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Abstract 

Paleogenomics, an interdisciplinary blend of paleontology and genomics, has revolutionized our 

understanding of ancient DNA and its applications across various fields. In Animal Genetics and 

Breeding, this field has emerged as a pivotal tool providing invaluable insights into the historical 

genetics of domesticated animals. By reconstructing and analyzing the genomes of long-extinct 

organisms, paleogenomics sheds light on genetic diversity, evolutionary dynamics, and adaptations of 

ancient species. Paleogenomics significantly impacts animal breeding by uncovering the genetic 

heritage of livestock animals like cattle, pigs, sheep, and chickens. The ancient DNA study also 

contributes to understanding genetic adaptations and disease resistance. By comparing ancient and 

modern genomes, researchers discern historical genetic changes that conferred resilience and 

adaptation to specific environments. The knowledge of past genetic variations helps guide selective 

breeding efforts in present animal populations. It enables the rediscovery of lost genetic variations due 

to human-driven selection and bottlenecks, helping create breeding and conservation plans that 

prioritize diversity. Although challenges exist in working with fragmented and degraded ancient DNA, 

advancements in sequencing technologies and extraction methods provide hope for overcoming these 

obstacles. Furthermore, the reconstruction of genomes from extinct species holds promise for 

conservation efforts and may restore genetic diversity. As paleogenomics advances, the potential to 

refine techniques and extract even older DNA samples promises a deeper understanding of genetic 

variants and the evolution of the human genome over time. 
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INTRODUCTION 

Our understanding of ancient DNA and its uses in numerous fields has been transformed by 

paleogenomics, an interdisciplinary study that blends paleontology with genomics. Paleogenomics has 

recently become particularly relevant to animal breeding, giving researchers crucial new insights into 

the past genetics of domesticated animals. Researchers have developed better breeding techniques to 

increase production, disease resistance, and overall 

animal welfare by using ancient DNA samples to 

shed light on the origins, evolution, and diversity of 

cattle. 

 

WHAT IS PALEOGENOMICS? 

Paleogenomics is the science of reconstructing 

and analyzing the genomes of organisms that are not 

alive in the present day [1]. Paleogenomics is a field 

of study that combines the disciplines of genomics 

and paleontology to explore the genetic makeup and 

evolutionary history of ancient organisms. It 

provides valuable insights into the genetic diversity, 

population dynamics, and adaptations of species 

that lived in the past. By extracting and analyzing 

DNA from ancient remains, researchers can 

reconstruct the genomes of extinct animals, 
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shedding light on their relationships with modern species and uncovering the genetic basis of 

evolutionary changes. In the context of animal genetics and breeding, paleogenomics offers a unique 

perspective on the genetic heritage of domesticated animals, the origins of desirable traits, and the 

potential for reintroducing extinct genetic variations into modern populations. 

 

RECONSTRUCTION OF PALEOGENOMES 

The isolation and sequencing of aDNA are the first stages towards rebuilding a paleogenome. This 

necessitates the extraction of aDNA, library preparation, any necessary enrichment (capture-based 

target enrichment), and sequencing. 

 

Ancient DNA Extraction 

To extract aDNA, numerous techniques have been devised [2]. The majority of these call for the 

samples to first be broken down (lysed), which is accomplished using various techniques depending on 

the kind of tissue that needs to be processed. When hydroxyapatite and collagen are broken down by 

proteinase K and ethylenediaminetetraacetic acid (EDTA), the lysis of bone cells most frequently occurs 

[3, 4]. In a stabilized buffer containing sodium dodecyl sulfate (SDS), dithiothreitol (DTT), and 

proteinase K, which will break down keratin of hair cells [5, 6]. 

 

DNA Library Preparation 

Each aDNA fragment needs to be slightly altered so that the sequencing platform can detect it before 

the extracted aDNA fragments can be sequenced. "Library preparation" refers to the process of adding 

platform-specific sequences (adapters) to the ends of each DNA molecule as a kind of modification. 

Although platform-specific kits are available and can be used to prepare libraries, protocols have been 

created that are specifically suited to the problems (such as damage) that are frequently encountered 

with aDNA. The technique created by Meyer and Kircher [7] is the most popular way to get aDNA 

ready for sequencing on the Illumina platform. In this approach, single-stranded overhangs are first 

removed or filled in to create double-stranded ends for each DNA fragment, a step known as blunt-

ending. The blunt-ended DNA molecules are then ligated to short Y-shaped adapters, and the single-

stranded ends of the adapters are filled in to create double-stranded DNA fragments. Finally, a pair of 

single-stranded DNA sequences (oligonucleotides) that bind to the adapter sequence are employed in 

PCR to amplify the adapter-ligated DNA molecules. Each DNA fragment in the library is given an 

index by use of a "indexing PCR" that also adds a sample-specific adaptor 

 

Assembly and Analysis of a Paleogenome 

Sequence data must be prepared for mapping, mapped to a reference genome, and subjected to a 

number of quality checks before being assembled into a paleogenome. It is common practice to combine 

paired-end reads, trim adapter sequences, eliminate low-complexity and short reads, and divide the 

pooled data into sample-specific data sets depending on index before producing aDNA sequence data 

for mapping to a reference genome [8, 9]. 

