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Deep Neural Networks for Genomics

2015

Convolutional networks 
(DeepBind, DeepSEA, Basset)

A Short History





Medical Images are Simple Compared with Genomics



DeepGestalt

Gurovich Y et al, January 2019 >91% accuracy for > 200 syndromes



Applications 
of Deep 
Learning in 
Genomics 

Zou J et al

Base calling

Pathogenic 
variants

Tumor 
genomes

DNA 
methylation

RNA analysis

Transcription

DNA 
accessiblity 
and chromatin

3D 
organization

Special challenges: 
Functional genomics
The regulatory genome



Eraslan G et al, July 2019

4 Major Classes of Neural Networks Used in Genomics

Feed forward



Eraslan G et al, July 2019

Binding of a single transcription factor

Simultaneous binding of 2 transcription factors

Inputs w/ DNA sequence and chromatin accessibility



Cooke D et al, March 29, 2021

Octopus higher sensitivity and specificity that prior variant callers 

Bayesian model, combines sequence data, prior, to phase-called genotypes 



Variant Prediction Heritability Enrichment in GWAS

Zhang Z, March 2021



DECode

Tasaki S et al , January 2020



AgentBind

Zheng A et al , January 2021 



Jaganathan et al, January 2019 



Kobren S et al, 
February 2021





Cristiano S et al, January 
2019



AlDubayan S et al, November 2020
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Transfer learning 

Meta-learning for genomics to reduce 
the amount of data for models



Mieth B et al, December 2019



How to analyze 11 million T cells from 180 samples, 40 patients
(and control for batch effects, different sample preps) 

7 October 2019



“Opportunities to 
understand epigenetic 
regulation”

Scherer M, March 2021





Listergarten J et al, Microsoft AI, 2018





Ogden P et al, November 2019



Alon S et al, January 2021



Nguyen N and Wang D, April 2020



12 March 2021



A Digital Twin Infrastructure for Cancer 

~200,000 patients 
sequenced, multi-omics, 
EHR, treatment, outcomes, 
path and scans digitized

~400,000 patients EHR and 
molecular diagnostics

~800,000 imaging digitized



Affymetrix 
and Axiom 
arrays

Scripps Research Imputation Project



R01 Funded
Raquel Dias PhD

KL2 Scholar

Scripps Research Imputation Project

9p21

Chromosome 22*

Whole genome

*~1,000 very complex regions



Unsupervised 
learning 

Autoencoder

Generative
Adversarial
Networks 
(GANs)



Denoising Autoencoder

X
X

X

X



Minimac (HMM) 
compared with 
an Autoencoder

The autoencoder 
underperformed

Chromosome 22
Each dot=LD block 
250 regions



A Lesson on Data Inputs

Synthetic Data: 30,000 “Virtual Babies”

Genomic data Augmentation
More admixed, doubled size of training data



Improving Performance with Genomic Data Augmentation



Deep Learning-Based Polygenic Risk Prediction

Genotypes Extend to:
• Deeper networks
• Inclusion of clinical risk factors
• Multi-task deep learning

Hidden Encoding





A GPU Guzzler

4 models per GPU

Project for chromosome 22 with 18 GPUs 
running in parallel

Each model takes 3-5 days to train

Extrapolation for Whole genome 
~500,000 GPUs







Every minute without a diagnosis counts 

The fastest possible diagnosis in 13.5 hours for these babies, 
using AI tools to optimize for speed and performance

Rapid AI Medicine for Critically Ill Infants

Sample 
from 

critically ill 
infant

Clinical feature extraction by CliniThink Natural 
Language Processing

Preparation + Sequencing Automated Diagnosis (Fabric 
GEM, InVitae MOON)

GTRx automated 
management 

Alignment and 
variant calling

748’ 46’ 12’

Rapid 
Precision 
Medicine

(<60’)Times:

1’
Steps supported by 

AI / machine 
learning

2

1 3



Clinical Natural Language Processing (CNLP)

CNLP
OMIM

127.0158.9
9.0 

(5.7%)

CNLPOMIM

148.6 204.46
15.7 

(10.5%)

Infant Deaths (n=30)

Infants who did not die (n=122)

HPO Code HPO Term Frequency
hp0000152 Abnormality_of_head_or_neck 10
hp0000234 Abnormality_of_the_head 10
hp0002086 Abnormality_of_the_respiratory_system 9
hp0000765 Abnormality_of_the_thorax 8
hp0001438 Abnormality_of_abdomen_morphology 8
hp0002170 Intracranial_hemorrhage 8
hp0000707 Abnormality_of_the_nervous_system 7
hp0001892 Abnormal_bleeding 7
hp0001928 Abnormality_of_coagulation 7
hp0002088 Abnormality_of_lung_morphology 7
hp0002107 Pneumothorax 7
hp0003256 Abnormality_of_the_coagulation_cascade 7
hp0003270 Abdominal_distention 7
hp0100750 Atelectasis 7
hp0001298 Encephalopathy 6
hp0001342 Cerebral_hemorrhage 6
hp0012443 Abnormality_of_brain_morphology 6
hp0000969 Edema 5
hp0001626 Abnormality_of_the_cardiovascular_system 5
hp0001941 Acidosis 5
hp0002118 Abnormality_of_the_cerebral_ventricles 5
hp0002615 Hypotension 5
hp0011024 Abnormality_of_the_gastrointestinal_tract 5
hp0025031 Abnormality_of_the_digestive_system 5
hp0030746 Intraventricular_hemorrhage 5

CliniThink or CLAMP, transforms unstructured EHR data into a structured list of Human Phenotype 
Ontology Terms 

CliniThink has been iteratively trained on Rady Children’s electronic health records for optimum 
performance in extraction of terms relevant to rare genetic diseases 



GEM (Fabric Genomics) and MOON (InVitae)

Prioritizes and ranks variants 
GEM accurately made 

this diagnosis of isolated 
sulfite oxidase 

deficiency due to a 
mutation in the SUOX

gene

Automated Interpretation Reduces Analytic Time



Rapid, Precision Management for Rare Genetic Conditions 

Genome-To-Treatment 
(GTRx) 
an automated system for 
immediate, 24-hour management 
of newly diagnosed genetic 
conditions

AI was used to pull references for 
a list of 358 severe, treatable 
genetic conditions and extract 
relevant interventions

Available in a web resource for 
frontline clinicians 

Expert Panel 
CurationDevelopment of 

review interface

Development of 
user interface

AI curation of 
interventions

Gene list generated

Curation Partners

Metadata

Orphanet Monarch Mondo

OMIM Monarch HPO

MedlinePlus GHR HGNC

DrugBank PubMed

GARD INXIGHT

Step 1
Step 4Step 2

Extraction and Compilation of genetic 
disease information resources

Step 3





7 Jan 2019

The Virtual Medical Assistant
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