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Complex Missions, Sophisticated Mission Analysis 

•  DOE	  mission:	  predict,	  control	  and	  design	  the	  biological	  
components	  of	  energe;c	  processes	  and	  environmental	  balance.	  

•  Complex	  missions	  with	  rapidly	  expanding,	  intricately	  related	  
diverse	  data	  types	  require	  ways	  to	  augment	  scien;sts’	  ability	  to:	  
–  Filter	  informa;on	  
–  Focus	  aIen;on	  
–  Ask	  the	  right	  ques;ons	  
–  Leverage	  other	  minds	  	  
–  Make	  the	  impossible	  possible.	  J	  
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Enable DOE Mission Science 

Microbes	  

Plants	  

Communi5es	  
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DID WE MEET SPECIFICATIONS? 
Before	  I	  tell	  you	  how…	  
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Launch and Build 

Distributed	  Development	   Building	  an	  airplane	  in	  the	  sky	  
•  Four	  major	  Na;onal	  Labs	  and	  more	  

than	  10	  collabora;ng	  universi;es/
research	  centers	  

•  50	  people	  with	  diverse	  cultures	  and	  
exper;se	  and	  with	  different	  
ins;tu;onal	  and	  group	  alliances	  

•  Enthusiasm	  to	  create	  a	  system	  to	  
revolu;onize	  understanding	  and	  
applica;on	  of	  biological	  systems.	  	  

•  Deliver	  version	  1	  in	  18	  months	  and	  
prove	  it	  can	  support	  DOE	  scien;sts!	  
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Community Specifications for KBase: 2011 

•  A	  Federated	  infrastructure	  and	  10GBit/s	  transfer	  capabili;es.	  
•  2	  petabytes	  data	  storage	  and	  2000	  cores	  for	  data	  processing	  including	  

interface	  and	  between	  high	  performance	  compu;ng	  and	  cloud	  
computa;onal	  resources	  

•  Development	  of	  core	  Knowledgebase	  integrated	  data	  and	  workflow	  
analysis	  management	  tools	  including	  Applica;on	  Programming	  Interfaces,	  
seman;c	  and	  user	  Interfaces.	  

	  
	  
i.  For	  microbial	  systems,	  from	  100-‐1000	  microbes:	  Reconstruct	  and	  

Predict	  Metabolic	  and	  Gene	  Expression	  Regulatory	  Networks	  to	  
Manipulate	  Microbial	  Func;on	  

ii.  For	  plant	  systems,	  for	  10	  key	  plants	  related	  to	  DOE	  missions:	  Integrate	  
Phenotypic	  and	  Experimental	  Data	  and	  Metadata	  to	  Predict	  Biomass	  
Proper;es	  from	  Genotype	  and	  Assemble	  Regulatory	  Data	  to	  Enable	  
Analysis,	  Cross-‐	  Comparisons,	  and	  Modeling	  

iii.  For	  Microbial	  Communi;es:	  Model	  Metabolic	  Processes	  within	  
Microbial	  Communi;es	  and	  Mine	  Metagenomic	  Data	  to	  Iden;fy	  
Unknown	  Genes	  
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KBase 2013: 18 Months Deliverables Exceed Spec. 

•  A	  Federated	  infrastructure	  and	  10GBit/s	  transfer	  capabili;es.	  
–  Built	  for	  high	  speed	  data	  transfer	  over	  ESNET	  using	  100	  GBit/s	  rates.	  	  

•  2	  petabytes	  data	  storage	  and	  2000	  cores	  for	  data	  processing	  including	  interface	  
and	  between	  high	  performance	  compu;ng	  and	  cloud	  computa;onal	  resources	  
–  KBase	  Magellan	  has	  12,000	  cores	  for	  data	  processing	  via	  both	  Open	  Stack	  Cloud	  

interfaces	  and	  Cluster	  Services	  
–  KBase	  has	  >3	  Petabytes	  of	  storage	  capacity	  

•  Development	  of	  core	  Knowledgebase	  integrated	  data	  and	  workflow	  analysis	  
management	  tools	  including	  Applica;on	  Programming	  Interfaces,	  seman;c	  and	  
user	  Interfaces.	  
–  Integrated	  KBase	  API	  specified	  and	  opera;onal.	  Used	  by	  third	  par4es	  to	  integrate	  

func4on	  and	  build	  apps.	  
–  Integrated	  data	  model	  aware	  of	  925	  data	  types	  encompassing	  sequence	  reads,	  con;gs,	  

genomes,	  genome	  features,	  transcrip;on	  data,	  fitness	  data	  and	  more.	  	  
–  40	  Interface	  descrip;on	  documents	  leading	  to	  821	  func;ons	  that	  can	  be	  compiled	  into	  

use	  for	  PERL,	  Python,	  Java,	  and	  R.	  
–  Prototype	  Search,	  Workflow	  and	  Novel	  Narra;ve/Notebook	  interfaces	  for	  naviga;ng,	  

analyzing	  and	  building	  knowledge	  in	  KBase	  
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KBase 2013: 18 Months Deliverables Exceed Spec. 
i.  For	  microbial	  systems,	  from	  100-‐1000	  microbes:	  Reconstruct	  and	  Predict	  Metabolic	  and	  Gene	  Expression	  

