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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
@@ﬂ;@ @b@@ﬁooo their communities in environmental context with emphasis on DOE goals.




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.

Data about...

+* KBase is designed to accelerate research about microorganisms, plants and
their communities in environmental context with emphasis on DOE goals.

KBase Scope of Operations

ﬁ'ﬁ‘é.“ LP >
Biomolecular Genomics and  Organismal Biodesign & BioGeoMolecular Terrestrial Watershed Land
Mechanisms, Models Functional Biology, Pore-scale Dynamics, Trait- Ecology and Hydrobio, Atmosphere,
and Networks Genomics Dynamics and Dynamics and based Models, Subsurface Dynamic Earth System
Interactions Biotic-Abiotic Biogeochemical Biogeochemistry  Vegetation Observation and
Interactions Cycling Observation and Models

Models



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
@%Eg %%@%@%e% their communities in environmental context with emphasis on DOE goals.

m Scalable data processing, data analysis, machine learning, discrete
algorithms, and multiscale multiphysical simulation are crucial for
advancement of biological and environmental systems science.

Innovations in representation, search, and visualization of large-scale,
heterogeneous, ontologically rich primary and derived biological and
contextual data (e.g., abiotic environmental information) are crucial for
input to and validation of these methods.

New architectures, data transport protocols, software libraries, and
languages are necessary to create a platform for community tool
development and use supporting interactive and seamless interoperation
of both mid- and large-scale cluster resources and enterprise-class
computing environments.




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.
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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:
Data : :

D@ﬁ@ @b@@]tew B@ﬁ@[ﬁ@ﬁﬁ@ﬂ % Lowering the barrier to integration of diverse data from

multiple sources
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¢ Sharing data and analyses in a “persistent”, transparent,
reusable, computable, and reproducible format.

DOE User
Facilities




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.

s = +» KBase is desighed to accelerate research through:
Data : :

@@ﬁ@ @E@@ﬁege Eﬁﬁf@ﬁﬁ@@ % Lowering the barrier to integration of diverse data from

multiple sources
+*» Sharing data and analyses in a “persistent”, transparent,
reusable, computable, and reproducible format.

DOE User
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SCIENTIFIC DATA:

OPEN: Comment: The FAIR Guiding

SUBJECT CATEGORIES s

seanas : PrINCIples for scientific data
» Publication :

wnceisis . MaNagement and stewardship

Mark D. Wilkinson et al.”

Thers urgent need to improve the infrastructure supporting gth of scholarly data. A dive

wtftkhlcfrs—rep tg cademia, i dtryfudgg dxhlﬁypblhrs—h
Receive! d: 10 December 2015 - cnmetng ether to design and joi tly ndorse a cont and m bl set of principles that we r f:r
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Accepted: 12 February 2016 : h e of thab da A o i kb i
Published: 15 March 2016 & "rance y of t ta stinct from peer initiatives that n the human

: scholar, the FAIR Principles put specific emphasis on enhancing th: ahility uf machines to automatitally
- find and use the data, in addition to supporting its reuse by individuals. This Comment is the first

. formal publication of the FAIR Principles, and includes the rationale behind them, and some exemplar
implementations in the community.




KBase is a knowledge creation and discovery environment
%g%& Data from collaborators Import

o Public data from KBase’s your own
é@%@%?@%é@@ Data from all your Narratives reference collection ~ Exampledata ; gatq
Analyze Narratives

Shared With Me

Search data... All types... A All narratives...

Ptrichocarpa.)GI3.0_draftModel v1
@ FBAModel

akvE Currently

Uploadable
Types

This Narrative has no data yet.

Metabolic modeling of Populus trichocarpa
4 hours ago by hlh35

PlantHeterotrophicMedia v3
Media
Metabolic modeling of Populus trichocarpa

4 hours ago by hth35

Short reads

Click here to access Populus_trichocarpa v7 e Contigs
- d &

t be a ? :jqwszran 4hours ago by hih35 * Genomes
X €gin loading E.‘ta Ptrichocarpa.JGI3.0_gapfilledModel v/ e T iot
into your Narrative e FBAModel e

Metabolic modeling of Populus trichocarpa

4 hours ago by hlh35 e« Expression

Ptrichocarpa.jGI3.0_annotate v/
@ Genome: Populus trichocarpa ° FBA models

Metabolic modeling of Populus trichocarpa
4 hours ago by hlh35

¥ APPS & METHODS Q a Media
Escherichia_coli_0157_H7_str._EC4045 v
Assemble and Annotate Microbial Genome
& Genome @ Clostridiumn Species Tree © Phenotype sets
v0.1.0 42 hours ago by hth35
Clostridium_thermocellum_DSM_4150 v
Build and Normalize Metagenomic Genome
& Functional Abundance Data Insert_Genome_Into_Species_Tree
v0.1.0 3 days ago by hlh35

Build and Normalize Metagenomic
& Taxonomic Abundance Data
v0.1.0

A%, Clostridium_thermocellum_DSM_1313 v/

Close




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.
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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

‘E @@M@FEEV@ accelerate research through:
Integration Analytics # Access to a user-

extensible powerful suite
of tools driving towards

Data about...

