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DECOMPOSITION OF VARIANCE
(under some assumptions)

TOTAL VARIANCE=
ADDITIVE+DOMINANCE+EPISTATIC+ENVIRONMENTAL

TYPICALLY ADDITIVE VARIANCE IS 1-40% OF TOTAL

SELECTION (main tool) EXPLOITS ADDITIVE VARIANCE





Genetic correlation Environmental correlation

THE GENETIC CORRELATION
INPUT IN MULTIPLE-TRAIT IMPROVEMENT

Square root of heritability of trait Y

(Hazel, 1943)   



CONCEPTO CENTRAL DEL MEJORAMIENTO GENETICO 

Breeding objectives (1936: Smith--1943: Hazel)





THREE PARADIGMS FOR GENETIC ANALYSIS 
IN ANIMAL BREEDING 



PARADIGM 1
(QTL discovery)

GWAS: search for association between 
some marker or genomic region, 

and a target phenotype.



THROMBO-EMBOLISM



PARADIGM 2
(variance components, indexing, BLUP)

Fisher’s infinitesimal model
(extended vectorially by C. R. Henderson)

1987



Fixed Random

THE n<<p ERA
(In animal breeding ⸟1948-1973: C. R. HENDERSON)

BLUP=Best linear unbiased predictor

BLUP= Conditional posterior mean in Bayesian Gaussian linear hierarchical model

BLUP=Similar to kriging in geostatistics

BLUP=penalized (L2) maximum likelihood

BLUP=special case of RKHS regression
BLUP=single layer NN (input= A), linear activation function

MME: an algorithm
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BAYESIAN INFERENCE AND
THE NEO-BAYES-LAPLACE REVOLUTION

(James-Stein, Lindley, Box, Zellner…)

Rev. Thomas Bayes

1702 London, England
1761 Tunbridge Wells, Kent, England 

1763. “An essay towards solving a problem in the doctrine of chances”. 
Philosophical Transactions of the Royal Society of London 53, 370-418.

Pierre-Simon Laplace

1749 Beaumont-en-Auge, France
1827 Paris, France 

1774. "Mémoire sur la probabilité des causes par les événements“.
Savants étranges 6, 621-656. Oeuvres 8, 27-65 



1. D. S. Falconer

THE EDINBURGH SCHOOL KEPT REMINDING 
US OF THE GENES, SETTING THE STAGE

FOR THE QUANTITATIVE GENOMICS ERA: 
THREE GIANTS!



2. Alan Robertson

3. William G. Hill



THE GENOMIC ERA



MASSIVE NUMBERS OF MOLECULAR MARKERS AVAILABLE: DNA sequences
(cattle: ; maize: 2500 Mb)





Genome-enabled selection



CLASSICAL DAIRY CATTLE BREEDING
Prediction of progeny performance 

(progeny testing)

Classical progeny testing scheme



TWO IMPACTS OF GENOMIC SELECTION:

1) Generation interval drastically reduced.
2) Genome-enabled predictions (GEBV) may be more accurate than EBV



WIGGANS (2017), Ann. Reviews of Animal Biosciences

GENOMIC SELECTION IN DAIRY CATTLE (USA)



GARCIA-RUIZ, 2016. PNAS

RECENT ESTIMATES OF GENOMIC BREEDING VALUE TRENDS



PARADIGM 3:
MINE AND INTERROGATEDATA

”HYPOTHESIS-FREE DISCOVERY”,
CLASSIFY, PREDICT!

(machine learning: largely non-parametric)



The return of the multi-layer 
neural networks…



SPECIAL CASES OF RKHSSIMILARITY MATRICES

• BLUP using pedigrees
• BLUP using markers (GBLUP)
• Kriging in geostatistics
• Linear combinations of kernels+ Hadamard-Product 

kernels
• Genomic, enviromentomic, epigenomic, metagenomic

kernels
• G x E KERNELS
• Support vector machines in regression or classification

RKHS: 
Reproducing Kernel Hilbert Spaces Regression
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MULTI-OMICS OR “OTHER” OMICS



Behavioral traits measured with 
wearable sensors and computer 
vision

STRETCHING THE BORDERS!



No. mutaciones proteína espícula . Mayormente neutrales (sinventajas
adaptativas); algunas incrementan en frecuencia, otras son desplazadas. De Nature
(2022)

Omicron: porcentaje en muestras
secuenciadas en diferentes continentes. 
Nature (2022)

Casos SARS-COV-2 examinados a nivel molecular
para mutaciones y seguimiento epidemiológico. Nature (2022).

SARS-COV-2

GENOMIC EPIDEMIOLOGY: PANDEMICS AND ZOONOSIS



AGRO-ECOGENOMICS



METAGENOMICS





AGRI PHARMACOGENOMICS



LOOKING BACKWARDLY AND FORWARDLY…



REMARK 1. Breeding objectives (1936: Smith--1943: Hazel)
BUT WHAT DO WE BREED FOR TODAY?

TODAY’S WAPATULI:

Brittleness, fragility, robustness, resilience, sustainability, animal welfare (activity, sociability, inclusiveness,
dignity, flatulence, biometrics), epigenome, interactome, metagenome, environmental frailtome, 
noiseome, eco-friendliness, drones, sensors, images, smart phones, infra-red measures, spectrometry,  
metabolome, “chipomics”, crops and livestock models

plus STILL relevant production, reproduction and health, pedigree



• Algorithms, software, visualization used by students with 
deficiencies in biology, experimental design, causality, logic, 
and statistical science. Basic science fundamental.

• Breeding objectives cannot be delineated by specialists.
• AI will not generate fertile interactions if compartments do 

not intersect

REMARK 2.  Diatribes: the learning triangle

BUILD FOUNDATIONS

REVIEW LITERATURE,
INTEGRATE AND DREAM

DISCOVER, 
WRITE THESIS,
PAPERS, PATENTS

Paper
1

Paper 2

Paper 3

BUILD FOUNDATIONS
(IF TIME PERMITS)

NORMATIVE

MENU OF 
THE DAY


