
CCA Pfizer Cattlemen’s College 11/21/08 Animal Biotechnology and Genomics Education  

“DNA testing — Does it Work 
and Where is it Headed?”  

Alison Van Eenennaam, Ph.D. 
Cooperative Extension Specialist  

Animal Biotechnology and Genomics  
UC Davis 
 
alvaneenennaam@ucdavis.edu 
 
 
 
 

http://animalscience.ucdavis.edu/animalbiotech/ 

mailto:alvaneenennaam@ucdavis.edu


CCA Pfizer Cattlemen’s College 11/21/08 

It seems appropriate that the 
application of DNA testing to 

beef cattle production is 
undergoing an evolutionary 

process…. 
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Let’s visit the past 

 What is a genetic marker (DNA test?) 

 Where have we been?  

 First tests on the market 

 Marker panels 

 Reporting of results to producers 

 Where is it headed 

 Implications 
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The basis of selection is the 
resemblance between relatives 
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Breeders can influence the rate of 
genetic gain by altering components 

of the following equation: 

 

ΔG =  intensity of selection  X 
 

     accuracy of selection  X 
 

(√genetic variance in population     / 
 

                 generation interval) 
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Challenge for breeders is to identify 
those individuals that have the best 

true breeding values   

 

ΔG =  intensity of selection  X 
 

     accuracy of selection  X 
 

(√genetic variance in population     / 
 

                 generation interval) 
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The value of accuracy 
 

A B 
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B A 
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 What is the value of accuracy? 
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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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Companies that are offering DNA tests 
for marker-assisted selection for beef 
cattle traits 

http://www.genaissance.com/index.html
http://www.genmarkag.com/index.php
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Companies that are offering DNA tests 
for marker-assisted selection for beef 
cattle traits 

Marker-assisted selection is the 
process of using the results of 
DNA testing to assist in the 
selection of individuals to become 
parents in the next generation.  

http://www.genaissance.com/index.html
http://www.genmarkag.com/index.php
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DNA 
TESTING 

Beginning of an avalanche 



Animal Biotechnology and Genomics Education  



Animal Biotechnology and Genomics Education  

Gene markers available October 2003 

Gene  Trait 
 
Thyroglobulin  Marbling   (GeneStar Marbling) 
   http://www.frontierbeefsystems.com/ 

Leptin   Marbling   (Merial) 
   Press release 7/2003   

mu-Calpain   Tenderness (TenderGENE) 
   Press release 9/2003  

Calpastatin  Tenderness (GeneStar Tenderness) 
   http://www.frontierbeefsystems.com/ 
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Igenity L 
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A lot of detail about the marker 
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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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Data provided by R. L Quass, Cornell  
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Recap 

 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 single trait and  100% 
accurate  

 The need for third-party validation of 
commercial tests becomes evident 
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First multi-gene test arrives 
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Results reported on 1-10 scale 



Animal Biotechnology and Genomics Education  



Animal Biotechnology and Genomics Education  

Results reported as a MGV  
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Pfizer Animal Genetics 
aquired Bovigen – results 
reported as GPD 
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Companies that are offering DNA tests 
for marker-assisted selection for beef 
cattle traits 

http://www.genaissance.com/index.html
http://www.genmarkag.com/index.php
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Tests for quantitative traits 

Results reported 
as # of 
stars/GPD  

Results reported 
on scale 1-10 

Results 
reported as 
“MGV” 

GeneSTAR 
Quality Grade 

Igenity Profile – 
Quality Grade 

Tru-Marbling 

GeneSTAR 
Tenderness 

Igenity Profile - 
Tenderness 

Tru-Tenderness 

Feed Efficiency  Igenity Profile – 
Marbling, Yield Grade, 
Fat thickness, Hot 
carcass weight, Ribeye 
area, Heifer pregnancy 
rate, stayability, calving 
ease, docility 

Average daily 
gain (not 
commercially 
available yet) 

Pfizer Igenity MMI 

Quality Grade 

Tenderness 

Other 

Validated by 
NBCEC 
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Recap 

 Multigenic marker panels are the norm 

 Number of traits and markers growing exponentially 

 It is not important to know which genes the markers 
are associated with, or how those genes function 

 Some unvalidated tests are available and more are 
coming  

 Multiple different reporting systems that do not 
allow interchange (1-10, MGV, GPD, Number of 
Stars) or interpretation 
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What is wrong with the current 
model ? 
 
