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Animal breeders have used the resemblance  
between relatives to select parents of the 
next generation and make genetic change 
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Rate of change is accelerated when breeders 
can accurately identify those individuals that 

have the best genetics i.e. breeding value   

 

ΔG =  intensity of selection  X 
 

     accuracy of selection  X 
 

(√genetic variance in population     / 
 

                 generation interval) 
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Now we want to use DNA variations (SNPs) 
in addition to pedigree information to help 

us select the best animals 
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DNA 
TESTING 

The genomics avalanche 
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Let’s visit the past 

 What is DNA? 

 What is a genetic marker (DNA test?) 

 Where have we been?  

 First tests on the market 

 Marker panels 

 Reporting of results to producers 

 Where we are now 

 Where we are headed 

Van Eenennaam Oregon 12/2011 Animal Genomics and Biotechnology Education  



The genome age 



What is a Genetic Marker ?  
 

A DNA sequence 

variation that has 

been associated 

with a given trait in 

one or more 

populations 
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 SIMPLE TRAITS 

e.g. Coat Color 

Double muscling 

COMPLEX TRAITS 

e.g. Marbling (h2 = 0.37) 

     100 % 
GENETICS 

37% 
GENETICS 

 
63% 

ENVIRONMENT 
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Genotyping 

TTGAA 

TTTAA 

TTGAA TTTAA 

½ ½ 

Heterozygous 
bull 
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A lot of detail about the marker 
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Igenity L was a single T/C 

SNP test for Leptin 



Which would you rather have??? 

 A bull that is 
‘homozygous’ for a 
positive genetic variant  
with a low-accuracy EPD 
of +3, or 

 

 Or an unrelated bull 
carrying no copies of 
that genetic variant with 
a low-accuracy EPD of 
+3 

** 
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Both are important!! 

 The ‘homozygous’ bull is a source of favorable 
alleles (genetic variant) of the gene. Can 
eventually be used to create homozygous calves  

 The other bull contributes favorable unmarked 
alleles of other genes, which will improve the 
frequency of other desirable alleles for the trait.   

 Breeding the marker-associated form of the 
gene into the bull that has no copies should 
improve the trait  by combining all of the good 
forms of the genes together in one animal 
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DNA TEST FOR MARBLING EXPLAINS 
SOME % (r2) OF GENETIC VARIATION 

63% 
ENVIRONMENT 

37% 
GENETICS 

DNA  
TEST  

OTHER 
GENES 

EPD 
estimates  
all genes 
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Validation  

 Prior to moving genetic markers from 
discovery populations to 
commercialization, it is important to 
validate their purported effects on the 
trait(s) of interest in the target 
population and different breeds and 
environments, and assess them for 
correlated responses in associated traits  
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Independent validation of DNA tests  

http://www.nbcec.org/nbcec/ 

A. L. Van Eenennaam, J. Li, R. M. Thallman, R. L. 

Quaas, M. E. Dikeman, C. A. Gill, D. E. Franke, M. G. 

Thomas. 2007. Validation of commercial DNA tests for 

quantitative beef quality traits. Journal of Animal 

Science. 85:891-900. 
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Score  (NBCEC Data) 

Data provided by R. L Quaas, Cornell  
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Recap of early product offerings 

 Single gene tests reported as actual 
results of genotyping (** or AT) 

 Great deal of explanation of what the 
gene was and how it had its effect 

 DNA-test billed as 100% accurate  

 The need for third-party validation of 
commercial tests becomes evident 

 A lot of emphasis was put on a single SNP 
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First multi-gene test arrives 
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First multi-trait test arrives 





Explains 70% of 

the genetic 

variation in 

marbling with 

128 markers 

Explains 

100% of the 

genetic 

variation in 

tenderness 



Results reported on 1-10 scale 
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Results reported as a MGV  
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Pfizer Animal Genetics 
aquired Bovigen – results 
reported as GPD 



Recap of next generation of 
products 
 Multigenic marker panels start to become the norm 

 Number of traits and markers grow exponentially 

 No longer any emphasis on which genes the 
markers are associated with, or how those genes 
function 

 No independent validation of many tests 

 Multiple different reporting systems that do not 
allow interchange (1-10, MGV, GPD, Number of 
Stars) or interpretation relative to EPDs 

 DNA information still being presented separately 
from EPDs 
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1. Dry Matter Intake 
2. Birth Weight 
3. Mature Height 
4. Mature Weight 
5. Milk 
6. Scrotal Circumference 
7. Weaning Weight 
8. Yearling Weight 
9. Marbling 
10.Ribeye Area 
11.Fat Thickness 
12.Carcass Weight 
13.Tenderness 
14.Percent Choice (quality grade) 
15.Heifer Pregnancy 
16.Maternal Calving Ease 
17.Direct Calving Ease 
18.Docility 
19.Average Daily Gain 
20.Feed Efficiency 
21.Yearling Height 
22.  Scrotal Circumfrence 



Lead Today with 50K 

1.  Birth weight 

2.  Weaning weight  

3.  Weaning maternal (milk) 

4.  Calving ease direct 

5.  Calving ease maternal 

6.  Marbling 

7.  Backfat thickness    

8.  Ribeye area  

9.  Carcass weight  

10.  Tenderness 

11.  Postweaning average daily gain 

12.  Daily feed intake  

13.  Feed efficiency (net feed intake) 

50K SNP chip assays 

50,000 SNPs spread 

throughout genome 
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Base = 635 (All Cow-Calf Operations)  

