
Animal Genomics and Biotechnology Education  

 

.  
 
 

Alison Van Eenennaam 
Animal Genomics and Biotechnology 

Cooperative Extension Specialist 

alvaneenennaam@ucdavis.edu 

Kristina Weber 
Ph.D. graduate student 

klweber@ucdavis.edu 

 

Department of Animal Science 

University of California, Davis, CA 

 animalscience.ucdavis.edu/animalbiotech 

 

 

Siskiyou  8/23/12 

“The California commercial 
ranch project”  

mailto:alvaneenennaam@ucdavis.edu
mailto:klweber@ucdavis.edu


Animal Biotechnology and Genomics Education  

California Commercial 
Ranch Project 
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Commercial 
Angus bulls 

Genotyping 

2400 cows/ 
year 

Progeny 

Paternity 
Determination 

Ranch and 
harvest data  
Collection 

Data collection:  
AAA EPD & pedigree 

Sample collection: 
For genotyping 

MBV 
 

Assessment of DNA-enabled approaches 
for predicting the genetic merit of herd 

sires on commercial beef ranches 

Four ranches: 
• Cowley (900 cows) 
• Kuck (500 cows) 
• Mole-Richardson (700 cows) 
• UC Davis (300 cows) 

  Approximately 120 Angus  
  herd bulls, and 2,400 cows  
  per year on project 



Sample and phenotype collection 

Calving 
Date 

Ranches WW Feedlot  
In-Weight 

Carcass 

Pre-project 2 ~550 head ~460 head ~620 head 

Spring 
2009 

2 Fall 2009: 
 
~600 head 

Fall 2009/ 
Winter 2010: 
~500 head 

Spring/Summer 
2010:  
~450 head 

Fall 2009 4 Winter/Spring 
2010: 
~1500 head 

Late Summer/ 
Fall 2010: 
~900 head 

Winter 2011: 
 
~850 head 

Spring 
2010 

2 Fall 2010 Fall 2010/ 
Winter 2011 

Spring/Summer 
2011 

Fall 2010 4 Winter/Spring 
2011 

Late Summer/ 
Fall 2011 

Winter 2012 

Spring 
2011 

2 Fall 2011 Fall 2011/ 
Winter 2012 

Spring/Summer 
2012 

Fall 2011 4 Winter/Spring 
2012 

Late Summer/ 
Fall 2012 

Winter 2013 

Total 
records 

4 7000 records 
>20 collection 
trips 

4500 records 
Sent 
electronically 

4500 records 
>35 collection trips 
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 The overall objective of this project is to develop a genotyped, 
phenotyped population to enable the evaluation and/or 
assessment of different DNA-enabled approaches for predicting 
the genetic merit of herd sires on commercial beef ranches.  

 

 The research objective is to compare the current means of 
genetic prediction of herd sires (i.e. breed-based expected 
progeny differences) with DNA-assisted genetic predictions, and 
"commercial ranch" genetic evaluations based on the 
performance of their offspring under field conditions.  
 

 An additional objective is to determine the costs and benefits 
associated with the application of DNA-based technologies on 
commercial beef operations 

Objectives: 
“Integrating DNA information into 

beef cattle production systems” 

Siskiyou 8/23/2012 



Animal Biotechnology and Genomics Education  Animal Biotechnology and Genomics Education  Siskiyou 8/23/2012 

Photo taken in 1949 at Red Bluff Bull Sale, CA 

Generously provided by Cathy Maas from Crowe 

Hereford Ranch, Millville, CA. 

What does a California Commercial 
Ranch collaborator look like? 
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Cowley Ranch 
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Kuck Ranch 
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Mole-Richardson Farms 



Animal Biotechnology and Genomics Education  Siskiyou 8/23/2012 Animal Genomics and Biotechnology Education  



Animal Biotechnology and Genomics Education  

Four ranches on this project (UC Davis and 
3 commercial cooperators in Siskiyou Co.) 

