
specific DNA region to identify taxa) to study mammalian 
communities or specific taxa through a single sample, and 
(b) the study of the mammalian microbiome (communities 
of microorganisms associated with mammals).

Moreover, it is now possible to assemble complete 
mitochondrial genomes from metagenomic data by 
performing NGS of total DNA extracted from environmental 
or fecal samples; for example, the mitochondrial genomes 
of four large vertebrates (giant panda (Ailuropoda 
melanoleuca), Asian black bear (Ursus thibetanus), Sunda 
pangolin (Manis javanica) and North Atlantic right whale 
(Eubalaena glacialis) were assembled from metagenomics 
of scat samples (Baeza et al. 2023). This is a valuable tool for 
monitoring rare, inconspicuous, and endangered mammals.

Metagenomics has emerged as a powerful tool in 
ecological studies and species monitoring, garnering 
significant interest from molecular ecologists (Ruppert 
et al. 2019; Liu et al. 2020). Although this type of analysis 
may not identify all species with absolute certainty, it 
provides valuable data for ecological inference, assessing 
species responses to current environmental changes, and 
monitoring invasive species and disease vectors of public 
health concern (Liu et al. 2020). Metagenomics enables 
to evaluate the impact of anthropogenic activities on 
mammalian communities, the functional characterization 
of microbiomes and their implications for mammalian 
health, to record the presence/absence of endangered 
species and to obtain mitochondrial genomes for rare, 
inconspicuous and elusive species, from environmental 
and paleontological samples.

Metabarcoding. Metabarcording of environmental DNA 
(eDNA) is a useful, rapid, and non-invasive tool to recognize 
mammalian communities, populations and species that are 
endangered, invasive, or common species that are difficult 
to observe in an ecosystem by traditional field methods 
such as footprints, camera traps or scats (Bohmann et al. 
2014; Harper et al. 2019). Environmental DNA (eDNA) is 
obtained from a sample of water, sediment, or free DNA 
that organisms transfer to the environment through feces, 
secretions, sperm, blood, urine, leaves, roots, pollen, or fruit 
that contains a mixture of genetic material from different 
organisms (Bohmann et al. 2014; Thomsen and Willerslev 
2015). Through eDNA we can analyze ecological and 
evolutionary processes of aquatic or terrestrial biodiversity, 
rare taxa or environmental information and answer 
research questions from areas such as molecular biology, 
paleontology, and environmental sciences (Thomsen and 
Willerslev 2015; Aivelo and Medlar 2018).

DNA metabarcoding methods change slightly 
depending on the organisms and on the type of sample 
(Aivelo and Medlar 2018; Brassea-Pérez et al. 2019; Harper 
et al. 2019; Liu et al. 2020). There are several steps to 
implement an eDNA metabarcoding methodology for the 
study of mammals (Bohmann et al. 2014; Thomsen and 
Willerslev 2015; Haarsma et al. 2016; Ruppert et al. 2019; 
Liu et al. 2020; Hassan et al. 2022, Figure 2). First, identify 
the eDNA barcoding region to answer the research 
question and build a reference database of all possible 
DNA barcodes that may occur in the study area with 
barcode repositories or specimens from natural history 
museums, scientific collections or research institutions 
(Haarsma et al. 2016). When selecting an appropriate 
DNA barcode, several key factors must be considered. 
The barcode should be a universal and highly conserved 
region to facilitate sequence alignment across diverse 
species (Yang et al. 2018). Additionally, a short fragment 
(<1000 bp) DNA is recommended to ensure amplification, 
even from degraded samples (Yang et al. 2018; Ruppert 
et al. 2019). Ideally, the selected region should exhibit 
low intraspecific variation but high interspecific variation 
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Figure 2. Overview of steps needed to conduct a metagenomics study of mammals.
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to identify the target group (Ruppert et al. 2019). The 
barcode sequence commonly used in mammals and 
other vertebrates is the cytochrome c oxidase subunit 
I (COI or COX) from mtDNA (Ivanova et al. 2012). There 
are international repositories such as BOLD database 
(boldsystem.org) and NCBI’s GenBank where reference 
sequences are deposited (www.ncbi.nlm.nih.gov).

Several details should be considered when sampling 
to optimize detection (depending on type of substrate), 
and to minimize contamination with exogeneous DNA 
(Seeber and Epp 2022). To ensure eDNA sample quality and 
minimize contamination, sterile equipment should be used, 
washed with soapy water or ethanol between samples, 
and accompanied by gloves, sterile vials, and a negative 
control (Aivelo and Medlar 2018; Liu et al. 2020). Proper 
storage is crucial as temperature, pH, and light exposure 
influence DNA degradation (Ruppert et al. 2019). For drying 
samples, freezing at -20°C is recommended to prevent DNA 
degradation (Creer et al. 2016, Figure 2).

After sample collection, DNA is extracted and a target 
DNA segment corresponding to a barcode is amplified via 
polymerase chain reaction (PCR); PCR products are purified 
and sequenced (Ruppert et al. 2019). The obtained DNA 
sequences are analyzed using bioinformatics tools and 
databases like BOLD and NCBI, or a reference database 
can be built for a specific study, to search for similarity and 
identify the taxa in the samples (Thomsen and Willerslev 
2015; Chaves et al. 2025). Methods for obtaining eDNA are 
improved continuously as new technological advancements 
are incorporated (Thomsen and Willerslev 2015).

The analysis and alignment of metabarcoding data are 
essential steps for identifying organisms within a sample 
(Galhardo et al. 2018). The application of eDNA with other 
traditional field tools has improved biodiversity monitoring 
and has enabled the detection of species, such as the 
rare longfinned pilot whale (Globicephala melas) and the 
endangered hellbender salamander (Cryptobranchus 
alleganiensis), which were detected from water samples 
(Bohmann et al. 2014). The eDNA method is an efficient 
approach for biodiversity assessment because it offers a less 
invasive sampling method, and facilitates the identification 
of rare or endangered species, while minimizing stress 
to study organisms (Bohmann et al. 2014; Thomsen and 
Willerslev 2015; Liu et al. 2020).

Metabarcoding has been successfully used to detect 
mammals in a tropical forest, when compared to other 
commonly used sampling techniques such as mist-nets, 
pitfalls, grids and camera traps which are designed for 
certain focal groups. Accordingly, non-invasive eDNA 
sampling complements conventional sampling techniques 
and allows conducting rapid assessments for monitoring, 
management and conservation of mammals. This 
approach allows evaluating changes in the composition 
of mammalian communities through space and time, for 
example, contrasting different types of habitats, contrasting 
sites in a habitat perturbation gradient, or monitoring the 

effect of management and restoration programs (Coutant 
et al. 2021; Mena et al. 2021).

Metabarcoding from fecal samples has been used 
to determine animal diets. For example, this approach 
was used to assess dietary range and overlap between 
co-occurring mammals to assess potential competition 
(Kanishka et al. 2025). Another study used eDNA from scats 
to assess changes in diet of the yellow footed antechinus 
(Anthechinus flavipes), heath mouse (Pseudomys shortridge) 
and bush rat (Rattus fuscipes) after fire in a woodland 
ecosystem in Australia. This method was time-effective 
and successful to determine the baseline diet of the 
three species, and to detect changes in diet associated 
with the availability of critical food resources after a fire. 
Accordingly, these analyses allow considering the effect of 
fire management actions in the identified food resources 
(Wanniarachchi et al. 2022).

Microbiome. Metagenomics can also be used to study 
the mammalian microbiome. The microbiome is the 
community of microorganisms (bacteria, viruses, protozoa 
and fungi) that inhabit in or reside on an organism. The 
microbiome has influenced the course of mammalian 
adaptation and diversification. It has been associated 
with dietary transitions to herbivory, specialization and 
resistance to toxic food items, phenotypic plasticity and the 
evolution of innate and adaptive immune mechanisms in 
mammals. In some species, there is even host dependence 
on its microbiome to perform certain functions (Moeller 
and Sanders 2020).

There can be differences in the microbiome between 
individuals, and even between parts of the body. Moreover, 
there is a close interaction between the host and its 
microbiome (via structural elements, metabolites and 
signal molecules), and the microbiome composition of an 
individual may affect many of the individual’s attributes 
(health, nutrition, physiology, immunity and development) 
and its fitness. The microbiome changes in response to 
differences in environmental conditions, for example, 
between lowland and highland populations or between 
captive and wild populations (Bahrndorff et al. 2016; 
Ange-Stark et al. 2023; Wang et al. 2025). Also, it has been 
suggested that captivity disrupts the gut microbiome 
of organisms because of changes in diet, the use of 
antibiotics, homogeneous environment, increased stress 
and close contact with humans (Dallas and Warne 2023; 
Dai et al. 2025). This, in turn, may affect the prevalence 
of pathogenic bacteria and the immune response of 
organisms (Dai et al. 2025). Differences in gut microbiome 
between captive and wild populations have been linked to 
low fecundity in captivity. Microbiome studies are useful 
for the development of prebiotics and probiotics for the 
reintroduction and management of threatened populations 
(Dallas and Warne 2023; Wang et al. 2025).

A study on black rhinoceros (Diceros bicornis) compared 
the microbiome of wild and captive animals. There were 
differences in beta diversity between captive and wild 

http://boldsystem.org
http://www.ncbi.nlm.nih.gov
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rhinoceros. In captive individuals, some microbes were 
replaced with microbes typically found in livestock. 
Moreover, analysis of the microbiome found different 
functional bacterial communities, with higher abundance 
of glycolysis and amino acid synthesis pathways in captive 
rhinoceros, which results in differences in the acquisition of 
certain nutrients from the diet. Accordingly, management 
of the captive population should include changes in diet, 
and the administration of probiotics or fecal transplants to 
restore gut microbiome diversity (Gibson et al. 2019).

Analyzing the microbiome of wild mammals may be 
challenging, but methodological advancements make 
it feasible nowadays. Comparative studies on the gut 
microbiome of small mammals suggested that diet may 
influence the composition of the gut microbiome. In 
this case, sympatric species showed similarities in their 
microbiome composition; other aspects such as diet, life 
history, and phylosymbiosis may influence microbiome 
composition (Moeller and Sanders 2020; Li et al. 2022). 
In addition, microbiomes are being studied in relation to 
susceptibility to disease, such as the white nose syndrome 
(caused by Pseudogymnoascus destructans), a fungal 
pathogen responsible for mass mortality of bats in North 
America (Vanderwolf et al. 2021). In this sense, even if the 
effects of the white nose syndrome on bat microbiomes 
vary between bat hosts, it has been demonstrated that the 
presence of certain microorganisms may influence host 
resistance (Vanderwolf et al. 2021; Ange-Stark et al. 2023).

