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Central Idea

Mendelian sampling

Sire 1
AA   bb   cc
10 0      0

Sire 2
Aa  Bb  Cc
5     3    2

Values:
A +5
B +3
C +2

PTA 
expectation/average:

+ 5

Possible values for the gametes 0,2,3,5,5,7,8,10

+5

+5

0.125,0.125,0.125,0.25,0.125,0.125,0.125Probability

 

(binomial distribution) 1

Exactly 5
> 0 (0.875)

> 7 (0.25)

If linked (phased ABC|abc):
Recombination rates: 0.2 AB|BC

0.32,0.08,0.02,0.16,0.02,0.08,0.32
Exactly 5

> 0 (0.68)

> 7 (0.40)

Heterozygosity

How about future progeny?

Breeding value inheritance components:

Additive model (QTL effect): 



Statistics Background

Binomial Variances and Covariances         ||       Solutions
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Homozygous loci:
N*p*(1-p)*S2

 

= 0

If independent !!!



Method

Methods for computing

Independent  cM=0.25 (25% for each gamete)

σ2
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Nlocus 
=

σ2
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Nlocus > 50 cM is considered as independent (that is 50 cM) 

Heterozygote loci

A           B

a           b

Reference allele
locus 1= A
locus 2= B

A

 

b

a

 

B



Application

Confidence intervals
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Genetic Gain in Future
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Strategies of selection 



In practice, how can we obtain the variance of gametic diversity?

Using marker effects estimated from routine genomic 
evaluation!!!

3 -

 

Which models to use?

4 -

 

What is the MAF effect?

To answer these questions,

 

simulation study was proposed !!!

Important Questions

2 -

 

What should the density panel marker be?

Subsequent questions about this approach:
1-

 

Should the recombination rate also be considered (dependence) between the markers?



Simulation -

 

Population

Phase 1 -

 

500 generations: 
Constant size: 
-

 

500 males
-

 

500 females individuals

Phase 2 -

 

500 generations 
Constant reduction: 
from 1,000 to 200 individuals
equal proportion male/female
LD/drift-mutation balance

Phase 3 -

 

10 generations 
Expansion: 
from 200 to 3,000 individuals.
equal proportion male/female

200 males and 800    females(last generation)

Traditional evaluation and selection
- 9 generations
-

 

5 progeny per dam 
- Selection: Blup
-

 

Mating: random
-

 

Cutting: Blup
-

 

Replacement rate: 20% dams and 60% for sires 

Historical Generations 

Recent Generations 



Simulation –

 

Genome and Traits

Others Genome Parameters
Mutation Rater QTL 2.5x10-5

Mutation Rater Marker 2.5x10-3

Marker positions in genome Evenly spaced
QTL position in genome Random (uniform distribution)
QTL allele effect Gamma distribution (β=0.4) 1 2 3 4

Genome Size

 

200 cM

All simulations were performed QMSim version 1.10 (Sargolzaei & Schenkel, 2009) 

No

 

of QTL: 
20 (0.1 QTL/cM) (low density)
200 (1 QTL/cM) (Meuwissen et al., 2001)
h2: 
0.1 and 0.3 

Scenarios:

σ2
phenotypic

 

= 1
4 replicates for each trait

4 traits (QTLs x h2) x 2 SNPs panels

Markers and Panels:

HD => 10% of the polymorphic markers sampled each 0.5 cM

SEQ => 20% of the markers also sampled every 0.5 cM and all QTLs

Traits:

200,000 markers were simulated and randomly distributed
X



Genomic Model

Depends on the effects of the markers:
y = μ+Ma+e

Marker
Residual ~N(0,Iσe

2) 
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The analyses were performed using GS3 v.3 software (Legarra et al., 2015) 

MAF≥

 

0.05 (to mimic a conventional genomic evaluation )

Variance components: 
-

 

initial values = true values
-interactions: 20,000 
-burn-in: 2,000.

),0(~/),0(~ 22
aGNuNa σσ

1 -

 

Traditional (SNP-BLUP/GBLUP)

2 -

 

Differential shrinkage (

 

Improved LASSO)



Gametic Variance



Results



Correlation of True Values 

Medium magnitude

High magnitude !!!



Best accuracy!Worst accuracy!

Similar accuracy!



Bias

Mean squared prediction (MSE): ↓values

Coefficient of the linear regression (b): close to one

GBLUP -

 

higher predicted bias (overestimation)

HD X SEQ -

 

Similar Bias



Conclusions

For improving the accuracy 
of the estimations

2 -

 

Differential shrinkage models are preferred;

3 -

 

Markers with low MAF should be also used; 

4 -

 

The covariance (dependence) among markers should be considered.
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Real Data: USDA/Jersey

Even distribution among chromosomes 

Biased distribution among chromosomes 



Close to typical Gaussian curve 

Atypical Gaussian curve 



Applied example: USDA/Jersey

Incresing

Lowest
Protein Yield

Greatest
Fat %



Motivating Results –

 

TRUE RPTA / PTA

Simulation: Future generations; sires (i=1.75) and Dam (i=0.97). 

0.1 QTL/cM
σ2

a

 

=0.3(h2=0.3)
1 QTL/cM

σ2
a

 

=0.3(h2=0.3)

TRUE RPTAs were corrected for number of offspring;

∆G=0.33%
7 generations

∆G=54.75%
25 generations



Applied example: USDA/Jersey

Genetic summary for Top 10 Sires for Milk Yield.
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