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“The mission of the animal genomics 

and biotechnology extension program 

is to provide broad, science-based 

extension programming on the uses of 

animal biotechnologies in livestock 

production systems.”  
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“Translational genomics ” is defined as 

the adaptation of information derived from 
genome technologies for animal improvement 
 

 Rapid Uptake/Progress  

– Genomic selection in dairy cattle 

– Genetic defect testing 

– DNA-based parentage testing 

 Slow Uptake/Progress 

– Genomic selection in beef cattle 

 No uptake/Progress 

– Genetic engineering for food purposes 
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How much have you read or heard 
about applying the science of 
biotechnology to animals? (IFIC, 2010) 
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http://www.foodinsight.org/Content/3843/Final%20Draft_2010%20ES%20TOPLINE%20DATA_5-26-10.pdf 
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"I know it when I see it"  

Of the people who say they know nothing 
about biotechnology, genetic 
engineering or genetic modification; 
almost half (46%) disapprove of the 
use of genetic modification to create 
plant-based foods, and 66% disapprove 
of animal-based genetic modification. 

Hallman, W. K., Hebden, W. C., Aquino, H.L., Cuite, C.L. and Lang, J.T. 2003. Public Perceptions 
of Genetically Modified Foods: A National Study of American Knowledge and Opinion. Rutgers - 

The State University of New Jersey. 
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Even though many people routinely 
live with genetically modified animals!  
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Public Attitudes Towards Specific 
“Animal Biotechnologies” (IFIC, 2005) 

http://ific.org/research/upload/2005BiotechSurvey.pdf 

53

39

15

0

10

20

30

40

50

60

70

80

GENOMIC

SELECTION

GENETIC

ENGINEERING

CLONING

%
FAVORABLE

UNFAVORABLE

Animal Biotechnology and Genomics Education  Missouri 9/2/2011 



Rate of genetic change (ΔG) =  
 

  intensity of selection  X 
 

  accuracy of selection  X 
 

  (√genetic variance in population  / 
 

  generation interval 

 

Animal biotechnologies and 
the breeders equation 
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Genomic selection - can trace all 
segments of the genome with markers 

  

• Population 

• Phenotypes  

• High density                              
Genotypes  

Training population = 
estimate the value of 
every chromosome 
fragment contributing 
variation in a population 
with phenotypic 
observations  

Prediction = the results of training can then 
be used to predict the merit of new animals, 
not contained in the training data set 

THEORY 
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The promise of genomic selection 
for the dairy industry 

Young sire 
Parent Average 

x 

AS AD 

Mendelian Sampling  ? 

Accuracy 0.20 

5 years;  >>>>  cost 

x 

AS AD 

Mendelian Sampling 

Young sire 
Progeny Test 

Accuracy 0.80 

x 

AS AD 

Mendelian Sampling 

Accuracy 0.65 

Young sire 
Genomic 
Selection 

? 

Birth Birth;  <<<< cost 
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Genomic selection can 
double rate of genetic gain 

Rate of genetic gain ΔG 
 

ΔG = (im rm +if rf)/ (Lm + Lf) genetic standard deviation/year  

 

  = (2*0.8 + 0)/ (6+2)   =  0.2 s.d./year (progeny test) 

 

  = (2*0.6 + 0.8*0.6)/ (2+2)  =  0.42 (genomic selection) 
   

 i = intensity of selection  

 r = accuracy of selection 

 L = generation interval 
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Rate of genetic change (ΔG) =  
 

  intensity of selection  X 
 

  accuracy of selection  X 
 

  (√genetic variance in population  / 
 

  generation interval 

 

Genomic Selection and the 
breeders equation 
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Dairy industry  
suited to WGS 

• High use of AI 

• Clear selection goal  

• One breed used extensively 

• Large number of high accuracy A.I. sires for training 

• Extensive, uniform collection of  data on traits 

• Central evaluation (AIPL) receiving genotypes 

• Obvious way to increase rate of genetic gain 

• AI companies funding the genotyping because they 

get a clear cost savings in terms  of young sire 

program 
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Arthrogryposis  
multiplex; aka  
Curly Calf 

 From a scientific standpoint, AM is the complete 
deletion of a segment of DNA that encompasses two 
different genes  

 One of these genes is expressed at a crucial time in 
the development of nerve and muscle tissue. The 
mutation results in no protein being produced from 
this gene and therefore it is unable to carry out its 
normal function so homozygotes show phenotype 

Another  
translational  
success story 
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From September 8 – November 3, 2008 
identified genetic problem, developed test, 
and released carrier status of 736 bulls! 