DOE User o modeling biological
Facilities - function.
o s Access to enterprise-level
~ computational resources.
¢ A collaborative notebook
~ based system for
® organizing data, analyses

and conclusions.

Integrative data
analysis and
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External tool
integration



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.
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Analysis |

An interactive, dynamic, and persistent document created by users that promotes open,
reproducible, and collaborative science




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 | Janthinobacterium FRC lslate Analysis - mj £
| Created by: José Pedro Lopes Faria (jpifaria) copy.-

-
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GWASSA - good quality; 1% of forward reads have adapter sequence; revarse reads ganerally Lower quality at the end.

FastQC - Assess Read Quality =)
A quality control application for high throughput sequence data
Fi with success 15h 19m ago

2 hours ago by mardin
Report
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arms 2 variety of usaful read trimming steps, including adapter removal and quzlity rimming.

Processing reads - reads trimming with Trimmotatic

Trimmomat T

Turn everything into code
or code yourself




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.

[0 Green bordar = improved functionality in current funded period O Red border = completely new functionality in current funded period
. Genome Assembly & Annotation .RNA—seq and Expression - Metabolic Modeling .Coe-nparatime Genomics DUser Curation -Data Impornt

@Genome Dependent ™=s»App === nterconnect
Pipeline

Binned . bly & Annotati
Contigs Reannotate
Genome
(5)

QC and Reads
Trimming
(5)

Extract
Assembly

Contig
Binning

Annotate Import

Import Assemble
NGS = NGS Reads Reads Assemboly Assembly enome (C-mm
Reads (11+3) (2) E
RNA-seq & Expression Analysis Pipeline
Align Reads Assemble . Differential -
to Genome PR Transcripts E""';:‘"“" Expression Clustsenng Co-expressed
a (4 (2) Analysis (4) 5 Clusters
Associate
@CGenome
Create or Metabolic Modeling Pipeline
Edit
2 M Metaboli Run FI
erge Metabolic ; un Flux :
Import Maodels into Cumlr;:'llly Balance [anP::;l?:ns
Media — o Community Model Analysis
Community Modeling Pipeline
) Propagate
Metabolic Model to New

Model @ Genome

Phenotype
Simulation

Gapfill

Metabolic
Simulate Growth
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Cllﬂlil'ﬂﬂ Model Reconciliation Data
Cycle Cycle

Model Mass
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Analysis
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External tool
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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.

O Green bordar = improved functionality in current funded period O Red border = completely new functionality in current funded period
. Genome Assembly & Annotation .RNA—seq and Expression . Metabolic Modeling .Comparative Genomics DUser Curation -Data Impornt
@Genome Dependent === App Interconnect

y & Annotation Pipeline

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

Contig
Binning

Import Assemble
NGS = NGS Reads Reads S
Reads (11+3) ‘ i

Ay

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

v'Bulk upload, download and execution
| Y'reads management
v'sequence quality assessment and control
1 v'Comparative microbial assembly and annotation
s, v'Basic metagenomic binning, assembly and annotation

renare [T v'RNA-SEQ analysis for proks and euks

Reconciliation Data

Cycle
\’ . v'Comparative genomics
Phenolypes
v'Metabolic modeling for isolates and communities.

& adels
External tool
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Comparative Genomics Pipeline




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.

. Knowledge
Data Collaborative eg
Data about... . . Propagation
Integration Analytics .
Engine

N
Facilities 4\$
S

NCBI, :
UNIPROQOT, etc.

Integrative data
analysis and
modeling

External tool
integration




What is new in KBase since 2016?



Platform Improvements since 2016

Improved Ease
of Use

Increased
Stability and
Scalability

NGRS

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



Interface to search reference, public and shared user data

— KBase : s ; J
= 4% Data Search (BETA) Sol
@ Q . pseudomonas | x| D ? I} Copy Selected.., View' Detail 2
Dashboard

