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Introduction  
DNA genotyping microarrays, commonly referred to as Single Nucleotide Polymorphism 

(SNP) arrays, have provided a high throughput, low-cost method of routine genotyping for 

both purebred and commercial cattle populations in Ireland. The downstream applications of 

DNA genotyping arrays include parentage verification and discovery, breed assignment, 

gender verification, microsatellite (MS) imputation, major gene status including screening for 

lethal recessives, genotype imputation and generation of dairy and beef genomic evaluations. 

At submission, the Irish Cattle Breeding Federation (ICBF) database holds over six million 

genotypes emanating from versions of a custom ICBF genotyping DNA array, the 

‘International Dairy and Beef’ (IDB). The IDB array was developed in 2013 by ICBF in 

collaboration with industry partners, initially containing 16,882 variants, 9,973 of which were 

added to the commercially available IlluminaTM low density genotyping platform consisting 

of 6,909 variants (Mullen et al., 2012) progressing to the IDBv5 in 2020 consisting of 51,443 

markers. The content and performance of the IDB array is under ongoing review with 

multiple iterations since initial development. A public procurement process is required for the 

provision of services for each iteration. This paper summarizes the process to design the 

latest iteration, the IDB version 6 (IDBv6), using AxiomTM array technology (ThermoFisher 

Scientific, Massachusetts, USA). This process included: 1) reviewing the performance of 

existing array content and optimising marker performance where possible; 2) removing 

redundant content; and 3) the addition of new content.  

 

Materials & Methods 
Array design. Optimization of existing content involved reviewing genotyping data in the 

ICBF database including Axiom™ genotype data for 960,000 samples, and IlluminaTM 

genotype data for 1.1 million samples. This data was used to calculate DNA polymorphism 

(referred to as SNP) Call Rates (CR) and allele frequencies. SNP CR is a measure of the 

quality of genotyping at that locus and is effectively the ratio of the number of samples that 

are assigned a genotype (AA, AB, BB) to the number of samples over which a genotype call 

is attempted for that locus (AA + AB + BB + no-call). Allele frequency was calculated as the 

proportion of the A or B allele in the sample examined. Other data available included 

Axiom™ SNP classifications which were available for 660,000 genotypes at the time of 

design. SNP Classification categories based on default QC thresholds as part of the Best 

Practices Genotyping Analysis Workflow were used to evaluate clustering performance 

(Thermo Fisher Scientific, 2024). Where SNP CR was below 95 %, pathways to improve 

included additional probeset replicates or revising probeset design. Supporting data included 

a percentile rank of SNP based on importance in genetic evaluations in Ireland. New content 

included 158 additional genetic traits identified via the Online Mendelian Inheritance in 

Animals (OMIA) compendium (Nicholas et al., 2026), 4,061 markers which were previously 

included on the IDBv3 IlluminaTM array, and 330 research markers.  

https://doi.org/10.31274/wcgalp.23628
https://creativecommons.org/licenses/by/4.0/
mailto:kquigley@icbf.com


2 

 

Validation study design. High quality DNA samples (animal call rate >= 97 %) were 

identified using genotypes in the ICBF database to ensure variation in variables such as 

sample type, breed, sex, farm, and genetic trait status. Sample types included ear tissue 

collected using tissue tags manufactured by Allfex, Caisley and Datamars, but also hair, 

semen, milk and Bovine Viral Diarrhoea (BVD) tags. A cohort of samples genotyped on the 

Illumina based IDBv3 array were also included in the validation, to analyze the concordance 

of the IDBv3 unique marker component. AxiomTM array technology is based on a two colour, 

ligation-based assay with automated parallel processing of 384 samples per plate. The 

validation design included 2 x 384 format arrays and an additional composite array (1 x 384) 

to validate reproducibility of the mask-based photolithographic synthesis process. This 

resulted in 660 unique samples for retrieval, DNA extraction and genotyping. DNA extraction 

and genotyping were carried out at ICBF’s two commercial service provider (SP) laboratories 

(Weatherby’s, Ireland and Eurofins, Denmark) and genotypes were uploaded to the ICBF 

database. AxiomTM genotyping was carried out as per the High-Level AxiomTM Propel 

XPRES 384HT Workflow followed by analysis using the Best Practices Genotyping Analysis 

Workflow.  