Regulatory	  Networks	  to	  Manipulate	  Microbial	  Func;on	  
i.  Metabolic	  and	  regulatory	  reconstruc;ons	  for	  5534	  prokaryo;c	  and	  161	  archaeal	  genomes	  
ii.  7830	  genome	  annota;ons,	  23,058,670	  features	  predicted	  
iii.  12,620	  regulons	  with	  266,345	  protein	  families	  inferred	  
iv.  4985	  metabolic	  models	  including	  a	  total	  of	  16,196	  compounds	  and	  13,428	  reac;ons	  
v.  6202	  growth	  curves,	  1,947,690	  strain	  fitness	  measurements;	  3227	  gene	  expression	  data	  sets	  
vi.  	  Services	  for	  assembly,	  annota;on,	  phylogenomics,	  regulatory	  and	  metabolic	  networks	  inference,	  FBA	  and	  PROM	  modeling	  of	  

metabolism,	  reconcilia;on	  and	  improvement	  of	  models	  against	  data	  

ii.  For	  plant	  systems,	  for	  10	  key	  plants	  related	  to	  DOE	  missions:	  Integrate	  Phenotypic	  and	  Experimental	  Data	  and	  
Metadata	  to	  Predict	  Biomass	  Proper;es	  from	  Genotype	  and	  Assemble	  Regulatory	  Data	  to	  Enable	  Analysis,	  Cross-‐	  
Comparisons,	  and	  Modeling	  

i.  Over	  175	  eukaryo;c	  genomes	  including	  many	  variants	  of	  Poplar,	  Arabidopsis,	  Sorghum,	  Chlamydomonas,	  Brachypodium,	  
Miscanthus,	  Switchgrass	  as	  well	  as	  many	  other	  algae	  and	  fungi.	  	  

ii.  Phenotypes	  for	  genome	  variants	  of	  plants	  and	  services	  for	  calling	  the	  gene;c	  varia;on	  among	  individuals.	  	  
iii.  Services	  for	  varia;on	  calling,	  mapping	  genotype-‐to-‐phenotype	  via	  GWAS	  style	  analysis	  and	  tools	  for	  candidate	  gene	  filtering,	  

trait	  modeling,	  and	  pathway	  enrichment,	  	  
iv.  731	  gene	  expression	  experiments	  in	  Arabidopsis	  and	  Poplar;	  Plant	  co-‐expression	  network	  analysis	  for	  all.	  	  
v.  Ini;al	  plant	  metabolic	  modeling	  

iii.  For	  Microbial	  Communi;es:	  Model	  Metabolic	  Processes	  within	  Microbial	  Communi;es	  and	  Mine	  Metagenomic	  
Data	  to	  Iden;fy	  Unknown	  Genes	  

i.  Access	  to	  11,000	  metagenomes(>21	  TBp)	  
ii.  Integrated	  KBase	  access	  to	  QIIME	  func;onality	  
iii.  New	  tools	  for	  metagenome	  sequence	  quality	  assessment	  and	  experimental	  design	  
iv.  Services	  for	  taxonomic	  and	  gene	  iden;fica;on,	  abundance,	  and	  a	  host	  of	  other	  func;ons	  
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WHY DO WE NEED KBASE? 
The	  community	  document	  is	  not	  a	  specifica;on,	  	  though…	  
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Our goals drive our specification 

•  We	  believe	  it	  is	  necessary	  to	  solve	  the	  grand	  challenges	  in	  
biological	  control	  of	  environmental	  and	  energy	  process.	  	  

•  We	  believe	  it	  is	  necessary	  to	  deal	  with	  deep	  issues	  in	  scien;fic	  
communica;on	  and	  reproducibility	  

•  We	  need	  to	  lower	  the	  barriers	  to	  computa;onally	  efficient	  use	  of	  
advanced	  algorithms	  and	  data	  from	  diverse	  producers.	  

•  We	  believe	  we	  need	  to	  do	  this	  together-‐-‐	  leveraging	  many	  minds.	  
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The number of bioinformatics resources is huge 

q  An	  increasing	  number	  of	  data	  warehouses	  since	  biology	  is	  becoming	  a	  big	  data	  discipline	  (e.g.,	  
NCBI,	  Ensembl,	  etc.)	  

q  Specialized	  applica;ons	  and	  databases	  for	  rela;vely	  generic	  analyses	  (e.g.,	  MG-‐RAST	  and	  
MicrobesOnline)	  

q  Evolving	  libraries	  of	  sophis;cated	  computa;onal	  biology	  algorithms	  for	  use	  in	  programming	  
environments	  (e.g.,	  Bioconductor)	  

q  Workflow	  tools	  that	  allow	  the	  chaining	  of	  these	  algorithms	  together	  by	  non-‐programmers	  (e.g.,	  
Galaxy	  and	  Taverna)	  

q  Workflow	  sharing	  tools	  to	  allow	  people	  to	  use	  each	  other’s	  work	  products	  

q  Open-‐access	  publica;on	  of	  journal	  ar;cles	  with	  increasing	  use	  of	  seman;c	  tagging	  

q  Scien;fic	  social	  networks	  (e.g.,	  ResearchGate,	  Epernicus,	  etc.	  )	  
	  

	   	   	   	   	   	  So	  what	  is	  missing?l	  
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KBase  Concepts 

•  KBase	  drives	  data	  through	  models	  
to	  predic;ons	  and	  experimental	  
design.	  

•  KBase	  accelerates	  reproducible,	  
reusable,	  and	  transparent	  science.	  

•  KBase	  deeply	  enables	  scien;sts	  to	  
work	  together	  to	  approach	  
complex	  biological	  problems.	  	  

•  KBase	  gives	  credit	  where	  it	  is	  due	  
and	  privacy	  where	  it	  is	  needed.	  	  	  	  

•  KBase	  is	  an	  open	  somware	  and	  data	  
environment	  to	  which	  others	  can	  
contribute	  and	  with	  which	  others	  
can	  build.	  	  
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User	  Access	  

Services	  and	  Tools	  

Empowering Users 
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What can we do that was hard before? 
•  Transparently	  access	  mul;ple	  heterogeneous	  

datasets	  and	  bioinforma;cs	  tools.	  

