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Summary

Lethal genetic mutations are pieces of DNA that cause death when an
individual inherits the two copies of the variant — one from each parent.
Animals who carry just one copy of the variants, called carrier animals, are
unaffected. Under normal inheritance patterns, when two carriers mate,
there is a 25% probability that the offspring will not be viable, leading to
both economic and social repercussions. This is particularly significant
when mortality occurs in the later stages of pregnancy, especially in
Ireland with its seasonal calving system of production.
Ireland aims to genotype all newborn calves, meaning the carrier status of
all animals for known lethal genetic mutations will be readily available.
Knowing the carrier status of potential parent animals can improve the
effectiveness of supporting decisions on mating recommendations, leading
to updating of the national dairy cow mating recommender system.
Key Impacts:
Decision support system used by over 4,000 farmers annually
Potential economic benefit of €2.2 million annually
Prohibits the mating of two carrier animals for known lethal
genetic variants

Advancements in DNA screening of animals have not only led to new discoveries, but also expanded the range of tools
available to farmers for informing breeding decisions. Every individual, whether human or cattle, carry several lethal genetic
mutations. These lethal recessive mutations only become problematic when an individual inherits two copies, resulting in
embryo or foetal loss or even early calf mortality. When two carrier animals are mated, there is a 25% chance that the offspring
will inherit two copies of the harmful mutation and fail to survive, typically at the embryonic or foetal stage of gestation.

Through genotyping of the national herd, the carrier status of all animals can be accurately determined, enabling farmers to
avoid mating carriers of the same lethal mutation R RPN

Two relatively common lethal mutations in Holstein-
Friesians are HH1 (Holstein Haplotype 1) and HH3
(Holstein Haplotype 3). A haplotype refers to a string of
genetic variants that tend to be inherited together from a
single parent.

The analysis of nearly one million Irish dairy animals
revealed that 2% carry the harmful HH1 variant, while
almost 5% carry the HH3 mutation. Based on these
frequencies, thousands of matings between carriers are
expected to occur annually, with 25% of these matings
failing to produce a viable offspring.
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KEY STATISTICS The impact is particularly significant for HH1, which is believed to cause

pregnancy loss up to 200 days into gestation. In Ireland’s seasonal calving
herds, this often means cows are only identified as not pregnant at the end of
the breeding season, reducing overall reproductive efficiency of the herd and

contributing to considerable economic losses.
Decisions on which parents to mate is not simple as it must consider the
' complementarity of the attributes of both the sire and dam. Adding to this, the

necessity to avoid matings of carrier animals for the whole list of known lethal
mutations, further complicates the decisions; as new lethal mutations are

discovered, these decisions become unwieldly.
Farmers using the system annually

v/

Irish dairy animals carry the lethal gene
mutation HH3

o 25% of the time
/o To address this, national sire advice system, a web-based front-end tool from

the Irish Cattle Breeding Federation, which recommends optimal matings
Tl e iy s el ey v el e e betwegn cow§ and bulls was updated. The system now ensures that carrier-

mutation HHI1 to-carrier matings are avoided, while still maximising genetic gain, minimising
inbreeding, and avoiding the mating of parents extreme in some
characteristics. Currently used by over 4,000 dairy farms annually, if fully

adopted across the sector, the modifications to this system that encapsulate
the carrier status of candidate parents is estimated to save the dairy industry
over €100,000 annually. This will increase as more lethal genetic variants are
discovered

Number of affected pregnancies per year

for both mutations ‘Breeding is becoming more and more complicated and now we have new
things we need to watch out for — the developed decision support tool
provides peace of mind during the breeding season” — Irish dairy farmer
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