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Traditional Pedigree Selection
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Genomic Pedigree



How Related are Relatives?

➲ Example: Full Sibs
Expected to share 50% of their DNA, SD 5%
May actually share 40 to 60% of their DNA 
because each animal inherits a different mixture 
of chromosome segments from each parent

➲ Combine genotype and pedigree data to 
determine exact fractions



What Was Needed To Advance 
Selection?

➲ Expanded sequence data from bovine genome –
various breeds

➲ Technology advances making it possible to find 
large numbers of genetic markers, means to test 
animals quickly and at a lower cost.

➲ Dense marker maps, ideally equally spaced.

➲ Expanded methodologies to estimate SNP effects 
in dairy populations.



USDA-BFGL, Illumina, AI Industry

➲ USDA-BFGL Consortium found additional SNPs in 
dairy populations

➲ Illumina Infinium BeadChip

➲ USDA and Illumina collaborated to develop the 
Bov50K SNP Assay

➲ USDA and CDDR-AI Studs collaborated to genotype 
reference populations, estimate additive SNP effects 
and predict merit of future populations



Genotyped Animals (n=6005)
As of April 2008
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Genomic PTAs
➲ Genotypic data submitted to USDA-AIPL

➲ 38000+ SNPs used in genomic predictions

➲ Parentage and sex verified

➲ Calculated by breed, Holstein, Jersey and Brown 
Swiss

➲ Genetic evaluations summarized 3X/yr

➲ Genomic PTAs released monthly 



Flow Chart
CDDR AI Studs, Breed Associations, NAAB-Non CDDR

Genotyping Labs

USDA-AIPL

Publish Official Genomic Evaluations



Increased Accuracy in Predicting 
Individual's True Genetic Merit

Accuracies Increased For All 27 Traits

5 Yield Traits

5 Fitness Traits

16 Conformation traits

Net Merit

VanRaden et al. 2009. J. Dairy Sci 92:16-24



Illumina BovSNP50 BeadChip

➲ Each chip is unique, 
requires positioning 
software

➲ 12 samples can be 
genotyped on each 
beadchip.

➲ Typical call rate is 
>99%.

➲ 116 SNP's are 
specified for 
parentage.



Dairy Cattle DNA Source Materials

Whole Blood - Chimeras

Semen – Mature Male

Hair Roots – Keratin Problems
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iScan Equipment

➲ Generates image files

➲ Later GenomeStudio 
Software converts 
images into genotypes 
and SNP data files



Scanning Samples

➲ Red and Green 
Dyes, individual or 
overlay

➲ Each bar is a 
different sample

➲ Scan Status 
indicated









Application genPTAs – Full Sibs

Animal NM Trad NM Gen PL Trad PL Gen
Bull A 415.5 411 1.3 1.3
Bull B 415.5 207 1.3 -0.2
Bull C 415.5 472 1.3 1.4

Bull 1 546.5 541 4.7 4.7
Bull 2 546.5 813 4.7 7.9

Bull D 378 273 3.6 1.2
Bull E 378 237 3.6 2.3





Impact On Selection Programs

Significantly increases the accuracy of predicting an 
individual's true genetic potential prior to performance 
or progeny testing.

Focus is only on additive genetics.

Has resulted in removal of ~35% of the bulls that would 
have entered AI young sire progeny test programs.

In the future, could limit or for go progeny testing.





Two Illumina Technologies



VeraCode Universal Oligo Bead 
Technology

Low-Plex Assays

1 to 384 SNPs

Custom Design 
Assays

Kit beads in 8 well 
strip plates



Illumina VeraCode Assay Designer



Overview
Multiplex PCR

EXO/SAP

ASPE PCR – biotin label

Kit beads strip well plates

Hybridize to capture specific sequence - VeraCode Beads

Streptavidin

BeadXpress Reader

GenomeStudio Software - Genotypes



Multiplex PCR



Each SNP - Capture Sequence 
ASPE Oligo

GGCACTTCGCACGGGTTACGAA5'-----------ALLELE1-------G3'
(IllumiCode or VeraCode BeadCode) (ASPE Oligo)

TACACAGCGACCGTACCATCGT5'-----------ALLELE2--------T3'
(IllumiCode or VeraCode BeadCode) (ASPE Oligo)







Summary

Bov50SNP BeadChip is a tool that is enhancing 
selection of dairy cattle.

Standard platform used across three dairy breeds with 
data used to generate an official genetic evaluation. 

VeraCode Universial Olgo Beads provides custom 
design low-plex assays for routine screening.