– Cowley 900 (550 Spring; 350 Fall)  45 

– Kuck 500 (200 Spring; 300 Fall)   16 

– Mole-Richardson 700 (Fall)   40 

– UC Davis 300 (Fall)     26 
 

Approximately 125 bulls, and 2,400 cows 
per year on project 

Ranch resources/collaborators on  
“Integrating DNA information into 

beef cattle production systems” 

Siskiyou 8/23/2012 



Animal Biotechnology and Genomics Education  Animal Biotechnology and Genomics Education  

2219 

~ 7000 

3684 3462 

1054 
1117 

0

1000

2000

3000

4000

5000

6000

7000

8000

Birth Weight Wean Weight In Weight Carcass Traits

N
u

m
b

e
r 

o
f 

R
e

c
o

rd
s
 

Remaining

Completed

78% 76% 

Siskiyou 8/23/2012 



Animal Biotechnology and Genomics Education  

Work flow and collaborators 

 DNA on all bulls goes for 50K whole genome scan – collaboration 
with Jerry Taylor (MO) and John Pollak (Meat Animal Research 
Center (NE) 

 Molecular breeding value (MBV) prediction of genetic merit based on 
MARC training data set – collaboration with Dorian Garrick (IA) and 
Mark Thallman, U.S. Meat Animal Research Center (NE) 

 Ranch data including sire groupings, birth dates and weaning 
weights on all calves, all EIDed, and “DNAed” for parentage 
determination – collaboration with Dan Drake and producers (CA) 

 Steer feedlot in weights, treatments, and carcass traits (Hot weight, 
grading information and meat sample collected in the processing 
plant – collaboration with Harris Ranch (CA) 

 Compile data and compare three sources of genetic estimates: 
breed EPDs (bEPDs), commercial ranch EPDs (rEPDs), and MBVs, 
Kristina Weber, UC Davis, PhD student 
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Commercial ranch sample collection 
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Problems experienced included 

Tail should be 
here !???? 



This project is supported by 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. 



Which is better: EPDs or DNA?, 
and using DNA for parentage 
assignment 

Kristina Weber 

Department of Animal Science, UC Davis, CA 95616 



Selection of bulls 

Most genetic progress is made through sire 
selection. 

 

Decisions have long-term impact:  

profit from sold calves 

value of replacement heifers 

08/23/2012 17 



What is an EPD: 
Expected Progeny Difference 
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Bull WW EPD Progeny 
Average 
WW 

A +30 550 

B +15 535 

Difference 15 lb 15 lb 



What doesn’t an EPD do? 

 Predict actual performance  

 (EPDs predict average differences) 

 

 Predict how uniform a calf crop will be 

08/23/2012 19 



Components of Performance 

P = Genetics + Environment 

Weaning weight =  

Calf’s genetics for growth +  

Dam’s genetics for milk and mothering 

Management 

Health 

Weather 

08/23/2012 20 



How is an EPD calculated 

 From a bull’s performance record: 
 Bull’s individual weaning weight: 500 lb 

 Average of the other bulls on the purebred ranch: 450 lb 

 Heritability: 20% 

 

Bull was +50 lb heavier than average. 

20% of the difference was the effect of genetics. 

+10 lb WW Breeding Value for that bull 
 

Progeny get ½ the bull’s genes so you’d expect his progeny to be +5 lb 

heavier than average.  +5 lb WW EPD for that bull 
 

This EPD’s accuracy is low because it is based on only 1 record. 

08/23/2012 21 



How is an EPD calculated 

From progeny records: 

A bull sires 10 calves with an average weaning 
weight of +50 lb relative to the rest of the calf crop. 

That +50 lb difference in weaning weight is scaled 
toward zero based on the number of records and 
the heritability of the trait. 

Weaning weight EPD ends up being +17.25 lb 

Higher accuracy EPD than from 1 record on bull. 

08/23/2012 22 



Accuracy 

 Indicator of risk or uncertainty 

 Increases as more information is used to calculate EPD (performance of 
bull, his ancestors, his progeny, DNA test information) 

 Related to possible change in EPD: 

08/23/2012 23 

Possible Change: 
Range that EPD 
could go up or 
down if more data 
is added 0
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BIF Accuracy 

AAA Fall 2012 



Effect of Number of Progeny 
Records on EPD Accuracy 
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Why Pedigree Improves Accuracy 

With pedigree 
information: 

If 2 bulls (A & B) are 
half-siblings, 

you would expect their 
progeny to be more 
similar than if the bulls 
were unrelated. 