Transcriptomics
Transcriptomics focuses on the study of the products of 
the transcription of the genome from DNA to RNA in any 
of its forms (mRNA, rRNA, tRNA and noncoding RNA), to 
characterize molecular responses to external stimuli such 
as ecological, environmental or anthropogenic factors. 
This discipline allows characterizing genetic expression 
profiles, and to identify and quantify genes that turn on or 
off under certain conditions; taking into consideration that 
each organism has an evolutionary history that influences 
the genetic expression of gene profiles under different 
environmental conditions (Jaris et al. 2012). Transcriptomics 
allows studying the molecular mechanisms of adaptation, 
and to use this information in management and 
conservation planning to conserve the adaptive potential 
of species (Alvarez et al. 2015; Theissinger et al. 2023).

Species respond to environmental changes through 
two main mechanisms: phenotypic plasticity and changes 
in the genome that confer adaptation (Bernatchez et al. 
2024). Phenotypic plasticity is the ability of one genotype 
to face environmental changes by expressing an alternative 
phenotype; phenotypic plasticity could become fixed as 
permanent changes that improve species fitness (Aubin-
Horth and Renn 2009; Weeks et al. 2022; Yeaman 2022). 
Genetic adaptation involves heritable changes in the allele 
frequencies of genes that impact fitness (Yeaman 2022). In 
this sense, transcriptomics arises as an approximation to 

understand the role of gene expression in the responses 
of organisms to different environmental conditions, 
which drives evolutionary adaptation (He et al. 2016) and 
ecological divergence during speciation (Jeukens et al. 
2010; Pavey et al. 2010).

RNA-seq technology was developed to characterize 
complete transcriptomes, without information from a 
reference genome, to identify the gene profiles with 
downregulated or upregulated expression in a specific 
condition, to identify the use of alternative splicing, 
secondary structures of RNA, to characterize metabolic 
pathways, and the genetic regulation process. Additionally, 
this methodology allows the quantification of gene 
expression with high accuracy even from genes with low 
expression (Wang et al. 2009; Loeffler et al. 2023).

Regarding population genotyping, RNA-seq allows us to 
characterize and quantify the variation in gene expression 
at a population level (Jaris et al. 2012; Lopez-Maestre et 
al. 2016). Such variation occurs not only on the coding 
sequences (it is estimated that 60% of the adaptive sites 
associated with selection signals occur in these regions), but 
also on cis and trans regulation elements (such as promoters, 
enhancers, silencers, binding sites for transcription factors, 
miRNA, etc.), which contribute to phenotypic or adaptive 
divergence of species (Jehl et al. 2021).

The integration of gene expression and population 
genomics to identify genetic variants such as SNPs from 
RNA sequences also enables estimating genetic diversity 
parameters (nucleotide diversity, structure, differentiation, 
and gene flow) for making evolutionary inferences (Jaris et 
al. 2012; Yu et al. 2023). For example, adaptation to altitudinal 
variation has been studied in the deer mice (Peromyscus 
maniculatus). This study found differential abundance 
in 11.7% of evaluated genes between individuals from 
highland (n = 10) and lowland populations (n = 10), and 
differences in gene expression in 0.7% of the genes. Few 
differentially expressed genes were associated with the 
response to differences in altitude. In this case, regulatory 
plasticity contributed to physiological adaptation to 
highlands. Accordingly, regulatory plasticity may play an 
important role in niche breadth and in potential response 
to environmental changes (Cheviron et al. 2013).

Another application of transcriptomics analyses is in 
landscape transcriptomics, which refers to the study of 
fluctuations in genome expression across populations 
in response to environmental gradients to establish 
management. This approach provides interesting 
information about adaptive local responses and the 
potential resilience of populations to rapid environmental 
change. Also, anthropogenic perturbations may lead to 
genetic differentiation between wild populations, and 
changes in connectivity, which could drive species to 
extinction (Keagy et al. 2023).

The potential of this tool is clear; however, there are 
many more reports of its use for studying the response to 
stress or environmental changes in model plants, fish, and 



THERYA Vol. 17 (2): 171-190182

GENOMICS IN MAMMALS

insects than for non-model mammals. Initially, one of the 
main limitations for the applicability of transcriptomics 
for the study of mammals and particularly endangered 
species, was that it required euthanizing individuals to 
obtain samples from specific organs or tissues, such as 
the brain, the kidneys, the lungs, the heart or the liver, 
to mention a few, depending on the research question 
(Huang et al. 2016). Nonetheless, thanks to technological 
advances, nowadays it is possible to conduct single-cell 
transcriptomics or to study the transcriptome from blood 
samples, making it feasible to study endangered species 
(Huang et al. 2016; 2019; Hilton et al. 2019).

Here we highlight some interesting studies that used 
RNA-seq to study ecological-evolutionary processes, 
such as identifying conserved sequences, expansion or 
contraction of gene families in specific lineages implicated 
in molecular evolution, genome complexity which drives 
species adaptation to new environments, and signals of 
selection. For example, 39 differentially expressed genes 
(DEG) were identified to be under positive selection in lung 
tissue of the yak (Bos grunniens) when compared with cattle 
(Bos taurus). The yak is a unique bovine that can live in high-
altitude regions such as the Tibetan Plateau; accordingly, 
identified DEGs were associated with survival in oxygen-
deficient environments (Lan et al. 2018).

Another study found that, in some cattle lineages, 
selective pressures have relaxed on traits associated with 
behavior in wildlife. In addition, there was an increase in the 
strength of positive selection in genes associated with amino 
acid metabolism, immune response, reproductive traits, 
hormone biosynthesis, and response to stress associated 
with an increase in temperature. The latter, together with 
non-conserved sequences in genes associated with lipid 
metabolism, could be used to improve the production and 
quality of meat (Cortez et al. 2022).

Transcriptomics allows to identify biomarkers that 
are indicative of the amount of genetic variation within 
and between populations to gain a better assessment 
of functional variability; this is useful information when 
defining management units and when identifying 
populations with low adaptive potential (Xu et al. 2014; 
2016). The use of biomarkers allows monitoring population 
health, levels of genetic diversity, detection and prevalence 
of disease, and the response to environmental stress (He 
et al. 2016; Tarlinton et al. 2021). These aspects are highly 
relevant when selecting individuals for reintroduction and 
for implementing assisted reproduction techniques (Bowen 
et al. 2022; Gad et al. 2024); particularly for endangered 
mammals that require higher precision and efficacy in their 
management (Gao et al. 2022; Theissinger et al. 2023).

An RNA-seq approach was used to identify a biomarker 
for detecting kidney disease in koalas (Phascolarctos 
cinereus). The koala is a vulnerable species that is distributed 
in Australia, where two genetic clusters have been identified, 
a northern and a southern cluster. The southern cluster 
shows low levels of genetic variation, and individuals are 

carriers of several diseases that impact fitness. The gene 
SLC26A6 was differentially expressed when comparing 
the northern and southern populations, and differential 
expression was associated with kidney disease; thus, this 
gene may function as a biomarker to detect susceptibility 
to kidney disease in koalas (Tarlinton et al. 2021).

In the bighorn sheep (Ovis canadensis), several genes 
(TGFb, AHR, IL1b and MX1) were associated with the 
initial phases of pneumonia, which cause a mortality 
rate of 90%. These genes can be used as biomarkers for 
monitoring populations for early detection of the disease, 
and to implement an adequate management plan (Bowen 
et al. 2022).

Transcriptomic data have also been used to develop 
biomarkers that allow assessing ecological risks for the 
presence of toxins in the marine surface, changes in 
temperature regimes, and the presence of pathogens in 
the bottlenose dolphin (Tursiops truncatus) from Bahía Sur 
de Baja California. In this case, two genes (UBQLN4 and 
TXNDC11) were associated with response to environmental 
stress such as fluctuations in temperature (Trego et al. 2019).

Finally, the characterization of the transcriptome in early 
embryonic development provides information that allows 
optimizing the process for embryo selection, fertilization, 
and the selection for individuals for ex situ conservation and 
reintroduction (Chitwood et al. 2017; Gad et al. 2024). The 
southern population of white rhinoceros (Ceratotherium 
simum) consists of only two non-reproductive individuals; in 
this case, assisted reproduction may be a viable alternative 
to increase population size. This analysis showed that 
four miRNA (miR-149b, miR-148a, miR-451 and miR-21) 
are highly active during embryonic development; these 
loci may be key for implementing successful assisted 
reproduction (Gad et al. 2024).

The application of transcriptomics for mammal 
conservation is only starting, but this approach is promising 
for gaining a better understanding of species’ capacity to 
respond to environmental changes. In addition, obtaining 
transcriptomic data has a lower cost than obtaining 
genomic data; therefore, this approach represents a viable 
alternative for laboratories with restricted budgets.

 
Challenges and perspectives
There are still some challenges in implementing genomics 
for the study and conservation of mammals. A strong 
population genetics’ theoretical background is advisable 
to implement adequate analyses and to help interpret 
the data. In this sense, population genetics courses for 
managers must be designed.

Another challenge is building technical capabilities 
(both in equipment and human resources) for the 
construction of genomic libraries and gaining access to 
next-generation sequencing technologies, particularly in 
countries from the global south. In this sense, expertise 
in bioinformatics is needed to conduct data analyses and 
develop user-friendly software that provides easier access 
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to data analysis for non-experts. The latter comes hand in 
hand with access to high-performance computer clusters 
because genomic approaches produce a large amount of 
data that cannot be analyzed on a personal computer.

Finally, translating complicated technical language into 
an accessible language for non-experts and grounding 
research findings in their practical implications and 
applications for conservation will help raise awareness in 
the public. Moreover, this is a crucial step in linking scientific 
researchers with wildlife managers and decision-makers.

