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ABSTRACT: Developments in genomics technologies and medicines have had revolutionized the 

process of diagnosis and treatment of diseases in humans, cattle, poultry and other animals. Advances 

in genome sequencing and other development like editing and annotation have made it possible not 

only to understand and treat the genetic diseases and disorders successfully but also help to apply 

genetic information as advanced data, cloud computing, analytic, infrastructure, and regulation leading 

to precision in medical profession and livestock farming. This have enabled medical professionals and 

scientists to have a deep awareness of the health and welfare features of different human and animals 

populations. The present review highlights the role of genomics medicines in improving the health and 

welfare of humans, poultry, and cattle by preventing genetic diseases through improving inherited 

characteristics (using technologies like CRISPR technology, genomics selection, and gene editing) and 

the developing advanced modified treatment programs according to genetics background of human and 

animals populations. The review also outlines the challenges and ethical concerns driving through 

these innovations and advancements. 
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INTRODUCTION 

 Over the past few decades advanced 

technologies are developing to understand and control the 

health of humans and animals due to which significant 

improvements have been made in genetics in contrast to 

the past (Abbas, 2007; Waheed et al., 2015; Cao et al. 

2024). A study by Khan et al. (2023) reported that 

advanced sequencing and computer technology have 

made it possible to look at the genomes of different 

organisms to find genetic traits linked to many serious 

diseases. Wiggans and Carrillo (2022) revealed that 

genetic information is used to help doctors make 

decisions to treat patients. According to Jonathan et al. 

(2012), it has become an important tool for finding 

genetic diseases, suggesting better personal treatments, 

and exploring methods to prevent diseases in a better 

way. The effects of genomics technology (functional 

genomics, genome editing and DNA sequencing) not 

only can be seen in human health area but it also 

including animal farming i.e. raising of cattle and poultry 

(Wiggans et al., 2012; Kent, 2017; Guo et al., 2021). 

  Genomics medicine has changed the human 

medical and health intervention to disease diagnosing and 

treatment (Roth, 2019;Khoury, 2017). By knowing 

genetic mutations/variations that cause diseases, scientists 

can diagnose circumstances at an earliest stage, often 

before the onset of symptoms when the problem is more 

treatable. This detection of genetic disorders or diseases 

at their early stages is important in conditions like cystic 

fibrosis, hereditary cancers, and metabolic disorders, and 

neurological problems like Huntington's disease etc. 

(Aguiar et al., 2017; Ali & Jacobsen, 2020; Pena et al., 

2020; Yilmaz et al., 2020; Lomunova and Gershovich, 

2023). Moreover, genomes sequencing of patients helps 

scientists/clinicians finding individuals who have more 

threat to specific diseases hence these patients can 

provide help by advising certain preventive measures 
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and/or early treatments (Bagger et al., 2024; Kingsmore 

and Saunders, 2011). Advising medicines as per 

individual's specific genomics profile is the most 

effective treatment strategy in current modern age. For 

example, pharmaco-genomics (the study of how genes 

influence a person's response to drugs) has led to safer 

and more effective medications, decreasing adverse drug 

reactions and improving treatment efficacy 

(Weinshilboum and Wang, 2017). This approach 

confirms that therapies are improved for the unique 

genetic makeup of each individual, making treatments 

more targeted and less trial-and-error-based.  

 Genomics medicine is also boosting the 

development of gene therapies, which seek to cure/treat 

genetic disorders by either replacing and/or correcting 

faulty genes in a person's cells (Sarkar et al., 2020; 

Gonçalves and Paiva, 2017). Technologies such as 

CRISPRCas9 have speeded progress in gene editing, 

proposing a precise method of rectifying mutations at the 

DNA level (Singh et al., 2021; Koslová et al., 2020; Min 

et al., 2019). Gene therapies have the potential to treat 

genetic disorders that yet have been known to be 

irreversible i.e. Duchenne muscular dystrophy (Salter & 

Stevens, 2017), certain types of inherited blindness and 

hemophilia (FDA, 2017; Johnston and McNally, 2021; 