Based on calculations in Buchanan, D.S. 2009. Genetic Defects in Cattle.  

http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle 

 

 In the 11 months following the release of the test, the 
AAA posted the results of tests for AM on about 96,247  
cattle. 

 

 This amounts to $2.4 million in testing costs 
 

 Of these, 20% (19,529) were carriers of AM. That 
leaves 23,638 bulls and more than 53,000 
heifers which tested as free of AM.  
 

 At $4K/bull and $2K/heifer ~ $200 million of 
suspect animals shown to be free of RGF allele 
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What factors promoted the rapid adoption 
of these animal biotechnologies?  

 “Illumina 50K bead chip released commercially January 
2008, and by July the dairy industry was using it to 
direct its breeding approach” 
 

 Technically feasible 
 Cost-effective or profitable 

 

 “The beauty of marker-assisted breeding is that it is 
likely to be less disconcerting to the public and 
regulators than transgenic or cloned animals ” 

 
The Genome Assisted Barnyard. 2009. Nature Biotechnology 27:487. 
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What would the public 
think of Velogenetics? 

 

• Harvest oocytes from in-utero calves 

• In-vitro 

• maturation 

• fertilization 

• Selection based on genetic markers 

• Implant in recipient cows 

• L = 6 months (0.5 instead of 6 years) 
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Georges and Massey (1991) Velogenetics, or the synergistic use of marker assisted 

selection and germ- line manipulation.  Therieogenology 35:151-159 
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Velogenetics combined with genomic 
selection could increase rate of genetic 

gain 8X 

  Rate of genetic gain ΔG 
 

   ΔG = (im rm +if rf)/ (Lm + Lf) genetic standard deviation/year  

 

  = (2*0.8 + 0)/ (6+2)          =  0.2   (progeny test) 

  = (2*0.6 + 0.8*0.6)/ (2+2)        =  0.42 (genomic selection) 

  = (2*0.6 + 0.8*0.6)/ (.5+.5)      = 1.68 (velogenetics) i.e. 8X 
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 The Beef  
Cattle Industry 

 Little use of AI 

 Relatively few high accuracy sires for training 

 Multiple competing selection goals – cow/calf, feedlot, 
processor – little data sharing between sectors 

 Few/no records on many economically-relevant traits 

 Many breeds, some small with limited resources 

 Crossbreeding is important 
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A perfect storm is a confluence of events that 

drastically aggravates a situation  
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Translational Questions for 
the Beef Cattle Industry 

? How many phenotypic records are required in the initial 
training population ? 

? How often do chromosome segment effects need to be re-
estimated? 

? How does the relationship between the training population 
and the selection candidate affect accuracy? 

? Do predictions work across breeds? 

? How many markers are needed– 50K, 800K, whole genome?  

? What is the value generated by the increased accuracy?  

? Does this technology change optimal breeding program 
design or industry structure?  
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The literature tells us that test accuracy (r) 
genetic correlation between test result and 
trait will increase when the following occurs: 

 A large number of animals and high-quality phenotypic 
records available for training  

 High density of makers 

 Heritability of the trait increases 

 Small effective population size so small number of 
chromosome segments to track 

 Small number of QTL affecting the trait so there is a 
marker associated with every QTL  
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If a nearly 
infinitesimal model 
is correct as seems 
to be the case for 
most quantitative 
traits; then large 
training populations 
will be needed to 
achieve high 
accuracy 

Maybe R.A. Fisher was onto 
something? 
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Reduced SNP panels: Percentage of the highest 

ranked SNP that are shared between sets of traits*  
for subsets including 500, 1,000, 5,000 or 10,000 SNP 

 

Moser, G., M. S. Khatkar, B. J. Hayes, and H. W. Raadsma. 2010. Accuracy of direct genomic values in 

Holstein bulls and cows using subsets of SNP markers. Genetics Selection Evolution 42. 

