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• Increase in milk production accompanied by higher 
incidence of metabolic diseases 
– Ketosis, fatty liver, displaced abomasum

• Reasons: 
– Metabolic changes and challenges early in lactation 
– Mobilizing more fat reserves, production of non-esterified fatty acid (NEFA)

 

and ketone bodies (including Beta-hydroxybutyrate, BHB)

• Failure to maintain energy balance
– Detrimental effects on immune function, milk production and overall health
– Increased incidence of displaced abomasum, ketosis, milk fever, metritis, 

cystic ovaries and lameness

1(Ha et al., 2015; Kessel et al., 2008)



• Target health traits that impact profitability

 

for 
farmers and dairy industry

Metabolic Disease Resistance (MDR)

MDR

 

index = 50% BHB, 25% Ketosis, 25% DA
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Subclinical ketosis 
(BHB data from DHI)

Clinical ketosis

 

and 
displaced abomasum

 

(DA)
(Producer recorded data)

Official evaluation implemented by Canadian Dairy Network in 2016



• Subclinical signs of ketosis are difficult to detect by farmers

• Subclinical ketosis more common than clinical ketosis
- 10-fold higher frequency at the herd level

- Median incidence of 11.2%-36.6% 

• There is a high correlation between the amount of BHB in milk 
and ketosis

3(Jamrozik et al., 2016; Pryce et al., 2016)



4(Jamrozik et al., 2016)



5(Koeck et al., 2016)



Identify genomic regions and candidate genes that 
may affect BHB concentrations in milk associated 
with subclinical ketosis
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(Sargolzaei et al., 2014)

Phenotypes Genotypes GWAS Analysis

Canadian Dairy Network (CDN) Single SNP regression 
mixed linear model 

- Subclinical ketosis 
first lactation (BHB1)

- Subclinical ketosis 
2nd

 

and later 
lactations (BHB2+)

- De-regressed EBVs

n= 24,657 cows and bulls 
(Bovine 50K genotypes)

Imputed to HD
FImpute V2.2. 

n= 2,507 reference animals

Implemented in snp1101 
software

7

(Garrick et al., 2009) (Sargolzaei et al., 2014)
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• Annotation

 

R package BioMart software used for gene annotation

• Functional analysis

 

Ingenuity Pathway Analysis (IPA)

 

PANTHER classification system

(Durinck et al., 2009)

(Thomas et al., 2003)

(Kramer et al., 2014)
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BTA6: 88.4-94.8 Mb
The results are in agreement 
with:
•Mastitis 
•Susceptibility to ketosis
•GC and CXCL8 gene (association 
with blood BHB and mastitis)
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Activation of macrophages

Recruitment of neutrophils

CXCL8

GC

• Role in:
• Host defense and 

immune system
• milk production

(McLeod et al., 1989; Mount et al., 2009; Goddard et al., 2014; Ryter et al., 2014)

• Role in:
• Autophagy
• Immunity to 

extracellular 
pathogens
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BTA20: 57.4 Mb
The results are in agreement 
with:
•Variants explained highest 
genetic variance associated with 
subclinical mastitis 
•Gene FBXL7

 

plays a pivotal role in the 
regulation of immune response
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Overlapping between BHB1 and BHB2+
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BTA14: 1.3-7.8 Mb and 55.8-66.4 
Mb
•One significant SNP within DGAT1
•LY6H

 

and LY6K

 

(at 25 and 27 Mb):

 

Active genes in immune response
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BTA11: 15-15.3 Mb
This region was in agreement with:
Ketosis susceptibility in cattle
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BTA25: 25.1-27.9 Mb
This region is in agreement with:
•Blood BHB concentrations and metabolic adaptability
•Genes

 

CLN3 and APOBR

 

Causative variants associated with milk levels of 
ketosis biomarkers (glycerophosphocholine)





• GWAS resulted in significant regions associated with 
milk BHB in first and later lactations 
– Mainly on chromosomes 6, 14 and 20

• Some of the regions identified in agreement with 
previous regions associated with mastitis, fat 
metabolism and immune response

20
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http://www.dairyresearchblog.ca/


Back up slides
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https://www.qiagenbioinformatics.com

Prediction of the gene networks for candidate genes identified for (SCK1)
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Total # Genes: 76; Total # pathway hits: 16Total # Genes: 76; Total # pathway hits: 16

Gonadotropin-releasing hormone 
receptor pathway (P06664)

Inflammation mediated by chemokine 
and cytokine signaling pathway 
(P00031)

Interleukin signaling pathway 
(P00036)

TGF-beta signaling pathway (P00052)

Metabotropic glutamate 
receptor group I pathway 
(P00041)

Serine glycine biosynthesis 
(P02776)

EGF receptor signaling pathway (P00018)
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Total # Genes: 76; Total # pathway hits: 16Total # Genes: 76; Total # pathway hits: 16

Gonadotropin-releasing hormone 
receptor pathway (P06664)

Inflammation mediated by chemokine

 

and cytokine signaling pathway 
(P00031)

Interleukin signaling pathway 
(P00036)

TGF-beta signaling pathway (P00052)

Metabotropic

 

glutamate 
receptor group I pathway 
(P00041)

Serine glycine

 

biosynthesis 
(P02776)

EGF receptor signaling pathway (P00018)
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