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Summary

Heat stress in dairy cattle leads to declines in feed intake and milk production. There will be
an increase in daily average temperature, as well as more frequent and longer duration of heat
waves in many dairying regions. Therefore, there is a need to identify and breed for heat
tolerant dairy cattle. We have achieved this through the development of genomic breeding
values for heat tolerance (HT GEBV). We combined herd test-day milk recording data with
daily temperature and humidity measurements from weather stations closest to the
participating herds for test days between 2003 and 2016. We then determined the rate of
decline (slope) of milk, fat and protein yield for cows when temperature and humidity exceed
a comfort level, determined as a threshold where phenotypic performance declines. The
phenotype for sires is the mean slope of his daughters. A genomic prediction equation was
derived using a reference set of 2,236 genotyped sires and 11,853 genotyped cows for
Holsteins, and 506 genotyped sires and 4,268 genotyped cows for Jerseys. To validate these
GEBV estimated from the developed prediction equation, we predicted HT GEBV for 390
Holstein heifers, then selected 24 extreme predicted heat tolerant and 24 extreme predicted
heat susceptible heifers for a 4-day heat challenge. The predicted heat tolerant group showed
significantly less decline in milk production, lower rectal and intra-vaginal temperatures than
the predicted heat susceptible group. Further development towards the implementation of HT
GEBV was reported. The HT GEBV was first released to breeding companies in May 2017
and is likely to be publicly released in December 2017.
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Introduction

Heat stress is an ongoing concern in many livestock production sectors, including the dairy
industry in many countries. Heat-stressed cows reduce feed intake and as a consequence
producing less milk (St-Pierre et al., 2003). Heat stress is also known to impact health and
reproductive performance of dairy cows (Monty & Wolf, 1974). It is projected that major
dairying regions in Australia will experience an increase in daily average temperature, more
frequent and longer duration of heat waves in the next few decades (CSIRO & BoM, 2015).
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Therefore, there is a need to select for a more heat-tolerant population of dairy cows to be
able to adapt to such changes. This will enable a long term, permanent and cumulative
solution to improve dairy cow heat tolerance.

Compared to traditional breeding, genomic selection is well suited to select for heat
tolerance as it enables faster rates of genetic gain, as individuals can be selected very early in
life. Genomic selection for heat tolerance has an advantage that genotypes of thousands of
cows and bulls are already available in Australia.

Here we describe how genomic breeding values for heat tolerance were developed,
validated and implemented in Australia.

Definition of heat tolerance

Environmental heat load are influenced by many factors such as air temperature, humidity,
solar radiation and wind speed. Among these, dairy cattle are affected largely by air
temperature and humidity. As such, the temperature-humidity index (THI) which combines
temperature and relative humidity into a single value, is the most commonly used index of
environmental heat load.

Heat tolerance can be defined as the rate of decline in milk, fat and protein yields per
unit increase of THI. Production of heat tolerant cows declines more slowly in response to
increasing heat stress when compared to heat susceptible cows.

Development of heat tolerance genomic breeding value

The initial development of genomic breeding value for heat tolerance was undertaken by
Nguyen et al. (2016). We then extended the analysis to include more herd-test records
(424,540 Holstein and 84,702 Jersey cows). These records were combined with daily
temperature and humidity measurements from weather stations closest to the tested herds.
Daily mean values of THI averaged for the day of test and the four previous days (THI) was
used as the measure of heat stress. Tolerance to heat stress was estimated for each cow using a
reaction norm model, and the slope solutions for cows from this model were used to define
the phenotypes of 2,733 Holstein and 689 Jersey sires, which were genotyped for 50K SNP. A
genomic prediction equation was derived using a reference set of 2,236 sires and 11,853 cows
for Holsteins, and 506 sires and 4,268 cows for Jerseys, from 1,927 Holstein and 554 Jersey
dairy herds. Genomic best linear unbiased prediction (GBLUP) was used to calculate GEBV
for heat tolerance, for milk, fat and protein yield. Heat tolerance GEBV was found to be
unfavourably correlated to ABV of production traits, and favourable to fertility.

Validation of heat tolerance genomic breeding value

Heat tolerance GEBV was validated using two approaches, including cross validation and
empirical validation.

 Cross validation: Using 497 Holstein and 183 Jersey sires as validation populations,
(Nguyen et al., 2017) reported a reliability of heat tolerance of 30% in both Holsteins
and Jerseys.

 Empirical validation: In a study conducted by Garner et al. (2016), 390 first lactation
Holstein heifers were genotyped and GEBVs for heat tolerance were predicted using
the equation developed by Nguyen et al. (2016). The 24 animals with the highest
predicted GEBV for most heat tolerance and the 24 animals predicted to be most heat
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susceptible were selected for the trial. The difference in the mean GEBV of the two
groups was 2 units of standard deviation. The 48 cows were randomly assigned to
controlled-climate chambers for a 4 day heat challenge. Daily temperatures and
relative humidity inside the chambers were cycled to simulate a mild heat load. The
predicted heat tolerant group had significantly less decline in milk production
(P<0.05), and lower core temperature (both rectal and intra-vaginal, P<0.05) during
the simulated 4 day heat wave event, than the predicted heat susceptible group. The
results indicate that heat tolerance GEBV can be reliably used to distinguish heat
tolerant and heat susceptible animals.

Implementation of HT GEBV

Following consultation with Australian dairy industry representatives, HT is expressed as the
decline in milk, fat, and protein yield (expressed in dollars) per unit increase in THI when
THI increases above the threshold of 60. It is then standardized to have a mean of 100 and
standard deviation of 5 for each breed. This method of expressing the breeding value is
typical of many breeding values evaluated for Australian dairy cattle. The process to calculate
the Australian breeding value for HT (HTABVg) is documented in Nguyen et al. (2017) and
was transferred to DataGene for implementation.

The HT ABVg ranged from 84 to 112 (−4 to +3 SD) in Holsteins and 86 to 117 (−3 to
+4 SD) in Jerseys. Under this standardised expression, if a bull has a breeding value larger
than 100, his daughters will be more heat tolerant than those of the average bull. Likewise, if
a bull has a breeding value less than 100, his daughters will be less heat tolerant than those of
the average bull.

Genetic trends show a slight decline in HT over time. Between the years 1990 and
2011, HT ABVg declined at the rate of 0.3%/yr in both breeds. This indicates that herds in a
warmer climate may wish to take steps to prevent a further decline in HT. The best way to
achieve this is to have HT included in the multitrait economic selection indices, such as the
Australian balanced performance index, so that HT can be selected jointly with other
economic drivers.

Conclusions

We have described the research platform leading to the implementation of a new breeding
value for Holstein and Jersey cattle in Australia – the heat tolerance breeding value. This is a
genomic only breeding value, which was derived from a very large dataset by merging the
herd test production records with weather data, and a large population of genotyped cows and
bulls. The breeding value was validated by using both cross and empirical validations.
Although the mean reliability of this new trait is moderate, it is expected that this will
improve as the reference populations are extended. In the near future, we will investigate the
impact of heat stress on health and fertility, and take steps to develop a more “composite”
heat tolerance trait covering production, health as well as reproductive performance.
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