•  Efficiently	  annotate	  new	  microbial	  genomes	  and	  
infer	  metabolic	  and	  regulatory	  networks.	  

•  Transform	  network	  inferences	  into	  metabolic	  
models	  and	  map	  missing	  reac;ons	  to	  genes	  
using	  novel	  data	  reconcilia;on	  tools.	  

•  Design	  effec;ve	  sequencing	  strategies	  for	  
complex	  mul;-‐sample	  metagenomic	  projects	  

•  Test	  microbial	  ecological	  hypotheses	  through	  
taxonomic	  and	  func;onal	  analysis	  of	  quality-‐
assessed	  metagenomic	  data	  

•  Predict	  plant	  gene	  func;on	  and	  molecular	  
phenotype	  via	  naviga;on	  and	  analysis	  of	  ;ssue-‐
specific	  co-‐expression	  networks.	  

•  Discover	  gene;c	  varia;ons	  within	  plant	  
popula;ons	  and	  map	  these	  to	  complex	  
organismal	  traits.	  

•  Share	  data,	  analysis	  tools,	  workflows	  and	  
scien;fic	  conclusions	  with	  the	  community.	  	  
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Microbes 

Our	  overall	  goals	  are	  to:	  
	  
•  Reconstruct	  and	  predict	  metabolic	  and	  	  

gene	  expression	  regulatory	  networks	  to	  	  
manipulate	  microbial	  func;on	  

•  Vastly	  increase	  the	  capability	  of	  the	  
	  scien;fic	  community	  to	  communicate	  	  
and	  u;lize	  their	  exis;ng	  data	  

•  Enable	  the	  planning	  of	  effec;ve	  	  
experiments	  and	  maximize	  our	  	  
understanding	  of	  microbial	  system	  func;on	  

Chip-‐chip	  Binding	  sites	  

Experiment	  Evidence	  Type	  Data	  

Genome	  sequences	  

Transcriptomics	   Metabolomics	  

Growth	  curves	  

Flux	  tracing	  

Numerous	  experimental	  data-‐types	  will	  be	  integrated	  to	  support	  
model	  fiong	  and	  valida;on.	  

Proteomics	  

Growth	  phenotypes	  
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Rapidly	  building	  understanding	  of	  microbe	  behavior 

Assembly	  

Annota;on	  

Genome	  sequence	  

Metabolic	  
model	  

reconstruc;on	  

Phenotype	  
simula;on	  

Phenotype	  
Reconcilia;on	  

Valida;on	  experiments	  

Workspace	  

Genome	  
sequence	  

Central	  store	  

Genome	  	  
Annota;on	  

Metabolic	  
model	  

Predicted	  
phenotypes	  

Uploaded	  exp.	  
data	  

Reconciled	  
model	  

Reference	  
sequences	  

Reference	  
annota;ons	  

Reference	  
models	  

Reference	  
phenotypes	  

Comparison	  
genomes	  

Comparison	  
phenotypes	  

Compute	  

Large-‐scale	  
assembly	  

computa;ons	  

Large-‐scale	  
BLAST	  and	  
sequence	  
alignment	  

Metabolic	  
model	  

gapfilling	  

Metabolic	  
model	  

reconcilia;on	  
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Biological	  trends	  across	  the	  tree	  of	  life	  

Large-‐scale	  
query	  for	  
genomes	  

Extract	  
annota;ons/

models	  

Genome	  sequence	  

Construc;on	  
applica;on	  of	  
templates	  

Workspace	  

Genome	  
sequence	  

Central	  store	  

Genome	  	  
Annota;on	  

Metabolic	  
model	  

Predicted	  
phenotypes	  

Uploaded	  exp.	  
data	  

Reconciled	  
model	  

Reference	  
sequences	  

Reference	  
annota;ons	  

Reference	  
models	  

Reference	  
phenotypes	  

Comparison	  
genomes	  

Comparison	  
phenotypes	  

M
et
ab
ol
ic
	  d
ist
an
ce
	  

Phylogene;c	  distance	  
Ruthia'magnifica'

Denitrovibrio'ace3philus'

Sphingomonas'sp.'

Nitrobacter''
winogradskyi'

Chlamydophila''
felis'

Flavobacteriales''
bacterium'

Bifidobacterium'bifidum'

Neisseria'meningi3dis'Veillonella'parvula'

Leuconostoc'
mesenteroides'

Streptococcus''
pyogenes'

Staph.'
'epidermidis'

Bacillus'cereus'

Escherichia'coli'

Edwardsiella'tarda'
Vibrio'cholerae'

Biomass!
UNIFIED-TEMPLATE-MODEL-

DNA$
sequence$

Tailored$
model$with$
phenotype$
predic8ons$

Assessing	  “completeness”	  of	  
our	  understanding	  

Sta;s;cal	  
analysis	  of	  

data	  
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Driving	  discovery	  in	  experimental	  biology	  	  

Assembly	  

Annota;on	  

Genome	  sequence	  

Modeling	  

Regulatory	  
network	  

reconstruc;on	  

Compare	  close	  
cul;vable	  
organisms	  

Valida;on	  experiments	  

Workspace	  
Genome	  
sequence	  

Central	  store	  

Genome	  	  
Annota;on	  
Metabolic	  
model	  

Regulatory	  
network	  

Reference	  
sequences	  
Reference	  
annota;ons	  
Reference	  
models	  

Reference	  
networks	  

Comparison	  
genomes	  

Comparison	  
phenotypes	  

Predic;on	  of	  
culture	  

condi;ons	  
Predict	  
media	  

Reference	  
Media	  

Predict	  nutrients	  required	  for	  
biomass	  biosynthesis	  

Predict	  poten;al	  nutrients	  
that	  may	  inhibit	  growth	  	  

Compare	  models	  and	  
predicted	  growth	  behavior	  of	  
nearby	  cul;vable	  microbes	  
with	  genome	  of	  interest	  

