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Rationale

• Genomic selection: the use of molecular markers and historical phenotypes to predict 

new unseen individuals. 

• It has revolutionized animal/plant breeding programs.

1. Selection accuracy

2. Shorten breeding cycles

High performance
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Problem

Genetic diversity
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Rationale

How do we balance 

rapid improvement 
with long-term 

sustainability in 

breeding programs?



Selection of parental combinations: optimal cross selection
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Covariance

µ𝑒𝑏𝑣 =
𝐸𝐵𝑉𝑝1 + 𝐸𝐵𝑉𝑝2
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Rationale

Selection of parental combinations: optimal cross selection

Akdemir et al. 2016, Gorjanc et al. 2018, Kinghorn, 1999



Optimal cross selection
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𝑨

𝟐
= 𝐂𝐨𝐚𝐧𝐜𝐞𝐬𝐭𝐫𝐲

Coancestry (t) = Inbreeding (t+1)

Akdemir et al. 2016, Gorjanc et al. 2018, Kinghorn, 1999
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• Cross prediction and optimization

• Two module package

i. Prediction of cross performance

ii. Optimization of crosses

SimpleMating
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Optimal cross selection

Truncated threshold
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SimpleMating: cross performance

µ𝑔𝑣 = ෍

𝑖=1

𝑛

[𝑎𝑖 𝑝𝑖 − 𝑞𝑖 − 𝑦𝑖 + 𝑑𝑖 2𝑝𝑖𝑞𝑖 + 𝑦𝑖 𝑝𝑖 − 𝑞𝑖 ]

Total genetic value

𝑈𝐶 =  𝜇 + 𝑖𝜎 µ𝑒𝑏𝑣 =
𝑒𝑏𝑣𝑝1 + 𝑒𝑏𝑣𝑝2

2

Mid-parental value Usefulness (A/AD)
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1

2

3

4 Multi-trait for all above

Falconer & Mackey, 1996, Wolfe et al. 2021, Lehermeier et al. 2017, 
Allier et al. 2019, Peixoto et al. 2025



SimpleMating – Cross performance

Schnell and Utz (1975)

𝑈𝐶 =  𝜇 + 𝑖𝜎 

μ = progeny mean

i = selection intensity
σ = progeny standard 

deviation

Prediction of cross performance: Usefulness

P1    P2

Low 
Breeding Value

High 

Breeding Value

×
P3    P5×

𝜇 𝝈
More useful
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Falconer & Mackey, 1996, Wolfe et al. 2021, Lehermeier et al. 2017, 
Allier et al. 2019, Peixoto et al. 2025



Prediction of cross performance

Output
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SimpleMating Module 1

Peixoto et al. 2025



SimpleMating Module 2

Output

Relationship

Criteria

Mate plan
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Example one: Hybrid breeding program

• Maize breeding program with two heterotic 

groups;

• Recurrent reciprocal selection scheme;

• PS: selection only using phenotypes;

• GS: Truncated selection via estimated 

breeding values;

• OCS: Optimal cross selection with usefulness 

as criterion (SimpleMating);

• 20 years of simulations (AlphasimR).
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Example one: Hybrid breeding program



F1 F1 F1 F1 F1

Clonal 1

Clonal 2

OT1

OT2

Parents

GS

Conv

• Clonal breeding program (potato UF);

• Recurrent reciprocal selection scheme;

• PS: selection only using phenotypes;

• GS: Truncated selection via estimated breeding 

values;

• TGV: Truncated selection via total genetic value 

(A+D);

• OCS: Optimal cross selection with TGV as 

criterion (SimpleMating);

• 20 years of simulations (AlphasimR);

• Dominance deviation: 0.4.
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Example Two: Clonal breeding program

Peixoto et al. unp.
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Example Two: Clonal breeding program



Take home notes
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Use of optimal cross selection is an efficient
implementation in various genomic selection-based

breeding programs

SimpleMating provides an efficient framework for
optimizing crosses and improving selection

decisions in breeding programs



deamorimpeixotom@ufl.edu

https://marcopxt.github.io/
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