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>41 published bioinformatics tools and databases
>1.2 million unique users across all tools
>3,000 unique users per day
>30,000 unique users per month
>3,000 papers that cite the tools in 2020

Impact of the Ma’ayan Lab Tools 
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https://maayanlab.cloud/archs4/data.html

Nat Commun. 2018 Apr 10;9(1):1366.
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The L1000FWD Map - ~17K Signatures, ~5K Drugs  

https://maayanlab.cloud/L1000FWD/main Bioinformatics. 2018 Jun 15;34(12):2150-2152

https://maayanlab.cloud/L1000FWD/main


What are the 
molecular effects of 
hydroxychloroquine 

on human cells?

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74235

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74235


https://maayanlab.cloud/biojupies/ Cell Systems 2018 Nov 28;7(5):556-561.e3.

https://amp.pharm.mssm.edu/biojupies/










https://amp.pharm.mssm.edu/biojupies/notebook/ZxbvpHAn5

Effects of Hydroxychloroquine on Uninfected PBMCs

https://amp.pharm.mssm.edu/biojupies/notebook/ZxbvpHAn5


The L1000FWD Map - ~17K Signatures, ~5K Drugs  

https://maayanlab.cloud/L1000FWD/main Bioinformatics. 2018 Jun 15;34(12):2150-2152

https://maayanlab.cloud/L1000FWD/main


Projecting the Hydroxychloroquine Signatures 
onto the L1000FWD Map 

Uninfected



Calu3 A549-ACE2

Projecting the SARS-CoV-2 Signatures onto the 
L1000FWD Map 

Cell. 2020 May 28;181(5):1036-1045.e9.



Drugs Hitting the Same Region in Expression Space  



The L1000FWD Map for the A549 Cell-Line   

https://maayanlab.cloud/L1000FWD/graph_page/A549-tSNE_layout.csv Bioinformatics. 2018 Jun 15;34(12):2150-2152

https://maayanlab.cloud/L1000FWD/graph_page/A549-tSNE_layout.csv
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https://maayanlab.cloud/covid19/ Patterns 2020 Sep 11;1(6):100090.

https://maayanlab.cloud/covid19/


Drugs from Published In-Vitro Screens are Hitting the 
Same Region in Expression Space  

https://appyters.maayanlab.cloud/#/Drugmonizome_Consensus_Terms

https://appyters.maayanlab.cloud/#/Drugmonizome_Consensus_Terms


https://appyters.maayanlab.cloud/#/?tags=Drugmonizome

https://appyters.maayanlab.cloud/#/?tags=Drugmonizome


PLK1 Inhibitor as a Potential Drug to Treat Diabetic Kidney Disease

Diabetes. 2020 Oct 16;db200580.https://appyters.maayanlab.cloud/#/L1000FWD_Consensus_Drugs

https://appyters.maayanlab.cloud/#/L1000FWD_Consensus_Drugs


https://appyters.maayanlab.cloud/#/?q=consensus
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https://lincsproject.org/LINCS/tools

Appyters

https://lincsproject.org/LINCS/tools




So What is an Appyter and How You Can Create One?

Daniel Clarke

Clarke et al., Appyters: turning Jupyter Notebooks into data-driven web apps, 
Patterns (2021), https://doi.org/10.1016/j.patter.2021.100213

https://doi.org/10.1016/j.patter.2021.100213


Developing an Appyter: Start a jupyter-notebook
(venv) my-first-appyter % pip install appyter
...
(venv) my-first-appyter % jupyter notebook .
...
[I 16:46:10.066 NotebookApp] The Jupyter Notebook is running at:
[I 16:46:10.067 NotebookApp] http://localhost:8888/?token=797ac2fae005b3a1754cbeb43c9cc8277964a7ed9e3e1564

Clarke et al., Appyters: turning Jupyter Notebooks into data-driven web apps, 
Patterns (2021), https://doi.org/10.1016/j.patter.2021.100213

https://doi.org/10.1016/j.patter.2021.100213


Developing an Appyter: Start the Appyter Server
(venv) my-first-appyter % appyter --profile=biojupies Appyter\ Tutorial.ipynb
...
* Running on http://127.0.0.1:5000/ (Press CTRL+C to quit)

Clarke et al., Appyters: turning Jupyter Notebooks into data-driven web apps, 
Patterns (2021), https://doi.org/10.1016/j.patter.2021.100213

https://doi.org/10.1016/j.patter.2021.100213


Use Appyter Magic for jinja2 Meta-Programming
Minor changes can turn an existing jupyter notebook into a full-blown 
web application allowing others to use your data processing pipeline.