Braga et al., 2022; Deneault, 2024). Beyond human 

health, the use of genomics technologies in livestock and 

poultry holds the potential answer to a host of aggro-food 

security issues confronting agriculture. The use of 

genomics in animal breeding offers new avenues for 

enhancing the productivity and disease resistance 

attributes of farm animals. Genomics selection enables 

livestock breeders such as in cattle, pigs, and sheep to 

recognize animals much earlier as being more promising 

due to the existence of traits, which might be related to 

higher growth rates, milk yield, or even better feed 

conversion efficiency (Mueller and Van Eenennaam, 

2022; Kramer and Meijboom,2022). Similarly, the 

application of genomics medicine has been aimed at 

developing genetic markers that have implications for 

disease resistance (Sharpe and Carter, 2006), hence 

providing breeding alternatives that are less prone to 

common diseases. For example, genomics testing in 

cattle can identify natural disease-resistance factors such 

as mastitis in dairy farms, while the more significant 

application in poultry has been to breed birds that are 

resistant to avian influenza among other infectious 

diseases (Stone et al., 1985).  

 Besides achieving resistance to diseases, 

genomics is also helpful in developing efficient, 

sustainable, and environmentally healthy farming 

practices. This can be achieved by genomics selection for 

improved feed efficiency which results in a reduced input 

of resources used per unit of production. Genomics tools 

also help in monitoring animal welfare by identifying 

traits associated with resistance (against diseases and 

stress) and general health, ensuring that animals are 

raised in conditions that support their well-being.  

 Genomics technologies also play a crucial role 

in addressing the global challenges posed by infectious 

diseases through the integration of these technologies in 

livestock and poultry breeding programs. The threat from 

zoonotic diseases, which are the ones that can be 

transferred from animals to humans, continues to grow, 

so breeding animals with increased resistance to diseases 

is of great importance. Genomics medicine presents the 

tool for the discovery of genetic variations conferring 

resistance to diseases such as African swine fever, foot-

and-mouth disease, and avian influenza. With this 

information, farmers and breeders can produce harder 

herds and flocks that will respond less and less to the 

need for pharmaceutical interventions like antibiotics, 

further helping in curbing this growing issue of 

antimicrobial resistance.  

 The review outlines the parallels as well as the 

unique challenges that might be involved with the 

application of genomics medicine in the health care of 

humans, animals, and birds. Though the technologies 

differ, the underlying principles remain common to both.  

 In each context, however, specific challenges 

arise. Human health raises questions about privacy, 

consent, and genetic discrimination as genomics data is 

integrated into healthcare systems (Oliver, 2017). In 

livestock and poultry, welfare concerns, environmental 

impacts, and ethical issues associated with genetic 

modification need careful consideration. Nevertheless, 

the benefits of genomics medicine whether in improving 

human health outcomes, enhancing agricultural 

productivity, or ensuring food security are undeniable. As 

genomics technologies continue to advance, the potential 

for improving both individual and societal health is vast.  

The Role of Genomics Medicine in Human Health: 

Genetic Diagnosis and Personalized Medicine: In 

human healthcare, the application of genomics medicine 

has fundamentally changed personalized medicine 

(Rahman and Barwell, 2024) and how genetic diseases 

are diagnosed and treated (National Human Genome 

Research Institute, 2024). The identification of genetic 

mutations responsible for diseases such as cystic fibrosis 

(Ali & Jacobsen, 2020), sickle cell anemia, and 

Huntington's disease has led to more accurate and earlier 

diagnoses (Yilmaz et al., 2020; Lomunova and 

Gershovich, 2023; Pena et al., 2020). Genomics 

sequencing, particularly whole-genome and exome 

sequencing, allows clinicians to identify mutations at an 

individual level, enabling more personalized treatment 

strategies (Carver et al., 2021). Clinical genetics 

investigates the causes of disease within families, 

personalized medicine envisages promising responses to 

managing the diseases in individuals whereas the 

genomics approach forecasts the future risks using 
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integrating wide-ranging datasets with therapeutic and 

health outcomes (Rahman and Barwell, 2024) also 

minimizes adverse reactions by tailoring treatments based 

on genetic profiles. This involves everything from 

understanding our biological history to mathematical 

algorithms that connect our DNA code to our postcode 

whilst also integrating whole genome sequencing, 

biochemistry, radiology, body mass index, phenotyping 

data, alcohol consumption, and even information about 

exercise and sleep (Rahman and Barwell, 2024). Possible 

uses of genomics interventions to treat human genetic 

recessive disorders are shown in Table 1. Genomic 

medicine has advanced the understanding of complex 

diseases (diabetes, cancer, heart diseases, etc.) that 

involve multiple environmental and lifestyle factors 

(Michalek et al., 2024; Johansson et al., 2023). The 

identification of genetic susceptibilities allows for 

targeted interventions, early screening, and preventive 

measures that can significantly reduce disease risk and 

improve quality of life (Smith et al., 2023). 

