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What are we going to talk about ?

Our Approach to study of evolution of Metabolism

PUMAZ2 system (http://compbio.mcs.anl.gov/puma?2) for high-throughput analysis
of genomes and metabolic reconstructions of PUBLIC genomes

GNARE GeNome Analysis and Research Environment
(hitp://compbio.mcs.anl.gov/gnare) a bioinformatics server that supports both
automated and interactive analysis of USER-SUBMITTED genomes and
metagenomes

Our tools
Specialized databases

Future Plans




So much data!!

Thousands of complete genomes will be available by
LOT of experimental, biochemical, phenotypic, etc

GOLD £
Genomes OnLine Databasev20

Contact: Last Update: Location
Genomesonline September 29, 2006 www.genomesonline.org

431
Fublished Complete Genaormes

57
Archaeal Ongoing Genomes
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Search GOLD: 2179 genome projects
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Bacterial Ongoing Genomes

634
Eukanyotic Ongoing Genomes
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So much data — now what?
@ Variety of biological databases
@ New tools and algorithms for pattern recognition

and comparisons of biosystems on various levels of
organization

@ Scalable computational resources (Grids,
supercomputing)




Metabolic Networks Enzymes

Protein Families




PUMAZ2 Overview
http://compbio.mcs.anl.gov/puma?2

PUMAZ2 is an Interactive Integrated Environment for High-
throughput Genetic Sequence analysis and Metabolic
reconstructions with Grid-based computational backend.

PUMAZ2 contains:

Integrates Information from over 25 genomic, metabolic,
structural and taxonomic databases

Pre-computed analysis of publicly available completely and
almost completely sequenced genomes

(517 bacteria, 41 archaeal, 24 eukaryotic, 638 mitochondrial
and 2127 viral genomes) in interactive PUMA2 framework

Automated Metabolic reconstructions for ~ 300 completely
sequenced organisms

User Models — a framework for analysis of genomes provided
by users (Shewanella federation, Apicomplexa genomes,
strains of B. anthracis, Staphylococcus, etc)

A suite of unique tools for evolutionary analysis of enzymes
and metabolic networks (Chisel, PhyloBlocks, etc)

PUMAZ satellite databases: Pathos (GLRCE biodefence),
TarGet (MCSG structural bilogy), Sentra (prokaryotic signal
transduction), SubUnit, Physiological Profiles. MetaGenomes
(PNNL Hanford Site), etc




Gnare — analysis of user -submitted genomes and
metagenomes
(http:// compbio.mcs.anl.gov/gnare )

Analysis of genomes provided by users
— Shewanella Federation,
— Pathogenes for GLRCE
(strains of B. anthracis, Y. pestis, etc)
— Strains of Staphylococcus
— Strains of Arthrobacter
— Chromohalobacter
— Hanford site metagenome
— And more....
Prediction of gene function

Automated Metabolic reconstructions
from sequence data

Interactive PUMAZ style framework

Requires ~ 4 hours for analysis of an
average bacterial genome



PUMA2/GNARE: Steps of Genome Analysis

Step 1. Assignment of functions
to genes
Characterization of proteins

Step 2. Reconstruction of
Metabolic and Functional
networks from the results of
sequence analysis

(E. Selkov 1993)

Step 3. Prediction of
Phenotypes

|dentification of Evolutionary
and Co-evolutionary patterns
and Signatures

iComparative Framework

Metabolic Reconstructions
From Sequence Data '




Sequence analysis in PUMA2/GNARE

*Pre-computed analysis of publicly available completely and almost completely
sequenced genomes by conventional bioinformatics tools: Blast, Blocks, InterPro,
TMHMM, PepStat, etc

«Automated assignment of functions to genes by PUMA2 tools: voting algorithm and
rules-based Chisel algorithm

sInteractive analysis by users in PUMA2 framework



PUMA2/GNARE Metabolic Reconstructions

Assignments of functions
resulting from Sequence
analysis are superimposed
onto collection of
Metabolic pathways from
the EMP database (over
4000 pathways)

Currently PUMAZ2 contains
automated Metabolic
reconstructions for ~ 300
completely sequenced
organisms



Metabolic
reconstructions

Comparative analysis of pathways



Searching for “missing“ enzymes...



Reconstructions from KEGG...



Taxonomic and Phenotypic Frameworks



Chisel —identification of taxonomic and phenotypic versions

of enzymes

Step 1
Rules-based clustering of enzymatic sequences

Step 2. Interactive (or automated)
development ofHMMSs, consensus sequences,
Blocks, etc for identification of taxonomic or
phenotypic variations of enzymes



Evolutionary versions of enzymes — why it's importan t?

|dentification of proteins

Diagnostics

Biotechnology

Drug design

Interpretation of MetaGenomes

» Accurate Metabolic reconstructions
Organism-specific pathways annotated
with organism-specific variations of
enzymes

ldentification of horizontal gene

transfer
The POAVIZ alignment of consensus sequences from Eukaryote

and Enterobacteria-specific clusters for 6-phosphogluconic
carboxylase (EC 1.1.1.44) created by Chisel.



Taxonomy-specific variations of enzymes in H. influenzae
R2846



Hanford Site Metagenome Analysis



PUMAZ2 Infrastructure

Secure Collaborative Computational

Framework
m Integrated Da\

over 25 databases
sequence — NCBI, PIR, UniProt, TIGR
structural — PDB, SCOP, CATH
metabolic — EMP, KEGG, Brenda, Enzyme
phenotypic — NCBI, literature

& results of pre-computed analyses

\User Annotations /

Automated Multistep Data Analysis
by variety of bioinformatics tools:
Blast Blocks, Pfam, Interpro TMHMM, etc
Chimera Controlled workflow pipelines,
automated update cycle




Gnare portal
PUMA2

Grid-based
computational
backend
GADU/Gnare

Blast NR vs NR (3,4 M l
sequences) takes '
~6, 5 days '

using Grid vs 389 days :
on 1l CPU |
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Less than 2 hours to
analyze an average

bacterial genome m————————- —‘—'—'—‘—'—'—‘—'—‘I -
(~4000 protein-coding I Grid I
genes) by Blast, Blocks, I Resources |
Pfam, Gene function I I
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Other databases: GLRCE Pathos Database

http:compbio.mcs.anl.gov/pathos

The Pathos Database provides
a Microbial Informatics
Research Core for the Great
Lakes RCE for Biodefense and

Emerqging Infectious Disease
Research (GLRCE).

It provides bioinformatics
resources for interactive and
precomputed analysis of
genomes for the biodefense
community.



Sentra — a database of prokaryotic signal transductio n
proteins
http:compbio.mcs.anl.gov/sentra



TarGet database

http:compbio.mcs.anl.gov/target

- to support selection of protein targets for

MCSG

Organism Soluble Membrane Total
Aquifex aeolicus 332 159 491
Bacillus anthracis Ames 2317 1386 3703
Bacillus anthracis Ames 509 39 (anchored) 614
(essential genes) 66 (membrane)
Yersinia pestis C0O92 1756 826 2582
Yersinia pestis KIM 866 615 1481




Here we are...



Acknowledgements

Globus: Mike Wilde, Nika Nefedova, Jens Voeckler, lan Foster:
Condor: Zach Miller, Miron Livny; Grid3 people

MCS: Rick Stevens, systems, Susan Coghlan, Von Welch and a lot of
others....