Explore	  microbe-‐microbe	  
codependency	  or	  microbe-‐	  
host	  dependency	  hypotheses	  
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KBase Communities Supports Massive Metagenomics 

•  Automated	  processing	  and	  
analysis	  of	  metagenomic	  
data	  (16s/18s,	  shotgun	  
metagenome,	  meta	  
transcriptome)	  

•  Incorpora;on	  of	  MG-‐RAST	  
and	  QIIME	  func;onality	  

•  Novel	  sequence	  QC	  
pipelines	  (DRISEE)	  

•  Evidence-‐based	  design	  of	  
metagenomic	  experiments	  

Who$are$they?$

What$are$they$doing?$
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KBase-Plants: Targeted genomes 

Poplar Arabidopsis 

Sorghum 

Miscanthus Switchgrass 

Brachypodium Chlamydomonas 
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From reads through variants to phenotypes 

KBase 
Fastq&

BWA&

Filter&

Novo&

Hydra&

BWA&BWA&

Filter& Filter&

Novo&Novo&
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Maize Test Run 

Align and call SNPs from 35M 80bp (14Gbp) reads with maize genome (zmb73v2) 

Identified 372k high confidence SNPs 

*es;mated	  ;me	  

Serial	  
	  

Mul5tcore	   KBase	  Cloud	  

Config	   1	  core	  
(1	  node)	  

44	  core	  
(1	  node)	  

118	  cores	  
(15	  	  nodes)	  

Bow;e2	   45	  h*	   1h	  10m	   23	  m	  

Sort	  
	  

2	  hr	   2	  hr	   N/A	  

Samtools	   2	  hr	   2	  hr	   12	  m	  

End-‐to-‐End	  	  
Speedup	  

50h*	  
1x	  

5h	  10m	  
9.6x	  

35	  m	  
86x	  
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Maize Population Analysis 
Align and call SNPs from 131 maize samples  

1TB fastq / 408Gbp input data 

*es;mated	  ;me	  

Serial	  
	  

KBase	  cloud	  
(small)	  

KBase	  Cloud	  
(large)	  

Config	   1	  core	  
(1	  node)	  

210	  cores	  	  
(15	  nodes)	  

854	  cores	  
(61	  	  nodes)	  

Bow;e2	   1311	  hr*	   19.5	  hr	   5	  hr	  

Sort	  
	  

58	  hr*	   N/A	   N/A	  

Samtools	   58	  hr*	   3.5	  hr	   1.5	  hr	  

End-‐to-‐End	  	  
Speedup	  

1427	  hr*	  
1x	  

23	  hr	  
62x	  

6.5	  hr	  
219x	  



Networks: Cross-cut example 

II. Facilitate building predictive models 

I. Networks-based knowledge discovery 

III. Infrastructure for scientific social networks 

§  Networks-based ontologies  §  Gene-ontologies matcher 

	  	  
	  	  

	  	  
	  	   	  	  	  

	  	  
	  	  

	  	  
	  	   	  	  	  

§  Networks-based reliable orthologs 

datasets 

ontologies 

SFAs	  
BRCs	  
…	  

Algorithms and UI tools to 
search and analyze best 
matched network 
components for a user 
specified gene set 

Plant	  genomes	  	  
co-‐expression	  based	  func;onal	  orthologs	  
(Mutwil	  et	  al.	  Plant	  Cell	  2011)	  
	  

Microbial	  genomes	  
co-‐localiza;on	  based	  reliable	  orthologs	  
	  

§  Networks quality control 

§  Networks of algorithms similarity 

§  Networks of scientific communities and projects 

Assign	  quality	  measures	  to	  KBase	  networks	  to	  allow	  
healthy	  compe;;on	  between	  algorithms	  and	  teams	  

Allows	  KBase	  to	  diversify	  its	  menu	  of	  algorithms	  and	  
avoid	  algorithms	  producing	  nearly	  iden;cal	  results	  

Support	  narra;ve	  interface.	  Social	  networks	  
connec;ng	  users	  and	  joint	  projects	  



Datasets and Networks API 

KBase	  domain	   Dataset	  sources	   Datasets	  

Microbes	   7	   5099	  
Plants	   6	   46	  

Communi;es	   1	   1	  

GENE-GENE 
network 

GENE-CLUSTER 
network 

MIXED 
network 

PPI	  complex	  

regulon	  

INTEGRATED 
network 

I. Datasets: collected, processed, classified 

Network	  types	  

REGULATORY_NETWORK	   CO_FITNESS	  

PROT_PROT_INTERACTION	   CO_EXPRESSION	  

METABOLIC_SUBSYSTEM	   FUNCTIONAL_ABUNDANCE	  

FUNCTIONAL_ASSOCIATION	   PHYLOTYPE_ABUNDANCE	  

II. Networks API: provide heterogeneous networks in unified format 

Networks build methods 
Network	  buildFirstNeighborNetwork(	  

	  list<string>	  datasetIds,	  	  
	  list<string>	  en;tyIds,	  	  
	  list<EdgeType>	  edgeTypes)	  

Network	  buildInternalNetwork(	  
	  list<string>	  datasetIds,	  	  
	  list<string>	  geneIds,	  	  
	  list<EdgeType>	  edgeTypes)	  	  

Datasets management methods 
list<Dataset>	  	  allDatasets()	  
list<DatasetSource>	  allDatasetSources()	  
list<NetworkType>	  	  allNetworkTypes()	  	  
…	  



