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Introduction 

Sustainable livestock production needs integrated approaches that improve genetics, reduce 

environmental impact, and remain economically viable. Traditional breeding has made good 

progress, but meeting modern goals like better feed efficiency, lower greenhouse gas 

emissions, and stronger disease resistance requires new technologies. Advances in precision 

farming, genomic selection, and multi-omics data help speed up genetic improvement. 

However, challenges remain, such as fragmented data systems, inconsistent phenotyping, and 

poor integration of omics data, which slow progress. Overcoming these issues with 

standardized data, collaboration, and strong evaluation methods is vital for sustainable and 

resilient livestock systems. 

The Northern Ireland Farm Animal Biobank (NIFAB) was created in 2022 with Department 

of Agriculture, Environment and Rural Affairs Northern Ireland (DAERA) funding to solve 

these problems and support data-driven solutions for sustainable livestock farming. NIFAB 

follows DAERA’s Science and Innovation Strategies by providing a future-proof resource for 

genetics and data technologies. Before NIFAB, farm records at DAERA-funded research farms 

were kept in separate, non-standardized files without a central database or data curation. This 

made it hard to reuse data or share it with researchers and partners, limiting the ability to 

address current livestock production challenges in Northern Ireland. 

By combining genomic, phenotypic, environmental, and biological sample data under one 

governance system, NIFAB positions Northern Ireland as a leader in precision breeding and 

sustainable livestock. This paper outlines NIFAB’s design, scale, and role as a genome-to-

phenome resource to develop and apply genomic selection tools like genomic estimated 

breeding values (GEBVs) and precision herd management.   

 

Materials & Methods 

Biobank infrastructure and governance. NIFAB operates across four DAERA-funded farms 

in Northern Ireland, which include two research farms, AFBI Hillsborough and AFBI 

Loughgall, and two educational farms managed by the College of Agriculture, Food and Rural 

Enterprise (CAFRE) at Greenmount and Abbey.A steering committee from policy, education 

and research institutes, leading industry, and international academia oversees governance, 

meeting twice yearly. AFBI’s Farm Animal Bioinformatics unit manages the biobank 

operations.  

Database architecture. The NIFAB database is a comprehensive repository that integrates 

detailed animal information, environmental data, laboratory analysis records, and biological 

sample storage and management information. It includes animal registry and pedigree details, 

phenotypic data, precision phenotype measurements collected during both research 

experiments and routine maintenance periods, omics and meta-omics data, and sample 

management records. Additionally, it contains biobank sample information linked to the 

Laboratory Information Management System (LIMS), environmental measurements such as 
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temperature and humidity, and feed and milk analysis conducted at the AFBI Hillsborough 

laboratory. 

The database sources data from various advanced technologies, including BioControl 

Controlling and Recording Feed Intake (CRFI) feed boxes (BioControl, CRFI, Rakkestad, 

Norway) for monitoring feed intake and feeding behavior, respiratory chamber measurements 

and GreenFeed Emission Monitoring (C-Lock, South Dakota, USA) systems for methane 

production, robotic milking machines, dairy milking parlour records, automated weighing 

instruments, and slaughter records. The database is structured around individual animals, 

linking phenotypic, genomic, and other omics data, as well as laboratory analyses and sample 

storage records from LIMS, directly to each animal. 

Phenotyping and genotyping protocols. NIFAB significantly upgraded the phenotyping 

recording system in AFBI herds by introducing advanced phenotypes, including monthly mid-

infrared (MIR) milk analysis for all milking cattle, monthly dairy cattle locomotion scoring 

using video cameras, and monthly beef cattle temperament assessments. Phenotypic recording 

follows International Committee for Animal Recording (ICAR) recommendations for 

standardization. A genotyping-at-birth program was initiated for both AFBI and CAFRE herds 

using single nucleotide polymorphism (SNP) arrays, serving as an exemplary model for the 

SRG initiative to develop comprehensive genotyping for Northern Ireland. 

Multi-omics integration. The platform supports integration of genomic data with 

transcriptomics, metagenomics (rumen microbiome), and metabolomics layers to improve 

prediction accuracy for complex traits. Whole-animal transcriptome analyses form the 

foundation for precision breeding tools targeting net-zero objectives. The rumen meta-omics 

analyses are critical for understanding rumen responses to methane production, animal health, 

and productivity. 

Data visualization and quality control. The AFBI Analytics team developed dashboards and 

PowerBI reports for real-time monitoring of automated data uploads, monthly progress 

reporting, and freezer temperature monitoring for biological sample preservation. 

Results 

Database scale and content. By October 2025, the NIFAB database comprised over 11 billion 

rows of phenotypic data from approximately 48,000 animals across AFBI and CAFRE, 

exceeding 5 terabytes of phenotypic data. The database successfully integrated research 

records from 216 AFBI experiments, preserving invaluable historical research data as a 

cornerstone for developing data-driven approaches in genetics and animal breeding. Over 34 

million individual ISO animal measurements and 60 million group ISO animal measurements 

have been registered, demonstrating the complexity and richness of the database and its 

potential for exploration by researchers. 