The transition from conservation genetics to genomics 
will become increasingly common as massive sequencing 
costs decrease and technologies become more accessible. 
The application of genomics in combination with non-
invasive sampling is still challenging, as DNA from this type 
of sampling is usually found in low concentrations and it 
is degraded. Although there have been advances in these 
areas, future efforts should optimize the application of 
genomic tools to non-invasive samples (Russello et al. 2015; 
Andrews et al. 2018; Ramírez-García et al. 2025) and museum 
specimens, which hold valuable information about historical 
patterns of genetic diversity (Card et al. 2021; Raxworthy 
and Smith 2021; Fong et al. 2023). In addition, genomics, 
transcriptomics, epigenetics and other omics (such as 
metabolomics and proteomics) will contribute with a better 
understanding of how species, populations and biological 
communities will respond to climate change and to address 
the biodiversity crisis (Tiwari and Rajwanshi 2022; De León 
et al. 2023; Bernatchez et al. 2024). In conjunction with 
environmental data and future projections of niche models, 
genomics and other omics will help predict potential allele 
turnover, dispersal potential, and the role of gene flow to 
climate change (Fitzpatrick and Keller 2015; Capblancq et al. 
2020; Aguirre-Liguori et al. 2021; Bernatchez et al. 2024); as 
well inbreeding and inbreeding depression, hybridization 
and adaptive introgression. We hope that mammalogists 
(current and future) found this review useful as a starting point 
for implementing genomics studies for the conservation of 
mammals.

Acknowledgements
Authors greatly appreciate editor’s invitation to contribute 
to this special issue that celebrates the academic trajectory 
of Dr. Livia León Paniagua. The first author of this 
manuscript (GCM) gives a very special thanks to Dr. Livia 
León Paniagua for her continuous guidance and support. 
Dr. Livia León Paniagua introduced me to the fascinating 
world of mammals as a teacher in an optative course on 
Deutorostomes imparted as part of the Bachelor’s degree 
syllabus at the Faculty of Sciences, UNAM. Later on, Dr. Livia 
accompanied me during my Master’s in Science studies as 
thesis reviewer. Since I first met her, Dr. Livia demonstrated 
to be a warm-hearted person, as well as having a high level 
of openness and willingness to collaborate, to the point 
that after many years we continue to collaborate with the 
mammalogical collection from the “Museo de Zoología 

Alfonso L. Herrera” at the Faculty of Sciences, UNAM. There 
is no doubt that Dr. Livia León Paniagua is a reference and 
inspiration for me and many Mexican women in science.

Declaration of Artificial Intelligence use
The authors declare that no AI was used in the preparation 
of this manuscript.

Author contributions
Gabriela Castellanos-Morales led the writing and 
development of the present manuscript. Gabriela 
Castellanos-Morales and Jorge Ortega were responsible 
for manuscript conceptualization. All authors performed 
literature searches and revision for different sections and 
writing of original draft. Anahí Canedo-Texón composed the 
abbreviature and concept lists, Jesús Antonio Rocamontes-
Morales prepared Table 1 and Katia Hernández-Bolaños 
prepared figures. All authors contributed to reviewing and 
editing of previous versions of the manuscript. All authors 
approved the final version of this manuscript.

Supplementary Data
SD1. List of abbreviations used in the present article.
SD2. List of concepts frequently used in genomic studies.

Literature cited
Aguirre-Liguori JA, Ramírez-Barahona S, and Gaut BS. 2021. 

The evolutionary genomics of species’ responses to 
climate change. Nature Ecology & Evolution 5:1350–1360. 
https://doi.org/10.1038/s41559-021-01526-9

Ahrens CW, Rymer PD, Sow A, Bragg J, Dillon S, Umbers KDL, 
et al. 2018. The search for loci under selection: trends, 
biases and progress. Molecular Ecology 27:1342–1356. 
https://doi.org/10.1111/mec.14549

Aivelo T, and Medlar A. 2018. Opportunities and challenges 
in metabarcoding approaches for helminth community 
identification in wild mammals. Parasitology 145:608–
621. https://doi.org/10.1017/S0031182017000610

Allendorf FW. 2017. Genetics and the conservation of 
natural populations: allozymes to genomes. Molecular 
Ecology 26:420–430. https://doi.org/10.1111/mec.13948

Allendorf FW, Hohenlohe PA, and Luikart G. 2010. Genomics 
and the future of conservation genetics. Nature Reviews 
Genetics 11:697–709. https://doi.org/10.1038/nrg2844

Alvarez M, Schrey AW, and Richards CL. 2015. Ten years 
of transcriptomics in wild populations: what have we 
learned about their ecology and evolution? Molecular 
Ecology 24:710–725. https://doi.org/10.1111/mec.13055

Andrews KR, De Barba M, Russello MA, and Waits LP. 
2018. Advances in using non-invasive, archival, and 
environmental samples for population genomic studies. 
In: Hohenlohe P, and Rajora OP, editors. Population 
genomics: wildlife. Cham (CHE): Springer; p 63–99. 
https://doi.org/10.1007/13836_2_018_45

Andrews KR, Good JM, Miller MR, Luikart G, and Hohenlohe 
PA. 2016. Harnessing the power of RADseq for ecological 

https://doi.org/10.1038/s41559-021-01526-9
https://doi.org/10.1111/mec.14549
https://doi.org/10.1017/S0031182017000610
https://doi.org/10.1111/mec.13948
https://doi.org/10.1038/nrg2844
https://doi.org/10.1111/mec.13055
https://doi.org/10.1007/13836_2_018_45


THERYA Vol. 17 (2): 171-190184

GENOMICS IN MAMMALS

and evolutionary genomics. Nature Reviews Genetics 
17:81–92. https://doi.org/10.1038/nrg.2015.28

Ange-Stark M, Parise KL, Cheng TL, Hoyt JR, Langwig KE, 
Frick WF, et al. 2023. White-nose syndrome restructures 
bat skin microbiomes. Environmental Microbiology 11:1–
15. https://doi.org/10.1128/spectrum.02715-23

Attardi G, and Schatz G. 1988. Biogenesis of mitochondria. 
Annual Review of Cell and Developmental Biology 
4:289–333. https://doi.org/10.1146/annurev.
cb.04.110188.001445

Aubin-Horth N, and Renn SCP. 2009. Genomic reaction 
norms: using integrative biology to understand 
molecular mechanisms of phenotypic plasticity. 
Molecular Ecology 18:3763–3780. https://doi.
org/10.1111/j.1365-294X.2009.04313.x

Avise JC, and Ellis D. 1986. Mitochondrial DNA and the 
evolutionary genetics of higher animals. Proceedings of 
the Royal Society B 312:325–342. https://doi.org/10.1098/
rstb.1986.0011 

Baeza JA, Barata R, Rajapakse D, Penaloza J, Harrison P, and 
Haberski A. 2023. Mitochondrial genomes assembled 
from non-invasive eDNA metagenomic scat samples in 
critically endangered mammals. Genes 14:657. https://
doi.org/10.3390/genes030657

Bahrndorff S, Alemu T, Alemneh T, and Nielsen JL. 2016. The 
microbiome of animals: implications for conservation 
biology. International Journal of Genomics 2016:5304028. 
https://doi.org/10.1155/2016/5304028

Baird NA, Etter PD, Atwood TS, Currey MC, Shiver AL, Lewis 
ZA, et al. 2008. Rapid SNP discovery and genetic mapping 
using sequenced RAD markers. PLoS One 3(10):e3376. 
https://doi.org/10.1371/journal.pone.0003376 

Bernatchez L, Ferchaud AL, Berger CS, Venney CJ, and Xuereb 
A. 2024. Genomics for monitoring and understanding 
species responses to global climate change. Nature 
Reviews Genetics 25:165–183. https://doi.org/10.1038/
s41576-023-00657-y

Bohling J. 2020. Evaluating the effect of reference genome 
divergence on the analysis of empirical RADseq 
datasets. Ecology and Evolution 10:7585–7601. https://
doi.org/10.1002/ece3.6483

Bohmann K, Evans A, Gilbert MTP, Carvalho GR, Creer S, 
Knapp M, et al. 2014. Environmental DNA for wildlife 
biology and biodiversity monitoring. Trends in Ecology 
& Evolution 29:358–367. https://doi.org/10.1016/j.
tree.2014.04.003

Botero-Castro F, Tilak M-K, Justy F, Catzeflis F, Delsuc F, and 
Douzery EJP. 2018. In cold blood: compositional bias and 
positive selection drive the high evolutionary rate of 
vampire bats mitochondrial genomes. Genome Biology 
and Evolution 10:2218–2239. https://doi.org/10.1093/
gbe/evy120

Bowen L, Manlove K, Roug A, Waters S, and LaHue N. 2022. 
Using transcriptomics to predict and visualize disease 
status in bighorn sheep (Ovis canadensis). Conservation 
Physiology 10:coac046. https://doi.org/10.1093/

conphys/coac046
Brassea-Pérez E, Schramm Y, Heckel G, Chong-Robles J, 

and Lago-Lestón A. 2019. Metabarcoding analysis of 
the Pacific harbor seal diet in Mexico. Marine Biology 
166:106. https://doi.org/10.1007/s00227-019-3555-8

Bronstein O, Kroh A, and Haring E. 2018. Mind the gap! 
The mitochondrial control region and its power as a 
phylogenetic marker in echinoids. BMC Evolutionary 
Biology 18:80. https://doi.org/10.1186/s12862-018-
1198-x

Calabrese FM, Balacco DL, PresteR, Diroma MA, Forino R, 
Ventura M, et al. 2017. Numts colonization in mammalian 
genomes. Scientific Reports 7:16357. https://doi.
org/10.1038/s41598-017-16750-2

Capblancq T, Fitzpatrick MC, Bay RA, Exposito-Alonso 
M, and Keller SR. 2020. Genomic prediction of 
(mal)adaptation across current and future climatic 
landscapes. Annual Review of Ecology, Evolution and 
Systematics 51:245–269. https://doi.org/10.1146/
annuev-ecolsys-020720-042553

Card DC, Shapiro B, Giribert G, Moritz C, and Edwards SV. 
2021. Museum genomics. Annual Reviews of Genetics 
55:633–659. https://doi.org/10.1146/annurev-
genet-071719-020506

