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ABSTRACT: As the livestock industry moves into the 
genomic era a major financial hindrances is the transition 
from microsatellite- to single nucleotide polymorphisms 
(SNP)-based parentage verification. To address this, the 
custom International Beef and Dairy (IDB) SNP chip was 
designed to include SNP for imputation of microsatellite 
(MS) alleles. MS were imputed using a publically available 
reference database of 7,130 animals from 33 Bos taurus 
breeds plus 1,128 additional Irish animals who have both 
MS and SNP genotypes. Since March, 2013 >10,000 Irish 
bovines whose pedigree could not be SNP verified had MS 
imputed. Any animal with >1 MS concordance error with its 
listed pedigree were MS genotyped to maintain stringent 
verification quality levels. With a >98% success rate of MS 
imputation this process saved Irish farmers >€200,000 in 
2013 that would have been spent to MS genotype their 
animal for parentage verification. 
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INTRODUCTION 
Microsatellite (MS) markers have been the standard 

for genetic verification of an animal’s pedigree for the past 
few decades, while single nucleotide polymorphisms (SNP) 
are quickly being the preferred standard. When compared to 
MS, SNP have higher genotyping accuracies, are easier to 
automate, have standard allele calling across platforms and 
labs, have lower error rates, and have greater power for 
pedigree verification when sufficient numbers are used. Less 
than 45 SNP are needed to provide >2 orders of magnitude 
greater matching probability of 11 MS markers for parental 
verification in cattle (Allen et al., 2010, Fernández et al., 
2013). Therefore, the standard set of 120 SNP (Heaton et al., 
2002) represents a large improvement in accuracy for 
parental verification over the 12 MS markers that comprise 
the International Society of Animals Genetics (ISAG) 
recommended MS bovine parentage panel 
(www.isag.us/Docs/CattleMMPTest_CT.pdf).  

While SNP are more powerful, if a producer is only 
wanting parentage verification MS are still more 
economical, although the price gap between genotyping for 
120 SNP and 12 MS is narrowing. Potentially new 
technologies, such as Genotyping-by-Sequencing, could 
eventually lead to SNP being more economical for 
producers that only want parentage verification. Traditional 

agriculture SNP panel designs were focus on genomic 
breeding value calculations, SNP-based pedigree 
verification, SNP imputation, and for research use. For all 
the advantages of SNPs, livestock consumers that wish to 
utilizing SNP technology will still need MS genotypes for 
parentage verification if their animal’s parents only have MS 
genotypes. 
 The Irish Cattle Breeding Federation (ICBF) in 
collaboration with Teagasc and Weatherbys Ireland, 
developed a custom SNP chip called the International Dairy 
and Beef (IDB) for dairy and beef cattle breeding (Mullen et 
al., 2013). The IDB is a a low cost custom SNP genotyping 
platform suitable for Bos taurus cattle populations that was 
designed to 1) have improved imputation to higher density 
SNP panels for genomic selection (especially in beef cattle), 
2) provide highly accurate pedigree verification, 3) screen 
for known lethal recessives and genes of major effect, and 4) 
impute MS alleles for the ISAG recommended MS bovine 
parentage panel.   
 Traditionally, when a livestock industry transitions 
to a new technology for parentage verification the cost of 
genotyping the transition generation with both the new and 
old technology has been absorbed by the producer or breed 
association. For example, during the previous transition 
between blood typing to microsatellites based analysis for 
parentage, all animals had to be regenotyped using 
microsatellites at an average cost of €20 per animal. The 
IDB incorporates an approach developed impute MS alleles 
from specific SNP haplotypes, thereby eliminating the 
requirement and cost for the transition generation to be 
genotype for both MS and SNP (McClure et al., 2013). This 
MS imputation has been successfully implemented in 
Ireland and has greatly aided the transition to SNP-based 
parentage verification for the Irish cattle population.  

 
MATERIAL AND METHODS 

 MS imputation SNP. In McClure et al. (2013) 892 
of 3,744 SNP from the Illumina HDSNP chip (Illumina Inc, 
2010) that are located within 500kb of 12 MS markers 
(BM1818, BM1824, BM2113, ETH3, ETH10, ETH225, 
INRA023, SPS115, TGLA53, TGLA122, TGLA126, and 
TGLA227) were identified as the minimum set required for 
accurate imputation of MS alleles. To allow for the 
possibility of haplotype adjustments 2,176 of those 3,744 
SNP were included on the IDB which included all of the 892 



minimum SNP. Additional SNP were chosen in increasing 
distance from the MS. Only the original 892 minimum SNP 
were initially used for MS imputation. 
 MS reference data sets. The original publically 
available 7,130 animals from McClure et al., (2013) were 
initially used as the sole MS imputation reference dataset. 
For each MS marker reference data set only animals with a 
genotype for that MS were included. On regular intervals 
additional animals that had MS and IDB genotypes were 
added to the reference dataset. The reference datasets were 
fully rephased each time additional animals were added 
using all possible SNP that are within 500KB of each MS. 
 IDB genotyping. In Ireland >25,000 commercial 
and pedigree beef and dairy animals representing 17 breeds 
have been genotyped with the IDB chip at Weatherbys 
Ireland (Naas, Ireland). DNA was extracted primarily from 
hair roots and also from ear punches, blood, and semen as 
required. Extractions were performed using standard 
laboratory practices. Genotyping with the IDB chip was 
performed using the Illumina recommended protocols. Any 
animal with call rate <0.90 had its genotype removed and a 
replacement tissue sample was requested from the animal’s 
owner. 
 MS imputation. Animal’s genotyped on the IDB 
had BEAGLE (Browning and Browning, 2007) input files 
created for the MS imputation SNPs. In BEAGLE each MS 
was separately imputed using the current MS reference 
dataset.  
 Parentage verification. Each animal was initially 
parent verified using the standard set of 120 SNP (Heaton et 
al., 2002) if their reported sire also had SNP genotypes. If 
over 2 SNP were in misconcordance the reported sire failed 
verification. Next all SNP failed animals had their sires 
predicted using 2,082 SNP that are present on all 
commercial Illumina bovine SNP panels and the IDB. Any 
sire or dam with <5 SNP misconcordances were considered 
to be the animal’s true parent.  