Pharmacogenomics: The study of how genes affect an 

individual’s response to drugs (Pharmacogenomics), has 

made significant developments in genomics medicine 

(Qahwaji et al., 2024). Variations exist in genes encoding 

for drug-metabolizing enzymes (Zhou and Lauschke, 

2022) receptors (Adams, 2008), and transporters (Sissung 

et al., 2014) that can affect the safety and efficacy of 

medications (Tian et al., 2022) i.e., patients with certain 

genetic variants might metabolize drugs more slowly 

(Roden et al., 2011), resulting to high concentrations of 

the drug in the body leading to an increased threat of side 

effects. On the other hand, a person having varying genes 

to metabolize drugs too quickly may have reduced 

therapeutic effects. Therefore, by incorporating 

pharmacogenomic knowledge into clinical practice, 

doctors can prescribe the precise medication at the true 

dose for each patient, thus helping to minimize the harm 

and improve treatment outcomes.  

Gene Therapy: Gene therapy involves altering the 

genetic material within a person’s cells to treat and/or 

prevent diseases (Kumar, 2007; Gonçalves and Paiva, 

2017). It has emerged as one of the most exciting 

frontiers in genomics medicine, which holds the potential 

to treat genetic disorders that presently have no treatment, 

i.e., hemophilia, Duchenne muscular dystrophy 

(Espenhain et al., 2019), and certain forms of blindness 

(Hasanzad et al., 2021). Possible uses of genomics 

medicine tools and their application to treat human 

genetics recessive disorders are shown in Table 2. Gene 

therapy involves the addition of functional genes to 

exchange defective ones, the use of gene editing to 

correct mutations, and/or the quieting of problematic 

genes (Gupta and Shukla, 2017). The use of advanced 

technologies like CRISPR-Cas9 has enhanced the 

development of gene therapies, proposing more efficient 

and precise ways of rectifying genetic defects at the 

molecular level. 

GENOMIC MEDICINE IN LIVESTOCK AND 

POULTRY HEALTH  

Genomics Selection in Livestock: Genomics selection 

is a key application of genomics medicine in livestock 

production and genomics selection lets more accurate and 

efficient breeding of animals. By identifying genetic 

markers associated with desirable traits such as disease 

resistance, growth rate, and reproductive efficiency. This 

process reduces the time required for genetic 

improvement by enabling early selection of breeding 

stock based on their genetic potential rather than 

phenotypic characteristics alone. For example, genomics 

selection has been successfully used to enhance milk 

production in dairy cattle, improve meat quality in beef 

cattle, and increase egg production in poultry.  

 The use of genomics selection holds the 

potential to enhance animal health and welfare by 

recognizing genetic resistance to diseases, i.e., genetic 

markers associated with resistance to mastitis in dairy 

cattle, avian influenza in poultry, and porcine 

reproductive and respiratory syndrome in swine, have 

been identified through genomics researchers. Therefore, 

breeding animals with these genetic resistances can 

reduce the incidence of these diseases, improving animal 

health, and welfare and decreasing dependence on 

antibiotics and other medicines.  

 The phrase "genomics medicines" describes 

innovative treatments that use genomics information to 

prevent, treat, and/or control human genetic illnesses. 

Amongst the various interventions included in these 

medications are gene editing technologies (e.g., A. 

CRISPR-Cas9, TALENs), RNA-based treatments, whole-

genome sequencing for diagnostics, and gene therapy 

with viral and non-viral vectors. Through the introduction 

of functional copies of genes, the correction of 

pathogenic mutations, or the silencing of defective genes, 

genomics medicine has demonstrated promise in treating 

recessive genetic disorders in humans. Patients suffering 

from disorders such as sickle cell anemia, cystic fibrosis, 

and Tay-Sachs disease are currently being treated using 

these strategies (Fletcher et al., 2017). The genomics 

tools that are utilized in the treatment of genetic diseases 

in livestock are listed in Table 3. Personalized medicine 

and the treatment of genetic disorders have made 

considerable strides forward, as seen by the fact that 

specific treatments, such as gene therapy for spinal 

muscular atrophy (SMA), have been granted regulatory 

approval. However, other treatments are still in the 

experimental or clinical trial stages (FDA, 2019).
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Table 1: Examples of possible uses of genomics interventions to treat human genetics recessive disorders.  
 