* Dairy traits included: 

1. Protein 

2. Protein % 

3. Survival  

4. Fat % 

5. Milk 

6. Overall Type 

7. APR (Australian Profit Rank)  

8. ASI (Australian Selection Index) 

9. Fat 

 

Few SNPs were in 

common between 

the trait-specific 

subsets 



Other relevant interesting findings 
with practical implications 

 Few of the “best” markers for one trait are the “best” for 
a second trait and fewer still more than two 

 Prediction equations derived in one breed do not predict 
accurate MBVs when applied to other breeds 

 Combining breeds into one large multi-breed reference 
population gives reasonable accuracies in purebreds 

 To find markers that are in LD with QTL across diverged 
breeds, such as Holstein, Jersey, and Angus, will require 
high density SNPs (>300,000 markers) 

 If markers are picking up family relationships (linkage), 
then the accuracy of marker-based selection will decay 
over generations within breed 
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Given that background what beef 

products are in use and do they 

conform with literature predictions? 

Missouri 9/2/2011 

http://www.genaissance.com/index.html
http://www.genmarkag.com/index.php
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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 Circumference 



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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http://www.angus.org/AGI/GenomicChoice070811.pdf (updated July 7, 2011) 

American Angus Association performs 

weekly evaluations with genomic data 

http://www.angus.org/AGI/GenomicChoice070811.pdf
http://www.angus.org/AGI/GenomicChoice070811.pdf
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So the question I get asked a lot is: 
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Genetic correlations for National Cattle 

Evaluation traits in Angus by company  

384 SNP 50K SNP 

http://www.angus.org/AGI/GenomicChoice070811.pdf (updated July 7, 2011) 

http://www.angus.org/AGI/GenomicChoice070811.pdf
http://www.angus.org/AGI/GenomicChoice070811.pdf
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The objective of this study was to estimate the genetic 
correlation between MBVs and target traits based on ranch 
genetic evaluations of herd bulls sourced from the Angus 
seedstock sector. 

 

Target Population: 

Commercial Beef 

Industry 

Training  

Population: 

DNA  

Companies 

Validation  

Population: 

American Angus  

Assoc. 

UC Davis  

Assessment  

Population 

Weber, KL, and A.L.  Van Eenennaam. American 

Society of Animal Science Late Breaking Abstract, 

July 11, 2011, New Orleans, LA 

 

Trait 

WW ADG HCW RE MS 

# bulls 114      114 114 114 114 

# progeny 1734 341 455 455 455 

Avg # 
progeny per 

bull 
60 12 16 16 16 

Independent Assessment of 
Commercial Tests for Beef Cattle 

Production Traits 
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Trait 

WW ADG HCW RE MS 

# bulls 114        114         114        114        114 

# progeny 1734 341 455 455 455 

Avg # progeny 
per bull 

60 12 16 16 16 

Phenotype mean 
(SD) 

226± 
35kg 

1.1± 
0.2 

kg/day 

333± 
34kg 

80±7 
cm2 

5.8± 
1.0 

Heritability (est.) 0.22 0.17 0.30 0.39 0.44 

Avg BIF accuracy 
of original AAA 

EPD 
0.23 0.18 0.25 0.22 

Angus bulls 

Genotyping 

2400 cows/ 
year 

Progeny 

Paternity 
Determination 

Sample 
Collection & 
Phenotyping 

Data collection:  
AAA EPD & pedigree 

Sample collection: 
For genotyping 

MBV 

MBV Accuracy and 
EBV Calculation 

Traits:  
• weaning weight 

(WW) 
• average daily gain 

(ADG) 

• hot carcass weight 
(HCW) 

• ribeye area (RE)  
• marbling score (MS) 

By 2013, 7000 progeny records  
of over 125 bulls  

will have been collected 

UC Davis Commercial Ranch Project  
National Research Initiative competitive grant no. 2009-55205-05057 
“Integrating DNA information into beef cattle production systems” from 
the USDA National  Institute  of Food and Agriculture. 
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Methods: Estimating breeding values and 
genetic correlation (r) between MBV and ranch 
EBVs of herd bulls sourced from the Angus 
seedstock sector. 

