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595   Is genomic selection a one size fits all? I. Misztal*, University 
of Georgia, Athens.

Several methods are used for genomic selection (GS). A multi step 
method in dairy involves a regular BLUP, creation of pseudo-observa-
tions for animals with genomic information, genomic prediction (GP) 
for genotyped animals, and creation of an index with parent average. 
This method is successful when models for prediction are simple, 
genotyped animals include high accuracy bulls, and the number of 
genotypes is >2000. When genotyped animals have low or variable 
accuracy, approximations in pseudo-observations, GP and the index 
reduce the accuracy of prediction and create biases. Lack of the index 
results in lower accuracy especially for animals farther from the refer-
ence population. Another method of GS applies GP directly to pheno-
types and genotypes of reference populations. The resulting equations 
are used for prediction, either directly or as a correlated pseudo-trait in 
a regular evaluation. This method is simple but less accurate because it 
ignores information from ungenotyped ancestors and from correlated 
traits. Also, accuracy of predictions for animals far from the reference 
populations may be very low. The newest method for GS is single-
step GBLUP (ssGBLUP), which is conventional BLUP except that the 
pedigree-based relationship matrix is modified by SNP-derived rela-
tionships. In tests, ssGBLUP seems to be the most accurate one as it 
utilizes all the information with few approximations. Issues implicitly 
present in the other methods but explicit in ssGBLUP are proper scal-
ing of genomic relationships, removal of genotype and pedigree con-
flicts, realistic approximation of accuracies, and optimal selection of 
animals for genotyping to minimize costs. The additional accuracy due 
to GS is approximately ~∑[(aij-gij)2 accj

2], where aij (gij) are pedigree 
(genomic) relationships between animal i and j, and accj is accuracy 
for animal j. The additional accuracy is maximized by selection of ref-
erence animals with high accuracy who are strongly related to candi-
dates for selection. In populations where an individual is inexpensive, 
expanding progeny sizes may be more cost effective than extra geno-
typing.
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596   Is there value in maintaining small populations? Example 
of the Dual-Purpose Belgian Blue breed. N. Gengler*1,2, H. Soy-
eurt1,2, C. Bastin1, B. Buske1, S. Vanderick1, and F. Colinet1, 1Ulg - 
GxABT, Gembloux, Belgium, 2FNRS, Brussels, Belgium.

Current status of thinking on genomic selection in dairy cattle is mostly 
major breed centric (e.g., Holstein) and only for traditional traits (e.g., 
milk yields). Once you depart from this, it becomes obvious that dif-
ferent, often related, issues appear (e.g., lack of large training popula-
tions, need for expensive recording of new phenotypes). Also, there is 
an urgent need to rethink issues that are important for sustainability of 
dairy production (e.g., added value foods, animal robustness). In this 
context, small populations (breeds/lines) could represent a potential 
source of extra information to justify their maintenance. As marker 
densities increase, efficient dissection of different selection histories 
of divergent breeds or lines, potentially identifying pockets of unex-
ploited variability will increase. A current example from the Belgian 
(Walloon) perspective is the Dual Purpose (DP) line of the Belgian 
Blue Breed (BBB), with presently around 4500 breeding females, for 
historical reason of which only 1500 have good pedigrees, and which is 

present in Belgium and northern France. Recent research, done on this 
line, showed its tendency to produce less saturated milk fat and to have 
better fertility. Results indicated that it could stay competitive in spe-
cific markets, especially because of largely increased meat value. Cur-
rently, the myostatin mutation is largely used for breeding purposes. To 
assess the genetic diversity of the breed, recently, over 200 genotypes 
(SNP50K) for nearly all breeding bulls of the last 20 years became 
available. HD genotypes should be available in the near future, also 
allowing to access selection history of this breed as being in between 
the 2 extreme breeds: Beef BBB (with which it shares a recent history) 
and Holstein-Friesian (which is related through its geographic proxim-
ity over centuries). Finally, genomic selection for DP-BBB will need 
to consider a single step type approach without the need of reference 
population and potentially relying heavily on SNP3K of cows, also 
with the objective to recreate relationships between animals of interest.
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597   Overview of genomic selection in dairy cattle populations. 
P. M. VanRaden*1 and J. R. O’Connell2, 1Animal Improvement Pro-
grams Laboratory, ARS, USDA, Beltsville, MD, 2University of Mary-
land School of Medicine, Baltimore.