User Data 4,433 Reference Data 4,126

5 M < » | M Pagelof222

Catalog Found 2,235 Genomes, 2,175 FBA Models, 23 Narratives Include  » Private ¢ Public  data
beta Type Name Modified
Search [ !AA Pathway Modeling Gyorgy Babnigg 02/23/2018 = I
li' O %, FBAModel iSB1139 02/22/2018 -
ko Matches Detail
@ Scientific Name Pseudomonas fluorescens SBW25 ID iSBN39
Accounit Taxonomy ; Pseudomonadaceae; Pseudomonas, Pseudomonas fluorescens group; Name ISB1139
Pseudomonas fluorescens Sl Bxtemal
Type SBML Model
Model Compartments 3
Model Compounds 1194
Model Reactions 1,190
Genome Reference 24121138/3
Scientific name Pseudomonas fluorescens SBW25
Taxonormy cellular organisms > Bacteria > Proteobacteria > Gammaproteobacteria > Pseudomonadales >
Pseudomonadaceae > Pseudomonas > Pseudomonas flucrescens group > Pseudomonas fluorescens
Genome Name GCF_000009225.2
O x, FBAModel iSB1139.ed.qf 02/22/20'8
Matches Detail
Scientific Name Pseudomonas fluorescens SBW25 ID iSB1139
Taxonomy 1 Pseudomonadaceae; Pseudomonas; Pseudomonas fluorescens group, Name iISB1N139
GRS fllcvescens Source External
Type SBML Model

- 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)



— KBase

= aus Data Search (BETA)

@®

Dashboard

&

Catalog

Q

Search

Search: |Gl

KBase - User Data, Reference Data, Features

Q | ENIGMA|

User Data 14

<

Type

Page1of1

Reference Data O

Name

lil n" ENIGMA Mercury Mystery Plasmids

Jobs

Account

[ Narrative

Matches
Title

Narrative.1523576735739

ENIGMA Mercury Mystery Plasmids

Ci ENIGMA FW-306 Core-Sediment Campaign

[ Narrative

Matches
Source

Title

Narrative.1519257520913

**This Narrative is part of a series of narratives from the ENIGMA project**; to
see all of them

ENIGMA FW-306 Core-Sediment Campaign

m ENIGMA project master narrative

[ Narrative

Matches
Source

Title

Narrative.1516747247669

# ENIGMA Project ## This Narrative links to other ENIGMA narratives in KBase, to
help project in the cells below. ### More info about the ENIGMA project can be
found on our website: https://enigma.lbl.gov/ ### Most ENIGMA data that can't
currently be stored in KBase are stored in our Google

ENIGMA project master narrative

Ci ENIGMA metagenomic sequence data

[ Narrative

Matches
Source

Title

Narrative.1513798166246

**This Narrative is part of a series of narratives from the ENIGMA project**; to
see all of them## ENIGMA Metagenomic Sequences This Narrative contains
metagenomic sequence data sequenced by

ENIGMA metagenomic sequence data

Found 14 Narratives

Detail
Title

Detail
Title

Detail
Title

Detail
Title

John-Marc Chandonia

ENIGMA Mercury Mystery Plasmids

John-Marc Chandonia

ENIGMA FW-306 Core-Sediment Campaign

John-Marc Chandonia

ENIGMA project master narrative

John-Marc Chandonia

ENIGMA metagenomic sequence data

[C) Copy Selected...

Modified

04/20/2018

04/20/2018

02/21/2018

02/21/2018

02/21/2018

02/21/2018

03/09/2018

03/09/2018

Access:

« Private

View | Detail

« Public

A
v



=—  KBase | ENIGMA project master namative > O < rﬁ .
"‘m Created by: John-Marc Chandonia (jmc)  &* help kernel  share save

+¥ -0

ENIGMA Project

This Narrative links to other ENIGMA narratives in KBase, to help project members find data and analyses from across the project.
Other Narratives are described and linked in the cells below.
More info about the ENIGMA project can be found on our website: https://enigma.lbl.gov/

Most ENIGMA data that can't currently be stored in KBase are stored in our Google Drive data folder, here: https://drive.google.com/drive/folders/0B62rJp3HQTPMbUdjOCTNd3dkSWs

Samples and Wells

This spreadsheet contains a sample request log for samples taken since the 100 Well Survey (see below for those data), along with records of which samples were taken. Look on the 2nd and 3rd tabs of the spreadsheet for sample records and
measurements taken on each sample: https://docs.google.com/spreadsheets/d/la_NC&6WY5Au6geVZj3MndeltdgpGAEppftATUyWKOg/edit#gid=1606165980

Metadata describing the wells (location, screen depths, etc) are in this folder: https://drive.google.com/drive/folders/0B18gfpPD5aW8b0prTnUxd2dBa0OE

2017 Core Sample Pilot

Data and methods from the 2017 Core Sample Pilot Project are here: https://narrative.kbase.us/narrative/ws.26612.0bj.1

100 Well Survey

Data from the 100 Well Survey and the resulting Smith et al mBio paper are here: https://narrative.kbase.us/narrative/ws.26835.0bj.1

Isolates
A narrative with all the sequenced isolates is here: https://narrative.kbase.us/narrative /ws.24918.0bj.1

Note that you can access these sequenced isolates as "Genome" objects in KBase: just go to "Add Data" and look under "shared with me" to copy any of these into a new narrative so you can explore the data



Fast Search and Import of JGI Data

Cl -
= & JGI Search (BETA) vn O

Feedback

ﬂ JGIX a | popla

x 9D 1
Dashboard

Q Filters: Type Select one or more filetypes 4 Pl Filter by Pl last Proposal Filter by propc Project Filter by seq.p

Catalog M 4« » M 1to70f3,656 page 1 of 523 View Staging Jobs
beta

Q Title PI Prop...s Proj..s Date “ Scientific Name T.+S1 S2 Size % In.. C.. St..

