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Microbiome informatics
• Example of big data analytics in bio-medical science

• Used to be unique stunt, is routine today
• Analyzing and contextualizing DNA sequence data

• “environmental DNA” (aka Metagenomics)

• We study complex microbiomes (“getting hands dirty”)
• SOIL and Human GI tract

• Building tools and integrations

Source: genome.gov
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MG-RAST [https://mg-rast.org]



• Current controversy: can we or can’t we reconstruct 

”complete Species genome” (3-5 MB) from many short reads 

(150 byte)?

• Several “species binning tools” exist (“state of the art”)

• Same data, different algorithms

• Using real data not synthetic as benchmark

• Supposedly clean results are impure at Phylum level
• Computational provenance is never reported

è Reproducible bioinformatics is missing ç

Kingdom à Phylum à Classà Family à Order à Genus àSpecies

Microbiome puzzle challenge



Distributed containerized workflows

Skyport -- a scalable platform for distributed data centric 
reproducible computing 

Skyport [Gerlach et al, IEEE Data-Intensive Computing in the 
Clouds, 2014]
• Uses object store instead of shared filesystem (à Shock)
• Resource manager distributes work (à AWE)

• Multiple backends (“cloud”, bare-metal, legacy)
• AWE2 supports à CWL

• Provide provenance info (à http://researchobject.org)
• Training class available



Current provenance in MG-RAST

AWE v1
• Example mgm4441680.3

• http://www.mg-
rast.org/mgmain.html?mgpage=downloa
d&metagenome=mgm4441680.3

• Environment
• Specific github

release/commit
• workflow document

http://www.mg-rast.org/mgmain.html?mgpage=download&metagenome=mgm4441680.3
https://github.com/MG-RAST/pipeline/tree/86d52e2b9e713aa9ec0a411996ea17325d80ac72
https://github.com/MG-RAST/MG-RAST/blob/api/src/MGRAST/workflows/mgrast-prod-3.0.awf


From MG-RAST Pipeline Products to Research Object

• AWE v2 – CWL workflow
• Could use CWLprov ?

• API call for RO json manifest
• http://api-dev.mg-

rast.org/researchobject/manifest/${m
etagenomeID}

• Command line script to create RO 
like directory
• mg-export-research-object.py --

metagenome mgm4441680.3

> ls
data  manifest-sha1.txt  metadata  snapshot  tagmanifest-sha1.txt  
workflow

http://api-dev.mg-rast.org/researchobject/manifest/$%7BmetagenomeID%7D


Open Issues / Gaps (in our understanding?)

• End user tooling to view/edit/parse RO’s
• Our domain has a reproducibility crisis today

• How do domain specific parts creep in
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# mg-export-research-object.py --metagenome mgm4441680.3
Making request https://api.mg-rast.org//metagenome/mgm4441680.3
Making request https://api.mg-rast.org//researchobject/manifest/mgm4441680.3
Cloning into './H0Nabate3w'...
remote: Enumerating objects: 47, done.
remote: Counting objects: 100% (47/47), done.
remote: Compressing objects: 100% (32/32), done.
remote: Total 9185 (delta 21), reused 29 (delta 14), pack-reused 9138
Receiving objects: 100% (9185/9185), 8.35 MiB | 4.15 MiB/s, done.
Resolving deltas: 100% (5874/5874), done.
Making request https://api.mg-rast.org//download/mgm4441680.3?file=050.1
Downloading mgm4441680.3.050.upload.fna ... Done
Making request https://api.mg-rast.org//download/mgm4441680.3?file=100.1
Downloading mgm4441680.3.100.preprocess.passed.fna ... Done
Making request https://api.mg-rast.org//download/mgm4441680.3?file=100.2
Downloading mgm4441680.3.100.preprocess.removed.fna ... Done
Making request https://api.mg-rast.org//download/mgm4441680.3?file=150.1
Downloading mgm4441680.3.150.dereplication.passed.fna ... Done
Making request https://api.mg-rast.org//download/mgm4441680.3?file=150.2
Downloading mgm4441680.3.150.dereplication.removed.fna ... Done
Making request https://api.mg-rast.org//download/mgm4441680.3?file=299.1
Downloading mgm4441680.3.299.screen.passed.fna ... Done
Making request https://api.mg-rast.org//download/mgm4441680.3?file=350.1
Downloading mgm4441680.3.350.genecalling.coding.faa ... Done
Making request https://api.mg-rast.org//download/mgm4441680.3?file=425.1

mg-export-research-object.py --metagenome 
mgm4441680.3