Genomic  

Tool/Medicine 
Target Disorder Purpose Status Reference 

CRISPR-Cas9  Sickle Cell Anemia  Corrects mutation in the HBB gene  Clinical trials  (Park & Bao, 2021) 

ZFN (Zinc Finger Nucleases)  Hemophilia B  Gene correction for FIX gene  Preclinical  (Suleiman et al., 2021_  

TALENs  Cystic Fibrosis  Repairs CFTR gene mutations  Early trials  (Owen et al., 2013)  

RNAi Therapies  Huntington's Disease  
Silencing of mutant HTT gene  

Approved  
(Aguiar et al., 2017; Carroll 

et al., 2011)  

Gene Therapy (AAV)  
Spinal Muscular Atrophy 

(SMA)  

Delivers functional SMN1 gene  
Approved  

(FDA, 2019)  

Ex Vivo Gene Editing  Beta-Thalassemia  Edits HBB gene in hematopoietic stem cells  Clinical trials  (Rosanwo et al., 2021)  

Antisense Oligonuc leotides  
Duchenne Muscular 

Dystrophy (DMD)  
Exon skipping for DMD mutations  Approved  

(Watanabe et al., 2023)  

Base Editing  Tay-Sachs Disease  Corrects point mutations in the HEXA gene  Preclinical  (Hung et al., 2024)  

Epigenome Editing  Fragile X Syndrome  Modulates FMR1 gene expression  Research stage  (Kimani et al., 2018)  

Prime Editing  Usher Syndrome  Precise DNA repair for USH2A gene  Preclinical  (Anzalone et al., 2019)  

Gene Silencing (siRNA)  Amyloidosis  Reduces TTR protein production  Approved  (Dave et al., 2024)  

CRISPR Activation 

(CRISPRa)  

Alpha-1 Antitrypsin 

Deficiency  

Enhances SERPINA1 gene expression  
Research stage  

 (Yang et al., 2024)  

Genome-Wide Association 

Studies (GWAS)  
Type 1 Diabetes  

Identifies genetic risk factors for targeted 

interventions  
Research stage  

(Michalek et al., 2024)  

Viral Vector Based Therapy  Leber Congenital 

Amaurosis  
Restores RPE65 gene function  Approved  

(Varela et al., 2022)  

Genome Editing (HDR)  Phenylketonuria (PKU)  Repairs PAH gene mutations  Preclinical  (Richards et al., 2020)  

Somatic Cell Editing  Albinism  Targets tyrosinase gene mutations  Research stage   (Saha et al., 2021)  

CRISPR Epigenome Editing  Rett Syndrome  Reactivates MECP2 gene  Experimental   (Qian et al., 2023)  

 Gene Drive Systems  Malaria  Alters mosquito genes to reduce disease transmission  Research stage  (Ye et al., 2017)  

Synthetic Biology  Phenylketonuria  
Develops novel enzymatic pathways for Phe 

metabolism  
Experimental  

 (Bry et al.,2018)  

RNA-Based Vaccines  Cancer Immunotherapy  Induces immune response to target tumor antigens  Approved   (Pardi et al., 2018)  

Adaptive Cell Therapy  Leukemia  Uses CAR-T cells to target cancerous cells  Approved  (Lim & June, 2017)  

Mitochondrial Replacement  Mitochondrial Disorders  Replace defective mitochondria with healthy ones  Clinical trials  (Almannai et al., 2020)  

CRISPR In Vivo Editing  Muscular Dystrophy  Directly repairs dystrophin gene in muscles  Preclinical   (Salter & Stevens, 2017)  

Gene Augmentation Therapy  Retinitis Pigmentosa  
Supplements of defective genes with functional 

copies  
Clinical trials  

 (Jiang et al., 2021)  
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Table 2:Examples of possible uses of genomic medicine tools and their application to treat human genetics recessive disorders. 

