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Background

► Effects on production traits:

• Average daily weight gain (ADG) [1]

• Meat quality [2]

• Milk yield [3]

• …

►Insights into the genetic and molecular mechanisms affecting behaviour are still 
limited

[1] Vetters et al. (2013), [2] Hall et al. (2011), [3] Hemsworth et al. (2000) -1-

Response to environmental stimuli can be described as behaviour characteristicsResponse to environmental stimuli can be described as behaviour characteristics

► Effects on animal welfare

Goal: Exploring underlying genetic and molecular mechanisms of cattle behaviour especially 
in regard to milk performance 
Goal: Exploring underlying genetic and molecular mechanisms of cattle behaviour especially 
in regard to milk performance 
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Animals: 147 F2 Segfam cows (Charolais x German Holstein)
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[4] Graunke et al. (2014)

Behaviour phenotype: 
• Activity, inactivity and exploration in open-field (OF) and novel-object (NO) test[4]

Milk performance phenotype:
• Milk yield d1-d5, milk yield d6-d30, average daily yield
• Ratio for drop in milk yield after rehousing

Cow 1 Cow 3Cow 2
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Genotype:
• 37,201 SNPs (Illumina Bovine SNP50 Bead Chip®)
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[5] Perez-Enciso & Misztal (2004) 

Statistical analysis:
• Additive SNP effect in Qxpak 5.05 [5]

• Bonferroni correction (p < 0.05)
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} 41 SNPs were significantly associated with at least one of the behaviours in OF and NO test 
1. Genetic loci affecting behaviour were specific for trait and test situation
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Exploration OF test

Exploration NO test
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[6] Hiendleder et al. (2003), [7] Viitala et al. (2003) [8] Gutièrrez-Gil et al. (2008)
9
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} Of the 41 SNPs, 9 were significant for exploration in NO test and milk performance 
traits   



SNP name Chr Trait Genotype
1 2

n LSM ± S.E. n LSM ± S.E.
rs108965864, 29 MY 90 6.5 ± 0.8 57 3.9 ± 0.8**
rs42169108, R 1.2 ± 0.1 1.6 ± 0.2**
rs43099931 DE 51.0 ± 14.2 87.0 ± 14.6**
MY, average daily milk yield; R, milk drop rehousing; DE, exploration behaviour; ** p < 0.001

Results & discussion

exploration milk yield milk drop rehousing
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[6] Hiendleder et al. (2003), [7] Viitala et al. (2003) [8] Gutièrrez-Gil et al. (2008)
10

} Of the 41 SNPs, 9 were significant for exploration in NO test and milk performance 
traits   

• Linkage block on BTA29: genomic region of known QTL for behaviour and milk performance [6,7,8]
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Transcriptome

2) Differential gene expression between temperament types
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[4] Graunke et al. 2013

Transcriptome:
– Adrenal cortex tissue
– 10,986 transcripts (Affymetrix® GeneChip® Bovine Gene v1 Array) 

Statistical analysis:
– Analysis of variance
– FDR correction (p < 0.05)

Material & methods
Animals: 60 F2 Segfam cows (Charolais x German Holstein)
Temperament phenotype:

– Temperament types assessed in novel-human (NH) test [4,9]
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[4] Graunke et al. (2013), [9] Brand et al. (2015)

1 “fearful/neophobic-alert”
2 “interested-stressed”

4 “subdued/uninterested-calm”
3 “outgoing/neophilic-alert”

5 “indistinct group”



[4] Graunke et al. 2013
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1 „fearful/neophobic-alert“

3 „outgoing/neophilic-alert“

5 „indistinct“

4 „subdued/uninterested-calm“

2 „interested-stressed“

} 2,944 transcripts that differ significantly between temperament types   



[4] Graunke et al. 2013
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Principal component score plot of the first 
two principal components for metabolite 
features with high relevance in the 
classification of temperament types in the 
prefrontal cortex (A) and serum (B). [9]

1 „fearful/neophobic-alert“

3 „outgoing/neophilic-alert“

5 „indistinct“

4 „subdued/uninterested-calm“

2 „interested-stressed“

x

} 2,944 transcripts that differ significantly between temperament types   

[9] Brand et al. (2015)
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Results & discussion

• Cellular processes: growth, proliferation, signalling 
• Stress response: Glucocorticoid receptor signalling, NRF2-mediated oxidative stress 
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} Ingenuity Pathway Analyses (FC > Ι1.5Ι)
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[4] Graunke et al. 2013

Summary & 
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} Genetic regions affect behaviour traits in cattle
• Specific in regard to trait and test situation

} Association between behaviour traits and milk performance
• Variability in responsiveness towards rehousing visible in milk yield
• Genetic variations associated with behaviour traits and milk performance indicate 

contrary genotype effects for agitated behaviour and milk yield

PhenotypeGenotype

1) SNPs affecting behaviour and milk performance
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Summary & 
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} Expression profiling of the adrenal cortex identified transcripts differentially 
expressed between temperament types
• Clear discrimination of „fearful/neophobic-alert“ cows from the others indicates

prominent role of fearfulness in behaviour manifestation
• Highlighted pathways of adrenal development and stress response

Transcriptome Phenotype

2) Differential gene expression between temperament types



[4] Graunke et al. 2013
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• 12 transcripts differ significantly between “fearful/neophobic-alert” and all other temperament 
types 

• MDK (midkine) gene up-regulated
• MDK plays key role in adrenal development [10,11]

• Abundance of MDK was negatively associated with anxiety [12]

1 „fearful/neophobic-alert“

4 „outgoing/neophilic-alert“

5 „indistinct“

3 „subdued/uninterested-calm“

2 „interested-stressed“

LSM gene expression

} 12 transcripts differ significantly between “fearful/neophobic-alert” and all other 
temperament types 
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