Networks Workbench 

SEED Subsystems 

RegPrecise regulons PPI complexes 

Iterative exploration and building 
network components 

powered by the developed Networks API 

fadB, fadD, fadI, fadJ 
genes 

Gene clusters associated with  
genes from dock panel 

Putative members of the 
same network component 
(docked genes)  

selected cluster 

	  	  

add to dock, and 
restart  

three genes from Fatty acid degradation pathway 



ENSURING IMPACT 
Working	  with	  collaborators	  early	  
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Using KBase framework to enable PROM 

•  Nathan	  Price’s	  probabilis;c	  regula;on	  
of	  metabolism	  (PROM)	  integrates	  
metabolic	  models	  and	  func;onal	  data	  
to	  make	  beIer	  predic;ons	  of	  growth	  
given	  gene;c	  or	  transcrip;on	  varia;on.	  

•  Difficult	  to	  access	  and	  for	  people	  to	  use.	  	  

•  Previously	  applied	  to	  just	  two	  
organisms.	  	  

•  Now	  a	  KBase	  service	  that	  can	  be	  
applied	  to	  any	  genome	  for	  which	  there	  
is	  expression	  or	  varia;on	  data.	  	  

•  Tes;ng	  on	  Shewanella	  oneidensis	  MR-‐1	  
with	  transcrip;on,	  TF	  knockout	  and	  
growth/fitness	  data	  available	  in	  KBase.	  
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KBase Microbial Communities Analysis Tools to Discover Niche 
Selection in Crop Soil Aggregates 

Kirsten	  Hofmockel,	  Iowa	  State,	  used	  KBase	  services	  to	  analyze	  and	  compare	  metagenomes	  from	  different	  
sized	  soil	  aggregates	  across	  different	  crop	  treatments.	  
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Varia;on	  in	  Lignin	  Composi;on	  and	  Content	  
 Extreme	  varia5on	  contained	  in	  na5ve	  popula5ons	  of	  Populus	  detected	  in	  
common	  garden	  experiments	  linked	  to	  genes	  using	  Associa5on	  Gene5cs	  	  

Assemble	  a	  
popula;on	  

GWAS	  
Analysis	  

Create	  a	  SNP	  
library	  

Phenotype	  the	  
popula;on	  

Work with Tuskan (ORNL) & DiFazio (WVU) 
Identifies important SNPs 
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HOW ARE WE BUILDING KBASE? 
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Inference	  of	  gene	  
structure	  and	  

annota;on	  by	  homology	  

Direct	  measurement	  
and	  Guilt-‐by-‐Associa;on	  

Func;on	  
Inference	  

Inference	  of	  networks	  
and	  sugges;ons	  for	  gap-‐

filling	  

Behavioral	  predic;on	  
and	  design	  

Define over research “paths” 

KBase&Workflow&Model& Driving&data&towards&dynamic&models&of&func;on&

Best&

Tested&

Models&

Knowledge&

Most&

“Useful”&

Data&

Most&

Successful&

Protocols&

User&

Input&

Data&

Access&&&

Search&

Data&

Interchange&

Services&

Registra;on

,&Naming&&&

Loca;on&

Data&

Management&

Services&

Common&

Layer&

Security&

Services&

Compute&

Services&

User&

Interface&

Services&

Graphics&

&&Images&

Services&

Func;onal&Inference&in&Genomes&and&Metagenomes&

Metabolic,&Regulatory,&and&Community&Network&Inference&

ModelObased&Analysis&&&Eng.&

Compara;ve&Analysis&of&

Predic;ons&

a&

b&

d&

c&

e&

f&

g&

h&

i&

j&

k&

l&

m&

n&

p&

q&

r&

o&

s&

t&

u&

v&

w&

x&

α&

β&

γ&

δ&

β&

ε&

A& B&

C&

D& E& F& G&

H&
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Inference	  of	  gene	  
structure	  and	  

annota;on	  by	  homology	  

Direct	  measurement	  
and	  Guilt-‐by-‐Associa;on	  

Func;on	  
Inference	  

Inference	  of	  networks	  
and	  sugges;ons	  for	  gap-‐

filling	  

Behavioral	  predic;on	  
and	  design	  

Measures	  of	  confidence	  
and	  quality	  

Clearinghouse	  of	  formal	  
predic;ons/hypotheses	  

User	  communi;es	  

KBase&Workflow&Model& Driving&data&towards&dynamic&models&of&func;on&

Best&

Tested&

Models&

Knowledge&

Most&

“Useful”&

Data&

Most&

Successful&

Protocols&

User&

Input&

Data&

Access&&&

Search&

Data&

Interchange&

Services&

Registra;on

,&Naming&&&

Loca;on&

Data&

Management&

Services&

Common&

Layer&

Security&

Services&

Compute&

Services&

User&

Interface&

Services&

Graphics&

&&Images&

Services&

Func;onal&Inference&in&Genomes&and&Metagenomes&

Metabolic,&Regulatory,&and&Community&Network&Inference&

ModelObased&Analysis&&&Eng.&

Compara;ve&Analysis&of&

Predic;ons&

a&

b&

d&

c&

e&

f&

g&

h&

i&

j&

k&

l&

m&

n&

p&

q&

r&

o&

s&

t&

u&

v&

w&

x&

α&

β&

γ&

δ&

β&

ε&

A& B&

C&

D& E& F& G&

H&

Link design to KBase Concepts 
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KBase&Workflow&Model& Driving&data&towards&dynamic&models&of&func;on&