 Accuracy of MBV (or MVP) = the genetic correlation 
between the MBV (or MVP) and the same trait in the 
assessment population, estimated in a multivariate 
animal model (Kachman, 2008). 
 
 
– Fixed effects for phenotypes included contemporary group, 

sex, and for weaning weight, age of dam and pre-adjustment 
to 205-days of age. 

– A maternal model was used in the weaning weight analysis. 
– Average daily gain was calculated as the rate of gain per day 

between feedlot in-weight and final weight (estimated as hot 
carcass weight/0.63). 

– Ranch EBV were calculated using a univariate animal model, 
otherwise the same as the multivariate analyses 

 

eZaXby 
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Independent assessment of the accuracy 
(r) of Angus- and across-breed genomic 
breeding values in Angus bulls from three 
Northern California commercial ranches 
Weber, KL, et al. 2011. Journal of  Animal Science. In preparation 
 
 Training 

population 

  

MBV Number  

Bulls* 
Genetic correlation (r) with Trait 

  WW ADG CW MS RE 

Multi-breed MARCGPE 114 -0.04 (0.15)   0.30 (0.21) 0.33 (0.20) 0.23 (0.20) 

  2K Bull Project 114 0.17 (0.15)     0.36 (0.21) 0.16 (0.21) 

 Angus 2KBPANGUS ONLY 114 0.15 (0.15)   0.17 (0.19) 0.66 (0.14) 0.18 (0.19) 

MBVIgenity AAA  .45   .54  .65  .58  

  MBVIgenity 29 0.11 (0.22) -0.01 (0.42) 0.33 (0.27) 0.61 (0.19) 0.34 (0.24) 

  MVPPfizer 
AAA .52 .48 .57 .60 

  MVPPfizer 29 0.51 (0.17) 0.10 (0.39) 0.08 (0.28) 0.71 (0.17) 0.56 (0.21) 

  MU (Mizzou)  105 0.21 (0.15)   0.40 (0.19) 0.88 (0.09) 0.40 (0.18) 

Hereford             

  2KBPHH 114 0.09 (0.15)     -0.07 (0.24) 0.24 (0.21) 

* Number of Bulls that were included in assessment population   
MARCGPE=trained on USMARC GPE Cycle VII continuously-sampled  phenotypes  

2K Bull project=trained on 2000 Bull deregressed EBV  

2KBPANGUS ONLY= trained on 2KBP  Angus only bulls (N=402) deregressed breeding values 

MBVIgenity = IGENITY results 

MVPPfizer = Pfizer results 

MU (Missou) = University of Missouri, Columbia Angus prediction equation 

2KBPHH=trained on 2000 Bull Hereford deregressed breeding values 

 



 

ΔG =  intensity of selection  X 
 

     accuracy of selection  X 
 

(√genetic variance in population     / 
 

                 generation interval) 
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Genetic engineering and the 
breeders equation 



56% of Americans oppose scientific research 

into the genetic modification of animals   
http://pewagbiotech.org/research/2005update/2005summary.pdf 

Missouri 9/2/2011 Animal Genomics and Biotechnology Education  

http://pewagbiotech.org/research/2005update/2005summary.pdf


The genetic modification of animals is an 
easy target for the development of 

morally repugnant and powerful imagery 
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Even though the phenotype of most GE 
animals is rather unremarkable…….  
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http://www.ars.usda.gov/is/graphics/photos/jan01/k9314-2.htm


Let us consider the case of the 

AquAdvantage salmon 
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Retrieved from “AquAdvantage” image search on web 
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Retrieved from “AquAdvantage” image search on web 

Frankenfish 
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What is the AquAdvantage salmon?  
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Fish reach adult size in 16 to 18 
months instead of 30 months 
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A formal application for a New Animal Drug Application with an 
intent to commercialize AquAdvantage salmon was made on 

September 14, 1995. FDA public Veterinary Medicine Advisory 
Committee (VMAC) Meeting was held September 19-20th, 2010 
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“There is little benefit to society if attempts to increase 
public participation in the regulatory process are used 
as an opportunity to vilify technology.” 
 