For example, as of October 2025, NIFAB has collected data on over 2,200 animals with direct 

methane measurements, including 700 from respiratory chambers and over 1,500 from six 

GreenFeed machines. These measurements were recorded by the AFBI Energy Metabolism 

Research Unit. Additionally, the database contains over 70,000 weekly records of dairy cattle 

feed intake paired with feed analysis results, recorded by the AFBI Dairy Research Unit at 

Hillsborough. These datasets, collected over three decades of research at AFBI Hillsborough, 

make NIFAB an invaluable resource for developing both national and international GEBVs  
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Table 1. Summary of NIFAB database contents including animal registered, phenotypic record 

measured, biological data, and biological samples biobanked as of October 2025. 

Component type Component details Scale 

Animal Animals registered ~49,000 

Phenotypic 

Records 

Total phenotypic measurement data  >11 billion 

Phenotypic data volume >6 terabytes 

Integrated experiments 216 

Individual ISO measurements >34 million 

Group ISO measurements >60 million 

Biological data 

including  

Omics and  

Meta-Omics 1 

Genotyped animals >5,000 

Rumen meta-omics  >500 

Animal blood transcriptome >300 

Animal blood metabolomics   >500 

Bio-banked 

Biological  

Samples 2 

Animals ear tag samples >2500 

Rumen samples >750 

Whole Blood Samples for Transcriptomics  >850 
1  Omics and meta-omics data are generated in commercial labs and then the lab results stored in NIFAB. 
2   Biobanked biological samples has been taken and stored in NIFAB biobank and samples info records has been 

linked into the database   

For traits such as methane production and feed efficiency. By enabling research into other 

complex traits, such as climate resilience, animal welfare, and agricultural efficiency, NIFAB 

plays a critical role in advancing sustainable livestock production and addressing the 

challenges of modern farming. 

Omics and Meta-omics data resources. The omics repository includes data from over 5,000 

genotyped animals from AFBI and CAFRE, which will be used for developing genomic 

selection strategies for SRG. The repository also contains more than 500 rumen meta-omics 

analyses critical for understanding methane production responses, and over 300 whole-animal 

transcriptome analyses. 

Bio-banked Biological Samples. NIFAB has established a well-curated biobank containing a 

diverse range of biological samples, including animal ear tag samples, rumen contents, and 

whole blood samples for transcriptomic analyses. These samples are carefully collected, 

processed, and stored under standardized protocols to ensure their integrity and suitability for 

advanced laboratory analyses. The biobank thus represents a valuable, ready-to-use resource 

for research aimed at improving livestock genetics, health, and sustainability. To fully realize 

the potential of these biological samples, we are actively seeking funding to support 

comprehensive laboratory analyses. Such investment will enable detailed multi-omics 

investigations that underpin precision breeding strategies and contribute to sustainable 

livestock production goals. 

Research outputs and collaboration. To date, nine research proposals based on NIFAB data 

have been submitted to funding bodies including DAERA Evidence and Innovation, UK 

Research and Innovation, the US-Ireland Research Partnership, and the European Research 

Council. The AFBI-FAB unit has secured nine PhD studentships through DAERA, BBSRC 

FoodBioSystems Doctoral Training Partnership, BBSRC SUSTAIN Centre for Doctoral 

Training and international programmes. Scientific outputs include peer-reviewed publications 

on genetics of feed efficiency (e.g. Chacko Kaitholil et al., 2024 and Jiang et al., 2024) and 
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methane emission prediction using machine-learning approaches (e.g. Ross et al., 2024) and 

multi-omics approaches for trait prediction. 

Discussion 

NIFAB is best viewed not as a static database but as a longitudinal breeding and research 

infrastructure that supports continuous genomic prediction. Its main advance is an 

analysis-ready framework that links routine production records with research-grade 

phenotypes and banked biological samples, enabling models to be updated, validated, and 

re-analysed as methods and trait definitions evolve. 

 

A central strength is standardisation and reuse. Within NIFAB, data and biological samples are 

collected in a coordinated and standardised manner so they can be reused across future research 

projects as well as for routine breeding evaluation. This forward-looking design maximises the 

long-term value of each animal record and sample, reduces duplication of collection, and 

enables robust cross-cohort comparisons. Banked material also supports retrospective assays 

(e.g., emerging biomarkers or omics) without repeating costly, burdensome trials. Because 

collection is embedded within routine production systems, many phenotypes, genotypes, and 

samples are already available, lowering costs and often reducing the need for dedicated animal 

trials, with associated animal welfare benefits. 

 

NIFAB supports sustainability-focused breeding goals (e.g., methane emissions, nutrient use 

efficiency, and animal health) and is structured to enable genotype-by-environment analyses 

and integration of multi-omics where available.  

 

Conclusions 

NIFAB establishes a comprehensive, living genome-to-phenome biobank integrating 

phenotypes, environmental measures, multi-omics data, and biological samples. The 

infrastructure provides a robust foundation for sustainable genetic gain and precision breeding 

under evolving climate, market, and regulatory pressures, positioning Northern Ireland as a 

global leader in data-driven livestock sustainability. For more information about NIFAB, 

please visit our website at https://www.afbini.gov.uk/article/nifab-northern-ireland-farm-

animal-biobank. For collaboration discussions and data inquiry, please contact the author 

(NIFAB project lead) at Masoud.Shirali@afbini.gov.uk. 
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