Search

Poplar trichocarpa Nisqually-1 Gene A... Stacey, Gary 1097  1074.. 10/10/2.. PoplartrichocarpaNi... fa.. filt.. G.. 440.8.. i  =§

Feeds

'il Poplar trichocarpa Nisqually-1Gene A... Stacey, Gary 1097  1074.. 10/10/2.. PoplartrichocarpaNi... fa.. filt.. G.. 346.9.. i 9§
Jobs N e a e apann i _ai e e~ aran »
@ > Co-developed with the JGI team using JAMO
Ao > Currently ports raw reads (FASTQ) and assembled contigs (FASTA) — more datatypes
coming
1<} > Currently SUPPOIS public data — the ability to search private data is coming




KBase Software Development Kit
S D
A tool and framework for dynamically adding new Apps to KBase: K
> 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 Register with KBase

> Built-in Dev/Beta/Release lifecycle management ”'Z..m —
> Opens the door for 3rd party developers Push to GitHub

> Improved data access and file handling e @ =

> Ability to call other KBase modules from your App 5 Lo o s e o 3L

> HTML Reports with linked files ~—— == AppisAvailable!

> Support for loading versioned Reference Data in Apps
> Web services built with the SDK

onoeo;




New workflows in microbiome and comparative genomics

@ Genome Assembly & Annotation [l Metabolic Modeling () Comparative Genomics [ Data Import

Binned Phylogenetic
Contigs Tree
Contig Extract
Binning Assembly Proteome
Comparison
Assemble Annotate
b eRLCENEL . Metagenome Assembly Assembly Genome
(2) Pangenome
Build

Metabolic

@ Model
; Run Flux ) Merge Metabolic Run Flux
W coiance  REWINRE,  modeisinto  IESLR  salance SR
Analysis Community Model Analysis

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

IFasiTree

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

Profile




Better App through 3rd party dev and SDK

KBase FBA Model Import (Current default - internally developed)

DATA Import TSV/XLS/SBML File as an FBAModel from Staging Area

Import a file in TSV, XLS (Excel) or SBML format from your staging area into your Narrative as an FBAMadel

Reset Finished with success 3m 4s ago
Input Objects
Genome GCF_000005845.2
Parameters
Model file type SBML
Model file path {reactions if TSV) HO3645xml
Biomass R_BIOMASS_Ec_[j01366_WT_53p95M

Compounds file path (if uploading TSV)

0B

Output Objects
FBA Model object name 01366
Import Report (current)
Objects
Created Object Name Type Description
01366 FBAModel Imported FEAMOde!
- Summary

Import Finished
FitModel Object Mome: iJ01366
Imported File: 1J01366.x=l

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

SBML Tools Model Import (3rd party)

a Integrate Imported Model into KBase Namespace LR
none

Input Objects
Model ID 101364
Genome iD GCF_000D05845.2
(6 advanced, hidden) show advanced
Compartment mappings o
KEGG
Transiate Metabolite and Reaction identifiers el M

Do nct translate identifiers.
+ Available Kems - filtedng 2259 of 2259

New biomass reactions

Selected ltems.
na selected values

Output Objects

Export Default media

Output 1D

Import Report (3rd party)

Vi TRpOFT N SERAFEE Winoow

W oo B etasoiica
o po ERROR
W
Genome ===
Compartments
Drains/Media | - dotsia & > Prodacion. » | S o
(G




SDK enables external developers to wrap tools as KBase apps

BioSIMP: ML-based prediction of growth OptStoic: Predict and design metabolic

of new microbes pathways
* :Envlmul: 'ﬂﬁz Inference Modeling me, g
i, g || i =
= o s e
;%m%;‘%& T | ® =
Roachon Covarage - ;
Laby Experiments ‘Output Data: o . - R

—— [uralmulnﬁl:-ma:l R .o;gm m
BioSIMP ) |ssehas | 'L 3 s

l.:::l-- -r-—-l--r-l-l—ur-u-
Mikaela
Cashman & Lin Wang &

| Jennie L. Catlett ! Costas Maranas

N INIVERSITY IOF

Lincoln”

@ PennState



SDK enables external developers to wrap tools as KBase apps

SBML Importer: Bulk import and integration Flux Mutual Information Analysis
of meta bO|IC models Hulvat ol o Ghwi