Nature Biotechnology (2011) 29: 706–710. 
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ENVIRONMENTAL Species Gene Approach 

Decreased P in manure Swine Phytase Transgene overexpression 

DISEASE RESISTANCE 

Mastitis resistance Cattle Lysostaphin Transgene expression 

BSE resistance Goat, Cattle Prion  RNAi  transgene; knockout 
Visna virus resistance Sheep Visna virus envelope gene Transgene expression 

Mastitis resistance Goats Lysozyme Transgene expression 

GCH virus resistance Grass Carp Lactoferrin Transgene expression 

Bacterial resistance Channel Catfish Cecropin B gene Transgene expression 

PRODUCT QUALITY 
Increased ω-3 fatty acids in meat Swine n-3 fatty acid desaturase Clone/Transgene expression 

Increase cheese yield from milk Cattle β-casein, κ-casein Clone/Transgene expression 

PRODUCTIVITY 
Enhanced growth rate  Many fish species Growth Hormone Transgene expression 

Enhanced milk production Swine α-lactalbumin Transgene expression 

Enhanced growth rate Swine Growth hormone Transgene expression 

Enhanced growth rate Swine Insulin-like-growth factor Transgene expression 

Extant GE livestock applications 

Fahrenkrug et al. 2010. Precision Genetics for Complex Objectives in Animal Agriculture. J. Anim Sci. 88: 2530-2539  
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Proportional increase in world head of  

livestock 1961-2004; data from FAO (2005) 

Figure  based on Pretty, J. (2008) Agricultural sustainability: concepts, principles and evidence.  

Philosophical Transactions of the Royal Society B-Biological Sciences 363:447-465. 

1960 1970 1980 1990 2000 
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Figure from Delgado, C. L. 2003. Rising consumption of meat and milk in developing countries has  

created a new food revolution. Journal of Nutrition 133:3907S-3910S. 
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 “Would there be general acceptance of transgenic technology if 
it could be applied to engineering resistance to influenza in 
poultry and therefore lessen the risk of an influenza epidemic, 
such as the one in 1918 that killed more than 20 million people?” 

  

Clark,J. & Whitelaw,B. 2003. A future for transgenic livestock.  
             Nature Reviews Genetics 4, 825-833 



Sustainable, disease-resistant 
genetically modified animals 

Lyall et al. 2011. Suppression of Avian Influenza Transmission in Genetically Modified Chickens. Science.  331:223-226 
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ENVISIONED APPICATIONS Species Proposed Approach 

Suppressing infectious pathogens  

 (e.g. Avian flu resistance) 

Various RNAi (Lentivirus) 

 

Coronavirus-resistance Swine RNAi /Knockout 

Low lactose milk Cattle Transgene expression 

Low lactose milk Cattle RNAi /Knockout 

Increased ovulation rate Sheep RNAi /Knockout 

High omega-3 fatty acid milk Cattle Transgene expression 

Resistance to Brucellosis Cattle Transgene expression 

Decreased P in manure Poultry Transgene expression 

Increased lean-muscle growth Cattle RNAi /Knockout 

Increased post-natal growth Various RNAi /Knockout 

Enhanced mammary gland development Various RNAi /Knockout 

Envisioned GE livestock applications 

Fahrenkrug et al. 2010. Precision Genetics for Complex Objectives in Animal Agriculture. J.  Animal Sci. 88: 2530-2539  
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ΔG =  intensity of selection  X 
 

     accuracy of selection  X 
 

(√genetic variance in population     / 
 

                 generation interval) 
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Cloning and the breeders 
equation 



Dolly (1996), the first 

adult somatic cell 

nuclear transfer 

(SCNT) clone 



Regancrest Emory Derry 

died unexpectedly. 

