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“Can early embryonic losses that 
reduce reproduction efficiency be 

managed through genetics?” 
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Outline 

 Genetic disorders 

 Embryonic loss as a genetic disorder 

 Management of recessive disorders in breeding 
programs – the old fashioned way 

 Management of recessive disorders in breeding 
programs – the “new” fashioned way using 
DNA-information and computerized mating 
programs 
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There are a large number of genetic disorders in 
cattle occurring in a variety of breeds. 
 

Images from an article by David S. Buchanan, NDSU 
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle 
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An early '50's 

advertisement that 

superimposed a 

measuring stick in the 

picture of this bull 

who was nick-named 

"Short Snorter."  
 

Based upon his height 

and age, he was less 

than a frame score 1.  
 

 
Image from https://www.msu.edu/~ritchieh/historical/shortsnorter.jpg  
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Many of these genetic disorders are 
the result of intentional selection for 
a given trait and line breeding 
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Animal breeders have made remarkable genetic 
progress by selecting on appearance alone – but 

this has often come along with some genetic 
disorders associated with the selected trait 
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Genetic Defects in Dogs 

 Every one of the 50 most popular pedigree-dog 
breeds has at least one aspect of its physical 
conformation that predisposes it to a disorder. 

 “The association of some of these conditions 
with official breed standards…make 
conformational extremes an area which needs to 
be addressed to safeguard the welfare of 
pedigreed dogs in the future.”  
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Asher et al. (2009)  Inherited defects in pedigree dogs. Part 1. Disorders related to breed 

standards. The Veterinary Journal. 182: 402-411.  
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1988 Grand Champion Bull, National 

Polled Hereford Show (frame 10). 

 

1986. "Coblepond New Yorker" 

weighed 2529 lbs and measured 65 

inches tall at 35 mos. (Frame 10) 

when he was Denver Champion. 

1953. Grand Champion Angus 

Female, International, 1953 
1950. Grand Champion Steer, 

International, weighing 1025 lbs 

 

Images from Harlan Ritchie’s historical review of type 
https://www.msu.edu/~ritchieh/historical/cattletype.html  
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Historically not all beef cattle breeding 
objectives have been economic 

Photo taken in 1949 at Red Bluff Bull Sale, CA.  

Kindly provided by Cathy Maas from Crowe Hereford Ranch, Millville, CA. 
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Killed same day at IBP in Iowa:   

The small female weighed 835 lbs and 

was extremely fat. The large male 

weighed 1900 lbs and was very lean.  

Images from Harlan Ritchie’s historical review of type 
https://www.msu.edu/~ritchieh/historical/cattletype.html  

Willie 

Shoe-

maker 

Wilt 

Chamberlain 

We can make genetic changes in our 

cattle (and our dogs) - the question 

is are we making profitable change? 

Van Eenennaam 1/16/2015 Animal Genomics and Biotechnology Education  

https://www.msu.edu/~ritchieh/historical/cattletype.html


A 1956 survey of 

Hereford breeders in the 

USA identified 50,000 

dwarf-producing 

animals in 47 states.  

Through detailed pedigree 

analysis and test crosses, 

the American Hereford 

Association, in concert 

with breeders and 

scientists, virtually 

eliminated the problem 

from the breed. Because 

carrier status was difficult 

to prove and required 

expensive progeny 

testing, some entire 

breeding lines were 

eliminated.  
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The genome age 
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What is a Genetic Marker ?  
 

A DNA sequence 

variation that has 

been associated with 

a given trait or genetic 

condition  in one or 

more populations 
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Images of of “double 

muscled”  bull 

homozygous for loss-

of-function allele at 

the myostatin (MSTN) 

gene, and the same 

genetic condition in 

mouse, and human. 

Womack J E Genome Res. 2005;15:1699-1705 
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Myostatin: genetic 

condition  in cattle, 

mice and humans 
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Prediction of deleterious 
human alleles 

• An average human carries approximately 2,000 deleterious amino acid 
variants 
 

• Only a small fraction of deleterious amino acid-altering SNPs segregating 
in human population lead to total loss of function, and the rest have 
relatively mild effects.  
 

• Even currently very rare brother–sister marriages which produce 
offspring have a reasonable fecundity since they constituted >30% of all 
marriages in some societies   
 

• According to official census returns from Roman Egypt (first to third 
centuries CE) preserved on papyrus, 23.5% of all documented 
marriages in the Arsinoites district in the Fayum were between brothers 
and sisters. 
 

• Calculated they had a mean coefficient of inbreeding of F = 0.15-0.20 

 
Sunyaev et al. 2001. Prediction of deleterious human alleles. 2001.   Hum. Mol. Genet. 10 : 591.  
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If cross two carriers then get ¼  (25%) chance of carrier 

 

GT ♂   x  GT ♀ 

 

¼ GG          ½ GT          ¼ TT 
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Early extension education about dwarfism 

explaining carriers and inheritance 

Image from Special Collections University Libraries, Virginia Tech: 
http://spec.lib.vt.edu/imagebase/agextension/boxseven/screen/AGR3618.jpg 
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If you breed a “carrier” cow (Aa) to a “free” 
bull (AA), what is the chance that the 

resulting offspring will be affected (aa)? 
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1. 0  

2. ¼ (25%) 

3. ½ (50%) 

4. ⅔ (66%) 

5. ¾  (75%) 