Genotype concordance analysis assessed concordance within critical marker panels, where 

the reference set of genotypes were samples genotyped using the IDBv5 AxiomTM array, 

except where the IDBv3 marker panel was evaluated, as in this case, the reference set of 

genotypes were samples genotyped using the IDBv3 IlluminaTM array.  Genetic trait 

validation also included a manual review of clustering plots to ensure that control samples 

included in the validation for individual traits, genotyped as expected.  Additional checks 

included: checking for the presence and naming format of expected content including critical 

markers, sample CR, SNP CR, allele orientation, x and y intensities and downstream analysis 

in internal pipelines (major genes, parentage, gender verification).  

 

Results & Discussion  
Array design. The final design consisted of 57,183 probesets, consisting of 148,408 probes, 

targeting 56,059 unique markers. 98 % of markers (n=54,490) were targeted with one 

probeset, while two and three probesets were tiled for the remaining 1.98 % (n=1,114) and 

<0.01 % of markers (n=5). Of the 57,183 probesets used to target the 56,059 markers, 77.8 % 

(n=44,902) contained two probes, followed by 19.1 % (n=10,940) containing four probes. 

The remaining cohort of probesets (3.1 %) contained >4 probes, indicating that these were 

targeting more challenging or important markers such as major genes. The default number of 

replicates per probeset was set to two, with 83.5 % (n=47,722), 15.2 % (n=8,689), 1.3 % 

(n=754) and 0.03 % (n=18) of probesets being tiled at two, four, eight and sixteen replicates 

respectively.  The 56,059 markers included an updated ICBF parentage panel of 800 SNPs 

which included the International Committee for Animal Recording (ICAR) 554 SNPs for 

parentage analysis (which also incorporates the ISAG panel), 363 X and 284 Y markers for 

gender verification, 921 markers for microsatellite imputation, 367 casual variants for genetic 

traits, 330 markers for research purposes and additional 48,876 markers available for 

genomic evaluation. Coordinates were aligned to Bos taurus (https://www.ncbi.nlm.nih.gov/) 

genome assembly ARS_UCD1.2_Btau5.0.1Y (GCF_002263795.1, GCF_000003205.7).  

The final number of markers in common with the IDBv5 array was 50,904 markers. The 

IDBv5 probeset assigned remained unchanged for 50,896 markers while eight markers were 

assigned a new probeset. Of the 50,896 markers with the same probeset, the probeset 

replicate number changed for 1,600 markers, where the replicate number increased from 2 – 4 

for 1,458 markers and from 4 – 8 for 142 markers. 
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Table 1: IDBv6 performance: animal call rates, SNP CR and SNP classifications. 

*: PHR: PolyHighResolution; MHR: MonoHighResolution; NMH: NoMinorHomo; where genotypes 

per plate are clustering as either: three genotype classes with at least two minor allele homozygotes 

(PHR), monomorphic (MHR), or no minor homozygous genotypes (NMH). 

 

Validation design. Average genotype concordances between IDBv6 and IDBv5 / IDBv3 

across SPs and all available markers was >99.7 %, ranging from 99.6 % for panels which 

included some complex major gene traits to 99.9 % for parentage, sexing and priority major 

gene panels. Average manifest wide genotype concordance between service providers 

(Weatherbys and Eurofins) was also >99.7 %. and masks was > 99.8 %. Sample call rate 

indicated that 99.7 % of samples had a call rate >= 97 %, while 91.3 % of samples had a call 

rate >= 99 % (Table 1).  Where multiple probesets were tiled for one marker, clustering 

performance was assessed to determine the optimum probe for inclusion in the final SNP 

Map file.  A panel of genetic traits including Hypotrichosis_KRT71 (OMIA:002114-9913) , 

Bovine Leukocyte Adhesion Deficiency (OMIA:000595-9913), HH3 (OMIA:001824-9913), 

Myostatin_C313Y and Myostatin_E226X (OMIA:000683-9913), Protoporphyria 

(OMIA:000836-9913), and Developmental duplications (OMIA:002103-9913) benefited 

from the optimization of SNP Specific Priors (SSPs). SSPs are prior models that help to 

inform the genotyping algorithms as to the expected position and size of the clusters for that 

SNP, helping to improve the accuracy and consistency of genotyping results (Thermo Fisher 

Scientific, 2021). A review of allele orientation was also completed to ensure alignment with 

previous IDB iterations, with impact for example on major genes routinely reported to 

industry via the ICBF major gene pipeline (Quigley et al., 2023).  