 

Species  Recessive Disorder  Genomic Medicine Tool  Application  Notes  Reference  

Human  Cystic Fibrosis  CRISPRCas9  Gene editing to correct 

CFTR mutations  

Potential to cure CF by correcting 

gene mutations.  

(Ali & Jacobsen, 

2020)  

Sickle Cell Anemia  Gene Therapy (Lentiviral 

vectors)  

Corrects the mutated 

hemoglobin gene  

Proven effective in clinical trials for 

long term outcomes. 

(Kanter & Falcon, 

2021) 

 Tay-Sachs Disease  RNA-based Therapies (e.g., 

ASO)  

Modulating gene 

expression to compensate 

for HEXA deficiency  

Focus on improving life expectancy 

and quality of life.  

(Fletcher et al., 

2017)  

Phenylketonuria (PKU)  Enzyme Replacement 

Therapy (ERT)  

Restoring phenylalanine 

hydroxylase activity  

Dietary management and enzyme 

replacement to treat PKU  

(Leeper et al., 2015)  

Albinism  Gene Editing (CRISPRCas9)  Correcting mutations 

related to pigmentation  

Research in progress for treating 

pigmentation  

(Biffi, 2020)  

Beta-thalassemia  CRISPRCas9  Correcting mutations in the 

beta-globin gene  

Trials show promise for normalizing 

hemoglobin levels.  

(Forrester et al., 

2018)  

Duchenne Muscular 

Dystrophy  

Exon Skipping (e.g., 

eteplirsen)  

Skipping faulty exons to 

produce functional 

dystrophin  

Approved by the FDA for certain 

patients.  

(Espenhain et al., 

2019)  

Hurler Syndrome (MPS I)  Enzyme Replacement 

Therapy (ERT)  

Restoring deficient enzyme 

activity  

FDA-approved enzyme replacement 

for symptom management  

 (Ilyas et al., 2016)  

Spinal Muscular Atrophy  SMN2 Gene Modulation 

(e.g., Spinraza)  

Enhancing production of 

survival motor neuron 

protein  

FDA-approved drug to slow disease 

progression.  

(Al-Amin et al., 

2020)  

Sandhoff Disease  Gene Therapy, CRISPRCas9  Correcting defective HEXB 

gene  

Ongoing clinical research, no standard 

treatment yet.  

 (Lyras & Lee, 2021)  

Mucopolysaccharidosis II  Enzyme Replacement 

Therapy (ERT)  

Restoring enzyme function 

for better  

FDA-approved treatment for  (Cheng et al., 2019)  

   symptom control  managing symptoms.   

Canavan Disease  Gene Therapy, CRISPRCas9  Correcting the 

aspartoacylase gene  

Research in early stages, gene therapy 

showing promise.  

(Swarbreck et al., 

2020)  

Wilson's Disease  Genetic Counseling, 

Medications (e.g., chelating 

agents)  

Copper metabolism 

correction  

Diagnosis and treatment are crucial 

for preventing liver damage.  

 (Madu et al., 2015)  

Retinitis Pigmentosa  Gene Therapy, CRISPRCas9  Gene modification to 

restore vision  

Clinical trials advancing in gene 

therapy for the retina  

(Roa-Linares et al., 

2016)  

 Niemann-Pick Disease  Gene Therapy, Enzyme 

Replacement Therapy (ERT)  

Gene correction or enzyme 

restoration  

Clinical trials are ongoing for enzyme 

replacement.  

(Burleigh et al., 

2018)  

 X-linked Hypohidrotic 

Ectodermal Dysplasia  

Gene Therapy (X-linked)  Restoring sweat gland 

function  

Clinical trials focusing on gene 

transfer for skin function.  

(Schneider et al., 

2023)  
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 Retinoblastoma  CRISPR-Cas9, Targeted 

Therapy  

Correcting mutations in the 

RB1 gene  

Clinical trials exploring gene therapy 

for cancer treatment.  

(StaninskaPięta et 

al., 2020)  

 Homocystinuria  Gene Therapy, Enzyme 

Therapy  

Correcting homocysteine 

metabolism issues  

Clinical trials for metabolic 

restoration.  

 (Tovar et al., 2018)  

 Alpha-1 Antitrypsin 

Deficiency  

CRISPRCas9  Correcting mutations in the 

AAT gene  

Early clinical trials targeting lung   (Zhang et al., 2015)  

    function restoration.   

