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Something you need to carefully look at, or that may impair your GWP

Something to do, or that optimizes your GWP

Don’t. Discourage to use this.

Smart tip. Something that makes the trick.

Advanced. Something to dive in.



Challenges 

What you need to know from this lecture

Basic concepts

Challenges

Interpret what a GWP implies

Genotyping strategies

Phenotyping strategies

Objective of GWP in animals



1. Objective of GWP in animals
● Estimate breeding values using genomic markers (on high density)

○ To increase EBV reliability
○ To increase predictive accuracy
○ Lack of pedigree

● Rank animals for breeding purposes
● Predict phenotypes

○ Under a specific environments
○ GxE



2. Challenges of GWP

Large number of SNPs with small 
effects:

Multiple SNPs should be analyzed 
simultaneously



2. Challenges of GWP
● Need large populations with phenotypic and genomic data to train the statistical 

models
○ We are working with a statistical association
○ Need variability in genetic markers
○ Need phenotypic (and genetic) variation
○ Link marker effects to phenotypes
○ Large dimensionality problem



2. Challenges of GWP
● The phenotypic trait may be influenced (confounded) by environmental factors
● The trait may not follow a gaussian distribution
● Large or combined populations may

○ Have different phenotyping criteria
○ Have different genotyping/sequencing criteria (chip density, genotyping strategy, …)

Standardized procedures are a must

During the experimental design  or data management procedures



3. What information is necessary
● Phenotypes
● Genetic markers
● Environmental confounders

REFERENCE 
POPULATION

● Genetic markers
● Environmental confounders 

(same ones as in the 
reference population)

CANDIDATE 
POPULATION



Reference population
A Reference population is needed in Genome-wide prediction to train the statistical 
models

● Genotypes and phenotypes
● Statistical association between genotypes and phenotypes

○ Covariates
○ Genomic relationship

● Genomic predictions may be achieved in individuals without phenotype (but w/ 
genotypes) ←Candidate population

3. What information is necessary



Strategies for phenotyping
Cost-benefit function

● How much phenotyping cost 
vs how much prediction 
accuracy is gained (trait 
dependent)

3. What information is necessary



Strategies for phenotyping
Cost-benefit function

● Cost of phenotype influences 
the genotyping strategy 
(parents vs individuals)

3. What information is necessary



Strategies for phenotyping
Cost-benefit function

● Traits easy to measure 
○ Use progeny tests and genotype parents 
○ Establish a routine phenotype recording

● Traits difficult to measure and expensive
○  Use individual phenotype and record
○ Experimental conditions

(This rule of thumb may not work in human medicine, depending on the 
importance of the trait)

3. What information is necessary



Strategies to obtain genetic marker information in populations
→Whole Genome Sequencing (WGS)

→Genotyping chips (SNPchips)

→Restriction site-associated DNA sequencing (RADseq) 

→Genotype by low-pass sequencing (skim-Seq)

3. What information is necessary



Strategies to obtain genetic marker information in populations
→Whole Genome Sequencing (WGS)

● Next generation sequencing
● Wide range of genetic variants (SNP, Indels, CNV, Structural Variants)
● High cost

3. What information is necessary



Strategies to obtain genetic marker information in populations
→Genotyping arrays

● Most used / Widely implemented
● Large variety (species and densities)
● Most available from sequencing services /labs
● SNP + short indels
● Biallelic markers

3. What information is necessary



Strategies to obtain genetic marker information in populations
→Genotyping arrays

●

65k

170k

3. What information is necessary



Strategies to obtain genetic marker information in populations
→Genotyping arrays

12k

3. What information is necessary



Strategies to obtain genetic marker information in populations
→Genotyping arrays

3. What information is necessary



Strategies to obtain genetic marker information in populations
→Restriction site-associated DNA sequencing (RADseq) 

● Uses NGS
● Requires specific library preparation with specific restriction enzymes
● Most effective in organisms with well-characterized reference genomes
● Cost-effective and medium-throughput 

3. What information is necessary



Strategies to obtain genetic marker information in populations
→Restriction site-associated DNA sequencing (RADseq) 

3. What information is necessary



Strategies to obtain genetic marker information in populations
→Restriction site-associated DNA sequencing (RADseq)

Highly dependent on the restriction enzyme

GEBV correlation <0.50 with HD SNP arrays 
(probably missing important regions)

3. What information is necessary



Strategies to obtain genetic marker information in populations
→Genotype by low-pass sequencing (Skim-Seq) 

● Low cost
● Non targeted sequencing (needs imputation)
● NGS (Illumina or ONT)
● Minimum coverage ranges between 0.5x and 4x depending on population and 

sequencing method

3. What information is necessary



Strategies to obtain genetic marker information in populations
→Genotype by low-pass sequencing (Skim-Seq) 

Imputation accuracy improves with

 sequencing depth                     →

3. What information is necessary



Strategies to obtain genetic marker information in populations
→Genotype by low-pass sequencing (Skim-Seq) 

High correlation (>0.98) with latest technology 

3. What information is necessary



Strategies to obtain genetic marker information in populations
→Genotype by low-pass sequencing (Skim-Seq) 

High correlation (>0.98) with latest technology

and seq-depth>2x. 

3. What information is necessary



4. Is my prediction reliable? And accurate?



4. Is my prediction reliable? And accurate?
Reliability

Refers to the consistency of the EGBV over time (with addition of new 
information)

An animal may have high EGBV reliability but still inaccurate (wrong model, 
consistent preferential treatment, systematic environmental confounders, …)



4. Is my prediction reliable? And accurate?
Reliability

Can be calculated through:
- approximation methods from the coefficient     

matrix when using a frequentist approach
-Posterior distribution of the estimated Genomic 

Breeding Value



4. Is my prediction reliable? And accurate?
Accuracy

Refers to how close a measurement is to the real value

This should be our aim

Predict the future (yet-to-be observed data)

Cross-validation strategies (with known outputs, as 
pretending to predict the future)



Prediction-based decisions (e.g. culling)

Rank candidates (and reference) as parents of next generation

Design matings based on selection criteria (or breeding goals)

5. Then what?



RECAP
Assume gaussian distribution on phenotypes (... subsequently residuals)

Why variance is important

Inference is different from prediction. 

Genetic architecture challenge

How to establish a reference population: Phenotyping strategies & Genotyping strategies


