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The BioCyc web portal from SRl International contains
genome and metabolic-pathway information for 9,300
microbes. BioCyc databases are unique in integrating

a diverse range of data and providing a high level

of curation for important microbes. BioCyc curators
summarize and synthesize information from thousands of
publications, saving scientists time in literature research,

and integrating data for large-scale computational analyses.

BioCyc Pathway/Genome Databases (PGDB) describe
the genome of an organism, as well as its biochemical
pathways and (for a small fraction of organisms) its
regulatory network. New expanded releases occur three
times per year, often with new databases present.

Two members of the BioCyc collection, the EcoCyc [1]
and MetaCyc [2] databases, are derived from more than
three decades of literature-based curation of genome
and pathwaydata.

The HumanCyc database provides a curated collection
of many human metabolic pathways and enzymes.

BioCycbioinformatics tools combine unparalleled breadth
and user friendliness. BioCyc provides a unique set of
visualization tools to speed comprehension of its extensive
and complexdata.

BIOCYC APPLICATIONS

BioCyc databases integrate extensive data for each
organism, and provide platforms for analysis of large-scale
datasets.

BioCyc enables scientists to pursue several use cases:

e BioCyc is a massive encyclopedic reference on microbial
genes, metabolites, and pathways that integrates
information from many sources. Scientists consult BioCyc
to save large amounts of time finding, understanding,
and synthesizing material from the primary literature.

e BioCycisagenome informatics and comparative
genomics platform

e BioCyc enables exploration of a vast set of biological
networks

e BioCycprovidesgene-expression, metabolomics,
and multi-omics analysis tools

e BioCycprovidesexecutable metabolicmodels
for a small but growing set of organisms
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THE BIOCYC DATABASE COLLECTION

Each PGDB in the BioCyc collection describes the genome
and metabolic network of a single organism.

AllBioCyc PGDBs include:

e Theorganism’sannotated genome

e Predictedmetabolicpathways

e Predicted pathway hole fillers (genes coding
for missing enzymes in metabolic pathways)

e Bacterial PGDBsinclude predicted operons

e Predicted reaction atom mappings
(enable users to trace atoms from
reactants to products)

e Predicted Gibbs free energies of formation

e Generated metabolicnetwork poster and genome poster

The exact types of data present in different databases
will vary. Many databases also include:

e Proteinsubcellularlocations, enzyme kinetics data, protein
features, Gene Ontology terms, predicted Pfam domains

e Curatedregulatoryinformationincluding promoters,
operons, transcription-factorbindingsites

e Orthologrelationshipsto other BioCycgenomes
e QOrganism phenotype data

e Databaselinks

BIOCYC WEBSITE AND DATABASE COLLECTION

¢ Microbial genomes ¢ Extensive genome informatics
web portal for and comparative genomics
9,300 organisms tools

¢ Curated genome and ¢ Omics data analysis tools

metabolic pathway data ¢ Quantitative metabolic
derived from 66,000 models
publications




BioCyc databases are organized into three tiers to reflect
their quality levels:

Tier 1 Pathway/Genome Databases have received at least
one person-year, and in some cases, person-decades, of manual
curation:

e EcoCyc: The data in this Escherichia coli K-12 MG1655
database have been gathered during two decades of
literature-based curation from more than 32,000 articles [1].

e EcoCyc describes the metabolic, transport, and regulatory
machinery of E. coli. EcoCyc curators have authored the
equivalentof2,800textbook-pagesof mini-review summaries
for E. coli genes and pathways.

¢ MetaCyc: Contains 2,500 metabolic pathways and 14,000
biochemical reactions from all domains of life. MetaCyc data
and commentary were gathered from 51,000 publications
to provide a comprehensive metabolic encyclopedia whose
mini-review summaries encompass the equivalent of 7,700
textbook pages[2].

e YeastCyc: This highly curated metabolic network for

Saccharomyces cerevisiae was curated from 2,600
publications.

e HumanCyc: This database was derived from a computational
pathway analysis of the human genome, followed by
literature-based curation of human pathways and enzymes.

Tier 2 Pathway/Genome Databases were computationally
generated, and thenreceivedsignificant subsequent curation.
BioCyc Tier 2 databases include

e BsubCyc: The curated metabolicand regulatory networks
for this database cite 3,600 publications. 160 regulatory
genescontrol 1,100 regulated genes.

e Mycobacterium tuberculosis, Corynebacterium glutamicum,
Peptoclostridium difficile, Bacillus anthracis, Francisella
tularensis, Helicobacter pylori, Vibrio cholerae, and others.

Tier3Pathway/Genome Databases were computationally
generated with no subsequent curation.

BIOCYC INFORMATICS TOOLS

BioCyc provides a powerful and comprehensive set of features
for querying, visualization, and analysis [3]. These tools help
scientists find and digest information quickly.

GENOME INFORMATICS TOOLS

e Search for genomes by name, taxonomy, phenotypic properties.
e Geneinformation page

— Retrieve amino-acid sequence and nucleotide sequence
of arbitrary genome region.

