Exercises Day 4
Part 1
  Accuracy of MBV and MAS indexes

Exercise 1 
MBV accuracy
Use the spreadsheet ‘GS accuracy Goddard 2011.xls’ to investigate and explain the impact of the following parameters on the effective number of chromosome segments (Me) the proportion of variance explained by markers (q2), the accuracy with which marker effects are estimated (rQhat), and the accuracy of MBV:
· number of markers (M)

· Effective population size (Ne)
· Heritability of phenotypes (h2)

· Number of training individuals (T)
Set L=1 and k=30 for a genome of 30 chromosomes of 1 Morgan

a) What is the minimum number of markers that is needed to achieve near maximum genome coverage (q2=0.99) when Ne=100 versus 340 versus 1000 versus 10,000?

b) Set the number of markers M = 1,000,000 to get nearly complete coverage regardless of Ne. Set h2=0.9. 
Now evaluate the size of the training set (T) needed to reach an MBV accuracy of 0.8 for Ne=100, versus 340 versus 1,000 versus 10,000. Enter the results in the table below.
c) Repeat b) for heritabilities equal to 0.5 and 0.2
	
	Ne = 100
	Ne = 340
	Ne = 1000
	Ne = 10,000

	h2 = 0.9
	
	
	
	

	h2 = 0.5
	
	
	
	

	h2 = 0.2
	
	
	
	

	
	
	
	
	


d) Test the genome scaling argument, i.e. if the size of the genome increases by a factor C, then the size of the training population also has to be increased by a factor C in order to maintain the same accuracy of MBV.
Exercise 2 
MAS indexes
Consider selection for a trait with (total) heritability 0.2 and phenotypic standard deviation equal to 50. For this trait, an additive biallelic QTL has been identified with effect a=20 and frequency of the favourable allele equal to 0.2. The following sources of information are available for selection:

· own QTL genotype

· own phenotype

· QTL genotype of the individual’s sire

· Phenotype of the individual’s sire

Assume the top 20% individuals are selected. Derive the optimal selection criterion and predict accuracy of selection on the index and the genetic superiority of the selected individuals using the following two approaches, using the spreadsheet ‘Day 4 MASexample.xls’ (fill in the yellow cells):

a) Selection index with original (uncorrected) phenotypes (own and sire) and QTL genotypes (own and sire).

b) Selection index with phenotypes corrected for QTL genotype, along with QTL genotypes.

Note: If you entered everything correctly, a) and b) should lead to the same accuracy and response.

c) Explain why the index from b) has a zero weight on QTL genotype of the sire. Also, try to explain the magnitude of the weight that is placed on QTL genotype of the sire in index a).

d) Now, predict response to selection (both in genetic value and in frequency of the QTL) using the mixture distribution approach, using multrunc.xls or truncsel.xls, by considering truncation selection across 3 distributions of EBV, 1 for each genotype, each with its own mean (= QTL genotypic value) and a common variance, which is the variance of the polygenic EBV. Compare responses predicted using this approach to those from a) and b).

Part 2
GEBV

Exercise 3 
Single trait GEBV
Convert the problem of exercise 2 into a two-trait problem consisting of the original trait and the MBV as a correlated trait with heritability = 1. I.e. derive the genetic and phenotypic correlations between the two traits. 
Enter the results into MTindex.xls and check that it gives the same answers as exercise 2a.
Exercise 4 
GS with SelAction
Load  input file ‘Single trait GS.d1s’ into SelAction. Explore the impact of different scenarios, e.g.:

· genotyping males, females, or both

· genotyping relatives

· having no own or sib phenotypes available prior to selection on males, females, or both, with or without MBV.

· The impact of adding MBV when selection candidates have progeny with phenotypes

· Evaluate the impact of the Bulmer effect on accuracy and genetic variance and response. To evaluate accuracy without selection, change the proportion selected to 0.99999.
Exercise 5 
Multiple trait MBV
Use the spreadsheet MTGBV.XLS to explore the impact of adding MBV of a correlated trait on response. 
Use equal heritabilities of 0.25, rg=0.5 and rp=0.1.

Assume no phenotypic info on ether trait and compare ST and MT accuracy when the MBV accuracies are 0.5 and 0.5;  0.1 and 0.9.

Repeat the exercise with some phenotypic information

Repeat again with much more phenotypic information

Exercise 6 
Multiple trait MBV with SelAction
Load input file ‘Day 4 Multi trait GS.d1s’ into SelAction under‘Discrete Generations’ ‘1-stage selection’. 
It represents the 2-trait example with GS from the notes.
Explore the impact on responses of phenotype-based BLUP selection, selection on MBV, and combined selection on MBV and phenotype-based BLUP, for different scenarios, e.g
· having no own or sib phenotypes available prior to selection on males, females, for trait 1, trait 2, or both, with or without MBV.

Exercise 7  Benefit of genotyping cows without and with the Bulmer effect
(After Bijma 2012, J. Anim. Breed. Genet.)

Consider a 2-path genomic selection program with discrete generations in dairy cattle that is complete based on selection on MBV and the question what the extra genetic gain is from genotyping cows. In the base scenario, the top 1% of sires are selected at a young age based on an MBV with accuracy 0.8 and the top 1% of young females are selected based on a parental average EBV, which includes the MBVs of the sire and the MBV of the maternal grandsire.
The alternative breeding program is to also genotype the females and select them on MBV with accuracy 0.8.

Compare the extra genetic gain obtained from genotyping females without and with inclusion of the Bulmer effect.

Conduct these calculations both by hand and by SelAction

Exercise 8 
Pre-selection
Use the spreadsheet Genetic_gain.xls to explore the impact of 20% pre-selection of young bulls (set I36=0.2) based on a molecular EBV with accuracy 0.6 (set I37=0.6) compared to no pre-selection (I36=1, I37=0), on the relationship of the % of the population inseminated with young bull semen (C26) and progeny group size (C28) on genetic gain and find the values of these two parameters that maximize genetic gain with or without pre-selection of young bulls.
Part 3   

Exercise 7 
Inbreeding with GS
Load  input file ‘Day 4 Single trait GS.d1s’ into SelAction under‘Discrete Generations’ ‘1-stage selection’ and evaluate the impact of including MBV on rates of inbreeding.
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