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Imputation
Data type Tools name Methods Strengths Limitations

Genotype SCDA Sparse convolutional denoising autoencoder Deep learning Hard to interpret the 
prediction
mechanisms

Gene 
expression

EnImpute

SAUCIE

AutoImpute

DCA

scVI

DeepImpute

Multi-task deep autoencoder

Autoencoder-based

Autoencoder with the ZINB loss function

Stochastic optimization and VAE

Deep neural network-based

High scalability

Constructs sub-neural
networks

Overfitting

Epigenomic Avocado

SCALE

DeepCpG

Tensor factorization and deep neural network

VAE and GMM

Deep learning-based joint model

Uses associations 
between
neighbor CpGs as 
well as
between DNA 
sequence
patterns and 
methylation states

Hyperparameter settings 
may influence precision 
and recall

Song, M.. Frontiers in Genetics, 2020



Saving computational
time





UNIVERSAL APPROXIMATION THEOREM

A feedforward network with a single layer is sufficient to 
represent any function, but the layer may be infeasibly large 

and may fail to learn and generalize correctly.





Denoising autoencoders



Sparse Convolutional Denoising Autoencoders for
Genotype Imputation

J. Chen et al, Genes 2019



T.Naito et al, BioRxiv 2020

HLA allelic imputation and its application to trans-ethnic MHC fine-mapping 
of type 1 diabetes.



Exploring single-cell data with deep 
multitasking neural networks

M. Amodio et al, Nature Methods 2019



MethylNet: an automated and modular deep learning 
approach for DNA methylation analysis

J.J. Levy et al, BMC Bioinformatics 2020



Survival Convolutional Network

P. Mobadersany et al, PNAS 2018J. Hao et al, 2019



Spatial Single Cell Analysis



iMAP: integration of multiple single-cell datasets by adversarial paired transfer 
networks





https://github.com/slundberg/shap



Explainable artificial intelligence model to predict acute 
critical illness from electronic health records

S.M. Lauritsen et al, Nature Communications 2020



Interpretable Neural Networks

A. Hilten et al, BioRxiv 2020M.K.Yu et al, Cell 2018



Biological Databases
Connections can be defined by:

► Gene annotations (Annovar)
► Pathway annotations (KEGG, Reactome)
► Cell type expression (Allen Brain Atlas)
► Tissue expression GTEx
► eQTL data
► mQTL dat
► …..
► Any other prior knowledge 

that groups data



Interpretable Neural Networks

A. Hilten et al, BioRxiv 2020



Microbiome Based Deep Learning Method

Y. Wang et al, Briefing in Bioinformatics 2020



Multi-Omics



Gene-expression

Methylation

Gene node

Covariates 

The effect of a covariate 
on a gene

Multi-Omics



More accurate 

Capturing complex patterns

Interpretable





Federated Learning

GWAS Meta-Analysis
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Application of new methods to accelerate research

Developing of new methods based on expertise and 
data 

Distributed learning



Software



MORENO-INDIAS, et .al., Frontiers in Microbiology, 2021



Links

• https://playground.tensorflow.org/

• https://juniorrojas.com/ff-net/

• https://www.cs.ryerson.ca/~aharley/vis/conv/

• https://poloclub.github.io/cnn-explainer/

https://playground.tensorflow.org/
https://juniorrojas.com/ff-net/
https://www.cs.ryerson.ca/~aharley/vis/conv/
https://poloclub.github.io/cnn-explainer/


Thank you! 
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