Castellanos-Morales G, and Gutiérrez-Guerrero YT. 
2025. Phylogenomics for the study of speciation and 
diversification in Neotropical mammals. In: Melletti 
M, Tirira DG, Gallina Tessaro S, and Ortega J, editors. 
Mammals of Middle and South America: History, 
Biogeography, Conservation. Cham (CHE): Springer 
Nature. https://link.springer.com/book/9783032107664

Chaves BRN, Santos-Junior JE, and Santos FR. 2025. 
Metabarcoding markers and a reference database for 
neotropical mammals. Conservation Genetics Resources 
17:283–297. https://doi.org/10.1007/s12686-025-
01404-7

Cheviron ZA, Connaty AD, McClelland GB, and Storz JF. 
2013. Functional genomics of adaptation to hypoxic 
cold-stress in high-altitude deer mice: transcriptomic 
plasticity and thermogenic performance. Evolution 
68:48–62. https://doi.org/10.1111/evo.12257

Chitwood JL, Burruel VR, Halstead MM, Meyers SA, and Ross 
PJ. 2017. Transcriptome profiling of individual rhesus 
macaque oocytes and preimplantation embryos. Biology 
of Reproduction 97:353–364. https://doi.org/10.1093/
biolre/iox114 

Clendenin HR, Pollard MD, and Puckett EE. 2025. 
Linking measures of inbreeding and genetic load to 
demographic histories across three species of bears. 
Evolutionary Applications 18:e70133. https://doi.
org/10.1111/eva.70133

Coutant O, Richard-Hansen C, de Thoisy B, Ecotte J-B, 
Valentini A, Dejean T, et al. 2021. Amazonian mammal 
monitoring using aquatic environmental DNA. 
Molecular Ecology Resources 21:1875–1888. https://doi.
org/10.1111/1755-0998.13393

https://doi.org/10.1038/nrg.2015.28
https://doi.org/10.1128/spectrum.02715-23
https://doi.org/10.1146/annurev.cb.04.110188.001445
https://doi.org/10.1146/annurev.cb.04.110188.001445
https://doi.org/10.1111/j.1365-294X.2009.04313.x
https://doi.org/10.1111/j.1365-294X.2009.04313.x
https://doi.org/10.1098/rstb.1986.0011 
https://doi.org/10.1098/rstb.1986.0011 
https://doi.org/10.3390/genes030657
https://doi.org/10.3390/genes030657
https://doi.org/10.1155/2016/5304028
https://doi.org/10.1371/journal.pone.0003376 
https://doi.org/10.1038/s41576-023-00657-y 
https://doi.org/10.1038/s41576-023-00657-y 
 https://doi.org/10.1002/ece3.6483 
 https://doi.org/10.1002/ece3.6483 
https://doi.org/10.1016/j.tree.2014.04.003 
https://doi.org/10.1016/j.tree.2014.04.003 
https://doi.org/10.1093/gbe/evy120 
https://doi.org/10.1093/gbe/evy120 
https://doi.org/10.1093/conphys/coac046 
https://doi.org/10.1093/conphys/coac046 
https://doi.org/10.1007/s00227-019-3555-8
https://doi.org/10.1186/s12862-018-1198-x 
https://doi.org/10.1186/s12862-018-1198-x 
https://doi.org/10.1038/s41598-017-16750-2 
https://doi.org/10.1038/s41598-017-16750-2 
https://doi.org/10.1146/annuev-ecolsys-020720-042553 
https://doi.org/10.1146/annuev-ecolsys-020720-042553 
https://doi.org/10.1146/annurev-genet-071719-020506 
https://doi.org/10.1146/annurev-genet-071719-020506 
https://link.springer.com/book/9783032107664 
https://doi.org/10.1007/s12686-025-01404-7 
https://doi.org/10.1007/s12686-025-01404-7 
https://doi.org/10.1111/evo.12257
https://doi.org/10.1093/biolre/iox114  
https://doi.org/10.1093/biolre/iox114  
https://doi.org/10.1111/eva.70133 
https://doi.org/10.1111/eva.70133 
https://doi.org/10.1111/1755-0998.13393 
https://doi.org/10.1111/1755-0998.13393 


www.mastozoologiamexicana.org   185

Castellanos-Morales et al.

Cortez T, Montenegro H, Coutinho LL, Regitano LCA, and 
Andrade SCS. 2022. Molecular evolution and signatures 
of selective pressures on Bos, focusing on the Nelore 
breed (Bos indicus). Plos One 17:e0279091. https://doi.
org/10.1371/journal.pone.0279091

Creer S, Deiner K, Frey S, Porazinska D, Taberlet P, Thomas WK, 
et al. 2016. The ecologist’s field guide to sequence‐based 
identification of biodiversity. Methods in Ecology and 
Evolution 7:1008–1018. https://doi.org/10.1111/2041-
210X.12574

Crossman CA, Hamilton, PK, Brown MW, Conger LA, George 
RC, Jackson KA, Radvan SN, Frasier TR. 2024. Effects of 
inbreeding on reproductive success in endangered 
North Atlantic right whales. Royal Society Open Science 
11:240490. http://doi.org/10.1098/rsos.240490

Cuber P, Chooneea D, Geeves C, Salatino S, Creedy TJ, Griffin 
C, et al. 2023. Comparing the accuracy and efficiency 
of third generation sequencing technologies, Oxford 
Nanopore Technologies, and Pacific Biosciences, for DNA 
barcode sequencing applications. Ecological Genetics 
and Genomics 28:100181. https://doi.org/10.1016/j.
egg.2023.100181

da Fonseca RR, Johnson WE, O’Brien SJ, Ramos MJ, 
and Antunes A. 2008. The adaptive evolution of the 
mammalian mitochondrial genome. BMC Genomics 
9:119. https://doi.org/10.1186/1471-2164-9-119

Dai Z, Xie B, Xie C, Xiang J, Wang X, Li J, Zheng R, and 
Wang Y. 2025. Comparative metagenomic analysis of 
the gut microbiota of captive pangolins: a case study 
of two species. Animals 15:57. https://doi.org/10.3390/
ani15010057

Dallas JW, and Warne RW. 2023. Captivity and animal 
microbiomes: potential roles of microbiota for influencing 
animal conservation. Microbial Ecology 85:820–838. 
https://doi.org/10.1007/s00248-022-01991-0

Davey JW, Hohenlohe PA, Etter PD, Boone JQ, Catchen JM, 
and Blaxter ML. 2011. Genome-wide genetic marker 
discovery and genotyping using next-generation 
sequencing. Nature Reviews Genetics 12:499–510. 
https://doi.org/10.1038/nrg3012

Davey JW, Cezard T, Fuentes-Utrilla P, Eland C, Gharbi K, and 
Blaxter ML. 2013. Special features of RAD sequencing 
data: implications for genotyping. Molecular Ecology 
22:3151–3164. https://doi.org/10.1111/mec.12084

De León LF, Silva B, Avilés-Rodríguez KJ, and Buitrago-
Rosas D. 2023. Harnessing the omics revolution to 
address the global biodiversity crisis. Current Opinion 
in Biotechnology 80:102901. https://doi.org/10.1016/j.
copbio.2023.102901

Donath A, Jühling F, Al-Arab M, Bernhart SH, Reinhardt F, 
Stadler PF, et al. 2019. Improved annotation of protein-
coding genes boundaries in metazoan mitochondrial 
genomes. Nucleic Acids Research 47:10543–10552. 
https://doi.org/10.1093/nar/gkz833

Ekblom R, and Wolf JBW. 2014. A field guide to whole‐
genome sequencing, assembly and annotation. 

Evolutionary Applications 7:1026–1042. https://doi.
org/10.1111/eva.12178

Fernández-Silva P, Enriquez JA, and Montoya J. 2004. 
Replication and transcription of mammalian 
mitochondrial DNA. Experimental Physiology 88:41–56. 
https://doi.org/10.1113/eph8802514

Fitzpatrick MC, and Keller MC. 2015. Ecological genomics 
meets community-level modelling of biodiversity: 
mapping the genomic landscape of current and future 
environmental adaptation. Ecology Letters 18:1–16. 
https://doi.org/10.1111/ele.12376

Fong JJ, Blom MPK, Aowphol A, McGuire JA, Sutcharit C, and 
Soltis PS. 2023. Editorial: recent advances in museomics: 
revolutionizing biodiversity research. Frontiers in Ecology 
and Evolution 11:1188172. https://doi.org/10.3389/
fevo.2023.1188172

Formenti G, Rhie A, Balacco J, Hasse B, Maountcastle J, Fedrigo 
O, et al. 2021. Complete vertebrate mitogenomes reveal 
widespread repeats and gene duplications. Genome 
Biology 22:120. https://doi.org/10.1186/s13059-021-
02336-9

Frankham R. 2003. Genetics and conservation. Comptes 
Rendus Biologies 326:S22–S29. https://doi.org/10.1016/
S1631-0691(03)00023-4

Frankham R. 2005. Genetics and extinction. Biological 
Conservation 126:131–140. https://doi.org/10.1016/j.
biocon.2005.05.002

Frankham R. 2010. Challenges and opportunities of genetic 
approaches to biological conservation. Biological 
Conservation 143:1919–1927. https://doi.org/10.1016/j.
biocon.2010.05.011

Fu Y-B, Peterson GW, and Dong Y. 2016. Increasing 
genome sampling and improving SNP genotyping for 
genotyping-by-sequencing with new combinations of 
restriction enzymes. Genes Genomes Genetics 6:845–856. 
https://doi.org/10.1534/g3.115.025775

Fuentes-Pardo AP, and Ruzzante DE. 2017. Whole-
genome sequencing approaches for conservation 
biology: Advantages, limitations and practical 
recommendations. Molecular Ecology 26:5369–5406. 
https://doi.org/10.1111/mec.14264

Fusco NA, Consentino BJ, Gibbs JP, Allen ML, Blumenfeld AJ, 
Boettner GH, et al. 2023. Population genomic structure 
of a widespread, urban-dwelling mammal: the eastern 
grey squirrel (Sciurus carolinensis). Molecular Ecology 
33:e17230. https://doi.org/10.1111/mec.17230