 

Table 3: Genomics tools used in livestock to manage genetic disorders. 

 

Genomic Tool/Medicine  Livestock  Application  Purpose  Examples  References  

CRISPR-Cas9 Gene 

Editing 
Cattle  

Correcting genetic 

mutations  

Preventing hereditary 

diseases  

Correcting Muscular 

Hypertrophy in cattle  

Singh et al., 2023; 

Ikeda et al., 2017; 

Popova et al., 2023;  

Whole-genome sequencing 

(WGS) 
Poultry  Identifying novel mutations  

Detecting carriers and 

managing breeding 

programs  

Reducing inbreeding related 

disorders  

Tan et al., 2012; Xiong 

et al., 2023  

Genomics Selection Dairy Cattle  
Selecting genetically 

superior animals  

Improving health and 

disease resistance traits  

Use to eliminate Bovine 

Leukocyte Adhesion Deficiency 

(BLAD)  

Jonathan et al., 2023; 

Wiggans and Carrillo,  

2022; Kent, 2017  

SNP Genotyping Sheep & Goats  
Marker assisted selection 

for genetic traits  

Managing recessive 

mutations like Scrapie  
Enhancing resistance to diseases  

Cozzi et al., 2024. 

Pogorevc et al., 2024; 

Guo et al., 2021  

Gene Therapy Swine  
Correcting inherited 

disorders  

Reducing susceptibility 

to Porcine Reproductive 

& Respiratory Syndrome 

(PRRS)  

Gene therapy trials for immune 

enhancement  

Watanabe et al., 2017; 

Whitworth  

et al., 2022; 

Matsunari,et al., 2020  
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Disease Resistance and Vaccination: One of the most 

significant benefits of genomics medicine is that it can 

improve disease resistance in livestock, including cattle 

and poultry. Discovering genetic differences that 

influence susceptibility or resistance to viral diseases 

allows breeders to generate populations of animals that 

are naturally more resistant to diseases. This is of the 

intense importance to address the growing concern of 

antibiotic resistance (Kosur et al., 2014). For example, 

certain breeds of pigs are more resistant to porcine 

reproductive and respiratory syndrome (PRRS) but 

scientists by genetic modification technique have 

produced pigs breeds that are resistance to the fatal 

African swine virus (Yuan et al., 2022). Similarly, 

genomic research has led to the discovery of markers in 

chicken associated with resistance to avian influenza 

(Bakhshandeh et al., 2023; June Byun et al., 2017; Lyall 

et al., 2011) and such innovation help to conduct focused 

breeding programs in livestock and poultry (Chuang et 

al., 2024; Fulton, 2012). Breeding for disease resistance 

and development of next generation vaccines both have 

affected positively by genomics medicine.  

Gene Editing in Livestock and Poultry: Applications of 

genomics medicines in agriculture sector are acquiring 

significant adoption due to the advanced gene editing 

technologies like CRISPR-Cas9 which has made it 

possible to alter animal DNA at required exact locations. 

This has made it possible for scientists to add or delete 

specific genes with high precision enabling to create 

genetically engineered livestock, poultry and other 

animals with desired characteristics i.e.higher growth 

potential or resistance against the diseases. Information in 

Table 4 describes the use of genome medications and 

devices to cure recessive genetic illnesses in animals.  

Table 4: Genomics tools in livestock to manage recessive genetic disorders. 

 

Species  Recessive Disorder  Genomic Tool  Application  Notes  References 

Poultry  Dwarfism in chickens  SNP-based selection  Marker-assisted 

breeding  

Increase growth rates 

while reducing 

disorder prevalence.  

Perini et al., 2023  

Cattle Congenital Muscular 

Dystonia  

CRISPR-Cas9  Gene correction 

in embryos  

Experimental; aims to 

correct defective  

Min et al.,2019; 

Sergio et al.,2020;  

Species  Recessive Disorder  Genomic Tool  Application  Notes  References 
    gene sequences.  Popova et al.,2023; 

Gill et al.,2012  

Bovine Leukocyte 

Adhesion Deficiency 

(BLAD)  

Genomic selection  Screening for 

carriers  

Reduces incidence 

through selective 

breeding.  

Patel et al.,2007: 

Meydan et al.,2010  

Deficiency of Uridine 

Monophosphate 

Synthase (DUMPS)  

Whole-genome 

sequencing  

Carrier 

identification  

Prevents propagation 

of defective genes.  