FiIipe Liu &
Isabel Rocha

S, UNIVERSIDADE

NOVA

ez~ DE LISBOA

¥ Ot wom

I

Zahmeeth Sakkaff &
Massimiliano Pierobon

N b\lIVERSITY ]OF

Lincoln”

e Automatically selects the correct genome to associate with each model by e Computes mutual information between reaction flux / cell

searching the reference genomes for genes in the models interactome and input nutrient profile
e Enables a curated integration of models with the KBase namespace for e Aids experimentalists in identifying the combination of
compounds, reactions, compartments, and genes nutrients that reveal the greatest information about the cell by

e Applied to import 118 published metabolic models into KBase causing variations in pathways, by-products, and growth rate



Facilities are Using SDK to Add Tools

HipMer: assembly of large genomes and BBTools: core sequencing quality
metagenomics on enterprise-class control from JGI

omnuters
W Acsamible with HipMer + b JGIS Run the JGI RQCFilter pipleline (BBTools v37.22)
R S 2sornbhe prakometic and cokansotls reacs wsing this Hipher casembly pimliec. o Runs the JGI reads data preprocessing D'iFI!E“l"IE
Reecod Fivafied wildy suscoems, orr Sea 12, 2007 al SE7pm Corkquz oh Siatus m_
Cijects - - R P L X
JGI§ Run )Gl Metagenome Assembly Pipeline
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KBase is providing access to increasingly sophisticated visualization: New this year
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Growing number of analysis apps

(>120 in Production, >55 in

Beta, many in development)

KBase
s App Catalog

by gaprice

kb_Msuite

‘

meta Assemble with metaSPAdes - v3.11.1
@ Search Organize by »  Version»  Status @ Add Module  =lindex @ Help kb SPAdes
Dashboard S PAd es = )
My Favorites by gaprice, dylan
Q Read Processmg Favorites Count
Catalog . Run Count | .
FastQC - Assess Read Quality Trim 4 Trimming - Load Paired-End Reads From Web - W 9 ™ 656 m 1
Fus‘u{ kb_fastqc omuf / v1.0.7
by seaver I Name (a-z) kb_uploadmethods
Account Name (z-a) by tgu2
*9 1252 i * 8 i * 4 375 i
l Category
cutadapt- vi.14 Reads From Web Build Re:
tl.lit[dl:lpl kb_cutadapt Moduie K kb_SetUtilit
by msneddon, dylan, +1 mare Developer by dylan
e e | o — D R W0l Assemble with metaSPAdes - v3.11.1
Output Types ' SPAdes kb_SPAdes v.1.1.1
Demultiplex with ea-utils FASTQ- reniewenapga-ate Pairs with ea- Load Sin by gaprice, dylan
MULTX utils FASTQ-JOIN v1.0.7
kb_ea_utils kb_ea_utils kb_uploadn
by dylan by dylan by tgu2 * 9 m H L% @
*1 20 i * 1 8 i L & ™ 266 656 81.6% 5h
58m
Merge Multiple ReadsSets to One Compute Simple Read Library Stats PRINSEC
ReadsSet - v1.0.1 with ea-utils Complex
kb_SetUtilities kb_ea_utils kb_PRINSE( ) .
by dylan by pranjan?? by jkbaumot Assemble metagenomic reads using the SPAdes assembler.
*1 1 i * ™52 i * 45
Genome Assembly This is a KBase wrapper for the metaSPAdes genomic reads assembler.
Assess Genome Quality with oy metaSPAdes is designed for assembling shotgun metagenomic reads.
CheckM - v1.0.8 kb_SPAdes

Operational notes:

« Currently the wrapper only supports Illumina, lonTorrent, PacBIO CLR and PacBIO CCS in FASTQ format, either
uncompressed or gzipped.
« The --careful flag is always used, except for metagenomic assemblies where it is not allowed.



sers are taking many paths through the system
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Discovery of genes associated with indole-acetate
production in Pseudomonas SBW25

Gyorgy Babnig, ANL
Add 134
transporter Run FBA Ga F"ﬁ“ HMT Edlt
e Y el
% Prokka
Copy Model Model Mo [AA export |AA production Mapped gene Reconciled maodel
SBW25 (i5B1139.ed) calls far (iSB1139.reconciled)

{iSB1139) experiment
ws.24121.0b).1 \

« 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

o« KBase Narrative: https://narrative.kbase.us/narrative/ws.27990.0bj.1



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

Annotating and modeling variation in metabolic

function among Pseudomonas

Collin Timm, Johns Hopkins University

o« KBase consistently annotated 19 strains of
Pseudomonas from rhizosphere

o« KBase models predicted how annotation
variations lead to phenotype variations

“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.”

