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Why heat tolerance?

• Heat stress: temperature & humidity above the comfort 

zones

• Leads to:

– Reduction in feed intake, milk yield, fertility

– Loss of income

• Major dairying regions in Australia will experience an 

increase in daily average temperatures

– And more frequent heat waves and longer duration 







Getty images
https://www.denverpost.com
/2018/08/05/photos-historic-heat-wave-scorches-europe/ 

https://www.denverpost.com/


Vnexpress.com



Possible measures: Management + Nutrition



Possible measures: Use adapted breeds

• SLICK – mutation of large effect

• Senepol cattle – heat tolerant 

Bos taurus with slick coat

• Mutation in prolactin receptor

– Littlejohn et al. 2014, Nat 

Comms, 5:5861

• Introgressed into Holsteins –

less drop in milk production in 

summer

– Dikmen et al. J Dairy Sci. 2014 

97:5508.

• Gene editing target



Possible measures: Genomic selection for heat 

tolerance

• Exploit within breed variation

• Genome wide DNA markers

• What trait/measurement to use?



Development Validation Implementation



What is heat tolerance?

Cow A

Cow B

tolerates heat 
better than

Temperature – Humidity Index (THI)



Development of heat tolerance GEBV

1. Phenotypic records

• Merge herd test records with 
weather data (temperature-
humidity index, THI)

• 14 years: 2003 – 2016

• 1,762 Holstein & 519 Jersey 
herds

• 425K Holstein and 85K Jersey 
cows

• 1st , 2nd and 3rd parities



Development of heat tolerance GEBV

2. Genomic prediction

THI

P
ro
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u
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n

Phenotype = Estimated cow slopes 
Decline in milk, fat and protein 
yields per unit increase in THI

Sire slope = average of daughters

Eggen, 2012.  

Animal 

Frontiers 

2:10-15.



4628 bulls with 
Australian daughters

10,254 cows 

1177 bulls with 
Australian daughters 4,232 cows 

Jan 2017



Validation of heat tolerance GEBV

1. Cross validation

Breed Trait Reference 
(Validation)

Reliability (%)

Holstein Milk 2,243 sires 
+ 11,218 cows

(497 sires)

42

Fat 40

Protein 38

Jersey Milk 484 sires
+ 4,037 cows

(183 sires)

36

Fat 38

Protein 38

Nguyen et al (2017) JDS. 
100:7362–7367 



Validation of heat tolerance GEBV

2. Empirical validation

24 heat
tolerant 

48 cows

Randomly allocated 
to 1 of 8 cohorts 

and 1 of 6 
chambers

24 heat 
susceptible

Randomly allocated 
to 1 of 8 cohorts and 

1 of 6 chambers

400 heifers screened



Validation of heat tolerance GEBV

2. Empirical validation
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Decline in feed milk yield and dry matter intake

Day 1 Day 2 Day 3 Day 4
Recove

ry

HT -0,3 -0,3 -0,9 -2,6 -1,2

HS -0,2 -0,6 -1,1 -3,9 -2,3
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Day 1 Day 2 Day 3 Day 4
Recove

ry

HT -2,8 -4,0 -2,6 -4,1 0,9

HS -2,2 -4,2 -4,3 -5,5 0,6
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Intra-vaginal temperature
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Rectal and neck temperature

Day 1 Day 2 Day 3 Day 4 Recovery

HT 0,6 0,9 1,3 1,6 0,20

HS 1 1,4 1,9 2 0,20
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Day 1 Day 2 Day 3 Day 4 Recovery

HT 12,0 13,5 15,2 15,4 2,6

HS 12,0 12,8 14,8 14,4 2,9
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The validation findings

• Predicted heat tolerant cows is superior to predicted heat 

susceptible cows under heat stress

– Higher feed intake (1.2 kg DM/day)

– Higher milk yield (5% less decline from baseline)

– Lower core body temperature (0.6°C)

– Lower respiration rate (10 breaths/min)

– Higher skin temperature (1.7°C)

– Greater milk yield recovery after heat stress (5% better return to 

baseline).



Genomic breeding values for heat tolerance

• Reliabilities: ~38% average 
(Nguyen et al. 2016, 2017)

• Validated (Garner et al. 2016)

• Unfavourable to production traits 
e.g. milk, fat & protein yields

• Favourable to fertility



Implementation of heat tolerance GEBV

1. Expression 

• Decline in production ($) per unit increase of THI

• Components of HT GEBV

Decline of milk * Economic weight of milk

+

Decline of fat * Economic weight of fat

+

Decline of protein * Economic weight of protein

• Standardised to mean = 100, standard deviation = 5



Heat tolerance ABVg

Temperature-Humidity Index

P
ro
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> 100

< 100

%

An animal with a Heat Tolerance ABV of 
105 is 5% more tolerant to hot, humid 
conditions than average

Average = 100



Genetic trend 

(decline ~1.5 SD in 20 years)



App available to select bulls



A web app available to balance selection 

between heat tolerance and other selection 

indices



Example output



Heat tolerance ABVg was first released in December 

2017



Take home messages 

• It’s possible to breed for heat tolerance

– GEBV has been developed

– GEBV has been validated

– Heat tolerance is unfavourable to production traits, but 

favourable to fertility

• Genomic breeding values was released in Dec 2017



What’s next?

• Heat tolerance in relation to health and fertility

• Genotype by environment interactions for heat tolerance

• Genome wide association studies using full sequence 

data

• Evaluating predictors of heat tolerance
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