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What is KBase?
KBase is a knowledge creation and discovery environment



KBase is a knowledge creation and discovery environment
Seamless integration of multiply-sourced data and tools in a platform supporting learning, reproducibility and collaboration

Powerful scientific framework for predicting function of biomolecules, microorganisms, plants and their communities.  

 KBase is designed to accelerate  research about , microorganisms, plants and 
their communities in environmental context with emphasis on DOE goals. 
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KBase is a knowledge creation and discovery environment

Data from all your Narratives

Data from collaborators

Public data from KBase’s 
reference collection Example data

Import 
your own  

data

• Short reads

• Contigs

• Genomes

• Transcripts

• Expression

• FBA models

• Media

• Phenotype sets

Currently 
Uploadable 

Types 

Click here to access 
the Data Browser and 

begin loading data 
into your Narrative
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The Narrative Interface
An interactive, dynamic, and persistent document created by users that promotes open, 

reproducible, and collaborative science
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Data

Apps

Point-and-click App use

Rich Markdown

Turn everything into code 
or code yourself



DOE User 
Facilities

NCBI, 
UNIPROT, etc. 

Users

KBase is a knowledge creation and discovery environment
Seamless integration of multiply-sourced data and tools in a platform supporting learning, reproducibility and collaboration

Powerful scientific framework for predicting function of biomolecules, microorganisms, plants and their communities.  

 KBase is designed to 
accelerate  research through:

 Access to a user-
extensible powerful suite 
of tools driving towards 
modeling biological 
function. 

 Access to enterprise-level 
computational resources. 

 A collaborative notebook 
based system for 
organizing data, analyses 
and conclusions. 



DOE User 
Facilities

NCBI, 
UNIPROT, etc. 

Users

KBase is a knowledge creation and discovery environment
Seamless integration of multiply-sourced data and tools in a platform supporting learning, reproducibility and collaboration

Powerful scientific framework for predicting function of biomolecules, microorganisms, plants and their communities.  

 KBase is designed to 
accelerate  research through:

 Access to a user-
extensible powerful suite 
of tools driving towards 
modeling biological 
function. 

 Access to enterprise-level 
computational resources. 

 A collaborative notebook 
based system for 
organizing data, analyses 
and conclusions. 

o Go from reads to metabolic models of of plants, microbes and 
their community in a matter of a few hours. 

o Current tools(That you can add to) include: 

Bulk upload, download and execution
reads management
sequence quality assessment and control
Comparative microbial assembly and annotation
Basic metagenomic binning, assembly and annotation
RNA-SEQ analysis for proks and euks
Comparative genomics
Metabolic modeling for isolates and communities. 



DOE User 
Facilities

NCBI, 
UNIPROT, etc. 

Users

KBase is a knowledge creation and discovery environment
 Integration of primary and derived products into a data model that supports human and machine learning analysis of all shared

and  published results across the system and automatic propagation of new results to biologically-related entities.   



What is new in KBase since 2016?



Platform Improvements since 2016

✓ Streamlined sign-up and login process
✓ Fast and powerful search interface to public and user’s private data in KBase
✓ Improved search and import of JGI public data
✓ Easily import large data and collections of data via Globus or drag-and-drop interface

✓ Narrative interface core built on Jupyter is kept current with upstream
✓ All previous apps converted to the SDK to improve stability
✓ “Docker-ized” the platform to simplify updates, improve reliability, and reduce hardware 

requirements
✓ Added initial support for HPC and parallel execution

✓ Introduced the KBase SDK to dramatically lower the barrier to adding new apps
✓ Used the SDK to develop 100+ new Apps and fill in gaps in reads management, isolate 

analysis, microbiome analysis, expression analysis, and modeling
✓ Revamped reference data, which now includes all of RefSeq and Phytozome and portions 

of MycoCosm

Improved Ease
of Use

Increased 
Stability and 

Scalability



• New high-speed interface to search all public data and data shared by users in KBase
• Currently limited to top-level objects (genomes, models, media, Narratives)
• Will soon expand to lower-level objects (genes, proteins, functions, reactions, compounds)
• Valuable for data/collaboration discovery (e.g., search for a species name)

Interface to search reference, public and shared user data 







➢ Co-developed with the JGI team using JAMO
➢ Currently ports raw reads (FASTQ) and assembled contigs (FASTA) – more datatypes 

coming
➢ Currently supports public data – the ability to search private data is coming 