 

Performance. The IDBv6 array was implemented in Autumn 2024 with >2.1 million 

samples already genotyped using the IDBv6 array at submission of this paper. This included 

39 % dairy x dairy, 33 % beef x beef and 28 % dairy x beef samples. Less than 0.8% of 

samples had call rates below 90 %, with 99.2 % of samples with a call rate >=90 % and 85 % 

of samples with a call rate > 99 % (Table 1). This compares to 1% of IDBv5 samples having 

a call rate below 90 %, 99 % of samples with a call rate >=90 % and 76.3% of samples with a 

call rate > 99%. Over 98 % of markers (n=54,173), have a call rate of >=90 %, 85 % of 

markers had a SNP Classification of PolyHighResolution, MonoHighResolution or 

NoMinorHomo of >=90 %, while 65.4 % of markers had a SNP Classification of 

PolyHighResolution >=90 % across the sample set examined. 

  

Conclusion  
This paper outlines the development and validation of the IDBv6 microarray as a high-

performing custom genotyping platform for Irish beef and dairy cattle, enabling the ICBF to 

provide genomic evaluations, parentage verification, sexing, imputation to MS, breed 

assignment and major gene status including genotype status for a panel of lethal recessives. 

While the design and validation of a custom DNA microarray requires time and resources, it 

allows for optimisation, management and surveillance within the design process and most 

% 
Sample CR  

(%, n) 
SNP CR (%, n) 

SNP Classification 

– PHR* (%, n) 

SNP Classification -

PHR*, MHR*, 

NMH* (%, n) 

>=99 81.9 (1,191,004) 81.4 (44,808) 43.6 (24,010) 61 (33,609) 

>=95 97.1 (1,412,816) 96.7 (53,228) 58.6 (32,269) 78.2 (43,035) 

>=90 99.2 (1,442,894) 98.4 (54,173) 65.4 (36,006) 85.3 (46,956) 
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importantly ensures that the IDB array services the requirements of both farmers and industry 

in Ireland.  
 

References  
Mullen M. P., McClure, M.C., Kearney, J.F., et al. (2013) “Development of a Custom SNP Chip for Dairy and 

Beef Cattle Breeding, Parentage and Research.” Interbull Bulletin. Nantes, France.  

Nicholas F.W., Tammen I., and Sydney Informatics Hub. (2026) Online Mendelian Inheritance in Animals 

(OMIA) [dataset]. https://omia.org/. https://doi.org/10.25910/2AMR-PV70  

Quigley K., T Browne T., O’ Connell, K., et al. (2023) “Development of an Automated Quality Control Pipeline 

to Facilitate the Reporting of Major Gene Genotypes.” In Proceedings of the 46th ICAR Annual 

Conference. Toledo, Spain. 

Thermo Fisher Scientific (2021) Axiom™ Batch SSP Tool User Guide (Pub. No. 703527 Revision 1). Available 

at: https://documents.thermofisher.com/TFS-Assets/GSD/Reference-

Materials/Axiom_SSP_User_Guide_Rev.pdf  

Thermo Fisher Scientific (2024) Axiom™ Genotyping Solution Data Analysis User Guide (Pub. No. 

MAN0018363 E00). Available at: https://documents.thermofisher.com/TFS-

Assets/LSG/manuals/MAN0018363-AxiomDataAnalysis-UG-RUO.pdf  

 

 

 

. 

 

 

 

 

 

 

 

 

https://doi.org/10.25910/2AMR-PV70
https://documents.thermofisher.com/TFS-Assets/GSD/Reference-Materials/Axiom_SSP_User_Guide_Rev.pdf
https://documents.thermofisher.com/TFS-Assets/GSD/Reference-Materials/Axiom_SSP_User_Guide_Rev.pdf
https://documents.thermofisher.com/TFS-Assets/LSG/manuals/MAN0018363-AxiomDataAnalysis-UG-RUO.pdf
https://documents.thermofisher.com/TFS-Assets/LSG/manuals/MAN0018363-AxiomDataAnalysis-UG-RUO.pdf

