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The challenge for Livestock Production

2050: Feeding 9 billion people 
within the carrying capacity 

of planet earth

2 times more 
with 2 times less
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Challenges for Livestock (Production)

Measuring and predicting (new) phenotypes for:

� On-farm management
� Fine-tune nutrition, etc.
� Predict status: disease, pregnancy

� Breeding purposes
� Measuring (new) traits
� Predict breeding value (for genomic selection)

=> Genomics: measure and predict an animals’ 
phenotype
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Genomics applications 
for breeding purposes

-
Marker assisted selection

&
Genomic selection
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Marker-assisted selection

� Selection (partly) based on few genetic DNA-
markers linked with QTL

� Limited uptake:
� A small part of genetic variance captured
� QTL discovery costs are high

� Availability of genome-wide dense markers 
enabled ‘Genomic Selection’
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Genomic Selection
Genome of animal X (SNPs A, B, ..., J):

Breeding value animal X = A1 + A2 + B2 + B2 + … + J1 + J2
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SNP chips:SNP chips:SNP chips:SNP chips:

Pigs: 64kPigs: 64kPigs: 64kPigs: 64k

Poultry: 57kPoultry: 57kPoultry: 57kPoultry: 57k

Cattle: 6k, 54k, 640k & 777k SNPCattle: 6k, 54k, 640k & 777k SNPCattle: 6k, 54k, 640k & 777k SNPCattle: 6k, 54k, 640k & 777k SNP

Whole genome sequence:Whole genome sequence:Whole genome sequence:Whole genome sequence:

Cattle: 3,500,000,000 base pairsCattle: 3,500,000,000 base pairsCattle: 3,500,000,000 base pairsCattle: 3,500,000,000 base pairs

>10,000,000 SNP ???>10,000,000 SNP ???>10,000,000 SNP ???>10,000,000 SNP ???



Animal Breeding & 
Genomics Centre

Statistical model

Prediction equation :
T = 1 kg milk A = -1 kg milk

G = 2 kg milk C = -2 kg milk

Etc, etc, etc, ………..

Reference population

Measured performance

SNP genotypes

Prediction of breeding value of an individual to perform genomic selection

Juvenile selection 
candidatesReference population (2000+)

Statistical model

Prediction equation:
T = 1 kg milk A = -1 kg milk

G = 2 kg milk C = -2 kg milk

Etc, etc, etc, ………..
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Reference data

� Key for accurate prediction

� Size reference data
� Up to 16,000 animals

=> Increasing reference data improves accuracy GS 
for all traits
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Genomic selectionGenomic selectionGenomic selectionGenomic selection

ಯ..most promising application of ಯ..most promising application of ಯ..most promising application of ಯ..most promising application of 
molecular genetics in livestock molecular genetics in livestock molecular genetics in livestock molecular genetics in livestock 
production since work began production since work began production since work began production since work began 

almost 20 years agoರ almost 20 years agoರ almost 20 years agoರ almost 20 years agoರ Sellner et Sellner et Sellner et Sellner et 
al., (2007“al., (2007“al., (2007“al., (2007“

Genomic selection
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Genomic selection for new traits

� For traits that are hard or expensive to measure

Allows for:
⇒ ‘deep-phenotyping’ difficult to measure traits 
(e.g. progesterone, methane emission, etc.)

⇒ Re-focussing breeding goal

Reference data is required!
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How useful are small (<2000“ 
datasets??
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Building unique reference data

� Unique data available from experiments & 
research herds

� RobustMilk (EU-project) combines cow data 4 
countries:
� Feed intake 
� Progesterone measurements
� Database of 1,000 - 2,000 animals

� Interest to increase this database
� Contact roel.veerkamp@wur.nl
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GS - Future perspectives

� Selection for “new” traits
� More balanced selection

� Complete populations are genotyped
� Better identification best breeding animals

� Extensions towards whole genome sequence 
selection
� Closer to causal loci
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Whole genome sequence data



Animal Breeding & 
Genomics Centre

Genomic Selection - summarized

� Great uptake in practice

� Large datasets are created for practical applications
� Generated data opens up opportunities for research

� Still a black box approach
� Underlying causality maybe similarity in genome, 

proteome, metabolome, epigenome, etc.
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Genomics: more than DNA

Variation in
genomic DNA

Variation in
environment

Variation in traits

Integration

Systems biologyGenetical Genomics
Pathway tools

Mechanisms

understanding

Networks

Predictors

biomarkers

genes

proteins

metabolites

Methods

Genomic selection
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Genomics applications 
for on-farm management
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Requirements for on-farm management

� Measuring for monitoring:
� Cheap
� Accurate
� Fast

� Different levels
� Individual
� Herd

� Depending on purpose, find a balance between 
accuracy and costs
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Pilot predicting pregnancy in dairy cows

� Protein profiles on day 21 after insemination 
� Using 18 pregnant & 14 non-pregnant cows & 1 protein
� 93% pregnant animals correct classified (sensitivity)

� 67% of non-pregnant animals (specificity)

� Pregnancy status can be predicted using milk 
samples

� Results are not reliable enough yet to develop 
practical test
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Serum protein profiles to predict infectious 
disease status in pigs

� Pilot infection experiment
� Control + 2 experimental groups

Classification
� Use protein profiles for classification of animals 

(PLS regression)

� Leave-one-out cross-validation
� Predict every record using the rest of the data
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True and predicted disease status 

  Day 5  Day 19 

  True status  True  status 

  PPV Control PRRSV  PPV Control PRRSV 

predicted status PPV 2 2 1  5 3 4 

 Control 4 7 0  1 4 0 

 PRRSV 1 0 8  2 0 3 

 Using 50 preselected proteins on combined data of day 5 and 19

� Serum protein profiles have potential for detection of 
(viral) infection in pigs in early phase of the disease

� Classification accuracy was moderate - good
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Perspectives on-farm genomics applications

� Potential is huge
� Bridging gap between DNA and phenotype

� Few practical applications so far
� Large data sets needed to allow accurate prediction
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Unravelling black box (approaches)

� Presented approaches driven by statistical 
associations, not causality

� ‘Opening black box’ may improve performance
� Improved understanding underlying mechanisms

� Practical applications generate large data
� This helps to increase understanding



Animal Breeding & 
Genomics Centre

Conclusions

Predicting & measuring phenotypes using genomics:

� Requires sufficiently large data for deriving 
prediction equations

� Requires appropriate statistical methodology:
� y = b1X1 + b2X2 + ... + bnXn

� Has huge potential!
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