 A few markers are not sufficient to account for 

much (>10%) of the additive genetic variation 
– so little obvious relationship between 
phenotype and DNA-test results and little 
genetic progress likely to result from MAS 

 Markers do not exist for many important traits 

 Early adopters of genotyping for MAS in 
livestock have not experienced sufficient value 
capture i.e. they are too expensive ! 
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And DNA data is not being used 
in national cattle evaluation 

 Only a small proportion of the population is 
being genotyped 

 Individual producers may be reluctant to share 
results for animals that are shown to have 
inherited unfavorable marker alleles.  

 There is no national structure, at the breed 
association or any other level, to routinely 
capture genotypic information in a consistent 
form for the purpose of national evaluation.   
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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 different breeds 
and environments, and assess them for 
correlated responses in associated traits  
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Should I use DNA-tests in my breeding 
program? 

 
  Will marker-assisted selection make you money?  
 For marker-assisted selection to be profitable, it must either increase 

revenue or decrease expenses by the cost of the test 

 What impact does the test have on the trait?  
 The genetic gain that can be achieved by using marker-assisted selection 

depends on the amount of additive genetic variation that is accounted for 
by the test, and also the heritability of the trait 

 What are you giving up to use animals that are carrying the 
marker of interest?  

How do you select for it now, & what emphasis do you give it now? 

 Could good progress in that trait be achieved without the 
expense of marker assisted selection?  

Will markers increase the accuracy of your selection decision 
sufficiently to justify the expense of running it?”  
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AI bull 

Yearling bull 
with own 
records and 
ultrasound  

Yearling bull 
with no records 

BIF Accuracy 
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High-throughput SNP genotyping 
on 50,000 SNP CHIP (50K Chip) 

The sequencing of the 
bovine genome 
allowed for a 
collaboration between 
MARC, BARC, UMC 
and UA to develop a 
set of 50,000 SNPs 
that are located 
throughout the entire 
genome 
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Whole genome-assisted  
selection (WGS) 

 The use of these dense markers across 
the entire genome enables an estimation 
of the genetic merit of every chromosome 
fragment contributing variation in a 
population with phenotypic observations  

 Can simultaneously test 50,000 markers 

 Can be used to predict merit for all traits 
for which phenotyped populations exist 
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 WGS effectively estimates an 
EPD for every chromosome 
fragment in the genome 
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• single 

marker/  
single trait 

• reported 
genotypes 

• single 
marker 
accounted 
for very 
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 

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

• cost is low and 
industry uses DNA 
information for 
herd management 
feedyard sorting, 
and breeding.  

2003 2008 2013 2020 
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Closing thought 

 “As with the implementation of genetic 
evaluation systems in livestock over 25 years 
ago, the industry will experience growing 
pains. However, these growing pains will give 
way to more accurate genetic selection of 
young animals, molecular breeding values for 
traits that can only be measured in a research 
setting, and decreased numbers of animals 
needed for progeny testing.” 

 

Allan, M. F. and T. P. L. Smith. 2008. Present and future applications of DNA 
technologies to improve beef production. Meat Science 80:79-85. 
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California to host BIF 2009!  
Mark your calendars! 

http://www.calcattlemen.org/bif2009.html 
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Questions ?  
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Accuracy:  the correlation between 
an estimate and its true value  (the 
correlation will lie between 0 and 1) 

Number of progeny records required 

A. Correlation (r) B.   BIF accuracy Low (0.1) 

heritability  

  Moderate (0.3)        

heritability 

.1 .01 1 1 

.2 .02 2 1 

.3 .05 4 2 

.4 .08 8 3 

.5 .13 13 5 

.6 .20 22 7 

.7 .29 38 12 

.8 .40 70 22 

.9 .56 167 53 

0.99 .93 1921 608 

0.995 .99 3800 1225 