Who’s Buying? Elite 

breeding and show stock    

 

Full Flush  

Unable to supply market 

demand for his semen  
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Dolly rapidly became entangled  

with the debate over human cloning 

 Ensuing discussion failed to elaborate on the 
reasons as to why cloning was developed 
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Alison Van Eenennaam, Ph.D., UC Davis 

Most of New Jersey's citizens (59%) approve of producing hybrid 
plants by using traditional cross-fertilization techniques. 

However, one-in-five people (20%) believes that it is 
morally wrong to produce new plants in this way.  
 

Producing hybrid animals through  
cross-breeding  is viewed even  
more negatively. Most people (62%)  
in New Jersey disapprove of  producing  
hybrid animals using this method and  
half (50%) believe that it is morally wrong 

Biotechnology attitudes survey - New Jersey, 1993. Rutgers 
http://ageconsearch.umn.edu/bitstream/18170/1/pa94ha01.pdf  

Argentina 9/9/2011 

Cloning and genetic engineering may be 
disconcerting to the public….but so is 
hybrid corn and cross-breeding! 

http://ageconsearch.umn.edu/bitstream/18170/1/pa94ha01.pdf


PRODUCT OF AN ARTIFICIAL 

SPECIES SELECTIVELY BRED 

FROM THE NOW-EXTINCT 

AUROCHS, CROSSBRED STEER 

CONCEIVED IN A PETRI DISH 

AFTER MULIPLE OVULATION OF 

DAM AND EMBRYO TRANSFER, 

SIRED BY THE OFFSPRING OF A 

CLONE, GESTATED IN A 

SURROGATE COW, CASTRATED IN 

THE ABSENCE OF ANAESTHETIC, 

IMMUNIZED WITH A RECOMBINANT 

DNA VACCINE, TREATED FOR PINK 

EYE WITH LA 200, FINISHED ON 

GENETICALLY-MODIFIED CORN 

FOR 90 DAYS, HUMANELY KILLED 

WITH A CAPTIVE BOLT 

Need to defend the ability to use all 
biotechnologies and production 

methods… 
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CASE STUDY  

The following scenario was presented 
to the UC Davis Chancellor’s Ladies’ 
Luncheon in 2008 
 
 

“Which technology would you 
select to deal with the issue 
of mastitis in dairy cows? ” 
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CASE STUDY: MASTITIS 

inflammation of the mammary gland  
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1. Conventional: Antibiotic therapy 
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2. Natural: alternative therapy 

“An infected cow should 
be given an extra 
tablespoon of dolomite 
night and morning until 
the infection clears. 
Hydrogen peroxide; 10 ml 
squirted straight into the 
affected quarter has cured 
black mastitis in hours.” 
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The use of 50,000 SNP 

markers across the entire 

genome enables an 

estimation of genetic merit 

3. Genomic Selection (DNA-informed 

selective breeding on a grand scale)  

Can be used to predict genetic 
merit for mastitis resistance 
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4. Genetic Engineering: Transgenic 

cows show resistance to mastitis. 

  

Wall,R.J. et al. Genetically enhanced cows resist 
intramammary Staphylococcus aureus infection. 
Nature Biotechnology 23, 445-451 (2005). 
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5. Clone a bull whose daughters are 

very mastitis resistant and use these 

bulls to breed for mastitis resistance. 
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Which Animal Biotechnology 
would you use? 

 C
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13%

32%

23%

27%

6%

1. Conventional Treatment 

2. Natural Therapy 

3. Genomic Selection 

4. Genetic Engineering 

5. Clone a Resistant Bull 
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“While animal genetics alone will not solve 
the world’s future food problems, to fail to 
apply the best available technologies to the 
solution of contemporary and future food 

shortages would be morally reprehensible.” 
 

Fahrenkrug SC, Blake A, Carlson DF, Doran T, Van Eenennaam A, Faber D, Galli 
C, Gao Q, Hackett PB, Li N, Maga EA, Muir WM, Murray JD, Shi D, Stotish R, 
Sullivan E, Taylor JF, Walton M, Wheeler M, Whitelaw B, Glenn BP. 2010.  

Precision Genetics for Complex Objectives in Animal Agriculture. J. Anim Sci. 
88(7):2530-9. Missouri 9/2/2011 Animal Genomics and Biotechnology Education  
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