Fast Search and Import of JGI Data



A tool and framework for dynamically adding new Apps to KBase:
➢ All scientific tools available to KBase users run as Apps
➢ Apps can be updated and deployed directly by any developer
➢ App Catalog tracks and manages all versions of Apps
➢ Built-in Dev/Beta/Release lifecycle management
➢ Opens the door for 3rd party developers
➢ Improved data access and file handling
➢ Ability to call other KBase modules from your App
➢ HTML Reports with linked files
➢ Support for loading versioned Reference Data in Apps
➢ Web services built with the SDK

KBase Software Development Kit 

Push to GitHub

Register with KBase

App is Available!



• Assemblers for metagenomics reads
• Binning of contigs into species 
• Genome quality assessment

• Multiple algorithms for homology search
• Algorithms for multi-sequence alignment
• Tools for pangenome and phylogenetic analysis

New workflows in microbiome and comparative genomics



KBase FBA Model Import (Current default - internally developed)

Import Report (current)

Better App through 3rd party dev and SDK
SBML Tools Model Import (3rd party)

Import Report (3rd party)

3rd party developer 
constructed a far 
better version of  tool 
based on 5 years of 
thesis work on 
biochemistry 
integration 

3rd party developer 
also generated far 
better visualizations of 
models



SDK enables external developers to wrap tools as KBase apps

Mikaela 
Cashman &

Jennie L. Catlett
Lin Wang &

Costas Maranas

OptStoic: Predict and design metabolic 
pathways

BioSIMP: ML-based prediction of  growth 
of new microbes



SDK enables external developers to wrap tools as KBase apps

Flux Mutual Information AnalysisSBML Importer: Bulk import and integration 
of metabolic models

Filipe Liu  & 
Isabel Rocha

Zahmeeth Sakkaff  &
Massimiliano Pierobon

• Automatically selects the correct genome to associate with each model by 
searching the reference genomes for genes in the models

• Enables a curated integration of models with the KBase namespace for 
compounds, reactions, compartments, and genes

• Applied to import 118 published metabolic models into KBase

• Computes mutual information between reaction flux / cell 
interactome and input nutrient profile

• Aids experimentalists in identifying the combination of 
nutrients that reveal the greatest information about the cell by 
causing variations in pathways, by-products, and growth rate



BBTools: core sequencing quality 
control from JGI

HipMer: assembly of large genomes and 
metagenomics on enterprise-class 
computers 

Dan Rokhsar
EGSB, LBL
MCB, UCB

Facilities are Using SDK to Add Tools

Kathy Yelick
CRD, NERSC, LBNL
EECS, UCB

Jeff Froula
JGI, LBL



KBase is providing access to increasingly sophisticated visualization: New this year 

Multi genome alignment

Pangenome Accumulation

CheckM single copy 
gene analysisQUASTand assembly statistics

Network visualization of metabolic interactions 
between species in a microbiome






Growing number of analysis apps 
(>120 in Production, >55 in Beta, many in development)



Most popular paths

Expression apps

Assembly apps

Comparative 
genomics and 
annotation apps

Metabolic 
modeling apps

Users are taking many paths through the system



Discovery of genes associated with indole-acetate 
production in Pseudomonas SBW25

Gyorgy Babnig, ANL

● KBase identified key roles involved in production of indole-acetate (IAA)  in SBW25
● KBase enabled easy integration of multiple annotation sources (RAST, Prokka, BIGG) to 

propose gene candidates for each step of IAA synthesis
● KBase Narrative: https://narrative.kbase.us/narrative/ws.27990.obj.1

https://narrative.kbase.us/narrative/ws.27990.obj.1


Annotating and modeling variation in metabolic 
function among Pseudomonas

“KBase let me focus on the 
science, not technical difficulties 
with implementation of tools”

“KBase enables rapid 
generation and comparison of 
metabolic models for genome-
sequenced bacteria.”