The progeny of A 
would share 1/16 of 
their genetics with the 
progeny of B. 
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Breed EPD Evaluations 

Account for: 

All known pedigree 

Herd and management differences 

Relationships between correlated traits 

08/23/2012 26 



08/23/2012 27 Adapted from U.S. National Library of Medicine 



Parentage testing:  
What value does it have? 

Prolificacy 

 Identify bulls which do not sire calves or sire very few calves 

 Identify bulls which sire lots of calves 

 

Quality 

 Identify bulls which sire poor quality calves 

 Identify bulls which sire high quality calves 
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Parentage testing:  
How does it work? 
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 Each bull compared to each calf 

 Number of mismatches counted 

Examples 

 Bull is A/A, Calf is A/G   

Calf and bull share A allele; can’t exclude bull. 

 Bull is A/G, Calf is G/G   

Calf and bull share G allele; can’t exclude bull. 

 Bull is A/A, Calf is G/G  

Calf and bull do not share alleles   

1 mismatch; this bull cannot be the sire  

Siring bull should have zero 
mismatches with his calves because 
they should always share alleles. 

08/23/2012 30 

Parentage Testing:  
What happens to the 
genotypes? 



DNA Marker Tests for Traits 

 How do you get an EPD from DNA marker information? 

  Bull EPD     DNA marker “EPD”:  
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Bull WW EPD Progeny 
Average 
WW 

A +30 550 

B +15 535 

Differenc
e 

15 lb 15 lb 

Marker 
Genotype 

WW 
EPD 

Average WW 
in a big 
reference 
population 

A/A +1 551 

T/T -1 549 

Difference 2 lb 2 lb 



DNA Marker Tests for Traits 

 How do you get an EPD from DNA marker information? 

  Bull EPD     DNA marker “EPD”:  
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Bull WW EPD Progeny 
Average 
WW 

A +30 550 

B +15 535 

Difference 15 lb 15 lb 

Marker Genotype WW EPD Average WW in a 
big reference 
population 

A/A +1 551 

T/T -1 549 

Difference 2 lb 2 lb 



Without DNA information  

 WW EPD: +5 lb 

WW EPD Accuracy: 0.30  

 

With DNA information: 

 WW DNA marker test result (as an EPD): +10 lb 

 WW DNA marker test result accuracy: 0.15  

 New EPD = weighted average of EPD and DNA marker test result 

 New WW EPD = +7.55 lb WW EPD with accuracy 0.36 

08/23/2012 33 

How is an EPD calculated when  
DNA information is available 



DNA Marker Tests and Breeds 

 DNA tests can be created for different traits using different markers, with 
different reference populations from one or more different breeds. 

 These affect DNA test accuracy! 

 

What is the accuracy of the test  

in your breed? 

Is the test for a trait that matters to you? 
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Important Traits to a Cow-Calf 
Producer 

 Reproductive efficiency 

 Calving ease 

 Weaning weight 

 Post-weaning growth 

 Feed efficiency 

 Mature size 

 Docility 

 Carcass traits 

08/23/2012 35 









$Indexes are multi-trait selection indexes, which 
combine EPDs for several traits into a single economic 
value, which can be used to make selection decisions.  

• Angus $W is Weaned Calf Value. This is the expected average of future progeny for 
preweaning performance, within a typical beef cowherd. It accounts for the economic impact 
of birth weight, weaning weight, maternal milk, and mature cow size.  
 

• Angus $F is Feedlot Value. This is the expected average of future progeny for postweaning 
feedlot performance.  
 

• Angus $QG is Quality Grade. This is the quality grade segment of $G. The carcass 
Marbling and ultrasound % Intramuscular Fat EPDs contribute to $QG. 
 

• Angus $YG is Yield Grade. This is the yield grade segment of $G. It combines ribeye, fat 
thickness, and weight into an economic value for red meat yield. 
 

• Angus $G is Grid Value. This is the expected average of future progeny for carcass grid 
merit. It combines $QG and $YG, so it focuses on quality and red meat yield simultaneously. 
 

• Angus $B is Beef Value. This is the expected average of future progeny for postweaning 
performance and carcass value. The $B value combines information from $F and $G. 

 



Average breed association EPDs for most traits are not zero. 