Best&

Tested&

Models&

Knowledge&

Most&

“Useful”&

Data&

Most&

Successful&

Protocols&

User&

Input&

Data&

Access&&&

Search&

Data&

Interchange&

Services&

Registra;on

,&Naming&&&

Loca;on&

Data&

Management&

Services&

Common&

Layer&

Security&

Services&

Compute&

Services&

User&

Interface&

Services&

Graphics&

&&Images&

Services&

Func;onal&Inference&in&Genomes&and&Metagenomes&

Metabolic,&Regulatory,&and&Community&Network&Inference&

ModelObased&Analysis&&&Eng.&

Compara;ve&Analysis&of&

Predic;ons&

a&

b&

d&

c&

e&

f&

g&

h&

i&

j&

k&

l&

m&

n&

p&

q&

r&

o&

s&

t&

u&

v&

w&

x&

α&

β&

γ&

δ&

β&

ε&

A& B&

C&

D& E& F& G&

H&

Inference	  of	  gene	  
structure	  and	  

annota;on	  by	  homology	  

Direct	  measurement	  
and	  Guilt-‐by-‐Associa;on	  

Func;on	  
Inference	  

Inference	  of	  networks	  
and	  sugges;ons	  for	  gap-‐

filling	  

Measures	  of	  Confidence	  
and	  Quality	  

Clearinghouse	  of	  
Predic;ons/Hypotheses	  

User	  Communi;es	  
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Three	  “Products”	  highlighted	  on	  Home	  Page	  
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KBase Labs 

•  Labs	  are	  prototypes	  and	  
applica;ons	  that	  
demonstrate	  KBase	  
present	  and	  possible	  
future	  func;on.	  

•  Early	  stage	  func;onality	  
both	  provides	  u;lity	  and	  a	  
way	  for	  the	  community	  to	  
provide	  feedback.	  	  
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IRIS: Command-Line On the Web 

IRIS	  is	  a	  web-‐based	  terminal	  to	  give	  you	  access	  to	  the	  full	  
KBase	  command	  line	  without	  the	  need	  to	  install	  anything!	  	  	  

Metabolic	  workflow	  in	  IRIS	  

User	  enters	  
commands	  

Command	  and	  
result	  history	  

User	  data	  upload	  

Directory	  of	  
services	  
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Command Line 

•  Command-‐line	  environment	  
for	  programmers	  

•  Available	  via	  downloadable	  
Macintosh	  DMG	  or	  Ubuntu	  
(linux)	  image	  

•  Installs	  clean	  environment	  
for	  KBase	  applica;on	  
development	  

Reads to SNPs in Five Easy Steps 

1.  Iden'fy*reference*genome*
$*all_en''es_Genome*6f*scien'fic_name*|*grep*6i*’Populus’*

2.  Upload*Reads*to*KBase*cloud*
$*jk_fs_put_pe*populus.1.fq.gz*populus.2.fq.gz*populus*

3.  Align*Reads*with*Bow'e2*
$*jk_compute_bow'e*6in=populus.pe*6org=populus*6out=populus_align*

4.  Call*SNPs*with*SAMTools*
$*jk_compute_samtools_snp*6in=populus_align*6org=populus*6out=populus_snps*

5.  Merge*and*Download*VCF*files*
$*jk_compute_vcf_merge*6in=populus_snps*66alignments=populus_align*6out=populus.vcf*
$*jk_fs_get*populus.vcf*

Populus	  reads	  to	  SNPs	  in	  Five	  Easy	  Steps	  
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View	  Objects	  Produced	  by	  Analysis	  in	  an	  Online	  Collabora5ve	  Workspace	  

•  Object	  model	  supports	  provenance,	  meaning	  all	  previous	  versions	  of	  the	  objects	  can	  be	  retrieved	  

•  Workspace	  browser	  provides	  direct	  links	  to	  view	  any	  object	  contained	  in	  the	  workspace	  

Prototype collaborative workspaces 
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Visualizing	  Metabolic	  Models	  and	  FBA	  in	  KBase	  

Simple	  Tabular	  Views	   Interac5ve	  metabolic	  maps	  and	  models	  

Compara5ve	  Model	  Viewer	   Network	  Analysis	  Workbench	  

All	  views	  may	  be	  used	  for	  all	  public	  and	  private	  models	  and	  FBA	  solu5ons	  
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KBase	  Search	  Web	  Applica;on	  

Search	  
Architecture	  

KBase	  Search	  Developer	  API	  

External	  
Applica;on	  

External	  
Applica;on	  

KBase	  Solr	  
Infrastructure	  

Central	  
Store	  

Auxiliary
Store	  

Workspace	  

Search Prototype 
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…	  

Search	  with	  keyword:	  thermocellum	  

results	  organized	  
using	  central	  data	  

model	  

link	  to	  external	  
data	  in	  PUBMED	  
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Genome	  page	  

links	  to	  
features	  

genome	  
details	  

…	  
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Gene	  page	  

links	  to	  
related	  content	  

gene	  
details	  

sequences	  
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Initial Platform Modules 

OpenStack*Development*and*Scaling* KVM*Produc9on*Endpoints*

Perl* Python* Javascript* Java* Torque* Hadoop*

Shock* MongoDB*

Auxiliary*Store* Repositories* User*Workspace* Central*Store*

Authen9ca9on* En9ty*Rela9onship*Service* Service*Registry*

Cluster*Service* ID*Service*Authoriza9on* Type*Compiler*

Experiments*Service* Transla9on*Service* Protein*Info*Service*

Metagenomics*R*Tools** Tree*Service* Assembly*Service*

Metagenomics*API* Annota9on*Service* PROM*Service*

Similarity*Service* Prophage*Finder* Ontology*Service*

Plant*Expression*Service* Genotype*Phenotype*Service*

Read*QC*Service* FBA*Modeling*Service* Network*Service*

Workspace*
*Browser*

Data 
Stores 

Services 

Cloud 
Virtualization 

GUI 
Components 

Infrastructure 
Services 

Language 
Support 

Mysq*

Genome*
Browser*

Genotype*Phenotype*
*Workbench*

IRIS* Search* Core*Model*Viewer* iPy*Notebook*
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Initial KBase Services 