Rehman et al.,2021; 

Hayes et al.,2013; 

Perini et al.,2023;  

 

 Genomics medicines offer advanced therapies 

that have changed our understanding of the genome to 

treat, manage, or prevent genetic disorders. For livestock 

and poultry these "medicines" often come in the form of 

genomics tools and technologies rather than conventional 

drugs. With the sequencing of the chicken genome, 

genomics selection in poultry breeding has made 

tremendous steps forward (Hillier et al., 2004). Millions 

of SNPs were identified to distinguish birds. This 

discovery allowed the development of SNP panels for 

rapid and cost-effective genotyping. Chip density has 

increased from 6,000 (Andreescu et al., 2007), to 600,000 

SNPs (Kranis et al., 2013)and expanded the number of 

geno-typed birds from hundreds to tens of thousands over 

time. Genomics selection increases the accuracy of 

breeding, reduces inbreeding, and allows selection for 

complex traits, although the high cost of geno-typing 

remains a challenge (Johnsson, 2023). This problem was 

solved by the invention of a technique known as 

imputation, which involves the inference of missing 

genotypes from high-density genotyped parents through 

the utilization of low-density SNP panels for the goal of 

selecting candidates at a cheaper cost (Wang et al., 2013). 

This method was developed in order to resolve this issue 

as it keeps accuracy whilst at the same time cutting cost, 

which finally results in an increased efficiency for the 

production of commercial chickens.  

 Genomic selection can improve genetic gain 

efficiently in poultry breeding experiment. A study 

conducted by Hy-Line International and Iowa State 

University demonstrated the power of genomics selection 

to improve the genetic gain in poultry (Wolc, 2015; Wolc 

et al., 2011).For this a pure line of brown egg-laying hens 

was divided into two sublines, out of these one line was 

selected using traditional methods whereas the other line 

was selected earlier by genomics predictions. Results 

investigated that line which was selected through 

genomics predictions produced four generations in three 
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years, whilst the line which was selected via traditional 

procedure produced only two generations. This revealed 

that selecting line using genomics predictions 

significantly reduced the generation interval. The line 

selected through genomics predictions outperformed in 

12 of 16 traits than traditional selected line because of 

high accuracy in breeding values and fast generation 

turnover. Hy-Line International used these results as a 

springboard to extend genomics selection to other layer 

lines, with the 600,000 SNP chips and custom SNP sets. 

This method led to greater accuracy and became a 

standard in 2013. In the broiler, genomics selection was 

also integrated into breeding, allowing for imputation, 

thereby permitting cost-effective genotyping without 

sacrificing accuracy. Imputation methods achieved an 

accuracy of about 0.97 for immediate offspring, allowing 

the poultry industry to reduce costs while maintaining 

high precision in genomics breeding values. Scientists 

have edited the genes of poultry to make them resistant to 

avian influenza, reducing the need for vaccines and 

minimizing the risk of disease outbreaks. The potential 

applications of gene editing in livestock and poultry are 

vast, ranging from improving productivity to enhancing 

animal welfare.  

 The application of genomics medicine in poultry 

is still in its initial stages, particularly in the direct 

treatment of recessive disorders. Presently, there are few 

examples of using genomics medicine for treating 

recessive genetic disorders in poultry, and most current 

efforts yet focus on improving production performance 

and disease resistance. Some genomics interventions used 

for genetic improvements in poultry are shown in Table 

5. However, innovations in genomics techniques like 

whole-genome sequencing, marker-assisted selection, and 

gene editing (CRISPR-Cas9) are paving the way to 

identify and correct harmful mutations that affect poultry 

productivity, health, and welfare. 

Table 5: Illustrating some genomics interventions used for genetic improvements in poultry. 