Genomic selection is most successful for traits recorded over many 
years in large populations. Holstein breeders have reference popula-
tions >10,000 proven bulls via cooperation among major countries, and 
countries with smaller Holstein populations can contribute additional 
bulls. Scandinavian red dairy cattle breeders have 8,000 reference 
bulls, and Brown Swiss breeders have a global population of 4,500 
reference bulls at Interbull. Jersey breeders have genotyped but have 
not yet merged their 6,000 reference bulls. Denser chips can transfer 
genomic information across breeds if all breeds are in the same data 
set. Less dense chips with imputation to higher densities allow afford-
able selection for smaller populations or more recently recorded traits. 
The North American database now includes Illumina 2,900 marker 
(3K) or 50,000 marker (50K) genotypes for 74,389 Holsteins, 8,905 
Jerseys, and 2,008 Brown Swiss, plus 777,000 marker (HD) geno-
types for 435 animals. To determine how many HD animals within 
each breed may be needed for imputation, 600,000 marker genotypes 
were simulated for either the youngest animals or for older bulls with 
highest reliability, and the other animals had 40,000 markers. After 
imputation using findhap.f90 version 2, percentages of estimated gen-
otypes that matched true genotypes ranged from 96.1 to 98.7% when 
numbers of HD genotypes ranged from 250 to 1000 within each of 
the 3 breeds. Imputation accuracy was about 1% less if the youngest 
animals instead of the older bulls had HD. The value of matching cow 
phenotypes to their own genotype instead of to their sire’s genotype 
was demonstrated by excluding bulls and using only the 13,935 cows 
in the Holstein reference population instead of all 25,131 reference 
bulls and cows (official). For milk yield of young animals, the cor-
relation was 0.86 between cow-only and official evaluations vs. 0.71 
between parent average and official. Smaller populations can increase 
genomic reliability by exchanging information with large populations 
and by lower cost genotyping.
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598   Overview of genomic selection in small populations of beef 
cattle. G. L. Bennett*, W. M. Snelling, R. M. Thallman, J. W. Keele, 
and L. A. Kuehn, USDA, ARS, US Meat Animal Research Center, Clay 
Center, NE.

Efficiency and reproduction are important to beef production and are 
enhanced by using breeds adapted to specific management strategies 
and environments and by crossbreeding. Thus dozens of breeds are 
currently used in the US Genomic prediction of breeding value (MBV) 
needs large trait and genotypic data sets which favors breeds with 
many cattle. Breeds with small effective population sizes have longer 
blocks of linkage disequilibrium which they should exploit. Using 
equations for MBV trained in one population and applied in another 
has had limited success. New sources of data and analyses are needed 
to improve MBV. New genotyping assays with more than 10 times 
the SNP on current assays are expected to yield more robust associa-
tions across breeds but this is not proven yet. Using multi-breed data to 
train MBV predictions identifies markers with consistent associations 
across breeds but limits the proportion of variation that can be pre-
dicted within populations because population specific associations are 
often not detected. Analyses that utilize both general and breed specific 
marker associations need to be developed. Identifying the breed origin 
of an allele is a prerequisite for these analyses and haplotypes may 
have stronger associations across breeds than SNP alleles. Phenotypic 
data, especially for expensive or difficult traits, is particularly limit-
ing in less numerous breeds. Breeds that are genetically less diverse 
(e.g., European Continental) are more likely to have consistent marker 
associations and might benefit from combining SNP data and expen-
sive phenotypes. Some traits are difficult because they are measured 
on commercial animals that are not usually genotyped. A strategy of 
genotyping pools of cattle in from the tails of a trait distribution and 
using genomic relationships to these pools may be useful for some 
traits, particularly disease and reproduction, measured in unpedigreed 
progeny. Basic research to develop and use MBV has been done and 
is being used in the beef cattle industry, but there is a strong need 
for innovations that will make this progress accessible to more of the 
industry.
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599   Overview of genomic-assisted selection in swine popula-
tions. S. Forni*, Genus Plc, Hendersonville, TN.