AM – arthrogryposis multiplex  
CA - contractural arachnodactyly  
M1 - nt821 mutation for double muscling  
NH - neuropathic hydrocephalus  
RD  - red color gene  











Cow Energy Value 
($EN), expressed in 
dollars savings per cow 
per year, assesses 
differences in cow 
energy requirements as 
an expected dollar 
savings difference in 
daughters of sires. A 
larger value is more 
favorable when 
comparing two animals 
(more dollars saved on 
feed energy expenses). 
Components for 
computing the cow $EN 
savings difference 
include lactation energy 
requirements and 
energy costs associated 
with differences in 
mature cow size. 
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$32.80/head $28.00/head 
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$32.80/head $28.00/head 
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 The overall objective of this project is to develop a genotyped, 
phenotyped population to enable the evaluation and/or 
assessment of different DNA-enabled approaches for predicting 
the genetic merit of herd sires on commercial beef ranches.  

 

 The research objective is to compare the current means of 
genetic prediction of herd sires (i.e. breed-based expected 
progeny differences) with DNA-assisted genetic predictions, and 
"commercial ranch" genetic evaluations based on the 
performance of their offspring under field conditions.  
 

 An additional objective is to determine the costs and benefits 
associated with the application of DNA-based technologies on 
commercial beef operations 

Objectives: 
“Integrating DNA information into 

beef cattle production systems” 

Siskiyou 8/23/2012 
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35.7 

1.1 

13.6 (on feed at any one time) 

25.6  (cattle fed per year in 2009) 

43.2 

Seedstock Cows 

 

Commercial Cows + replacements 

Other Beef Animals (calves, steers, heifers and bulls) 

Breeder 

Commercial  

cow/calf producer 

Feedlot 

Processing 

Retailer 

# US Beef 
operations 

766,350 

Million Cows 31.4 

Average herd size 122 

US cattle numbers (x 106) 
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Uses of DNA information for 
commercial cattle producers 

Siskiyou 8/23/2012 

• Improving accuracy of commercial 
bulls 

• Parentage/prolificacy 
• Genetic defect testing 
• Replacement heifer selection 



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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Lead Today with 50K 
– Calving ease direct 
– Birth weight 
– Weaning weight 
– Yearling weight 
– Yearling height 
– Mature weight 
– Mature height 
– Dry matter intake 
– Residual feed intake 
– Scrotal circumference 
– Docility 
– Calving ease maternal 
– Milking ability 
– Carcass weight 
– Fat thickness 
– Ribeye area 
– Marbling score 
– Tenderness 

50K SNP chip assays 

50,000 SNPs spread 

throughout genome 
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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 
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http://www.angus.org/AGI/GenomicChoice11102011.pdf (updated 11/18/2011) 

American Angus Association performs weekly 

evaluations with genomic data – recently 

updated to include new traits 

http://www.angus.org/AGI/GenomicChoice11102011.pdf


How much do DNA tests help increase 
accuracy of EPDs?  

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

Siskiyou 8/23/2012 Animal Genomics and Biotechnology Education  
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What about the other breeds? 

 The following breed associations are working with Dorian Garrick 
(IA State) to develop their own 50K-based prediction equations  

Breed Breed code # Training 
Records 

Hereford  HER 1,725 

Red Angus  RAN 296 

Simmental SIM 2,853 

Brangus BRG 896 

Limousin LIM 2,319 

Gelbvieh GVH 847 

Maine Anjou RDP 115 
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Predictions in Some Beef Breeds 
(Data provided by Dorian Garrick) 

 
# Records 
in training 

Angus 
 
 

(3,500) 

Hereford 
 
 

(800) 

Simmental 
 
 

(2,800) 

Gelbvieh 
 
 

(847) 

Gelbvieh  
including 

Angus 
(1,181) 

BirthWt 0.64 0.43 0.65 0.38 0.41 

WeanWt 0.67 0.32 0.52 0.31 0.34 

YearlingWt 0.75 0.30 0.45 0.21 NC 

Milk 0.51 0.22 0.34 0.36 0.34 

Fat 0.70 0.40 0.29 NA NA 

REA 0.75 0.36 0.59 0.38 0.48 

Marbling 0.80 0.27 0.63 0.54 0.56 

CED 0.69 0.43 0.45 NC 0.48 

CEM 0.73 0.18 0.32 NC NC 

SC 0.71 0.28 NA 0.50 0.50 
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Uses of DNA information for 
commercial cattle producers 

