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1. Rationale for Undertaking the Research  
 

Rational: Genomic technologies, if used properly, are highly accurate entities as testified by their use in 

the forensic sciences.  Genomic technologies are therefore very suitable for enhanced analytical tools 

for food provenance, authenticity and traceability and in some instances are the only such tools. For 

example, only genomic technology can be used to accurately ascertain the breed composition of a piece 

of whole meat; this is particularly important when authenticating the breed proportion of breed-specific 

niche markets. Although ad hoc genomic testing is done on selected samples, this sampling it is not 

undertaken within a highly integrated information system which facilitates linking back to the 

contemporaries and pedigree of the animal. 

 

Relevance: Routine use of accurate low-cost genomic technologies combined with phenotypic (e.g., 

number of herd movements, contemporaries) and pedigree information from the national database to 

acquire excellent quality assurance merit for individual farms which may be extremely useful for export 

into higher value markets as well as providing extremely useful information to advance genetic gain. 

Parentage errors hinder genetic gain and are thought to be approximately 7.5% in Irish dairy herds. 

 
Objective: 

• To implement a pilot scheme with several feedlots to genotype animals prior to slaughter in the 

abattoir and establish the key quality parameters for those animals as well as the logistics, 

pipelines and algorithms to develop a quality score for these animals/herds and resolve 

conflicts where possible; this can be used by the processors for premium product 

differentiation 

• A selection of carcasses from these farms will also be genotyped and the accuracy of identifying 

exactly the same animal will be quantified 

• To develop a low-cost genotyping platform for the acquisition of the most parsimonious 

quantity of genomic data with minimal loss in informative capability 

 
 
 
2. Research Approach  
 

This study was a desktop small-scale pilot study for proof of principle: 1) data on the quality of the 

animal recording can be made available to the processor when the animal arrives at the abattoir, and 2) 

a meat sample can be used to trace exactly back to a single animal. Genotypes from several hundred 

animals and their parents from several farms were generated. Quality measures were derived for each 

animal and conflicts resolved. The meat samples from animals already genotyped were also compared 

to ensure traceability was achieved. Two lower density genotyping panels were developed 1) to 

facilitate imputation to higher density genotypes with minimal loss in accuracy, and 2) for breed 

prediction. A third genotype panel developed selected the minimal number of SNPs for use in parentage 

verification and assignment to reduce the computational resources required for routine 

implementation. Genotype-by-sequencing using the Illumina Tru-Seq was also used and genotypes were 

compared to those generated from SNP-chips. This is the first such use of this technology in cattle 

traceability.  
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3. Research Achievements/Results  

 
Parentage analysis and genotype-by-sequencing 
Genotype information can be used to identify parentage errors – parentage errors were approximately 
17% for sire to offspring. Where a missing or incorrect sire was identified, 15% of the time a sire could 
be confidently assigned to the animal in commercial herds and this can be increased to 60% of the time 
in pedigree herds. Rather than using the entire complement of SNPs to (in)validate pedigree, only 800 
SNPs are required which reduces the computational time considerably. Genotype-by-sequencing, 
although requiring more research, could be a useful tool to achieve rapid genotype turnaround for a 
small number of SNPs at very low cost. Excellent concordance (98%) was achieved between genotypes 
generated using SNP chips and genotype 
 
Low density panels for imputation 
Imputation from low to high density genotype improved at a diminishing rate as the number of SNPs 
included in the lower density genotype panel increased from 384 to 12,000 SNPs. Additionally, the 
variability in mean imputation accuracy per individual decreased as panel density increased. The 
method of selecting the SNPs had a major impact on mean allele concordance rate, although its impact 
diminished as panel density increased. Imputation accuracy for SNPs selected using a combination of 
high SNP minor allele frequency, linkage disequilibrium structure, and relatively equal genomic distance 
between SNPs, outperformed all other selection methods in densities <12,000 SNPs. Using this method 
of SNP selection, the correlation between the imputed and actual genotypes for a 3,000 SNP panel was 
0.90 and 0.96 when applied to beef and dairy populations, respectively; the respective correlations for 
the 6,000 SNP panel were 0.95 and 0.98. It is necessary to include between 3,000 and 6,000 SNPs in a 
low density panel to achieve adequate imputation accuracy to either medium density (c.a. 50,000 SNPs 
in the dairy population) or high density (c.a. 700,000 SNPs in the beef population) across diverse and 
independent populations. 
 