- Query genes by gene name, accession number, sequence
length, replicon position, protein properties (pl, MW, protein
features, subcellular location, ligand), GO terms.

e Transcription-unit information page.

e Genome Browser (Figure 4) depicts genomicregions at
user-selected resolution with semanticzooming thatreveals
new features at higher resolutions. Visible features include
pseudogenes, promoters, transcription-factor binding
sites, repeats, terminators, nucleotide sequence.Zoom to
sequence. Generate genome poster.

e BLASTsearchsequence-patternsearchvia patmatchMap
SNPs to genes and show effects on translation.
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Figure 1: The Cellular Omics viewer ) ‘
paints omics datasets onto a diagram
of the cellular biochemical network.
Reaction lines can be colored with gene
expression, proteomics, or reaction flux e, Y \f ";R °:“ .E “‘“‘ 3‘ L] \" Figure 3: Pathway collages depict
data; compound nodes can be colored - e, ) N . a user-selected set of metabolic pathways.
LT e
with metabolomics data. Multi-omics TR
data can be analyzed by coloring
data onto reactions and metabolites
simultaneously. Omics pop-ups graph
omics data values using bar graphs, Figure 2: The Regulatory Overview depicts the transcriptional regulatory
heat maps, or X-Y plots. network in a PGDB. Here, the E. coli regulatory network is highlighted to show

genes that regulate the gntR gene (blue lines), and the genes that are
regulated by gntR (purple lines). The inner two rings are populated by
transcription factors and sigma factors; the outer ring contains other genes.



TOOLS FOR EXPLORING BIOLOGICAL NETWORKS e Regulatory Overview (Figure 2) presents the genetic

e Pathwayinformation page regulatory network stored in a PGDB.

- Each pathway shows a detailed mini-review from MetaCyc ¢ Dead-end metabolite identification algorithm.
¢ |dentify anti-microbial drug targets using a tool that

— Search pathways by name, substrates, length ; >
computes metabolicchoke points.

e Reactioninformation page
e Metaboliteinformationpage ANALYSIS TOOLS FOR GENE EXPRESSION AND

— Search metabolites by name, accession numbers, substructure, METABOLOMICS DATA

mass, monoisotopic mass, element composition ) )
e SmartTables store lists of genes or metabolites. Browse

database attributes, share with colleagues, transform
to pathway lists, perform enrichment analysis.

e Customize pathway diagrams for figures in publications
(add/remove gene names, enzyme names, chemical

structures, omicsdata)
e Cellular Omics Viewer (Figure 1) enables the user to

paint omics datasets onto the Cellular Overview diagram.
Scientists can interpret gene expression, proteomics,

and metabolomics datasetsin a pathway context, including
animation of time-course or comparative datasets

* Cellular Overview diagrams (Figure 1) are organism-specific (example animation at http:/biocyc.org/ov-expr.shtml).
depictions of metabolicand transporter networks that

are zoomable and searchable.

e Create personalized pathway diagrams — pathway collages -
by assembling groups of pathways into one diagram, moving
pathways relative to one another, customizing display styles,
and adding omics data.

e Paintomics data onto individual pathways
and pathway collages.

e Route Search tool finds minimum-cost paths between
metabolites in the metabolic network (Figure 6). Route
Search paths maximize the number of atoms conserved
from feedstock to target by using an extensive library
of reaction atom mappings.

e Regulatory Omics Viewer paints omics datasets onto
the regulatory network to enable comparisons of
expressionmeasurementswith regulatory mechanisms.

e Genome-browser tracks facility (Figure 5) allows user
datasets to be plotted against the genome.
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Metabolic Route Search of Escherichia coli K-12 substr. MG1655

Allow use of MetaCyc reactions? Il

start compound Il (aldehydo-D-xylose MetaCyc reaction cost Il (10
Goal compound Bl [ethylene glycol Native reaction cost Bl (5
Maximum time (sec) (60|
Maximum route tength [l [9
Search Routes
The 10 best (least cost) routes are displayed below
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aldehydo-D-xylose aD-xylopyr e D-xylulose D-arabitol D-ribulose

Reactions: 7

COMPARATIVE GENOMICS TOOLS

e Comparative genome browser (Figure 4, Right)
alignschromosomal regions from multiple genomes
atorthologousgenes

e Sequence alignments

e Compare pathway, reaction, metabolite, and protein
complementsofspecified organisms

e Quick navigation between corresponding entities (e.g.,
genes, pathways, metabolites) in different organisms.

e Cross-organism search findsgenes, metabolites,
pathways across BioCycorganisms

WEB EXECUTION OF METABOLIC MODELS
e Execute steady-state metabolic flux models using

flux-balance analysis

e Specify organism nutrients, secreted metabolites, and
biomass metabolitessynthesized by metabolic network

e Predictreaction fluxrates, cellular growth rates
e Visualize reaction fluxes on metabolic network diagram

e |nitial models available for Escherichia coli, Eubacterium
rectale, Bacteroides thetaiotamicron; additional
organisms tocome

ADVANCED DATABASE ACCESS

e Users can define genes, pathways, and Gene Ontology
terms in their areas of interest to receive automated
notifications of curation updates for these entities.

e Extensive web service APl provided.

e Author advanced queries: The Structured Advanced
Query Form enables intuitive construction of database
queries of SQL power using a Web-based interface.

SRI Internatlonal

333 Ravenswood Avenue
Menlo Park, CA 94025-3493
650.859.2000

WWww.sri.com

Figure 6: Output from the RouteSearch tool for metabolic path searching. The tool
was asked to find paths from aldehyde-D-xylose to ethylene glycol in E. coli. The
two lowest-cost paths are shown; the second path is truncated. Coloring of the
chemical structures indicates conservation of atoms along the pathways. Red arrows
indicate reactions added from MetaCyc.

ABOUT SRI'S BIOINFORMATICS RESEARCH GROUP

SRlInternational, anindependentresearch institute, is

a key player in the field of computational biology, which
uses computer science principles and powerful computing
capabilities to understand complex biological systems. SRI’s
Bioinformatics Research Group is a leader in the development
of database content and software tools for bioinformatics.
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Additional publications: http://biocyc.org/publications.shtml
FOR MORE INFORMATION

For information on subscribing to BioCyc please contact
biocyc@phoenixbioinformatics.org.

For technical information on BioCyc please contact biocyc-
info@ai.sri.com.

Visitourwebsite: http://biocyc.org
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