Gad A, Menjivar NG, Felton R, Durrant B, Tesfaye D, and 
Ruggeri E. 2024. Mapping the follicle-specific regulation 
of extracellular vesicle-mediated microRNA transport 
in the southern white rhinoceros (Ceratotherium simum 
simum). Biology of Reproduction 111:376–390. https://
doi.org/10.1093/biolre/ioae081

Galhardo M, Fonseca N, Egeter B, Paupério J, Ferreira 
S, Oxelfelt F, et al. 2018. Deliverable 4.5 (D4.5): 
Protocol for the processing of DNA sequence data 
generated by next-gen platforms, EnMetaGen project 

https://doi.org/10.1371/journal.pone.0279091 
https://doi.org/10.1371/journal.pone.0279091 
https://doi.org/10.1111/2041-210X.12574 
https://doi.org/10.1111/2041-210X.12574 
http://doi.org/10.1098/rsos.240490
https://doi.org/10.1016/j.egg.2023.100181 
https://doi.org/10.1016/j.egg.2023.100181 
https://doi.org/10.1186/1471-2164-9-119
https://doi.org/10.3390/ani15010057 
https://doi.org/10.3390/ani15010057 
https://doi.org/10.1007/s00248-022-01991-0 
https://doi.org/10.1038/nrg3012
https://doi.org/10.1111/mec.12084
https://doi.org/10.1016/j.copbio.2023.102901 
https://doi.org/10.1016/j.copbio.2023.102901 
https://doi.org/10.1093/nar/gkz833
https://doi.org/10.1111/eva.12178
https://doi.org/10.1111/eva.12178
https://doi.org/10.1113/eph8802514
https://doi.org/10.1111/ele.12376
https://doi.org/10.3389/fevo.2023.1188172
https://doi.org/10.3389/fevo.2023.1188172
https://doi.org/10.1186/s13059-021-02336-9
https://doi.org/10.1186/s13059-021-02336-9
https://doi.org/10.1016/S1631-0691(03)00023-4
https://doi.org/10.1016/S1631-0691(03)00023-4
https://doi.org/10.1016/j.biocon.2005.05.002
https://doi.org/10.1016/j.biocon.2005.05.002
https://doi.org/10.1016/j.biocon.2010.05.011
https://doi.org/10.1016/j.biocon.2010.05.011
https://doi.org/10.1534/g3.115.025775
https://doi.org/10.1111/mec.14264
https://doi.org/10.1111/mec.17230
https://doi.org/10.1093/biolre/ioae081
https://doi.org/10.1093/biolre/ioae081


THERYA Vol. 17 (2): 171-190186

GENOMICS IN MAMMALS

(Grant Agreement No 668981). Zenodo. https://doi.
org/10.5281/ZENODO.2586889

Gao X, Wang S, Wang YF, Li S, Wu S-X, Yan R-G, et al. 2022. 
Long read genome assemblies complemented by 
single cell RNA-sequencing reveal genetic and cellular 
mechanisms underlying the adaptive evolution of 
yak. Nature Communications 13:4887. https://doi.
org/10.1038/s41467-022-32164-9

Gibson A, Gowri-Shankar V, Higgs PG, and Rattray M. 2004. 
A comprehensive analysis of mammalian mitochondrial 
genome base composition and improved phylogenetic 
methods. Molecular Biology and Evolution 22:251–264. 
https://doi.org/10.1093/molbev/msi012

Gibson KM, Nguyen BN, Neumann LM, Miller M, Buss 
P, Daniels S, et al. 2019. Gut microbiome differences 
between wild and captive black rhinoceros – implications 
for rhino health. Scientific Reports 9:7570. https://doi.
org/10.1038/s41598-019-43875

Goodwin S, McPherson JD, and McCombie WR. 2016. 
Coming of age: ten years of next-generation sequencing 
technologies. Nature Reviews in Genetics 17:333–351. 
https://doi.org/10.1038/nrg.2016.49

Haarsma A, Siepel H, and Gravendeel B. 2016. Added 
value of metabarcoding combined with microscopy 
for evolutionary studies of mammals. Zoologica Scripta 
45:37–49. https://doi.org/10.1111/zsc.12214

Harper LR, Lawson Handley L, Carpenter AI, Ghazali M, 
Di Muri C, Macgregor CJ, et al. 2019. Environmental 
DNA (eDNA) metabarcoding of pond water as a tool 
to survey conservation and management priority 
mammals. Biological Conservation 238:108225. https://
doi.org/10.1016/j.biocon.2019.108225

Hassan S, Sabreena, Poczai P, Ganai BA, Almalki WH, Gafur 
A, et al. 2022. Environmental DNA metabarcoding: 
a novel contrivance for documenting terrestrial 
biodiversity. Biology 11:1297. https://doi.org/10.3390/
biology11091297

Hassanin A, Léger N, and Deutsch J. 2005. Evidence for 
multiple reversals of asymmetric mutational constraints 
during the evolution of the mitochondrial genome 
of Metazoa, and consequences for phylogenetic 
inferences. Systematic Biology 54:277 https://doi.
org/10.1080/10635150590947843

He X, Johansson ML, and Heath DD. 2016. Role of genomics 
and transcriptomics in selection of reintroduction 
source populations. Conservation Biology 30:1010–1018. 
https://doi.org/10.1111/cobi.12674

Hedrick PW, and Garcia-Dorado A. 2016. Understanding 
inbreeding depression, purging, and genetic rescue. 
Trends in Ecology & Evolution 31:940–952. https://doi.
org/10.1016/j.tree.2016.09.005

Heyer E, Zietkiewicz E, Rochowski A, Yotova V, Puymirat J, 
and Labuda D. 2001. Phylogenetic and familial estimates 
of mitochondrial substitution rates: study of control 
region mutations in deep-rooting pedigrees. American 
Journal of Human Genetics 69:1113–11126. https://doi.

org/10.1086/324024
Hilton HG, Rubinstein ND, Janki P, Ireland AT, Bernstein 

N, Fong NL, et al. 2019. Single-cell transcriptomics 
of the naked mole-rat reveals unexpected features 
in mammalian immunity. Plos Biology 17:e3000528. 
https://doi.org/10.1371/journal.pbio.3000528

Hu T, Chitnis N, Monos D, and Dinh A. 2021. Next-generation 
sequencing technologies: An overview. Human 
Immunology 82:801–811. https://doi.org/10.1016/j.
humimm.2021.02.012

Huang Z, Gallot A, Lao NT, Puechmaille SJ, Foley NM, Jebb 
D, et al. 2016. A nonlethal sampling method to obtain, 
generate and assemble whole blood transcriptomes 
from small, wild mammals. Molecular Ecology Resources 
12:150–162. https://doi.org/10.1111/1755-0998.12447

Huang Z, Whelan CV, Foley NM, Jebb D, Touzalin F, Petit EJ, 
et al. 2019. Longitudinal comparative transcriptomics 
reveals unique mechanisms underlying extended 
healthspan in bats. Nature Ecology & Evolution 3:1110–
1120. https://doi.org/10.1038/s41559-019-0913-3

Hurst GDD, and Jiggins FM. 2005. Problems with 
mitochondrial DNA as a marker in population, 
phylogeographic and phylogenetic studies: the effects 
of inherited symbionts. Proceedings of the Royal Society B 
272:1525–1534. https://doi.org/10.1098/rspb.2005.3056

Ivanova NV, Clare EL, and Borisenko AV. 2012. DNA barcoding 
in mammals. In: Kress WJ, and Erickson DL, editors. DNA 
Barcodes. Methods and protocols. Cham (CHE): Springer 
Nature; p 153–182. https://doi.org/10.1007/978-1-
61779-591-6_8

Jaris H, Therkildsen NO, Morikawa M, and Palumbi SR. 2012. 
The simple fool’s guide to population genomics via RNA-
Seq: an introduction to high-throughput sequencing 
data analysis. Molecular Ecology Resources 12:1058–
1067. https://doi.org/10.1111/1755-0998.12003

Jehl F, Degalez F, Bernard M, Lecerf F, Lagoutte L, Désert 
C, et al. 2021. RNA-Seq data for reliable SNP detection 
and genotype calling: interest for coding variant 
characterization and cis-regulation analysis by allele-
specific expression in livestock species. Frontiers 
in Genetics 12:655707. https://doi.org/10.3389/
fgene.2021.655707

Jin J, Yu W, Yang J, Song Y, de Pamphilis CW, Yi T, et al. 2020. 
GetOrganelle: a fast and versatile toolkit for accurate de 
novo assembly of organelle genomes. Genome Biology 
21(241):1–31. https://doi.org/10.1186/s13059-020-
02154-5

Jeukens J, Renaut S, St-Cyr J, Nolte AW, and Bernatchez 
L. 2010. The transcriptomics of sympatric dwarf and 
normal lake whitefish (Coregonus clupeaformis spp., 
Salmonidae) divergence as revealed by next-generation 
sequencing. Molecular Ecology 19:5389–403. https://doi.
org/10.1111/j.1365-294X.2010.04934.x

Kanishka AM, MacGregor C, Neaves LE, Evans MJ, Robinson 
NM, Dester N, et al. 2025. Quantifying the dietary 
overlap of two co-occurring mammal species using DNA 

https://doi.org/10.5281/ZENODO.2586889
https://doi.org/10.5281/ZENODO.2586889
https://doi.org/10.1038/s41467-022-32164-9
https://doi.org/10.1038/s41467-022-32164-9
https://doi.org/10.1093/molbev/msi012
https://doi.org/10.1038/s41598-019-43875
https://doi.org/10.1038/s41598-019-43875
https://doi.org/10.1038/nrg.2016.49
https://doi.org/10.1111/zsc.12214
https://doi.org/10.1016/j.biocon.2019.108225
https://doi.org/10.1016/j.biocon.2019.108225
https://doi.org/10.3390/biology11091297
https://doi.org/10.3390/biology11091297
https://doi.org/10.1080/10635150590947843
https://doi.org/10.1080/10635150590947843
https://doi.org/10.1111/cobi.12674
https://doi.org/10.1016/j.tree.2016.09.005
https://doi.org/10.1016/j.tree.2016.09.005
https://doi.org/10.1086/324024
https://doi.org/10.1086/324024
https://doi.org/10.1371/journal.pbio.3000528
https://doi.org/10.1016/j.humimm.2021.02.012 
https://doi.org/10.1016/j.humimm.2021.02.012 
https://doi.org/10.1111/1755-0998.12447
https://doi.org/10.1038/s41559-019-0913-3
https://doi.org/10.1098/rspb.2005.3056
https://doi.org/10.1007/978-1-61779-591-6_8
https://doi.org/10.1007/978-1-61779-591-6_8
https://doi.org/10.1111/1755-0998.12003
https://doi.org/10.3389/fgene.2021.655707
https://doi.org/10.3389/fgene.2021.655707
https://doi.org/10.1186/s13059-020-02154-5
https://doi.org/10.1186/s13059-020-02154-5
https://doi.org/10.1111/j.1365-294X.2010.04934.x
https://doi.org/10.1111/j.1365-294X.2010.04934.x


www.mastozoologiamexicana.org   187

Castellanos-Morales et al.