● KBase consistently annotated 19 strains of 
Pseudomonas from rhizosphere

● KBase models predicted how annotation 
variations lead to phenotype variations

Collin Timm, Johns Hopkins University



● Unique integration of 
assembly, annotation, 
transcriptomics, and 
modeling all in one 
platform (KBase)

● Predicted metabolite 
exchanged between 
species in a simple 
microbiome

● Explored multiple 
modeling and gapfilling 
mechanisms and 
identified the best 
alternatives

Hyun-Seob Song, PNNL

Predicting metabolic interactions between an 
autotroph and heterotroph



● Identifying differentially expressed genes in 
Chlamydomonas in presence of perturbed Zn levels

● Comparing with differential expression in similar 
conditions in other plants

● Identified clusters of genes with similar expression 
profiles and mapped clusters to functions

● Identified clusters of genes with evolutionarily 
conserved responses

Crysten E. Blaby-Haas, BNL
Uncovering differential response to Zn levels in plants



Growth in KBase use
More users, more Narratives, more 
publications

• Total number of users > 4000  (active 
usage >2500)

• Over 7000 Narratives created by external 
users

• Monthly unique logins > 150
• 40 Publications citing KBase (2015-

present) in their methods



User Engagement Efforts
2017 and 2018 to Date:
● User Engagement Events in 26 locations
● Total attendance of more than 960

Future:
● Increased focus on recurrent scheduled 

webinars and remote events
● Targeted events with SFAs and other key 

stakeholders



We can work with you to help your work and teams

Join us: engage@lists.kbase.us

KBase
Training
Topics

Assembly

Annotation

Metabolic 
Modeling

RNA-Seq

Software
Development

Kit

Introduction

Online
Tutorials

Webinars
Individualized

Sessions

Ways to learn how to be a KBase power user

 We can provide workshops and webinars at your site
 Learn how to use KBase to help organize your projects data and analyses
 We have support for scientist/developer interchange
 We are starting a User Working Group where we help organize strategically important science and 

development by engaged groups using KBase infrastructure.



Transition to New Stage
Base functionality has been introduced into the system to support the following areas:

● Assembly, Annotation, Comparative Genomics, Metabolic Modeling ,Microbiome Analysis, 
Gene Expression Analysis
● Bulk data management including improved upload from NCBI, FTP, local machines
●Robust search of KBase (and public data at JGI)

System is stable enough that 3rd parties can start bringing in their own data and tools with some 
assistance from KBase staff

● Ready for co-development with other DOE Facilities
● Future expansion in scientific capabilities will be community-powered 
● User Working Groups (UWGs) will be formed to target specific scientific areas of interest
● Goals are to promote cultivation of power users, incorporation of high value data sets, and 

sharing/access to tools of interest to the scientific community

Project focus will be towards user growth and knowledge engine development



Strategic achievements:

• Established joint JGI/KBase leadership group to coordinate efforts
• Generated a 4-year roadmap with milestones to mark collaboration progress
• Working closely with Dr. Igor Grigoriev on metabolic models of select fungal microbes
• Incorporating reference data from Phytozome
• Working on Metagenome Assembled Genomes with Dr. Emiley Eloe-Fadrosh and IMG
• Initiated co-development activities starting with shared service to compute genome 

homologies across JGI and KBase public data

Collaboration with JGI

Tactical progress:

Developed a prototype data conduit between JGI and KBase (Pull to KBase)
• Enables users to search JGI databases captured in JAMO via search interface in KBase
• Supported data types can be transferred directly into KBase Narratives

Wrapping JGI-developed analysis tools and pipelines as KBase apps
• BBtools (JGI reads data preprocessing pipeline)
• MetaBat (JGI Metagenome binning tool)
• HipMer (high-performance assembler for paired-end reads)
• Significant progress on metagenome annotation pipelines



Collaboration with JGI - MycoCosm

● KBase users now able to access published MycoCosm genomes in 
KBase reference data

● Over 130 MycoCosm genomes ported into KBase
● New app to construct genome-scale models of fungal genomes



Joint JGI-KBase Roadmap



Collaboration with EMSL

3 year roadmap:

Year 1:
• MFAPipeline
• Fungal modeling collaboration

Year 2:
• NWChem
• Experimental conditions service
• NMR data import
• Proteomics data import

Year 3:
• Metabolomics data import
• NWchem prediction of 

thermodynamic properties

Four categories of activity:

Integrating tools with KBase
• MFAPipeline tool for computing flux predictions from labeling patterns determined from 

NMR data
• NW-chem for prediction of chemical properties from structure

Supporting search and import of data from EMSL into KBase
• Enabling import of metabolomics/NMR data initially as metabolite/value pairs and 

chemical formula/value pairs
• Enabling import of proteomics data as protein/value pairs and peptide/value pairs

