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In 2008, DNA sequence of the cow was first 
published. 

And we keep learning more and more 



USDA research 
Breed Label Frequency Earliest Known Ancestors 

 
 

Holstein 
 

HH1 4.5% Pawnee Farm Arlinda Chief 

HH2 4.6% Willowholme Mark Anthony 

HH3 4.7% Gray View Skyliner 
Glendell Arlinda Chief 

Jersey JH1 23.4% Observer Chocolate Soldier 

Brown Swiss BH1 14.0% West Lawn Stretch Improver 



Evidence 
• These haplotypes are never observed in a 

homozygous state in any live animals. 
 

• Decreased conception rate was observed 
when a carrier sire was mated to a daughter of 
a carrier maternal grandsire 

Sire 

Maternal Grand Sire 
dam 



Every animal carries some 
undesirable genetic condition 

• It usually only comes to light if an animal is 
popular. 
 

• We don’t want to punish only those animals 
from popular bloodlines. 
 

• So ….. Don’t over-react.  
 



It’s not surprising 

• Birds do it… 
 

• Bees do it… 
 

• Fish do it… 
 

  Produce unviable offspring 



Normal and mutant phenotypes for Zebra fish. 

A R McCune et al. Science 2002;296:2398-2401 

Basic biology tells us that ALL animals 
carry some lethal genes 



Zebra fish 

Young fish are transparent, and their organs are  
fully formed after three days. 
 
So it's easy to follow their embryonic development.  



Example: Oxygen carrying defect 
weissherbst (weh) mutation 

Normal 

Reduced hemoglobin 



The defective fry cannot eat.  
 
The normal fry has a bolus of food 
in its gut.  

Twelve days post-fertilization.  
 
Normal embryo  
 
Defective embryo (small head)  



Genetic Load 

• The average number of unfavorable 
recessive gene mutations per individual in a 
population  
 

• Geneticists believe that most species carry a 
"genetic load" of 3-5 recessive lethal genes. 
 

• It’s not a problem UNLESS your mate carries 
one of the same conditions. 
 



What’s a haplotype? 

• A haplotype is a stretch of chromosome 
or DNA that is transmitted as a unit from 
one generation to the next.  

..AGCTTTAAGCCATACCTTAGGACATTACCTAGGAGCCATAC... 



Haplotypes 

• Where do they come from?  
 

• How are haplotypes created? 
 
 



Mitosis  Meiosis 

Normal cell 
replication 

Sex cell 
replication 



Meiosis 
 
 
Duplicate 
 
 
Crossing over 
occurs 
 
 
Divide 



O-Style  
know exactly where his DNA came from 

Haplotypes Chromosome 15 



Haplotypes are created as the 
original DNA sequence gets broken into smaller pieces 

haplotype 



For a popular bull, we’re able to find many 
small DNA segments (haplotypes) of his 

original chromosome amongst the current 
genotyped descendants  

 
original chromosome 



And we’re usually able to find two 
identical (homozygous) copies of a 

haplotype.  

 
original chromosome 



Haplotypes impacting fertility  
 

• Certain haplotypes never appear in a 
homozygous condition. 
 

• For example, we never find an animal with 
the genotype 

 
ATACTTAGGCTTATACCTAGGAGCTGACCTGAC 
ATACTTAGGCTTATACCTAGGAGCTGACCTGAC 

This stretch of DNA must contain a lethal condition 





Economic importance 
• Economic loss is less when the loss is early. 
• Economic loss is less when frequency is low. 

 

 
Name Haplotype 

frequency 
Impact on 

Conception rate 
Timing of 

Pregnancy Loss 

HH1 4.5% -0.35% Throughout 
gestation 

HH2 4.6% -0.36% Before day 100 

HH3 4.7% -0.36% Before day 60 

JH1 23.4% -2.22% Before day 60 

BH1 14.0% -0.98% Before day 100 



What should I do? 

• Continue to use animals of superior genetic merit.  
  Impact of reduced fertility is already partially  
  taken into account in:  
    Sire Conception Rate, Daughter Pregnancy Rate, 

   NM$, TPI, JPI, and PPR. 
 
• Lower the risk of carrier-to-carrier matings.  
  Genotype your animals. 
  Avoid certain sire-by-maternal grandsire matings. 



Which families have which haplotypes? 
Name Key Sire Fathers 
HH1 Chief, Mark, Lindy, Formation, Throne, 

Jordan-Red, Palermo 
HH2 Outside, Boulet Charles, Colby, Million, 

Mr. Burns 
HH3 Glendell, Rotate, Emory, O Man, Boss 

Iron, Snowman 
JH1 Top Brass, Sooner, Berretta, Hallmark, 

Paramount, Jace, Louie 
BH1 Stretch Improver, Emory, Prelude, Even, 

Earnest T Peerless, Vigor 



HH2 
 

18 C bulls 

1,017  
Available Bulls 

Which families  
have which 
haplotypes? 



HH2C 
 

Pedigrees 



Confirm Carrier status of ancestor 



HH3 
 

41 C bulls 



HH1 
 

52 C bulls 





Goldwyn is NOT a carrier 

Rudolph is NOT a carrier 

Where is HH1 coming from ? 



Probability 
 of having 
 a certain 
haplotype 

www.cdn.ca 





Matings of HH1, HH2, and HH3 
carrier females with carrier bulls can 

be excluded. 



Exclude carrier to carrier matings 



Will we ever find the cause of the 
genetic condition? 

• Yes, as more animals are genotyped, new 
crossovers occur, which allows us to narrow 
down the affected DNA area segment. 
 
 
 

• Example, we now have an exact gene test for 
Brachyspina.  



Barachyspina is a deletion in a 
gene responsible for DNA repair. 



HH1 -Haplotype 

• Exact mutation found. 
   CGA  arginine  
   TGA  stop making this protein 
 
• APAF1 gene is important for normal 

embryonic development (apotosis). 



Will the haplotype status of an animal 
ever change?  



The new normal. 
• Due to modern genomic technology, 

undesirable genetic conditions are no 
longer considered rare. 
 

• We expect to find them in some of our best 
genetic families.  
 

• We should use the haplotype information to 
improve our breeds without causing undue 
economic hardship to the breeders of these 
animals. 



Thank you – Any questions? 
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