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Multiomics
• Definition:

Multiomics is an integrative approach that combines data from multiple 
"omics" fields (genomics, transcriptomics, proteomics, metabolomics, etc.) 
to provide a comprehensive understanding of biological systems.

• Goal:
• To gain understanding of  molecular mechanisms and interactions within a 

cell or organism.
• In animal breeding context also an attempt to improve prediction accuracy 

or better account for additional variation



1.Genomics: Study of an organism's complete set of DNA (genome).
2.Transcriptomics: Study of RNA transcripts produced by the genome.
3.Proteomics: Study of the full set of proteins encoded by the genome.
4.Metabolomics: Study of the chemical processes involving metabolites.
5.Epigenomics: Study of chemical modifications on DNA and histone 
proteins affecting gene expression without altering the DNA sequence.
6.Lipidomics: Study of cellular lipids and their role in metabolism and 
cell signaling.
7.Metagenomics: Is the study of genetic material from entire microbial 
communities directly from environmental samples, revealing their 
diversity and functions.



• Can be seen as either additional source of information in 
modeling phenotypic variation 

• Or can be seen as intermediate phenotypes closing the 
gap between genome and phenome

• Or in some cases can be seen as a direct target of 
selection



• Most of them have some common data-structure 
because they arise from NGS 

Illumina Sequencing: Uses sequencing by synthesis with reversible terminator bases, 
offering high accuracy and throughput for a wide range of applications.
Ion Torrent Sequencing: Detects DNA sequence by measuring changes in pH as 
nucleotides are incorporated, suitable for targeted sequencing and smaller genomes.
PacBio (Pacific Biosciences) Single Molecule Real-Time (SMRT) Sequencing: Utilizes 
real-time observation of DNA polymerase activity, enabling long-read sequencing with 
high consensus accuracy.
Oxford Nanopore Sequencing: Reads DNA or RNA molecules as they pass through a 
nanopore, providing long reads and real-time data for real-time analysis and flexibility 
in read length.
SOLiD (Sequencing by Oligonucleotide Ligation and Detection) Sequencing: Uses 
ligation-based sequencing, known for high accuracy in sequencing by repeated rounds 
of ligation and imaging.
BGI/MGI Sequencing: Employs DNA nanoballs and combinatorial probe-anchor 
synthesis, providing high throughput and cost-effectiveness for a variety of sequencing 
applications.



• After some (lengthy and sometime perilous 
bioinformatics) are normally represent as a table of 
counts per feature (akin to what we have seen for the 
SNP)

• The advantage of this structure is that it is straghtforward 
to extend the machinery we have devolped for BLUP 
and GBLUP to other technologies, since we can always 
obtain a matrix product WWT based on a matrix W of n 
individuals by m features



GTMEtc.





• Microbiome as a case example





Breeding while accounting for the interaction 
between Host Genome Microbiome Environment

G + E + (G E )+M +(G M ) + ( E M )+( G E M )

If the only tool you have is a hammer, it is tempting to treat everything as if it 
were a nail



Microbiome is “Signal Dense”



Longitudinal variability

Time



Spatial Variability 



Spatial and temporal Variability



Hongyu Wang, Rongying Xu, He Zhang, Yong Su, Weiyun Zhu, Swine gut microbiota and its interaction with host nutrient metabolism, Animal Nutrition,



• What Microbiome measured with RNA 16S looks like

• After some massaging needed due to the nature of the 
datapoints
– Compositional
– 0-Inflated
– …

Will just pretend everything is fine here







Predicting Performance with the use of microbiome information





Predicting Performance across systems
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A first characterization of the Microbiota-Resilience Link in Swine

• Does microbiome contribute to broad-sense 
resilience in pigs? 





Microbiome as a source of 
phenotypic variability



𝐲=𝐗𝐛 +𝐌𝐮 +𝐙𝐚 +𝐞
𝐲 is the selection trait of interest,

𝐗 and 𝐛 incidence matrix and vector of solutions for the environmental effects,

𝐌 is a matrix that contains the information on the microbial features (e.g. 
species abundance, microbial diversity)

𝐮is the vector of microbial effects

𝐙 and 𝐚 are the incidence matrix and vector of solutions for the additive 
genetic effects of the host



𝐲=𝐗𝐛 +𝐌𝐮 +𝐙𝐚 +𝐞

Estimates for the variance components for the two random effects allows 
calculate the ratio of each variance component to the total phenotypic 
variance. h2 and m2

m2 “microbiability” consideres m independent of g (problem)

Covariance between m and g can be considered in the 
model  (akin to maternal effects)



Disentangling the covariance between the two terms 
might be challenging in practice

• EBV of an individual is determined by the genetic architecture of 
the trait and the known genotype of the individual

• EMV of an individual is determined by the effect of each microbial 
feature on the trait and the (relative) abundance of microbial 
features in the individual.
• Time dependent
• Genetic and Environment determine microbial composition.

• EMV of an individual could be determined by an environmental 
component that is not found in the EBV.
• Hard to estimate covariance

• Holds in statistical terms
• Might lack biological rationale



Host genetic and microbial effects can also be fitted in 
interaction. Hadamard product of G and M.

• Holobiont concept, used to describe the system composed by a 
host and its associated communities of microorganisms.

• Estimate of holobiability (Saborio Montero 2019)
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• Genetic variation in microbial composition can cause partial 
genotype by genotype interaction.



Microbiome as a trait



m (with 𝑖 = 1,2, … , 𝑘) could be a
- Individual feature
- principal component
- ecological measurement of richness 

and diversity of the microbiota itself

• This model allows the estimation of the host genetic effects on both the 
microbiome and the phenotype

• Note that estimation of the VCV is now feasible since both am and ay are now free 
of environmental effects



A microbial trait can be considered as a selection criterion if:
• It is present in a large part of the population
• Shows considerable phenotypic variation across animals
• Is heritable and genetically correlated with traits of interest

Today taxonomical composition is considered as the obvious selection target
• Even within the same genus, different species might have very different 

metabolic pathways
• Heritability of a microbial trait is most likely to occur in terms of 

functional pathways
• Mixed results with core bacteria and core genes showing similar h2 

estimates in cattle (and in pigs)
• The magnitude of rg depends strongly on the trait and the “microbic” 

effect on the objective trait.

A few options:
• Selection index based on the top XX % alr(clr)-transformed features
• Latent component of SVD (or alternative dimensionality reductions)

• Loss of interpretability but facilitate breeding



Caveats:

• Microbial metabolic pathways might be shared by several objective traits
• Also likely to interact with other microbial activities that affect host 

metabolism.
• Before microbial activity is targeted by genetic selection, the expected 

correlated response on other productive traits and overall animal fitness 
must be examined.

• Potential advantage of breeding on microbiome profiles:
• Unfavorable genomic may no be reflected in functional microbiome.
• Some microbial activities may be found with positive effect on more 

than one trait offsetting negative genetic covariances.



Predicting Breeding Values with 
including Omics





BLUP	of	regression	effects	of	omics	expression	levels	and	residual	genetic	effects	are	obtained	as	solutions	to	the	
mixed	model	equations	(MME)



directly	predicting	genetic	effects	on	individuals