•  IRIS	  
•  KBase	  Notebook	  
•  Auxiliary	  Store	  Service	  
•  Communi;es	  API	  
•  Metagenomics	  Analysis	  Tools	  R	  
•  QC	  Service	  	  
•  Annota;on	  Service	  	  
•  Central	  Store	  	  
•  Core	  Model	  Viewer	  	  
•  Experiment	  data	  	  
•  FBA	  Modeling	  	  
•  Metabolic	  Map	  Viewer	  	  
•  Microbes	  Model	  Builder	  	  
•  Phispy	  	  
•  Probabilis;c	  Annota;on	  
•  Protein	  Info	  service	  	  
•  Regula;on	  Service	  
•  Similarity	  Service	  	  	  

•  Transla;on	  Service	  	  
•  Workspace	  Service	  	  
•  KB	  Model	  Seed	  	  
•  Tree	  Service	  	  
•  Assembly	  Service	  	  
•  Authoriza;on	  Service	  	  
•  Network	  Service	  	  
•  Genotype	  Phenotype	  Service	  	  
•  Genotyping	  Service	  	  
•  Ontology	  Service	  Plant	  	  
•  Expression	  Service	  	  
•  Authen;ca;on	  and	  Authoriza;on	  Client	  
•  Cluster	  Service	  	  
•  ERDB	  service	  	  
•  File	  Type	  Service	  	  
•  ID	  Service	  	  
•  Registry	  	  
•  Type	  Compiler	  	  
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Concerns

Named	  By

Identifies

Is	  Located
In

Assigned

Is	  In	  
Taxa

Exists	  In

Is	  In	  Class

Belongs	  
To

Subsystem	  
Class

Taxonomic	  
grouping

Genome

VariantRole

Feature

DNA	  
sequences

Subsystem

Identifier

Protein	  
sequence

Role	  Set

GPR	  
Association

Publication

Reaction

Compound

Metabolic	  
Model

Is	  Modeled	  By

Biomass	  
Reaction

Growth	  
Phenotype

Culture	  
Conditions

Expression	  
Experiment

Reactant	  Of

Included	  In

Predicted	  By

Observed
In

Depends	  On

Named	  By Named	  By

Encodes	  
protein	  For

Included	  in

Experimentally	  Observed	  For

Expression	  
level

Atomic	  
Regulon

Is	  associated	  withRelated	  to

IncludesConsistent	  
with

Is	  comprised	  of

KBase	  Central	  Data	  Model	  
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Data	  Stores:	  Storing	  a	  diverse	  range	  of	  biological	  data	  
requires	  mul;ple	  approaches:	  
-‐	  Highly	  structured	  data	  in	  rela;onal	  databases	  
-‐	  Frequently	  changing	  user	  data	  
-‐	  Large	  bulk	  data	  	  
	  

	  	   	  	  	  	  	  	  	  	  
	  	  

	  	  	  	  	  	  	  	  
	  	  	  	   	  	  	  	  	  	  	  	   	  	  	  	  

	  	  	  	  	  	  	  	   	  	  	  	  

	  	  	  	  	  	  	  	   	  	  	  	   	  	  
	  	  

	  	  

	  	  
	  	  	  	  	  	  	  	  	  	   	  	  	  	  

	  	  	  	  	  	  	  	   	  	  	  	  

The KBase Data Stores 

Petabytes	  of	  	  
Raw	  Data	  

Flexible	  Storage	  
For	  Workspaces	  

Structured	  Storage	  
For	  Curated	  Data	  
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The KBase Assembly Service 
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Flux Balance Analysis Modeling Services 
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Helping users and developers manage complexity 

Website	  and	  Outreach	  
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Training 
Training	  
	  
Our	  topics	  are	  being	  determined	  based	  on	  community	  need.	  
	  
•  Tutorials:	  Learning	  the	  KBase	  system	  and	  services,	  offered	  as	  in	  person	  

sessions	  and	  online	  resources.	  Tutorials	  are	  bi-‐monthly	  star;ng	  	  April	  22nd	  
(Third	  week	  of	  April,	  June,	  August	  …)	  

•  Bootcamps:	  Developing	  in	  KBase,	  offered	  as	  monthly	  in-‐person	  sessions	  
•  Workshops:	  Solving	  scien;fic	  problems	  using	  KBase,	  offered	  annually	  
•  Data	  Jamborees:	  Using	  data	  of	  your	  choice,	  offered	  bi-‐annually	  
	  
Visit	  kbase.us	  and	  see	  our	  events	  calendar	  which	  includes	  upcoming	  
presenta5ons	  and	  training	  (direct	  link	  to	  calendar:	  hIp://kbase.us/news/
upcoming-‐events/)	  
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Scheduled	  KBase	  Events	  can	  be	  found	  at	  hSp://kbase.us	  	  	  

When and Where 
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Online Resources 

•  User	  manuals	  and	  tutorials	  
•  Video	  tutorials	  (coming	  soon)	  
•  Developer	  documenta;on	  

•  Calendar	  of	  events	  
•  FAQs	  
•  Press	  

help@kbase.us	  	  
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New Site for Easy Navigation 
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IRIS	  
Genome	  Browser	  
Core	  Model	  Viewer	  

...	  
Glimpse	  the	  Future	  

Search	  
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Extensive Tutorials and Documentation 
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Extensive Tutorials and Documentation 
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MOAs and Collaborations 

•  Coordina;on	  and	  shared	  milestones	  with	  the	  BRCs	  

•  Infrastructure	  collabora;ons	  with	  JGI,	  EMSL,	  NERC.	  