Clarke et al., Appyters: turning Jupyter Notebooks into data-driven web apps, 
Patterns (2021), https://doi.org/10.1016/j.patter.2021.100213

https://doi.org/10.1016/j.patter.2021.100213


Dockerize

Single Source of Truth: Jupyter Notebook (ipynb)
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Clarke et al., Appyters: turning Jupyter Notebooks into data-driven web apps, 
Patterns (2021), https://doi.org/10.1016/j.patter.2021.100213

https://doi.org/10.1016/j.patter.2021.100213


Platform Agnostic Multi-Appyter Orchestration

docker-compose Kubernetes

PostgresAppyter 
Execution

Appyter 
Orchestrator

Appyter PostgREST Catalog

Ingress
(L7 LB)

S3

Clarke et al., Appyters: turning Jupyter Notebooks into data-driven web apps, 
Patterns (2021), https://doi.org/10.1016/j.patter.2021.100213

https://doi.org/10.1016/j.patter.2021.100213


https://appyters.maayanlab.cloud/

The Appyters Catalog Currently Contains 77 Appyters

Clarke et al., Appyters: turning Jupyter Notebooks into data-driven web apps, 
Patterns (2021), https://doi.org/10.1016/j.patter.2021.100213

https://appyters.maayanlab.cloud/
https://doi.org/10.1016/j.patter.2021.100213


ARCHS4  Resource

•Samples can be searched by:
• Meta data, text annotation from 

SRA
• Data driven sample query (highly 

expressed and low expressed 
genes)

• Sample query through functional 
enrichment

• Manual selection



Gene 
Expression 
Atlas for 
Tissues and 
Cell Lines



Prediction of Gene Function using ARCHS4 Data



Prediction of 
Gene Function 
using ARCHS4 
Data



Mining Massive Gene 
Expression Repositories

• ARCHS4 was used to align 16 
trillion reads (16*10^12) to 
human and mouse reference 
genomes

• > petabyte of data (1 million GB)
• 900,809 samples from 23,739 

experiments



Cost challenges

• CPU
• Hardware purchases are high upfront and require maintenance
• CPU rentals are high if used continuously

• Memory
• Aligning reads to a reference genome requires efficient in memory index 

structures
• Depending on alignment algorithm this can vary from 4GB (kallisto/De Bruijn 

Graph) to 16GB (STAR/suffix tree)

• Storage
• Raw read files need to be stored for processing
• Required storage varies significantly between samples

• Network bandwidth
• Fast networking is required to retrieve raw read data
• Slow bandwidth will increase overall processing time



Hybrid RNA-seq 
Pipeline Design

• Processing pipelines are dockerized for easy deployment to 
resource pool

• Control server hosting job commands serves job descriptions 
upon request of worker nodes

• Job descriptions are JSON objects 
• Results are stored at an online location accessible via URL



Hybrid RNA-seq 
Pipeline Design

• Parallelization through deployment of dockerized workflows
• Instances are precisely chosen for required resources 

• memory
• bandwidth
• storage



Cost comparison of RNA-seq 
resequencing projects

• The average cost of processing an RNA-seq sample is 
below $0.01

• Minimal resource allocation and low-cost high 
network bandwidth of cloud resources is a key 
advantage of the ARCHS4 pipeline

• Choice of efficient alignment algorithm (kallisto) 
results in low memory footprint





• We systematically convert publicly available omics datasets 
into an abstract format centered on genes and drugs.

• The resources we developed have made a big impact on the 
research community.

• Appyters can enable the rapid development of bioinformatics 
applications not just for the Mount Sinai Center for 
Bioinformatics but also for others at Mount Sinai.

• Machine Learning to impute knowledge about gene and drug 
functions.

• SignatureCommons is a template system to quickly bring up a 
data portal to serve data and metadata.

Summary  
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