metabarcoding to assess potential competition. Ecology 
and Evolution 15(4):e71274. https://doi.org/10.1002/
ece3.71274

Kapusta A, Suh A, and Feschotte C. 2017. Dynamics of genome 
size evolution in birds and mammals. Proceedings of 
the National Academy of Science 114(8):E1460–E1469. 
https://doi.org/10.1073/pnas.1616702114

Keagy J, Drummond CP, Gilbert KJ, Grozinger CM, Hamilton 
J, Hines HM, et al. 2023. Landscape transcriptomics as a 
tool for addressing global change effects across diverse 
species. Molecular Ecology Resources 25:e13796. https://
doi.org/10.1111/1755-0998.13796

Konrad A, Thompson O, Waterston RH, Moerman DG, 
Keightley PD, Bergthorsson U, et al. 2017. Mitochondrial 
mutation rate, spectrum and heteroplasmy in 
Caenorhabditis elegans spontaneous mutation 
accumulation lines of differing population size. 
Molecular Biology and Evolution 34:1319–1334. https://
doi.org/10.1093/molbev/msx051

Ladoukakis ED, and Zouros E. 2017. Evolution and 
inheritance of animal mitochondrial DNA: rules and 
exceptions. Journal of Biological Research-Thessaloniki 
24:1–7. https://doi.org/10.1186/s40709-017-0060-4

Lan D, Xiong X, Ji W, Li J, Mipam TD, Ai Y, et al. 2018. 
Transcriptome profile and unique genetic evolution of 
positively selected genes in yak lungs. Genetica 146:151–
160. https://doi.org/10.1007/s10709-017-0005-8

Li F, Yang S, Zhang L, Qiao L, Wang L, He S, et al. 2022. 
Comparative metagenomics analysis reveals how 
the diet shapes the gut microbiota in several small 
mammals. Ecology and Evolution 12:e8470. https://doi.
org/10.1002/ece3.8470

Li LF, Cushman SA, He YX, and Li Y. 2020. Genome 
sequencing and population genomics modeling provide 
insights into the local adaptation of weeping forsythia. 
Horticulture Research 7:130. https://doi.org/10.1038/
s41438-020-00352-7

Li Z, Liu X, Wang C, Li Z, Jiang B, Zhang R, et al. 2023. The 
pig pangenome provides insights into the roles of 
coding structural variations in genetic diversity and 
adaptation. Genome Research 33:1833–1847. https://
doi.org/10.1101/gr.277638.122

Liu M, Clarke LJ, Baker SC, Jordan GJ, and Burridge CP. 
2020. A practical guide to DNA metabarcoding for 
entomological ecologists. Ecological Entomology 
45:373–385. https://doi.org/10.1111/een.12831

Loeffler C, Zhang J, Muszyńska A, Munteanu V, Yang 
H, Rotman J, et al. 2023. RNA-seq data science: 
From raw data to effective interpretation. Frontiers 
in Genetics 13:14:997383. https://doi.org/10.3389/
fgene.2023.997383

Lopez-Maestre H, Brinza L, Marchet C, Kielbassa J, Bastien 
S, Boutigny M, et al. 2016. SNP calling from RNA-seq 
data without a reference genome: identification, 
quantification, differential analysis and impact on the 
protein sequence. Nucleic Acids Research 44:48. https://

doi.org/10.1093/nar/gkw655
Lou RN, Jacobs A, Wilder AP, and Therkildsen NO. 2021. 

A beginner’s guide to low-coverage whole genome 
sequencing for population genomics. Molecular Ecology 
30:5966–5993. https://doi.org/10.1111/mec.16077

Lu H, Giordano F, and Ning Z. 2016. Oxford Nanopore 
MinION Sequencing and Genome Assembly. Genomics 
Proteomics Bioinformatics 14:265–279. https://doi.
org/10.1016/j.gpb.2016.05.004

Luikart G, Kardos M, Hand BK, Rajora OP, Aitken SN, and 
Hohenlohe PA. 2019. Population genomics: advancing 
understanding of nature. In: Rajora OP, editor. Population 
genomics: concepts, approaches and applications. Cham 
(CHE): Springer Nature. https://link.springer.com/
chapter/10.1007/13836_2018_60

Martchenko D, and Shafer ABA. 2023. Contrasting whole-
genome and reduced representation sequencing for 
population demographic and adaptive inference: an 
alpine mammal case study. Heredity 131:273–281. 
https://doi.org/10.1038/s41437-023-00643-4

Martinez-Gutierrez CA, and Aylward FO. 2022. Genome size 
in bateria and archae are strongly linked to evolutionary 
historyu at broad phylogenetic scales. Plos Genetics 
18(5):e1010220. https://doi.org/10.1371/journal.
pgen.1010220

Mastretta-Yanes A, Arrigo N, Alvarez N, Piñero D, and 
Emerson B. 2014. Restriction site-associated DNA 
sequencing, genotyping error estimation and de novo 
assembly optimization for population genetic inference. 
Molecular Ecology Resources 15:28–41. https://doi.
org/10.1111/1755-0998.12291

Meganathan PR, Pagan HJT, McCulloch ES, Stevens RD, 
and Ray DA. 2012. Complete mitochondrial genome 
sequences of three bats species and whole genome 
mitochondrial analyses reveal patterns of codon bias and 
lend support to a basal split in Chiroptera. Gene 492:121–
129. https://doi.org/10.1016/j.gene.2011.10.038

Mena JL, Yagui H, Tejeda V, Bonifaz E, Bellemain E, Valentini 
A, et al. 2021. Environmental DNA metabarcoding as a 
useful tool for evaluating terrestrial mammal diversity 
in tropical forests. Ecological Applications 31(5):e02335. 
https://doi.org/10.1002/eap.2335

Miller MR, Dunham JP, Amores A, Cresko WA, and Johnson 
EA. 2007. Rapid and cost-effective polymorphism 
identification and genotyping using restriction site 
associated DNA (RAD) markers. Genome Research 
17:240–248. https://doi.org/10.1101/gr.5681207

Moeller AH, and Sanders JG. 2020. Roles of the gut 
microbiota in the adaptive evolution of mammalian 
species. Philosophical Transactions of the Royal Society 
B 375(1808):20190597. https://doi.org/10.1098/
rstb.2019.0597

Mohammadi Z, Shahabi S, Ghorbani F, and Khajeh A. 2019. 
Efficiency of the mitochondrial DNA markers (COI, 
cyt b) and a nuclear DNA marker (RAGI) in molecular 
identification of zoonotic diseases’ hosts. Journal of 

https://doi.org/10.1002/ece3.71274 
https://doi.org/10.1002/ece3.71274 
https://doi.org/10.1073/pnas.1616702114
https://doi.org/10.1111/1755-0998.13796
https://doi.org/10.1111/1755-0998.13796
https://doi.org/10.1093/molbev/msx051
https://doi.org/10.1093/molbev/msx051
https://doi.org/10.1186/s40709-017-0060-4
https://doi.org/10.1007/s10709-017-0005-8
https://doi.org/10.1002/ece3.8470 
https://doi.org/10.1002/ece3.8470 
https://doi.org/10.1038/s41438-020-00352-7 
https://doi.org/10.1038/s41438-020-00352-7 
https://doi.org/10.1101/gr.277638.122 
https://doi.org/10.1101/gr.277638.122 
https://doi.org/10.1111/een.12831
https://doi.org/10.3389/fgene.2023.997383 
https://doi.org/10.3389/fgene.2023.997383 
https://doi.org/10.1093/nar/gkw655 
https://doi.org/10.1093/nar/gkw655 
https://doi.org/10.1111/mec.16077
https://doi.org/10.1016/j.gpb.2016.05.004 
https://doi.org/10.1016/j.gpb.2016.05.004 
https://link.springer.com/chapter/10.1007/13836_2018_60 
https://link.springer.com/chapter/10.1007/13836_2018_60 
https://doi.org/10.1038/s41437-023-00643-4
https://doi.org/10.1371/journal.pgen.1010220 
https://doi.org/10.1371/journal.pgen.1010220 
https://doi.org/10.1111/1755-0998.12291 
https://doi.org/10.1111/1755-0998.12291 
https://doi.org/10.1016/j.gene.2011.10.038
https://doi.org/10.1002/eap.2335
https://doi.org/10.1101/gr.5681207
https://doi.org/10.1098/rstb.2019.0597 
https://doi.org/10.1098/rstb.2019.0597 


THERYA Vol. 17 (2): 171-190188

GENOMICS IN MAMMALS

Health Sciences & Surveillance System 7:86–93. https://
doi.org/10.30476/jhsss.2020.84774.1042

Nachtigall PG, Grazziotin FG, and Junqueira-de-Azevedo 
ILM. 2021. MITGARD: an automated pipeline for 
mitochondrial genome assembly in eukaryotic species 
using RNA-seq data. Brief Bioinformatics 22:bbaa429. 
https://doi.org/10.1093/bib/bbaa429

Ng PC, and Kirkness EF. 2010. Whole Genome Sequencing. 
In: Barnes MR, and Breen G, editors. Genetic Variation. Vol. 
628. Totowa, NJ (EEUU): Springer (Methods in Molecular 
Biology); p. 215–226. https://doi.org/10.1007/978-1-
60327-367-1_12

Nicholls TJ, and Minczuk M. 2014. In D-loop: 40 years of 
mitochondrial 7S DNA. Experimental Gerontology 56:175–
181. https://doi.org/10.1016/j.exger.2014.03.027