 

Paleogenomes are constructed by mapping short reads to evolutionary nearby and previously 

assembled reference genomes rather than by using overlapping short reads to create an assembly 

without a reference genome (de novo assembly), as aDNA tends to be very fragmented. Software 

designed specifically for the reference-guided assembly of aDNA, for instance, has been created by 

explicitly taking into account the likelihood that deaminated bases will occur close to the ends of 

sequence reads [10]. 

 

Paleogenomes can be used to investigate a wide range of biological issues, such as demography [11–

13], admixture and gene flow [12–16], the relationships between ancient and modern individuals [12–

20], evolutionary rates [13, 21, 22], how genotype relates to phenotype [12, 13, 22–25], and how genes 

are regulated [26, 27]. 
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PALEOGENOMICS AS A GATEWAY TO THE PAST 

The retrieval, sequencing and study of DNA from prehistoric species are the main goals of 

paleogenomics. Scientists can now recover genetic material from ancient materials like bones, teeth, 

and hair, even if they are thousands of years old due to advancements in high-throughput sequencing 

methods. Researchers can learn a lot about the genetic makeup of ancient populations and their links to 

contemporary species by comparing the retrieved ancient DNA with the genomes of living things. 

Bergström et al. [28] examined the genomic data of ancient and modern dog populations discovered 

that dogs from the Americas had a complex genetic history, with multiple waves of migration and 

interbreeding with other populations. This study highlights how paleogenomics can uncover hidden 

aspects of the evolutionary past and refine our understanding of animal populations. 

 

ANCIENT DNA AND ANIMAL BREEDING 

The study of ancient DNA has completely changed the area of animal breeding as it offers a window 

into the genetic past of domesticated animals. It enables researchers to look into the genetic diversity 

and ancestry of numerous livestock animals, such as chickens, pigs, sheep, and cattle. Researchers are 

able to pinpoint genetic variations that have been lost or artificially selected over time by analyzing the 

genetic composition of ancient populations. Breeders are now better equipped to make choices that will 

preserve genetic variety and improve desired features. Orlando et al. [21] investigated the origins of 

modern domestic horses by analyzing ancient DNA from horses that lived thousands of years ago. The 

researchers found that the genetic diversity of domestic horses declined during the last 2,000 years, 

suggesting strong selective pressures related to human breeding practices. 

 

TRACING ANCESTRAL LINEAGES 

In order to determine the origins of domesticated animals, paleogenomics has proved extremely 

helpful. Researchers have discovered where many cattle species originated and how they migrated using 

ancient DNA analysis. Studies have shown, for instance, that modern European cow breeds can be 

linked to a tiny herd of domesticated cattle that originated in the Near East more than 10,000 years ago 

[29]. With the use of these insights, breeders are better able to identify particular genetic lineages that 

carry qualities they want in offspring and include them in breeding programs (Figure 1). 

 

GENETIC ADAPTATIONS AND DISEASE RESISTANCE 

Important details on genetic adaptations and disease resistance in domestic animals are also revealed 

by ancient DNA study. Scientists can determine historical genetic modifications that have increased 

disease resistance or adaption to particular settings by comparing ancient and modern genomes. For 

example, genetic variations linked to qualities like speed and endurance have been found in ancient 

horse genomes, and these findings are useful for present horse breeds' selective breeding efforts [21]. 

 

CONSERVATION AND GENETIC DIVERSITY 

The long-term viability of animal populations depends on maintaining genetic variety. In order to 

locate genetic variations that have vanished as a result of human selection or population bottlenecks, 

paleogenomics is essential. By examining ancient DNA, scientists can locate and save genetic variation 

that could have vanished in modern populations. The danger of inbreeding and its related health 

problems can be decreased by using this knowledge to create breeding plans and conservation policies 

that prioritize genetic variety. Murray et al. [30] focused on the extinct passenger pigeon and 

successfully reconstructed its genome using paleogenomic techniques. The researchers found that the 

passenger pigeon had high genetic diversity before its extinction, emphasizing the potential of 

paleogenomics in guiding future de-extinction efforts and preserving genetic variation in endangered 

species. 

 

CHALLENGES AND FUTURE DIRECTIONS 

Even while paleogenomics has come a long way, there are still certain difficulties. The extraction 

and sequencing of ancient DNA can be difficult since it is sometimes severely fragmented and polluted. 
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Additionally, there are restrictions on getting ancient DNA samples from specific areas or eras, which 

can affect how thorough genetic investigations can be. But there is hope for overcoming these 

difficulties because ongoing advancements in sequencing technologies and enhanced strategies for 

ancient DNA extraction. 

 

 
Figure 1. A pipeline for generating ancient DNA molecules for sequencing and paleogenomic  

analysis [1]. 

 

CONCLUSION 

By revealing the genetic background of domesticated animals, paleogenomics has created new 

possibilities for animal breeding. Breeders can choose features that improve adaptability and 

sustainability in the face of changing climates by making use of the insights gleaned from ancient DNA. 

Additionally, paleogenomics can aid in attempts to save genetic diversity and stop extinction. Through 

the study of ancient DNA, researchers can rebuild the genomes of extinct or threatened species and 

possibly restore their genetic material into populations that are closely related to them. This strategy 

may increase the health and chances of survival of endangered animals while restoring genetic diversity. 

 

Future research will concentrate on improving procedures for extracting and sequencing ancient 

DNA as paleogenomics advances. Technology advancements will make it possible to analyze even 

older samples and get more complete genomes. This will further help to pinpoint the important genetic 

variants linked to desirable qualities and gain a more complete picture of how the human genome has 

evolved over time. 
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