6.  1  (100%) 



Results from 

a typical- 

producer 

meeting 
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1. 0  

2. ¼ (25%) 

3. ½ (50%) 

4. ⅔ (66%) 

5. ¾  (75%) 

6.  1  (100%) 

 

If you breed a “carrier” cow (Aa) to a “free” 
bull (AA), what is the chance that the 

resulting offspring will be affected (aa)? 
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If the genetic 

condition is LETHAL 

then any animal 

inheriting “aa” will die 

in utero – and never 

be seen in a 

population  

 

All of the black 

animals in this 

graphic will never 

exist – mating two 

carriers will result in 

pregnancy loss 25% 

of the time 

LETHAL 

RECESSIVE 

GENETIC 

CONDITIONS  



Management Options for lethal 
recessive conditions 

 
There are many management options for the control of 
genetic conditions and the best choice will depend on the 
needs and requirements of each enterprise. Some of these 
options include:  

 Crossbreeding!!  

 Testing all animals and culling carriers. 

 Testing sires and using only free bulls for breeding.  

 Testing all animals and using carriers only in terminal 
breeding programs; or in matings to non-carrier animals 

 Avoiding carrier:carrier matings (never get “aa” calf) 
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IDENTIFICATION AND MANAGEMENT OF ALLELES 

IMPAIRING HEIFER FERTILITY WHILE OPTIMIZING 

GENETIC GAIN IN BEEF CATTLE 

JF Taylor, DS Brown, MF Smith, RD Schnabel,  

SE Poock, JE Decker, FD Dailey, and DJ Patterson 

University of Missouri 
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The search for missing “aa” 
homozygotes 
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 Sequence bulls from many breeds and identify SNPs 
that are predicted to have a disruptive effect on a  
gene product – like the mutation that causes myostatin 

 Develop SNP chip and genotype 10,000 healthy 
females to identify embryonic lethals 

 True embryonic lethals should never be observed in 
the homozygous state among healthy animals – will 
never see an “aa” animal despite existence of Aa 
animals in the populations  

 Carrier status of the sire and dam should have a 
negative effect on fertility traits – as “aa” pregnancies 
will appear as a skipped heat, or two or perhaps open 
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Genetic implications of 
recessive genetic factors 

“Carrier animals….their overall breeding 
value worth may outweigh the economic 
value of carrier status ” 

 
 

Need to penalize carrier animals 
appropriately (not prohibit their use 
entirely) and let mate selection software 
optimize their use in the breeding programs 
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Chalier C.  et al. (2008)  Highly effective SNP-based association mapping and management 

of recessive defects in livestock.  Nature Genetics 40:449-454 
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 The outcome of inheriting the same haplotype from both parents is 

failed conception or early embryonic loss.  
 

 The reactive approach of attempting to eradicate every animal 

with an undesirable haplotype is not recommended in light of 

their economic impact, and is not practical given the likelihood 

that many more undesirable haplotypes will be found.  
 

 Producers should neither avoid using bulls with these haplotypes 

nor cull cows, heifers, and calves that are carriers, because this will 

lead to significant economic losses in other important traits.  
 

 Computerized mating programs offer a simple, inexpensive solution 

for avoiding affected matings, so producers should use these 

programs and follow through on the mating recommendations. 

 

The dairy industry has already dealt with 
this problem as they have found “missing 
haplotypes” in the Holstein population 
 
http://documents.crinet.com/Genex-Cooperative-Inc/Dairy/KWeigel-Haplotypes-Affecting-Fertility.pdf 
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Finding the right balance 

 The breeding objective (e.g $Beef) 

 Minimizing inbreeding – (There is an obvious 

connection between inbreeding and chance of mating Aa carriers)  

 Additional constraints e.g. do not use carrier 

animals; or do not mate carrier animals to each other 
 

  

Mate selection tool shows you the ‘opportunity 
cost’ of imposing “additional” constraints on 
mate selection in terms of genetic progress 
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Red line = optimum balance of genetic progress for given level of inbreeding   



If too much emphasis is placed on avoiding the 
use of carrier animals – there is considerable 
decrease in the rate of genetic progress 
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Inbreeding rate 



 

• The bottom line is that every animal carries genetic defects and typically 
breeders do not know what they are or where they are located in the genome.  
 

• The ultimate objective of this research project is to identify lethal recessive 
alleles and develop tools for the implementation of strategic mating.  

 
• Selection against matings that resulted in “aa” homozygote progeny achieves a 

superior outcome in terms of decreased impact on rate of genetic gain as 
compared to selecting against the use of “Aa” carriers. 

 

• Computerized mating programs offer a simple, inexpensive solution for 

avoiding affected matings.  

 

• They can help to simplify the use of DNA information to ensure that carriers 
are mated strategically to minimize the incidence of affected offspring, while still 
utilizing their genetics when the value of their merit overrides the discount 
associated with their carrier status. 

CONCLUSIONS 
 
 

This  work is being funded by  National Research Initiative Grant 2013-68004-20364 from the USDA 
National Institute of Food and Agriculture. 
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Questions 

Alison Van Eenennaam, Ph.D. 
Cooperative Extension Specialist 

Animal Biotechnology and Genomics  
Department of Animal Science  

University of California, Davis, USA 
 

alvaneenennaam@ucdavis.edu 

Twitter: @biobeef 

http://animalscience.ucdavis.edu/animalbiotech   
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