March 1, 2010 Beef Magazine Survey 
http://beefmagazine.com/genetics/beef-asked-answered-20100301 
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Why do you use DNA tests? 
(Audience Response BIF 2009)  
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33%
35%

23%

9%

1. Strictly marketing 

2. Better than EPDs 

3. Marker-Assisted 
Selection 

4. Improve accuracy of 
EPDs 
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Need to integrate DNA information into 
National Cattle Evaluation (NCE) 

“information from DNA tests only has value in 
selection when incorporated with all other available 
forms of performance information for economically 
important traits in NCE, and when communicated in 
the form of an EPD with a corresponding BIF 
accuracy. For some economically important traits, 
information other than DNA tests may not be 
available. Selection tools based on these tests 
should still be expressed as EPD within the normal 
parameters of NCE” (Tess, 2008).  
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Pedigree 

Information 

Individual  

Performance  

Data 

+/- Progeny  

Performance  

Data 

DNA test  

Information 

 

EPDs 

Time, Money 

and 

increased 

generation 

interval 

Information sources for EPDs – DNA 

tests are another source of information 

to improve the accuracy of EPDs 

Modified from slide from Kent Anderson, Pfizer Animal Genetics,  presented at BIF 2011 
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http://www.angus.org/AGI/GenomicChoice11102011.pdf (updated 11/18/2011) 

American Angus Association performs weekly 

evaluations with genomic data 
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So the question I get asked a lot is: 
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Genetic Correlations (r) by company Igenity Pfizer 

Calving Ease Direct .47 .33 

Birth Weight .57 .51 

Weaning Weight .45 .52 

Yearling Weight  .34 .64 

Dry Matter Intake (component of RADG) .45 .65 

Yearling Height .38 .63 

Yearling Scrotal .35 .65 

Docility .29 .60 

Milk .24 .32 

Mature Weight .53 .58 

Mature Height .56 .56 

Carcass Weight .54 .48 

Carcass Marbling .65 .57 

Carcass Rib .58 .60 

Carcass Fat .50 .56 

384 SNP 50K SNP 
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Igenity Pfizer 

Calving Ease Direct .47 .33 

Birth Weight .57 .51 

Weaning Weight .45 .52 

Yearling Weight  .34 .64 

Dry Matter Intake (component of RADG) .45 .65 

Yearling Height .38 .63 

Yearling Scrotal .35 .65 

Docility .29 .60 

Milk .24 .32 

Mature Weight .53 .58 

Mature Height .56 .56 

Carcass Weight .54 .48 

Carcass Marbling .65 .57 

Carcass Rib .58 .60 

Carcass Fat .50 .56 



How much do DNA tests help increase 
accuracy of EPDs? (Table 4)  

Data from Kent Anderson, Pfizer Animal Genetics,  presented at BIF 2011 

Van Eenennaam Oregon 12/2011 Animal Genomics and Biotechnology Education  





Van Eenennaam Oregon 12/2011 Animal Genomics and Biotechnology Education  



Van Eenennaam Oregon 12/2011 Animal Genomics and Biotechnology Education  





• single 
marker/  
single trait 

• reported 
genotypes 

• single 
marker 
accounted 
for small 
amount of 
genetic 
variation 

• limited 
adoption 

• technology 
oversold 

• multimarker tests 
for a few traits 
reported in a variety 
of formats  

• no tie between 
DNA test results 
and national genetic 
evaluation or breed 
associations 

• tests accounted for 
< 10% additive 
genetic variation  

• limited validation 

• technology not in 
a form producers 
could use 

• panels with 
hundreds of markers 
for many traits 

• results reported in 
units of the trait 

• incorporation of 
DNA information into 
national genetic 
evaluation 

• DNA-based 
evaluations improve 
accuracy of EPDs  

• large numbers of 
genotyped 
populations are 
available for 
validation 

• universal marker 
panel used by 
worldwide beef cattle 
community 

• seamless submission 
of genotype data to  
national genetic 
evaluation/breed 
associations 

• cost is low  

• DNA information 
used for traceability, 
parentage, genetic 
defects, selection, 
marker-assisted 
management, product  
differentiation 

2003 2008 2013 2020 
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What will the future look like? 
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“It is perhaps the cumulative value derived from 

using DNA test information for multiple purposes 

(traceability, parentage, genetic defects, 

selection, marker-assisted management, 

product differentiation), in combination with the 

rapidly-declining cost of genotyping, that will 

ultimately push the economics of DNA-based 

technologies over the tipping point towards 

more widespread industry adoption”  

Van Eenennaam, A. L. 2011. Beef translational genomics: Lessons from the literature  

Association for the Advancement of Animal Breeding and Genetics. 19. 19: 271-278. 



Summary  

 DNA test results are now being combined with other 
sources of information in Angus Association EPDs 

 DNA information is most useful to improve 
otherwise low accuracy EPDs (i.e. parent-average 
EPDs from animals with no records)  

 Other breeds are working to develop tests that work 
for their breed – none available at this time 

 It is hoped in the future there will be multibreed 
tests for traits which are not currently in National 
Cattle Evaluation e.g. feed efficiency and disease 
resistance – will need LOTS of phenotypes! 
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Questions?  
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