 

Genomic Tool/Medicine  Target Disorder  Purpose  Status  References  

Gene Editing (CRISPR-

Cas9)  

Avian leukosis virus 

susceptibility  

Alter specific 

genes to confer 

resistance  

Experimental phase  

Koslová et al., 2020  

Marker-Assisted 

Selection (MAS)  

Growth, fertility,  disease 

resistance traits  

Identify genetic 

markers linked to 

favorable traits  

Widely used in breeding 

programs  

Sodhi et al., 2013  

Whole-Genome 

Sequencing (WGS)  

Identification of recessive 

disease alleles  

Detect mutations 

responsible for 

genetic disorders  

Research phase  

Wang et al., 2023; 

Jeong et al., 2023  

RNA Interference 

(RNAi)  

Viral diseases (e.g., 

Marek's disease)  

Suppress viral 

gene expression  
Research phase  

Lambeth et al., 2009  

Genomic Tool/Medicine  Target Disorder  Purpose  Status  References  

Genomics Selection  
General genetic 

improvement  

Enhance selection 

accuracy for 

resistance traits  

Implemented in 

commercial breeding  

Lee et al., 2024  

 

Ethical Considerations and Suggestions: Whilst the 

potential of genomics medicine in human, livestock, and 

poultry health is enormous, there are several challenges 

and ethical concerns that must be addressed (Ishii, 2017; 

De Graeff et al., 2019). According to Andrews et al. 

(1994), the field of human health science is fraught with a 

number of significant obstacles. These challenges involve 

the demand for informed consent; favouritism based on 

genetic characteristics; and the requirement to protect 

specific personal information. It is necessary that genetic 

data should be used in a trusty and ethical way (Ishii, 

2017) because of the increasing usage of genetic 

information in clinical practice (Stark et al., 2019). The 

reality that there are many strict protections in place to 

protect people's rights underlines the significance of this 

concern further.  

 In poultry and in the field of livestock, the 

ecological impact of gene editing and the safety of 

modified animals must be wisely considered for 

accidental concerns. Although gene editing has great 

potential to improve animal health, production, and 

welfare, its long-term effects on animal welfare and 

biodiversity are not fully understood yet.Therefore, 

careful and strict rules and regulations are necessary to 

ensure that genomics technologies are being used 

responsibly and sustainably in agriculture. Genomics 

medicine in livestock primarily focuses on genomics 

selection, gene-editing technologies like CRISPR-Cas9, 

and marker-assisted selection rather than established 

"medicines" as in human healthcare. Although gene 

therapy, CRISPR-Cas9, and RNA-based therapies have 

made strides in human genomics medicine, these 
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treatments are still in different phases of development and 

clinical implementation.  

 Some of the problems in genomics selection in 

livestock, cattle, or poultry include its benefits be 

confined to large stack holders, for example, small stack 

holders may find it challenging to afford/access genomics 

technologies. Moreover, gene editing in livestock raises 

ethical concerns, especially regarding animal welfare. 

The absence of certain recognized rules or regulations 

may make it more challenging to employ genomics 

technology in agricultural settings.  

Misuse of genomic medicine to promote 

scientific racism or racial discrimination in humans is one 

of its key ethical concerns as it can support racist 

ideologies like incorrectly linking certain genetic traits to 

disease susceptibility, behavior, and/or intelligence based 

on race disregarding the scientific confirmation, hence 

can cause increased health disparities, reinforcing 

harmful stereotypes which ultimately may results into 

genetic essentialism (where people are recognized based 

on their genes instead of their environmental factors or 

individual identity). Therefore, genomics research must 

focus on equity, respect for human diversity, and 

inclusion. Because of this, research is currently being 

conducted in order to enhance the accessibility, safety, 

and effectiveness of generic medications that are being 

produced.  

Conclusion: Genomics medicines have changed 

livestock/poultry farming and human healthcare  by using 

innovative methods to detect, prevent, and treat diseases 

through advanced genomic tools. This technology can 

enable personalized medicine, pharmaco-genomics, and 

gene therapy according to an individual's unique biologic 

makeup and background. It can transform how we treat 

people by focusing personalized healthcare and 

understanding of individual genetic variations, 

encouraging sympathy and diminishing one-size-fits-all 

approaches. Livestock and poultry genomics 

technologies, including gene editing, genomics selection, 

and disease-resistant breeding, are also progressing. 

These techniques improve animal health, happiness, and 

productivity. Genomics medicine has tremendous 

benefits, but it must overcome many issues before it can 

be applied across species. Although application and 

research in genomics medicine is under progress and 

prevailing, but it must be used morally to protect people, 

groups, and ecosystems. Genetic medicine can improve 

human, animal, and bird health in the future as well and 

could help solve some of our big health issues if it be 

handled appropriately, hence, can make farming more 

sustainable and productive to serve the increasing global 

human population.  
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