Build metabolic models
from genome sequences
dosphere

A rhizosphere

—==r | Predict growth
SEEE on carbon
substrates

reactions

models

Metabolic models predict substrate bias
based on isolation environment

Identify biases in growth
predictions

| Biased
towards
endosphere
isolates

Biased
towards
rhizosphere
isolates

+

0 2. 4 6 8
# of compounds

, energetically
expensive

¥ energetically
cheap
10

Model comparison summary and predictions for Pseudomonas isolates. A. Number of reactions in models. B. Reaction distribution

in endosphere and rhizosphere isolates C. Compound groups bias

*Timm et al, 2015, Frontiers in Microbiology

%OAK RIDGE

National Laboratory



Predicting metabolic interactions between an

autotroph and heterotroph

Hyun-Seob Song, PNNL

Unique integration of Autotroph Genome Annotate Build
assembly, annotation contigs mgﬁaal e mrnodallm
o ! Metagenome _}Metagsnﬂma]_)wletage_nome | Contig

transcnptom{cs, and data assembly contigs binning I otate Build
modeling all in one contigs. — JEIOBIEN —> Genomes —>{stabelie
platform (KBase) Hetrotroph — L

Cyanobacterium Species 1
Predicted metabolite Integration of a curated " Compartment 1 )

model/genome of a - : ‘
EXCh_ang_Ed be_tween closely related species
speciesin a S|mple (Synechocystis sp. PCC

2012) =
Explored multiple
modeling and gapfilling Heterotroph

) The ModelSEED
meChanlsmS and E|Qﬂrithm . Compartmeant 2 ._,.’I
identified the best —_— Compartmentalized
alternatives o community network
ot ssdegeios (ENERGY SN KBase
Office of Science DOE Systems Biology Knowledgebase




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

o lIdentifying differentially expressed genes in o Identified clusters of genes with similar expression
Chlamydomonas in presence of perturbed Zn levels profiles and mapped clusters to functions

« Comparing with differential expression in similar o ldentified clustersof genes with evolutionarily
conditions in other plants conserved responses

» Evolutionarily conserved responses

Clusters of rice and
Chlamydomonas homologs

£ so0 V. LV I

S a0 ST e

-

Create sample list(s) g 300
200 I NPT
100 up . . R R
e g - * - .® . "
Align reads 0 By B e el B
8 H down . . . i i & .
Ee [ ) L ]
' Chllamydnmonas ."-"..'.".."':'
Determin,etmngcriptmunts = L L [ FE R E T EFE RN W N N W
Examples of conserved responses: .
Transport: Zn-dependent enzymes: Signaling:
B L geep i e R ZIP-type Zn transporters Dehydrogenases AP2-TFs
D,ete_tmine.-differgntlally.ﬂhun_da_nt trHﬂSCfl‘p ABC transporters Carbonic anhydrases MYB-TFs
P-type ATPases Hydrolases B-BOX-TFs
Amino acid transporter kinases
Potassium transporter .
F“tEr IiSt Sulfate transporter chlorophyll degradation




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

KBase Publications and Mentions per Year (April 6, 2018)

20 B Mentions of KBase

B Pubs Citing KBase in Methods
15
10

2014 2015 2016 2017 2018

User count from 2016
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User Engagement Efforts

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

Future:
e Increased focus on recurrent scheduled
webinars and remote events
o Targeted events with SFAs and other key
stakeholders




O We can work with you to help your work and teams

» 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.

Introduction Annotation

KBase

Training
Topics

Online . Individualized
. Webinars !

Software Tutorials Sessions

Development

Kit

Metabolic
Modeling

A A A
cl -

Join us: engage@lists.kbase.us



Transition to New Stage

Base functionality has been introduced into the system to support the following areas:
e Assembly, Annotation, Comparative Genomics, Metabolic Modeling ,Microbiome Analysis,
Gene Expression Analysis
e Bulk data management including improved upload from NCBI, FTP, local machines
eRobust 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

e Ready for co-development with other DOE Facilities

e Future expansion in scientific capabilities will be community-powered

e User Working Groups (UWGs) will be formed to target specific scientific areas of interest

e 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



Collaboration with JGI

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

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 JGl-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

1JGIX

THE PLANT GENOMICS RESOURCE

Proposal Sequencing Project

Tt Expioitrg e geromes of the Actnonicteri plind growih promoters ind producent of Kame ¥iobactenirm kongerm subip. sus D5 2021