O’Leary SJ, Puritz JB, Willis SC, Hollenbeck CM, and 
Portnoy DS. 2018. These aren’t the loci you’e looking 
for: principles of effective SNP filtering for molecular 
ecologists. Molecular Ecology 27:3193–3206. https://doi.
org/10.1111/mec.14792

Ouborg NJ, Pertoldi C, Loeschcke V, Bijlsma R, and Hedrick 
PW. 2010. Conservation genetics in transition to 
conservation genomics. Trends in Genetics 26:177–187. 
https://doi.org/10.1016/j.tig.2010.01.001

Paris JR, Stevens JR, and Catchen JM. 2017. Lost in parameter 
space: a road map for Stacks. Methods in Ecology and 
Evolution 8:1360–1373. https://doi.org/10.1111/2041-
210X.12775

Pavey SA, Collin H, Nosil P, and Rogers SM. 2010. The role of 
gene expression in ecological speciation. Annals of the 
New York Academy of Sciences 1206:110–29. https://doi.
org/10.1111/j.1749-6632.2010.05765.x

Payne N, Andersen D, Davis R, Mollohan C, Baldwin K, 
LeCount AL, et al. 2025. Evidence of extensive home 
range sharing among mother-daughter bobcat 
pairs in the wildland-urban interface of the Tucson 
Mountains. Journal of Heredity 116:408–421. https://doi.
org/10.1093/jhered/esae072

Peterson BK, Weber JN, Kay EH, Fisher HS, and Hoekstra HE. 
2012. Double digest RADseq: an inexpensive method 
for de novo SNP discovery and genotyping in model 
and non-model species. Plos One 7:e37135. https://doi.
org/10.1371/journal.pone.0037135

Picardi E, and Pesole G. 2012. Mitochondrial genomes 
gleaned from human whole-exome sequencing. 
Natural Methods 9:523–524. https://doi.org/10.1038/
nmeth.2029

Quintero-Galvis JF, Saenz-Agudel P, Délia G, and Nespolo 
RF. 2024. Local adaptation of Dromiciops marsupials 
(Microbiotheriidae) from southern South America: 
implications for species management facing climate 
change. Ecology and Evolution 14:e70355. https://doi.
org/10.1002/ece3.70355

Ramírez-García JG, Maciel-Torres SP, Hernández-Rodríguez 
M, Arenas-Báez P, Orzuna-Orzuna JF, and Granados-
Rivera LD. 2025. Non-invasive sampling for population 

genetics of wild terrestrial mammals (2015-2025): 
a systematic review. Diversity 17:760. https://doi.
org/10.3390/d17110760

Raxworthy CJ, and Smith BT. 2021. Mining museums for 
historical DNA: advances and challenges in museomics. 
Trends in Ecology & Evolution 36:1049–1060. https://doi.
org/10.1016/j.tree.2021.07.009

Rocamontes-Morales JA, Baeza JA, Martínez-Cárdenas A, 
Ortega J, and Castellanos-Morales G. 2025. Mitochondrial 
selection and evolutionary insights into nectarivory in 
Glossophaginae (New world leaf-nosed bats). Molecular 
Biology Reports 52:720. https://doi.org/10.1007/s11033-
025-10782-y

Ruiz-García M, Cáceres AM, Luengas-Villamil K, Aliaga-
Rossel E, Zeballos H, Singh MD, et al. 2022. Mitogenomic 
phylogenetics and population genetics of several taxa 
of agouties (Dasyprocta sp., Dasyproctidae, Rodentia): 
molecular nonexistencie of some claimed endemic taxa. 
Mammal Research 67:367–397. https://doi.org/10.1007/
s13364-022-00626-6

Ruppert KM, Kline RJ, and Rahman MS. 2019. Past, present, 
and future perspectives of environmental DNA (eDNA) 
metabarcoding: a systematic review in methods, 
monitoring, and applications of global eDNA. Global 
Ecology and Conservation 17:e00547. https://doi.
org/10.1016/j.gecco.2019.e00547 

Russello MA, Waterhouse MD, Etter PD, and Johnson EA. 
2015. From promise to practice: pairing non-invasive 
sampling with genomics in conservation. PeerJ 3:e1106. 
https://doi.org/10.7717/peerj.1106

Schlötterer C. 2004. The evolution of molecular markers – 
just a matter of fashion? Nature Reviews Genetics 5:63–
69. https://doi.org/10.1038/nrg1249

Seeber PA, and Epp LS. 2022. Environmental DNA and 
metagenomics of terrestrial mammals as kwystone taxa 
of recent and past ecosystems. Mammal Review 52:538–
553. https://doi.org/10.1111/mam.12302

Selkoe KA, and Toonen RJ. 2006. Microsatellites for 
ecologists: a practical guide to using and evaluating 
microsatellite markers. Ecology Letters 9:615–629. 
https://doi.org/10.1111/j.1461-0248.2006.00889.x

Shafer ABA, Wolf JBW, Alves PC, Bergström L, Bruford MW, 
Brännström I, et al. 2015. Genomics and the challenging 
translation into conservation practice. Trends in 
Ecology & Evolution 30:78–87. https://doi.org/10.1016/j.
tree.2014.11.009

Shen YY, Liang L, Zhu ZH, Zhou WP, Irwin DM, and Zhang 
YP. 2010. Adaptive evolution of energy metabolism 
genes and the origin of flight in bats. Proceedings of 
the National Academy of Science USA 107:8666–8671. 
https://doi.org/10.1073/pnas.0912613107

Simon SA, Zhai J, Nandety RS, McCormick KP, Zeng J, Mejia 
D, et al. 2009. Short-read sequencing technologies 
for transcriptional analyses. Annual Reviews in Plant 
Biology 60:305–333. https://doi.org/10.1146/annurev.
arplant.043008.092032 

https://doi.org/10.30476/jhsss.2020.84774.1042
https://doi.org/10.30476/jhsss.2020.84774.1042
https://doi.org/10.1093/bib/bbaa429
https://doi.org/10.1007/978-1-60327-367-1_12
https://doi.org/10.1007/978-1-60327-367-1_12
https://doi.org/10.1016/j.exger.2014.03.027
https://doi.org/10.1111/mec.14792
https://doi.org/10.1111/mec.14792
https://doi.org/10.1016/j.tig.2010.01.001
https://doi.org/10.1111/2041-210X.12775
https://doi.org/10.1111/2041-210X.12775
https://doi.org/10.1111/j.1749-6632.2010.05765.x
https://doi.org/10.1111/j.1749-6632.2010.05765.x
https://doi.org/10.1093/jhered/esae072
https://doi.org/10.1093/jhered/esae072
https://doi.org/10.1371/journal.pone.0037135
https://doi.org/10.1371/journal.pone.0037135
https://doi.org/10.1038/nmeth.2029
https://doi.org/10.1038/nmeth.2029
https://doi.org/10.1002/ece3.70355
https://doi.org/10.1002/ece3.70355
https://doi.org/10.3390/d17110760
https://doi.org/10.3390/d17110760
https://doi.org/10.1016/j.tree.2021.07.009
https://doi.org/10.1016/j.tree.2021.07.009
https://doi.org/10.1007/s11033-025-10782-y
https://doi.org/10.1007/s11033-025-10782-y
https://doi.org/10.1007/s13364-022-00626-6
https://doi.org/10.1007/s13364-022-00626-6
https://doi.org/10.1016/j.gecco.2019.e00547 
https://doi.org/10.1016/j.gecco.2019.e00547 
https://doi.org/10.7717/peerj.1106
https://doi.org/10.1038/nrg1249
https://doi.org/10.1111/mam.12302
https://doi.org/10.1111/j.1461-0248.2006.00889.x
https://doi.org/10.1016/j.tree.2014.11.009
https://doi.org/10.1016/j.tree.2014.11.009
https://doi.org/10.1073/pnas.0912613107
https://doi.org/10.1146/annurev.arplant.043008.092032 
https://doi.org/10.1146/annurev.arplant.043008.092032 


www.mastozoologiamexicana.org   189

Castellanos-Morales et al.

Smeds L, Huson LSA, and Ellegren H. 2024. Structural genomic 
variation in the inbred Scandinavian wolf population 
contributes to the realized genetic load but is positively 
affected by immigration. Evolutionary Applications 
17:e13652. https://doi.org/10.1111/eva.13652

Soares P, Abrantes D, Rito T, Thomson N, Radivojac P, Li 
B, et al. 2013. Evaluating purifying selection in the 
mitochondrial DNA of various mammalian species. 
Plos One, 8:e58993. https://doi.org/10.1371/journal.
pone.0058993

Stahlke AR, Epstein B, Barbosa S, Margres MJ, Patton A, 
Hendricks SA, et al. 2021. Contemporary and historical 
selection in Tasmanian devils (Sarcophilus harrisii) support 
novel, polygenic response to transmissible cancer. 
Proceedings of the Royal Society B 288(1951):2021.0577. 
https://doi.org/10.1098/rspb.2021.0577

Sunnucks P. 2000. Efficient genetic markers for population 
biology. Trends in Ecology and Evolution 15:199–203. 
https://doi.org/10.1016/S0169-5347(00)01825-5

Supple MA, and Shapiro B. 2018. Conservation of biodiversity 
in the genomics era. Genome Biology 19:131. https://doi.
org/10.1186/s13059-018-1520-3f

Tarlinton RE, Fabijan J, Hemmatzadeh F, Meers J, Owen 
H, Sarker N, et al. 2021. Transcriptomic and genomic 
variants between koala populations reveal underlying 
genetic components to disorders in a bottlenecked 
population. Conservation Genetics 22:329–340. https://
doi.org/10.1007/s10592-021-01340-7

Tettelin H, and Medini D, editors. 2020. The pangenome: 
diversity, dynamics and evolution of genomes. Cham 
(CHE): Springer International Publishing. [accessed 2024 
Sep 25]. https://link.springer.com/10.1007/978-3-030-
38281-0

Theissinger K, Fernandes C, Formenti G, Bista I, Berg 
PR, Bleidorn C, et al. 2023. How genomics can help 
biodiversity conservation. Trends in Genetics 39:545–
559. https://doi.org/10.1016/j.tig.2023.01.005

