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« Genomic selection: the use of molecular markers and historical phenotypes to predlct
new unseen individuals.
« |t has revolutionized animal/plant breeding programs.
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2. Shorten breeding cycles

A 4

High performance

Mate allocation of breeding crosses
Canvas - 2025
Marco Peixoto | Marcio Resende



Rationale MATE O\
ALLOCATION

of breeding crosses

« Genomic selection: the use of molecular markers and historical phenotypes to prediét"'
new unseen individuals.
« |t has revolutionized animal/plant breeding programs.

1. Selection accuracy
2. Shorten breeding cycles — ,, Genetic performance i Genetic variation

v Q
C15' g 9
0 8
. | .
High performance 510 S
= T
e b
o 5 -
O O
o 3
0.
0 5 10 15 20 0 5 10 15 20
Year Year

Mate allocation of breeding crosses Gen0m|c Selectlon Phenotyplc Se|eCtI0n

Canvas - 2025
Marco Peixoto | Marcio Resende




Rationale

Problem

SI o~ aYa )
S RISKY | IDEAL

\_ '\ %
A - A Ya A
o+
G:J unpesirABLE | STABLE
8 _ I\ /

Genetic diversity

Mate allocation of breeding crosses

Canvas - 2025

Marco Peixoto | Marcio Resende

MATE
ALLOCATION



Rationale

Genetic gain
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How do we balance
rapid improvement
with long-term
sustainability in
breeding programs?



Rationale MATE

ALLOCATION

of bre: dg

Selection of parental combinations: optimal cross selection
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Selection of parental combinations: optimal cross selection
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Akdemir et al. 2016, Gorjanc et al. 2018, Kinghorn, 1999



Optimal cross selection
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Optimal cross selection

®
150 . o
®
° ®
c @ e°.0° 0 %
°9 o0 .‘. :.. ..... °
b ) & ®
R A A
'5 # :00. ®
8" °
® @
50 ° ..
®
A6 05 0.0 0.5 1.0
Covariance

Mate allocation of breeding crosses
CANVAS - 2025
Marco Peixoto | Marcio Resende

Criterion

150

100

50

o
® :o % : @
il o‘:.‘:’° $ ..o.‘: o °
o® o ® o o3 ®
@ @
o e % :\:'o O! ¢ o®
YA
® &
®
A0 0.5 0.0 0.5 1.0

MATE
ALLOCATION

of bre: dg

Covariance



Optimal cross selection
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Optimal cross selection
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Optimal cross selection
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SimpleMating AL OCATION

of breeding crosses

* Cross prediction and optimization

SimpleMating: R-package for prediction and optimization of
breeding crosses using genomic selection

Marco Antdnio Peixoto':> ©® | Rodrigo Rampazo Amadeu®* © | Leonardo Lopes Bhering' © |
Luis Felipe V. Ferrdo® © | Patricio R. Munoz® | Marcio F. R. Resende Jr.”
« Two module package /\
\
i. Prediction of cross performance .

il. Optimization of crosses m | |

Mate allocation of breeding crosses
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Marco Peixoto | Marcio Resende peixoto et al. 2025



Optimal cross selection
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SimpleMating: cross performance

@ Mid-parental value Usefulness (A/AD)

ebv,, + ebv,,
Hepv = 2 UC= u+io

Total genetic value
n

Ugy = z[ai(m —q; —yi) + di[2p;q; + yi(p; — q)]]

i=1

@ Multi-trait for all above

Mate allocation of breeding crosses
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SimpleMating - Cross performance

Prediction of cross performance: Usefulness

Low
Breeding Value

High
Breeding Value

More useful
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UC = u+io

H = progeny mean

i = selection intensity
O = progeny standard
deviation

Schnell and Utz (1975)

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



SimpleMating Module

Prediction of cross performance

__________________________________

__________________________________

#itt ----- 1. Performance prediction
ST_tgvZ <- getTGV(MatePlan = CrossPlan,
Markers = Markers,
addeEff = addEff,
domEff = domEff,
K = relMat,
ploidy = 2)

Mate allocation of breeding crosses
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usefAdd <-

1. Performance prediction
getUsefA(MatePlan = CrossPlan,
Markers = Markers,
addEff = effAdd,
K = relMat,
Map.In = Map, # Genetic map
linkDes = NULL,
propSel = 0.05,
Type = "DH",
Generation = 1)

Peixoto et al.

2025



SimpleMating Mmodule2

__________________________________

__________________________________

##H - ---- 2. Optimization

MatePlan = selectCrosses(data = ST_tgv4,
n.cross = 20,
max.cross = 2,
min.cross = 1,
culling.pairwise.k = @)

# stats
MatePlan[[1]]

# Plan
MatePlan[[2]]

# Plot
MatePlan[[3]]

Mate allocation of breeding crosses
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>

Criteria

I/ NAATE \
I/ ALLOCATION
l of breedlng crosses
> mat_plan "
F1 P2 Y K
74 G58 G664 14.55678 -0.11572192
81 Gel G99 12.3@788 -0.86813125%
79 Gel Ge4d 18.95%60863 -0.82893493
97 G8 GB9 9.72175 -0.81851278
96 G8 Gl8 9.715%96c -0.81755338%
28 G23 G881 9.52128 -0.89772167
41 G33 G82 9.36682 -0.81468378
26 G23 GH8 9.18741 -0.88279922
32 G27 G6E 9.14856 -0.186658185%
6 G611 G366 9.82959 -0.86179866
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Example one: Hybrid breeding program

* Maize breeding program with two heterotic
groups;
« Recurrent reciprocal selection scheme;

e 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).

Mate allocation of breeding crosses
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Example one: Hybrid breeding program
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Example one: Hybrid breeding program
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Example Two: Clonal breeding program ATE

ALLOCATION

of breedin; g crosses

e Clonal breeding program (potato UF);
« Recurrent reciprocal selection scheme;

« PS: selection only using phenotypes; — :
« (S: Truncated selection via estimated breeding |
values; e oo P

« TGV: 'I:runcated selection via total genetic value - . _i . - s

(A+D);, o ____

« OCS: Optimal cross selection with TGV as _

criterion (SimpleMating);

Conv

« 20 years of simulations (AlphasimR);
Dominance deviation: 0.4.

Mate allocation of breeding crosses
Canvas - 2025

Marco Peixoto | Marcio Resende Peixoto et al. unp.



Example Two: Clonal breeding program MATE
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Example Two: Clonal breeding program
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Example Two: Clonal breeding program
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Take home notes

I\/IATE . Use of optimal cross selection is an efficient
ALLOCATION} implementation In various genomic selection-based
ofbreedmgcrosses bl"eeding programs

SimpleMating provides an efficient framework for
optimizing crosses and Improving selection
decisions in breeding programs
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