Collaboration with JGI - MycoCosm

ey Gasam Ercpibiperia of Fungl

Farmal seroras woraston B A e Warire e

¥ Cosrpuraites. Corurmacy

« KBase users now able to access published MycoCosm

KBase reference data

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

icopBeBEQ

- [Build Fungal Model
i- Build Fungpal Model

Fesed Firkshed with success on Mar 13, 2018 at

View report in separate window

@ Candida_glabrata_ASM254
@ Komagataella_phaffi_GS115
@ Neurospora_crassa_ORT4A

@ Kluyveromyces_lactis_NRRL

@ Eremothecium_gossypii ATCC_10885
@ Aspergillus_oryzae_RIB40

@ Penicilium_rubens_Wisconsin



Joint JGI-KBase Roadmap

'/

= KBase

P PRIDICTIVE BIDLDGY

JGI X 1o GENOME NSTITUTE &

-

Roadmap

B Search and import JGI data within KBase

B JGI tools and pipelines available in KBase

® Cross-links and ID maps between JGI Portals and
KBase

Build a diverse, engaged user community

Tf \ef Tif\"‘

Joint communication strategy

Joint engagement strategy
(Joint User Calls and User Working Groups)

Enable scientific discovery

= Co-design and development of
compute infrastructure

n JGI-KBase metabolic model resource for

metagenome, microbial, plant, and fungal
communities




Collaboration with EMSL EMSL(;,

SCIENTIFIC INNOVATION THROUGH INTEGRATION

Four categories of activity: 3 year roadmap:
Integrating tools with KBase
«  MFAPipeline tool for computing flux predictions from labeling patterns determined from Year 1:
NMR data - MFAPipeline
«  NW-chem for prediction of chemical properties from structure . Fungal modeling collaboration
Supporting search and import of data from EMSL into KBase Y, 2.
« Enabling import of metabolomics/NMR data initially as metabolite/value pairs and ear <.
chemical formula/value pairs « NWChem
« Enabling import of proteomics data as protein/value pairs and peptide/value pairs - Experimental conditions service
« NMR data import
Scientific collaborations - Proteomics data import
« EMSL and PNNL are working on some fungal systems and will join the KBase/Mycocosm
collaboration to annotate, model, and study their genomes Y, 3:
« Applying NWchem to predict thermodynamic properties for compounds in the KBase ears.
biochemistry and integrate this data in metabolic models « Metabolomics data import
« NWchem prediction of
Codevelopment of infrastructure thermodynamic properties

« 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:

A\

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

A\

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:
e Organize a concerted community effort to expand KBase functionality and data resources in a tightly focused research area

e  Build a user community in each major research area to spread awareness of KBase capabilities and support new user training
e Obtain organized user feedback on KBase functionality and data in a variety of focus areas
e  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):
e  Metabolism: metabolic modeling, metabolomics, cheminformatics, integrating chemistry and biology
o Functional Genomics: RNA-seq, TN-seq, proteomics, GWAS, genome annotation, discovery of gene function
e  Microbiome: amplicon analysis, metagenome analysis, predicting species interactions within a microbiome

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

Office of Biological and @ENE&G’( : LV@ Kque

Environmental Research - -
Office of Science DOE Systems Biology Knowledgebase



Future Work

Office of Biclogical and @Eﬁpﬁrﬁ&rﬂ? *m Echi?

Environmental Research
Office of Science DOE Systems Biology Knowledgebase




KBase Roadmap Synopsis 2018-2020 (v1)

e JGIY Mo

e Collaboration with DOE Facilities
o  Major Co-development Efforts with
s JGI JOINT GENOME INSTITUTE
DEPARTMENT OF ENERGY
= EMSL

e Platform Development
o Search
o Knowledge Engine
o Scalable Compute (HPC)

e Scientific Method Expansion
o User Working Groups
s Metabolism
m Functional Genomics
m Microbiome

[ Sot-coupled (snabled via primitive thicester cocpiing) [l NADIPYFAD-coupled

e Ongoing Support and Maintenance
o Development and Operations
o General Outreach

e Management and Publications

U.8. DEPARTMENT OF :" .
Office of Biological and @ 7 m KBase
oo of Bological and ENERGY Sy "oase

Environmental - -
Office of Science DOE Systems Biology Knowledgebase



Project Page

":1 Lignin Characterization and Redesign in the
Miscanthus Cell Wall

Project Description

Dur research focuies on characterinng Misconthus, a baofuel feedstock grass with rapid
growth, low mineral content, snd high biomass yeld, Misconthes can be used a input
for ethanol production, often cutperforming other altematives in terms of biomass and
gllons of ethanol produced. Broad goals of aur research includs:

Iimprove yield, sustainability, and water and nitrogen use efficiency of Mscanthus
Understand its carbon partitioning and nutrient cycling

Understand the structure, function, and crganization of the Misconthus genome
Enable Miscanthus to be efficiently bred or manipulated for biofuels

Project Principal iInvestigators

*  Smith Lab = Misconthus genomics
* Rivera Lab — Cell wall recalcitrance
* Peters Lab — Breeding and genetic diversity