Thomsen PF, and Willerslev E. 2015. Environmental DNA – 
an emerging tool in conservation for monitoring past 
and present biodiversity. Biological Conservation 183:4–
18. https://doi.org/10.1016/j.biocon.2014.11.019

Tiwari S, and Rajwanshi R. 2022. Overview of omics-assisted 
techniques for biodiversity conservation. In: Kumar A, 
Choudhury B, Dayanandan S, and Khan ML, editors. 
Molecular genetics and genomics tools in biodiversity 
conservation. Cham (CHE): Springer; p 63–78. https://
doi.org/10.1007/978-981-16-6005-4_4

Toews DPL, and Brelsford A. 2012. The biogeography of 
mitochondrial and nuclear discordance in animals. 
Molecular Ecology 21(16):3907–3930. https://doi.
org/10.1111/j.1365-294X.2012.05664.x

Trego ML, Whitehead A, Kellar NM, Lauf M, and Lewison RL. 
2019. Tracking transcriptomic responses to endogenous 
and exogenous variation in cetaceans in the Southern 
California Bight. Conservation Physiology 7:coz018. 
https://doi.org/10.1093/conphys/coz018

Uliano-Silva M, Ferreira JGRM, Krasheninnikova K, Darwin 
Tree of Life Consortium, Formenti G, Abueg L, et al. 
2023. MitoHiFi: a python pipeline for mitochondrial 
genome assembly from PacBio high fidelity reads. BMC 
Bioinformatics 24:288. https://doi.org/10.1186/s12859-
023-05385-y

Uvizl M, Puechmaille SJ, Power S, Pippel M, Carthy S, Haerty 
W, et al. 2023. Comparative genome microsynteny 
illuminates the fast evolution of nuclear mitochondrial 
segments (NUMTs) in mammals. Molecular Biology and 
Evolution 41:msad278. https://doi.org/10.1093/molbev/
msad278

Vanderwolf KJ, Campbell LJ, Goldberg TL, Blehert DS, and 
Lorch JM. 2021. Skin fungal assemblages of bats vary 
based on susceptibility to white-nose syndrome. The 
ISME Journal 15:909–920. https://doi.org/10.1038/
s41396-020-00821-w 

Wanniarachchi S, Swan M, Nevil P, and York A. 2022. Using 
eDNA metabarcoding to understand the effect of fire on 
the diet of small mammals in a woodland ecosystem. 
Ecology and Evolution 12:e9457. https://doi.org/10.1002/
ece3.9457

Wang T, Antonacci-Fulton L, Howe K, Lawson HA, Lucas 
JK, Phillippy AM, et al. 2022. The Human Pangenome 
Project: a global resource to map genomic diversity. 
Nature 604:437–446. https://doi.org/10.1038/s41586-
022-04601-8

Wang Z, Gerstein M, and Snyder M. 2009. RNA-Seq: a 
revolutionary tool for transcriptomics. Nature Reviews 
Genetics 10:57–63. https://doi.org/10.1038/nrg2484

Wang L, Huang G, Li G, Yuan S, and Wei F. 2025. Updating 
conservation metagenomics on the gut microbiome of 
threatened mammals. IScience 28:113000. https://doi.
org/10.1016/j.isci.2025.113000

Weeks BC, Klemz M, Wada H, Darling R, Dias T, O’Brien 
BK, et al. 2022. Temperature, size and developmental 
plasticity in birds. Biology Letters 18:20220357. http://
doi.org/10.1098/rsbl.2022.0357

Whelan FJ, Hall RJ, and McInerney JO. 2021. Evidence for 
selection in the abundant accessory gene content of 
a prokaryote pangenome. Agashe D, editor. Molecular 
Biology and Evolution 38:3697–3708. https://doi.
org/10.1093/molbev/msab139

Whibley A, Kelley JL, and Narum SR. 2021. The changing face 
of genome assemblies: Guidance on achieving high‐
quality reference genomes. Molecular Ecology Resources 
21:641–652. http://doi:10.1111/1755-0998.13312

Whiteley AR, Fitzpatrick SW, Funk WC, and Tallmon DA. 2010. 
Genetic rescue to the rescue. Trends in Ecology & Evolution 
30:42–49. https://doi.org/10.1016/j.tree.2014.10.009

Wold J, Koepfli K-P, Galla SJ, Eccles D, Hogg CJ, Le Lec MF, 
et al. 2021. Expanding the conservation genomics 
toolbox: incorporating structural variants to enhance 
genomic studies for species of conservation concern. 
Molecular Ecology 30:5949–5965. https://doi.org/10.1111./
mec.16141

https://doi.org/10.1111/eva.13652
https://doi.org/10.1371/journal.pone.0058993
https://doi.org/10.1371/journal.pone.0058993
https://doi.org/10.1098/rspb.2021.0577
https://doi.org/10.1186/s13059-018-1520-3f
https://doi.org/10.1186/s13059-018-1520-3f
https://doi.org/10.1007/s10592-021-01340-7
https://doi.org/10.1007/s10592-021-01340-7
https://link.springer.com/10.1007/978-3-030-38281-0
https://link.springer.com/10.1007/978-3-030-38281-0
https://doi.org/10.1016/j.tig.2023.01.005
https://doi.org/10.1016/j.biocon.2014.11.019
https://doi.org/10.1007/978-981-16-6005-4_4
https://doi.org/10.1007/978-981-16-6005-4_4
https://doi.org/10.1111/j.1365-294X.2012.05664.x
https://doi.org/10.1111/j.1365-294X.2012.05664.x
https://doi.org/10.1093/conphys/coz018
https://doi.org/10.1186/s12859-023-05385-y
https://doi.org/10.1186/s12859-023-05385-y
https://doi.org/10.1093/molbev/msad278
https://doi.org/10.1093/molbev/msad278
https://doi.org/10.1038/s41396-020-00821-w 
https://doi.org/10.1038/s41396-020-00821-w 
https://doi.org/10.1002/ece3.9457
https://doi.org/10.1002/ece3.9457
https://doi.org/10.1038/s41586-022-04601-8
https://doi.org/10.1038/s41586-022-04601-8
https://doi.org/10.1038/nrg2484
https://doi.org/10.1016/j.isci.2025.113000
https://doi.org/10.1016/j.isci.2025.113000
http://doi.org/10.1098/rsbl.2022.0357
http://doi.org/10.1098/rsbl.2022.0357
https://doi.org/10.1093/molbev/msab139
https://doi.org/10.1093/molbev/msab139
http://doi:10.1111/1755-0998.13312
https://doi.org/10.1016/j.tree.2014.10.009
https://doi.org/10.1111./mec.16141
https://doi.org/10.1111./mec.16141


THERYA Vol. 17 (2): 171-190190

GENOMICS IN MAMMALS

Xu Q, Xing S, Zhu C, Liu W, Fan Y, Wang Q, et al. 2014. 
Population transcriptomics reveals a potentially positive 
role of expression diversity in adaptation. Journal 
of Integrative Plant Biology 57:284–299. https://doi.
org/10.1111/jipb.12287

Xu Q, Zhu C, Fan Y, Song Z, Xing S, Liu W, et al. 2016. 
Population transcriptomics uncovers the regulation of 
gene expression variation in adaptation to changing 
environment. Scientific Reports 6:25536. https://doi.
org/10.1038/srep25536

Xue Y, Prado-Martinez J, Sudmant PH, Narasimhan V, Ayub 
Q, Szpak M, et al. 2015. Mountain gorilla genomes 
reveal the impact of long-term population decline 
and inbreeding. Science 348:242–245. https://doi.
org/10.1126/science.aaa3952

Yang F, Ding F, Chen H, He M, Zhu S, Ma X, et al. 2018. DNA 
Barcoding for the identification and authentication of 
animal species in traditional medicine. Evidence-Based 
Complementary and Alternative Medicine 2018:5160254. 
https://doi.org/10.1155/2018/5160254

Yeaman S. 2022. Evolution of polygenic traits under global 
vs local adaptation. Genetics 220:iyab134. https://doi.
org/10.1093/genetics/iyab134.

Yu X, Chen F, Chen Z, Wei P, Song X, Liu C, et al. 2023. Genetic 
diversity and gene expression diversity shape the 
adaptive pattern of the aquatic plant Batrachium bungei 
along an altitudinal gradient on the Qinghai-Tibet 
plateau. Plant Molecular Biology 111:275–290. https://
doi.org/10.1007/s11103-022-01326-0

Zhang D-X, and Hewitt GM. 1996. Nuclear integrations: 
challenges for mitochondrial DNA markers. Trends 
in Ecology & Evolution 11:247–251. https://doi.
org/10.1016/0169-5347(96)10031-8

Associated editors: Giovani Hernández Canchola and Pablo 
Colunga Salas
Submitted: November 11, 2025; Reviewed: December 17, 2025
Accepted: March 21, 2026; Published online: May 29, 2026

https://doi.org/10.1111/jipb.12287
https://doi.org/10.1111/jipb.12287
https://doi.org/10.1038/srep25536
https://doi.org/10.1038/srep25536
https://doi.org/10.1126/science.aaa3952
https://doi.org/10.1126/science.aaa3952
https://doi.org/10.1155/2018/5160254
https://doi.org/10.1093/genetics/iyab134.
https://doi.org/10.1093/genetics/iyab134.
https://doi.org/10.1007/s11103-022-01326-0
https://doi.org/10.1007/s11103-022-01326-0
https://doi.org/10.1016/0169-5347(96)10031-8 
https://doi.org/10.1016/0169-5347(96)10031-8 

	_Int_y0CqeybS
	_Int_fIMgz4ne
	_Int_MeGyq1Kp
	_Int_SejxVSBl
	_Int_CxB0mr4Z
	_Int_dOcM3veD
	_Int_9TokzRy9
	_Int_KAQeZeCS
	_Int_eJkZFofR
	_Int_fT5AzQMG
	_Int_WgRA3VTB
	_Int_4jOEkpI8

	ORCID de Carlos A: 
	 Barrera: 

	ORCID de Katia Hernández-Bolaños: 
	ORCID de Jesús Antonio Rocamontes-Morales: 
	ORCID de Anahí Canedo-Téxon: 
	ORCID de Gabriela Castellanos-Morales: 
	ORCID de Jorge Ortega: 