Breed prediction 
Panel density, SNP selection method, and the breed under investigation all had a significant effect on 
the correlation of actual and predicted breed proportion from the different genotype panels. Regardless 
of breed, an index combining the Fst and Delta methods of SNP selection numerically (but not 
significantly) outperformed all other selection methods in accuracy (i.e., correlation and root mean 
square of prediction) when panel density was ≥300 SNPs. The correlation between actual and predicted 
breed proportion increased as panel density increased. Using 300 SNPs (selected using the Index 
method), the correlation between predicted and actual breed proportion was 0.993 and 0.995 in the 
Angus and Hereford validation populations, respectively. When SNP panels optimised for breed 
prediction in one population were used to predict the breed proportion of a separate population, the 
correlation between predicted and actual breed proportion was 0.034 and 0.044 weaker in the Hereford 
and Angus populations, respectively (using the 300 SNP panel). It is necessary to include at least 300 to 
400 SNPs (per breed) on genotype panels to accurately predict breed proportion from biological 
samples. 
 
 
4. Impact of the Research 
 
The systems and knowledge now exist for the development of low density genotype panels for a) 
imputation to higher density genotypes panels with minimal loss in genotype accuracy, b) for rapid 
parentage validation and assignment and c) prediction of breed composition. Knowledge and experience 
also exists in genotype-by-sequencing approaches and interrogation of the subsequent data. The 
greatest impact of all approaches is the ability to reduce the cost of genotype procurement; the logistics 
and pipelines are currently being applied to other species.  
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4(a) Summary of Research Outcomes 
 

(i)  Collaborative links developed during this research 
 
Linkages with Illumina as well as both Weatherby’s Ireland and Enfer has been strengthened or 
established owing to the developing of the national custom genotype platform which was originally 
going to be lower density – the very small differential in cost however between the medium density and 
low density panel SNP chips precluded the implementation of the low density genotype panel in for 
cattle in Ireland. Procedures and pipelines however developed can be used elsewhere 
 

(ii)  Outcomes where new products, technologies and processes were developed and/or 
adopted  

A panel of SNPs were identified that can be used by companies including genotyping companies or beef 
processor to quantify the proportion of Hereford or Angus in biological samples 
The procedures to identify these informative SNPs was developed for use in other species or for other 
breeds 
The procedures for development of a low density panel for imputation as well as the potential of such 
low density genotype panels for imputation to high density and the long-term implications of such were 
useful to evaluate such a strategy in other species. 
 

(iii) Outcomes with economic potential  
The panels developed can be used to develop lower cost genotype options (e.g., genotype-by-sequence) 
for cattle or others species 
 

(iv) Outcomes with national/ policy/social/environmental potential 
The objective of the National Beef Genomics Scheme is to advance genetic gain in the national beef 
cattle, through the use of genomics, and therefore reduce the environmental footprint of beef 
production. Being able to reduce the cost of genotyping either in cattle or other species (e.g., sheep) 
could help achieve this objective at a lower cost. 
 
 
4 (b)  Summary of Research Outputs 
 

(i) Peer-reviewed publications, International Journal/Book chapters. 
Judge M. M, J. F. Kearney, M. C. McClure, R. D. Sleator, and D. P. Berry. (2016). Evaluation of developed 
low-density genotype panels for imputation to higher density in independent dairy and beef cattle 
populations. J. Anim. Sci. 94:949–962 
 
Judge, M.M, M.M. Kelleher, J.F. Kearney, R. D. Sleator, D.P. Berry. (2016). Ultra-low density genotype 
panels for breed assignment of Angus and Hereford cattle. Animal. (In Press)  
 
Judge, M.M, D. Purfield, R. D. Sleator, D.P. Berry. (2016). Impact of multi-generational genotype 
imputation strategies on imputation accuracy and genomic predictions. Genetics, Selection, Evolution. 
(Submitted)  
 
 

(ii) Popular non-scientific publications and abstracts including those presented at 
conferences  