Qur Narratives
Build Plant Metabolic Model SorghumTranscriptomeodislsBasedOn
Build Plant Metabolic Model Buid Piant Metabolic Model
8 Compare Two Metabolic Models (@) Compare Twa Metabolic Madels
(8 Run Flux Balarce Analysis () Fun Flux Balance Anatysis
8 view Media 8 view Media
Q) 26 markdown cells

Projects, Groups and Labs

Lab Page

& The Smith Lab

Jill Smith, PI

smithj@university.edu

The Smith lab seeks to better understand and characterize the
genome of the Miscanthus x giganteus. This perennial grass
hybrid of M. sinsensis and M. soccharifforus has high
photosynthetic efficiency and low water use relative to other
biofuel feedstock crops. Our lab identifies genes involved in cell
wall formation and structure that may be targeted for
modification to improve yield while maintaining disease
resistance,

* Genes involved in secondary cell wall formation =
Identification of genes essential for lignin biosynthesis, transport,
and polymerization.

* Regulation of secondary cell wall formation =

* Modification - suppression of gene expression x

* Genes supporting phenolics integration into lignin =
* Cell wall and disease resistance »

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

*® KBase

' PREDICTIVE BIOLOGY



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.

. Knowledge
Data Collaborative eg
Data about... . . Propagation
Integration Analytics .
Engine

N
Facilities 4\$
S

NCBI, :
UNIPROQOT, etc.

Integrative data
analysis and
modeling

External tool
integration




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.

. Knowledge
Data Collaborative eg
Data about... . . Propagation
Integration Analytics .
Engine

Facilities ANS
)
)

s

NCBI, :
UNIPROQOT, etc.

External tool
integration
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Knowledge Engine

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

Incremental development Knowledge Engine Architecture

o
& Asserted Relationships
1. Advanced search of all .
Knowledge Engine Apps
Pipeli Assertions and
‘ Ipelines Recommendations
} \/

Indexing and Object
Search Relations

Reference

data and results across Data || Uploads &
Loads Download

system

2. Relation Engine

3. Knowledge Engine

User Data, Data
Types, Date Model,
& Permissions




PROTOTYPE &

Functional Profile

= ffﬁ Knowledge Engine Functional Profile Viewer
Daﬁm Genes
M O © M 23%9t02520f 625 Filter genes
Q Gene Distance Userterm Ortholog term
Catalog PGAI_c13170 0.43 acetoin catabolic process nitrogen fixation
GO:0045150 GO:0009399
WP_044041547. 0.42 signal transduction by protein... C4-dicarboxylate transport
Marratives GO:002304 GO:0015740
cobA 0.42 oxidation-reduction process  glycerol transport
Q GO:005514 GO:0015793
Search PGEAT_RS02130 0.42 phosphorylation cell wall organization
Data GO:0016310 GO:0071555
WP_014881553.1 0.42 phosphorylation cell wall organization
Account GO:006310 GO:0071555
PGAT_A19160 0.42 oxidation-reduction process  phenylacetate catabolic proc...
f:} GO:0055114 GO:0010124
Feeds WP_014881857.1 0.42 alpha-amino acid metabolic p... cardiolipin biosynthetic process
Inew GONP0ME05 GO:0032049
PGA1_RS09815 0.42 oxidation-reduction process  Gram-negative-bacterium-ty...
GO:005514 GO:0043165
fis\wW 0.42 cell wall organization coenzyme biosynthetic process
GO:00N555 GO:0009108
PGA1_R504735 0.42 cell wall organization coenzyme biosynthetic process
GO:00N555 GO:0009108
PGAT_c35370 0.42 signal transduction by protein... heme transport
GO:002304 GO:0015884
PGAT_RS03090 0.42 DMA repair antibiotic transport
GO:0006281 GO:00428%1
WP_014872421.1 0.42 establishment of localization i... magnesium ion transmembra...
GO:0051649 GO1903830
PGA1_c09510 0.42 cell wall organization coenzyme biosynthetic process
GO:00N555 GO:0009108

Tooltip
Type Fitness
f Term protein secretion by the type Il
y >\ _
\ i secretion systemn
— Id GO:0015628
p-value 0.03s81
distance 0.156
Legend
GO Term Id Distance p-value
User
acetoin catabolic process GO:0045150
Ortholog
nitrogen fixation GO:0009399 0.43 0.004
Fitness
I cell motility GO:.0048870 0.83 0.007
acetoin catabolic process GO:0045150 0.00 0.015
regulation of bacterial-type flagellum assembly GON902208 0.93 0.015
protein secretion by the type |l secretion system GO:0M5628 0.16 0.036
regulation of transcription, DMA-templated GO:0006355 0.95 0.037
Expression
I nitrogen fixation GO:0009399 0.43 0.004
B acetoin catabolic process GO:0045150 0.00 0.004
alpha-amino acid metabolic process GOI201605 0.40 0.7
organic substance transport GO0071702 0.93 0.021
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