Scientific collaborations
• EMSL and PNNL are working on some fungal systems and will join the KBase/Mycocosm 

collaboration to annotate, model, and study their genomes
• Applying NWchem to predict thermodynamic properties for compounds in the KBase 

biochemistry and integrate this data in metabolic models

Codevelopment of infrastructure
• Developing a service to capture, store, represent, search, and compare experimental 

conditions, which will be shared and linked to datasets at JGI, EMSL, and KBase



Scaling Computation with DOE HPC Facilities
KBase will leverage ASCR Compute Resources at NERSC to:

➢ Quickly deal with high demand or to enable large-scale bulk analysis
➢ Enable large-scale precomputation and value added analysis of reference 

data and user data to enable Knowledge Propagation
➢ Support HPC-enabled applications such as HipMER in HipMCL
➢ Support JGI co-development activities around homology, taxonomy, environmental 

“similarity”, ID-Mapping

KBase’s Execution Framework leverages NERSC’s Shifter container technology to seamlessly run KBase 
applications.



Establishing new User Working Groups (UWGs)
KBase will work with the broader community to expand scientific functionality via User Working Groups - thematic subgroups of BER 
researchers that will help organize and coordinate the development of data and analyses within and across their programs in defined 
areas of interest. 

Goals of UWG is via KBase:
● Organize a concerted community effort to expand KBase functionality and data resources in a tightly focused research area
● Build a user community in each major research area to spread awareness of KBase capabilities and support new user training
● Obtain organized user feedback on KBase functionality and data in a variety of focus areas
● Work together to design new tools and workflows, and facilitate new scientific collaborations

Three initial kernel UWGs under development based on community input (likely to evolve over time):
● Metabolism: metabolic modeling, metabolomics, cheminformatics, integrating chemistry and biology
● Functional Genomics: RNA-seq, TN-seq, proteomics, GWAS, genome annotation, discovery of gene function
● Microbiome: amplicon analysis, metagenome analysis, predicting species interactions within a microbiome

Metrics of success:
● Scientific publications emerging from interactions within UWG
● Demonstrated use of UWG tools, data, and workflows by the KBase user community
● Presentations at major conferences



Future Work



KBase Roadmap Synopsis 2018-2020 (v1)
Key Areas of Focus
● Collaboration with DOE Facilities

○ Major Co-development Efforts with
■ JGI
■ EMSL

● Platform Development
○ Search
○ Knowledge Engine
○ Scalable Compute (HPC)

● Scientific Method Expansion
○ User Working Groups

■ Metabolism
■ Functional Genomics
■ Microbiome

● Ongoing Support and Maintenance
○ Development and Operations
○ General Outreach

● Management and Publications



Projects, Groups and Labs 

• Allows projects 
to organize their 
people, data and 
analyses

• Allows them to 
track metrics of 
progress and use 

• Allows them to 
publish and track 
external citation 
and utility
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KBase is a knowledge creation and discovery environment
 Integration of primary and derived products into a data model that supports human and machine learning analysis of all shared

and  published results across the system and automatic propagation of new results to biologically-related entities.   



DOE User 
Facilities

NCBI, 
UNIPROT, etc. 

Users

KBase is a knowledge creation and discovery environment
 Supports sharing to individuals, groups and the world. 

 Discovery of results and constant update of “knowledge” from integration and analysis.



Biological Inquiry

Scientific Community

Reference Source Data

KBase Data 
and Apps 

KBase Users

KBase

Narrative Development

RESKE
 Relation Engine
 Search
 Knowledge Engine

Connectors

≈

Homology

Taxonomy

Chemical Similarity

Meta-analyzers

Biclustering Functional enrichment
Motif finding

Propagators

o Evidence-based 
reannotation

o Propagation by orthology
o Metabolic model update

Informers

Reference-
Source Function KBase

Inference

o Feeds
o Badges



Knowledge Engine
Make new discoveries in biological function through integration of data 
and results shared by users across the system

Incremental development
plan:
1. Advanced search of all 
data and results across 
system
2. Relation Engine
3. Knowledge Engine



➘

PROTOTYPE



Thank you!

KBase is a multi-institutional collaboration 
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Thank you!
Questions?
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