Siskiyou 8/23/2012 

• Improving accuracy of commercial 
bulls 

• Parentage/prolificacy 
• Genetic defect testing 
• Replacement heifer selection 
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Benefits of DNA-based 
parentage identification  

 Correct pedigree errors so improve the rate of genetic gain 

 Enables the use of multi-sire breeding pasture 
– Higher fertility 

– Elimination of sire failure 

– Tighter calving season 

 Reduces the need for different breeding pastures 
– Allows for better pasture management  

– Less sorting and working of animals into different groups 

 Identify sires that have few/many progeny 

 Enables the development of commercial-ranch genetic evaluations 
– Can determine which bull is causing calving problems 

Siskiyou 8/23/2012 
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Uses of DNA information for 
commercial cattle producers 

Siskiyou 8/23/2012 

• Improving accuracy of commercial 
bulls 

• Parentage/prolificacy 
• Genetic defect testing 
• Replacement heifer selection 
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Value of genomic 
information for 
recessive genetic 
defects 

Siskiyou 8/23/2012 

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

 

 @$25/test this amounts to $2.4 million in tests 
 

 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  

 

• Arthrogryposis multiplex (AM)  

    is a lethal recessive deletion for which a DNA test 

    was developed in 2008 
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Estimates of US and Australia 
genetic testing costs (Angus) 

US AUSTRALIA 

AMF (Arthrogryposis multiplex)  113,526 12,021 

NHF (Neuropathic Hydrocephalus )  77,067 9,936 

CAF (Congenital Contractural 

                 Arachnodactyly)  

28,837 2,532 

TOTAL NUMBER 294,054 34,991 

COST (@ $25/test) $7,351,350 $874,775 

Numbers kindly shared by Bryce Schumann, American Angus Association; 

and Carel Teseling, Angus Australia; current as of 5/2011 
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Uses of DNA information for 
commercial cattle producers 

Siskiyou 8/23/2012 

• Improving accuracy of commercial 
bulls 

• Parentage/prolificacy 
• Genetic defect testing 
• Replacement heifer selection 
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Value of DNA tests for  
heifer selection 

The value of using DNA information in making replacement 
heifer selection decisions will depend upon 

– the information available at the time of selection 

– Whether the DNA test predicts economically-important traits  

– what proportion of available heifers are selected.  

 

 In practice, selection for replacement heifers is frequently 
driven by size as heifers that are born later in the calving 
season are too immature to be cycling in time for the first 
potential breeding season. This tends to put indirect 
selection on fertility traits of the dam (e.g. days to 
calving). Commercial producers typically select on at least 
a visual estimate of a heifer’s 400d weight. 
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The value of increasing the accuracy of commercial 
replacement heifer genetic evaluations is much less 
than that for bulls because  bulls produce more 
descendants from which to derive returns for 
accelerated genetic improvement.  

 

Also many of the economically important traits with 
regard to replacement females (fertility, stayability) are 
not well predicted by the genetic tests that are currently 
on the market 

 

What is the value of genetic 
improvement in commercial females? 
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Which of 
these traits 
are 
important 
for 
replacement 
heifer 
selection? 
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Ninety percent of US cattle operations have 
fewer than 100 head, and most sell their 
cattle at auction prior to feedlot entry 

 In reality most producers’ financial returns are tied very 
closely to the number of calves, a function of 
reproduction, and less if at all to feedlot performance 
and carcass traits, and even less to feedlot health and 
mortalities.  
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Ninety percent of US cattle operations have 
fewer than 100 head, and most sell their 
cattle at auction prior to feedlot entry 

 In reality most producers’ financial returns are tied very 
closely to the number of calves, a function of 
reproduction, and less if at all to feedlot performance 
and carcass traits, and even less to feedlot health and 
mortalities.  

 To incentivize the inclusion of traits that provide value 
in downstream sectors in selection decisions, a 
mechanism to equitably share some of the value 
derived from improved feedlot performance and carcass 
quality is needed to compensate breeders and 
producers for including those considerations in their 
selection and management decisions.  
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Questions?  