Judge, M.M., Kearney, F., McClure, M.C. and Berry, D.P. (2014). Development of low density  
genotypwe panels for dairy and beef cattle.  In: 10th World Congress Genetics Applied to Livestock 
Production, Vancouver, Canada, 17-Aug-2014, p. 491-495   
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Judge, M., Berry, D.P. and McParland, S. (2015). Genomic selection in dairy cattle. Tresearch 10 (2): 8-9   
 
Berry, D.P. and Judge, M.M. (2015). High accuracy of imputation from the Irish custom bovine genotype 
panel to higher density genotypes.  In: Agricultural Research Forum, Tullamore Court Hotel, 10-Mar-
2015, 
 
Judge, M.M., Kearney, J.F., McClure, M.C. and Berry, D.P. (2015). Low density genotype panels for dairy 
and beef cattle.  In: Agricultural Research Forum, Tullamore Court Hotel, 10-Mar-2015, p. 146 
 

(iii) National Report 
 
 

(iv) Workshops/seminars at which results were presented  
 
ICBF Industry Meeting, 27th May 2014 
CIT PhD progress update, 14th May 2014 
CIT student presentation, 15th Sept 2014 
Weatherby’s-Illumina-ICBF-Teagasc IDB genotype meeting, 21st October 2014 
Beef genomic scientific advisory group meeting, 24th November 2014 
Moorepark Open Day, 1st july 2015 
Moorepark Student seminars, 22th October 2015 
 

(v)  Intellectual Property applications/licences/patents 
None 
 

(vi) Other 
 
 
 
5. Scientists trained by Project 
 
Total Number of PhD theses:       1 
 
Michelle Judge (PhD student) – Main supervisors Donagh Berry (Teagasc) and Roy Sleator (CIT). Title: 
Usefulness of low-density genotype panels in animal breeding and traceability programs. Anticipated 
submission 31st January 2017  
 
Total Number of Masters theses:      0 
 
 
6. Permanent Researchers  
 

Institution Name Number of Permanent staff 
contributing to project  

Total Time contribution (person 
years) 

Teagasc 1                     0.11 

ICBF 2                      0.45 

Total 3               0.56 
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7. Researchers Funded by DAFM 
 

Type of Researcher Number Total Time contribution (person 
years) 

Post Doctorates/Contract 
Researchers 

0  

PhD students 1 (part) 1.02 

Masters students 0  

Temporary researchers 0  

Other 1 0.17 

Total 1 1.19 

 
 
 
8. Involvement in Agri Food Graduate Development Programme 
 

Name of Postgraduate / contract researcher Names and Dates of modules attended 

NA  

 
 
9. Project Expenditure 
 
Total expenditure of the project:     €78,365.79 
 
Total Award by DAFM:       €99,500 
 
Other sources of funding including benefit in kind and/or  
cash contribution(specify):      €6,000 
 
Breakdown of Total Expenditure 

Category Teagasc ICBF 
Name 

Institution 3 
Name 

Institution 4 
Total 

Contract staff      

Temporary staff  7000   7000 

Post doctorates      

Post graduates 21999.99    21999.99 

Consumables 0     

Travel and 
subsistence 

2,271.24 218.60   2489.84 

Sub total      

Durable equipment      

Other 37429.01    37,429.01 

Overheads 7,281.37 2165.58   9,446.95 

Total 68981.61 9384.18   78,365.79 
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10. Leveraging 
 
The original proposal involved the hiring of an MSc but funding from an FP7 project facilitated the 
upgrading of the MSc to a PhD. 
During the study, €6000 was contributed by a commercial company to undertake additional research 
very similar to that outlined in the present study 
The budget spent on genotyping in the present study was lower than originally proposed because 
genotypes from the beef genomic scheme but also genotypes paid for by Irish farmers themselves was 
exploited. 
 
 
11. Future Strategies  
 
The SNPs identified in the present study are now included in the national IDB genotyping chip used to 
genotype 800,000 animals between the years 2015 and 2016. Several meetings have occurred since 
with meat processors on the usefulness of this approach. An alternative low cost genotyping strategy is 
now been evaluated to reduce the cost of undertaking the genotyping making it more appealing to 
processors. Breed assignment using the pipelines developed within have since been applied to sheep 
and a parentage panel will be developed for sheep with minimal number of SNPs. Results from the 
present study have been presented widely since both nationally and internationally as an indicator of 
one of the many (proven) uses of genomic technologies. 