•  Scien;fic	  collabora;ons	  with	  ENIGMA,	  PMI,	  and	  other	  SFAs	  

•  MOAs	  with	  NSF	  NSF	  for	  iPLANT	  and	  pending	  for	  USDA	  

•  Prepara;on	  for	  collabora;on	  and	  support	  for	  future	  DOE	  calls	  

•  Needs	  survey,	  bootcamps,	  and	  scien;fic	  discussions	  with	  >70	  
community	  scien;sts.	  
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What next? 
Building	  a	  starship	  in	  deep	  space?	  
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Into the future 

•  The	  data	  model	  must	  evolve	  to	  
support	  the	  modeling	  mission	  

•  A	  framework	  for	  turning	  
bioinforma;cs	  algorithms’	  output	  
into	  models	  needs	  further	  
development	  

•  Theory	  for	  integra5ve,	  cross-‐scale	  
predic5ve	  biology	  under	  
development	  

•  Much	  beIer	  ontologies	  for	  nearly	  
everything	  

•  Building	  the	  social	  tools.	  

•  Need	  to	  improve	  data	  import,	  
quality	  assessment	  and	  metadata	  

•  Efficient	  incorpora;on	  of	  new	  third	  
party	  algorithms	  and	  support	  with	  
scalable	  compu;ng.	  	  

•  Growing	  a	  strong	  external	  
development	  community	  while	  
maintaining	  quality,	  stability	  and	  
vision.	  

•  Launching	  the	  KBase	  Founda;on	  to	  
ease	  licensing	  and	  growth	  of	  KBase	  
user	  par;cipa;on.	  	  

A	  more	  concrete	  view	  of	  the	  “Narra;ve”	  interface	  
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Narrative Desiderata 

•  Users	  can	  share	  knowledge	  at	  	  at	  mul5ple	  levels	  of	  
granularity	  

–  Cut	  and	  paste	  parts	  of	  narra;ves	  to	  reuse	  workflows	  
–  Cross-‐cita;on	  and	  branching	  of	  narra;ves	  

•  Project	  management	  
–  Crea;on	  of	  teams	  allows	  management	  of	  projects	  
–  Electronic	  lab	  notebook	  for	  computa;onal	  researchers	  
–  Projects	  can	  track	  progress	  

•  Possible	  publica5on	  model	  
–  Finalized	  Narra;ves	  are	  reviewed,	  assigned	  DOI	  numbers,	  

and	  accepted	  in	  an	  appropriate	  journal	  
–  Cita;on	  metrics	  

•  Metrics	  of	  Research	  Efficiency	  
–  Times	  to	  comple;on	  of	  narra;ves	  
–  Times	  from	  hypothesis	  to	  confirming	  data/narra;ves	  

•  User,	  data,	  and	  algorithm	  ra5ngs	  by	  how	  many	  ;mes	  
the	  products	  appear	  in	  or	  are	  cited	  by	  narra;ves.	  	  

–  Can	  be	  aggregated	  by	  user,	  team,	  loca;on,	  agency	  
–  People	  networks	  can	  be	  inferred	  by	  looking	  at	  team,	  

cita;on,	  and	  comment	  structures.	  	  
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Refining	  the	  Metabolic	  Model	  for	  Escherichia	  coli	  F11	  
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I'll	  start	  by	  geong	  the	  genome	  of	  E.	  coli	  F11	  from	  the	  KBase	  Central	  Data	  Store.	  
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Search	  Escherichia	  coli	  F11	  
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Let’s	  take	  a	  look	  at	  this	  genome.	  
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Comment	  by	  bobtheguy@kbase.us:	  
	  
I’ve	  grown	  this	  without	  serine,	  but	  the	  genes	  for	  serine	  are	  missing	  in	  this	  automated	  
reconstruc;on.	  I	  think	  you’ll	  need	  to	  add kb|g.362.peg.287,	  kb|g.382.peg.123,	  and	  kb|g.
382.peg.898.	  

X	  close	  
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Search	  
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Concept:	  Interac;ve	  community	  knowledge	  
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Into	  the	  future	  
•  The	  data	  model	  must	  evolve	  to	  

support	  the	  modeling	  mission	  

•  A	  framework	  for	  turning	  
bioinforma;cs	  algorithms’	  output	  
into	  models	  needs	  further	  
development	  

•  Theory	  for	  integra5ve,	  cross-‐scale	  
predic5ve	  biology	  under	  
development	  

•  Much	  beIer	  ontologies	  for	  nearly	  
everything	  

•  Building	  the	  social	  tools.	  

•  Need	  to	  improve	  data	  import,	  
quality	  assessment	  and	  metadata	  

•  Efficient	  incorpora;on	  of	  new	  third	  
party	  algorithms	  and	  support	  with	  
scalable	  compute.	  	  

•  Growing	  a	  strong	  external	  
development	  community	  while	  
maintaining	  quality,	  stability	  and	  
vision.	  

•  Launching	  the	  KBase	  Founda;on	  to	  
ease	  licensing	  and	  growth	  of	  KBase	  
user	  par;cipa;on.	  	  

A	  more	  concrete	  view	  of	  the	  “Narra;ve”	  interface	  



Thanks	  to	  our	  Team	  and	  DOE!	  
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Thank	  you!	  
Visit	  us	  at	  kbase.science.energy.gov	  
Contact	  us	  at	  outreach@kbase.us	  
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