Swine breeders have been successfully using genetic markers since the 
early 1990s. Marker assisted selection has been applied in the past 20 
years and genetic gain was increased for several performance traits. 
Recent studies have shown that a relatively small number of mark-
ers can improve the predictive ability of breeding values by 40–60% 
for challenging traits such as scrotal hernia, mortality and litter size. 
Genomic information on a large reference population of swine is not 
available. Genomic-assisted selection in swine imposes large compu-
tational and statistical challenges because information is accumulated 
and selection decisions are made as often as weekly. The single-step 
genomic evaluation proposed recently for dairy cattle has appealing 
features for the swine industry. The method allows for the use of an 
unrestricted number of markers independent of the trait and accounts 
for non-genotyped animals in the population. Increases in accuracy of 
30% for genotyped selection candidates have been observed in lowly 
heritable traits with the single-step evaluation. Accuracy improvement 

was also obtained when only the parents of selection candidates were 
genotyped. Different weights for specific markers can be incorpo-
rated in the method, and this is expected to improve predictive ability. 
Kernel-based methods can have similar properties regarding com-
putational efficiency and can be used to include the effects of gene 
interactions in genomic-assisted evaluation. The outcomes of blend-
ing genomic information from different lines or swine breeds have not 
yet been well exploited. Results with simulated data have indicated 
that genomic information on parental lines could significantly impact 
the evaluation of performance in the commercial level, if non-additive 
effects are contemplated. Multi-breed genomic evaluation may also 
benefit from genotype imputation procedures because higher marker 
density is important for increasing evaluation accuracy. Methods to 
reduce genotyping costs and computation time are imperative for the 
full implementation of genomic-assisted selection in the swine indus-
try.
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600   Delivering livestock genetic improvement in a genomics 
era: Evolving roles and responsibilities. W. Herring* and K. Ander-
sen, Pfizer Animal Genetics, Kalamazoo, MI.

Genomic usage in the genetic improvement business has rapidly 
evolved over the past 5 years. Until recently the research pipeline has 
been funded by government/university sources and commodity groups. 
However, due to the delivery of genetic improvement in each of these 
species and regional differences in the livestock production structure, 
the timeline of genomic utilization has and is varying differently. Poul-
try breeding companies have pursued a consortium approach involv-
ing breeding companies and university partners to provide their initial 
products. Retail swine genetics providers have relied primarily on their 
own funding to add value to their products. Dairy and beef represent 
the most diverse examples of utilization of genomic technologies. In 
the US, U.S.D.A. has heavily funded dairy genetic improvement and is 
also the source of the industry’s genetic evaluations. Due to the heavy 
use of A.I. and recent efforts of aggressive genotyping, dairy has pro-
vided the most visible utilization of genomic technologies into genetic 
improvement platforms available to dairymen in North America. Con-
versely, beef cattle genetic evaluations are managed by breed societies 
and service providers that have been challenged with limited budgets 
and relatively small resource populations from which to grow their 
knowledge base. As a result, the largest beef breed societies maintain 
a position of more advanced execution, with smaller societies strug-
gling to keep pace. Entrance of animal health companies as providers 
of genomic-based evaluations (primarily beef and dairy), into a space 
traditionally occupied only by societies and academic institutions that 
provide genetic evaluation services, is causing shifts in the culture and 
delivery of genetic improvement. These companies bring networks 
of expertise across disciplines, customer service, access to develop-
ment funding and relationships with livestock producers. As shifts in 
regional production competitiveness are occurring in real-time, all 
with collaborative influence should be motivated to deliver the most 
rapid access to genetic improvement such that constraints to its utiliza-
tion are removed.
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