Animals whose parentage could not be SNP-
verified had imputed MS used for parentage verification. If 
>2 misconcordances were present between and animal’s 
imputed MS profile and its reported sire the animal was 
directly MS genotyped at Weatherby and used for sire 
verification or identification. This is in line with previous 
publications that recommended >2 misconcordances for an 
animal to be excluded from parentage verification (Bonin et 
al., 2004, Weller et al., 2004, Baruch and Weller, 2008). 
Embryo transfer (ET) animals were directly MS genotyped 
to ensure high parentage verification accuracy as both the 

sire and dam were required to be verified and very few Irish 
dams of ET animals had SNP genotypes. 

MS imputation SNP haplotype size adjustments. 
During the fall of 2013, it was observed that 1-2 specific 
alleles for BM2113, TGLA122, and TGLA126 were 
consistently being called incorrectly. In October, 2013 the 
haplotype sizes were reanalysed and 100 additional SNP 
were added to the original 892 minimum MS imputation 
SNP set. While the majority of the 100 SNP were added to 
the genomic regions of the 3 mentioned MS most MS 
genomic regions had a few SNP added as a measure to 
capture any unique MS-SNP haplotype that might appear in 
future reference data sets. 

TGLA53 exclusion. Some labs do not use TGLA53 
in their parentage testing due to well documented issues 
where its larger alleles do not amplify well and thus can 
cause problems with parentage verification (John Flynn, 
Weatherbys Ireland, Personal Communication 12/04/2013). 
During the October, 2013 reanalysis TGLA53’s performance 
in 4,100 animals was examined.  

 
RESULTS AND DISCUSSION 

Since March, 2013 over 25,000 Irish cattle have 
been genotyped on the IDB SNP chip. Overall 55% of the 
animals had their pedigree verified using SNP data with the 
remaining having MS imputed profiles used. Early on it was 
decided that every animal with an IDB genotype would have 
its MS imputed as this was operationally easier and does not 
affect the MS imputation accuracy.  

While initially all imputed MS were used for 
parental verification, TGLA53was excluded from this list in 
October, 2013. The analysis of its performance revealed that 
1/3 of the single MS misconcordances were due to the 
TGLA53genotype. Of the animals that were directly MS 
genotyped because they had 2 MS misconcordances, 40% of 
them would had only 1 misconcordance if TGLA53 was 
excluded. Due to this, and because traditionally Weatherbys 
did not use TGLA53 in their standard MS parentage testing, 
the decision was made to keep imputing the MS marker 
allele, but not to use them for parentage verification.   

On average 280 new animals were added monthly 
to the MS reference data (Table 1). Currently we have added 
>1,100 animals to the original publically available reference 
data set. With the increased reference data set, adjusted SNP 
haplotype sizes, and exclusion of TGLA53 the imputation of 
MS allele was >98% accurate since November 2013 (Figure 
1).  

 
Conclusion 



The use of microsatellite imputation has resulted in 
considerable cost savings (>€200,000) to the Irish cattle 
farmer as the industry moves to SNP based technologies. As 
the MS reference data set increases and SNP haplotype sizes 
are reanalysed the MS imputation accuracy and will also 
allow for the capture of rare MS-SNP haplotypes. The 
imputation has been proved to be highly accurate in across 
multiple beef and dairy breeds and is now a routine 
procedure for parentage verification in Ireland.   
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Figure 1. Accuracies of MS imputations by date of 
imputaiton and if 12 or 11 MS markers were used for 
parentage verificaiton. The blue and red lines are 
accuries when up to 1 MS misconcordance is allowed, 
while the green and purple lines have 0 
misconcordances allowed. Vertical black bars show 
when MS reference population were updated. 

 

Table 1. Count of animals in MS imputation reference 
population by marker and date. 

Marker Original 5/2013 8/2013 9/2013 10/2013 2/2014 

BM1824 7,035 7,314 7,477 7,665 7,821 8,157 

BM2113 7,069 7,345 7,510 7,699 7,855 8,190 

INRA023 7,006 7,287 7,451 7,641 7,797 8,130 

ETH10 6,875 7,153 7,316 7,506 7,662 8,000 

ETH225 7,055 7,332 7,497 7,686 7,842 8,174 

SPS115 6,971 7,237 7,399 7,588 7,744 8,074 

TGLA53 2,902 3,137 3,237 3,381 3,526 3,644 

TGLA227 7,053 7,329 7,492 7,677 7,833 8,166 

ETH3 3,850 4,129 4,293 4,482 4,638 4,972 

TGLA126 6,808 7,078 7,243 7,433 7,589 7,925 

TGLA122 7,056 7,334 7,497 7,687 7,843 8,171 

BM1818 1,463 1,578 1,741 1,927 2,083 2,442 

Average 5,929 6,188 6,346 6,531 6,686 7,004 

Total 7,130 7,411 7,576 7,706 7,861 8,258 
 


