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THINK FAST.
NOW THINK FASTER.

In terms of sensitivity, selectivity and speed, no other analytical search engine even comes close
to the remarkable Paracel FDF 4 GEneMATCHER. Now, huge database searches are
practical, affordable, and achievable in mere minutes. Quite simply, it's
the most precise high-performance tool available to help you

to zero-in on high-potential genomic targets.
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3rd Annual
Microbial Genomes Conference

Addenda -

Session Chairs and Monday Speaker

Change

Saturday, January 30, 1999

8:30 am -
12:05 pm

2:00 -
5:30 pm

Plenary Session I:

Genome Biology

Chair: André Louis Goffeau—
Université Catholique de Louvain

Plenary Session 2:
Genome Projects |
Chair: Frank Kunst-Institut Pasteur

Sunday, January 31, 1999

8:30 am -
Noon

Plenary Session 3:

Comparative Genomics

Chair: Monica Riley—Marine Biological
Laboratory

Plenary Session 4:
Genome Biology Il

Chair: Brendan W. Wren--St.
Bartholomew’s Hospital

Monday, February 1, 1999

9:00 -
11:10 am

11:45 am

Plenary Session 5:

Genome Analysis |

Chair: Terry Gaasterland-The
Rockefeller University

Updates :
Chair; Claire M. Fraser—The Institute
for Genomic Research

Philip Harriman, National Science
Foundation replaces Mary Clutter

Conference Event Location
(Second Floor unless Specified)

Welcome Reception 6:00-8:00 pm - Promenade
This reception is the conference-sponsored meal on
Friday evening. Dining room service is available to
conference attendees at their own expense.

All Plenary Sessions - Grand Dominion Ballroom
Exhibits - Jeffersonian I, IV, VI

:I’losters (Saturday) - Jeffersonian Il, IV, VI; and |,

Posters (Sunday and Monday) - Jeffersonian I,
IV, Vi; and Promenade

Sunday Lunch - Washingtonian Ballroom, 1st Floor

TIGR’s Superbowl Party - Washingtonian
Ballroom, 1st Floor. This party is the conference-
sponsored dinner on Sunday evening. Dining room
service is available to conference attendees at their
own expense.

Meals are served in the dining rooms on the second
floor unless otherwise specified.

Speaker Abstract

Phyletic and Functional Patterns of ORF
Distribution among Whole Genomes

Terry Gaasterland' and Mark A. Ragan®. 'The Rockefeller
University, NY; and 2IMB-NRC, CANADA.

Using the methodology introduced in Gaasterland & Ragan, 1998,
we assign genomic signatures to ORFs across 10 microbial
genomes. We augment the tables of signatures with functional
category annotations, gene product annotations, genomic location,
and metabolic pathway information. The resulting cross-genome
database provides a rich environment for computing answers to
statistical queries about phyletic and functional patterns of ORF
distribution. It also enables the generation of tables of ORFs that
meet particular phyletic distributions, organized by functional
category or by pathway. A genome is contained in a genomic
signature for an ORF at some score level if it contains a detectable
counterpart for that ORF at or above that level. Users define a level
by imposing threshold constraints on similarity matches (e.g., on
probability, percentage of query sequence involved in the match,
percent identity). We consider an ORF to be characteristic of a set of
genomes if it has a detectable counterpart in each of those genomes
and in no other genome. For each ORF in 10 genomes, we computed
and queried the signatures at three increasingly strict levels to
identify gene products characteristic of bacteria, characteristic of
archae, characteristic of prokaryotes, and characteristic of
prokaryotes and yeast. Using this cross-genome database, we



assessed over-representation and under-representation of functional
categories among ORFs in each group. Detailed results are given in
two companion papers (Gaasterland & Ragan, 1999; Ragan &
Gaasterland, 1999).

This talk uses the Aquifex aeolicus genome to illustrate specific
results of our study. The cross-genome database leading to our
results is available through the website maintained at
http://genomes.rockefeller.edu.

T. Gaasterland and M. Ragan, (1998), Constructing Multigenome
Views of Whole Microbial Genomes, Journal of Micrebial and
Comparative Genomics, 3(3):177-192.

T. Gaasterland and M. Ragan, (1999), Microbial Genescapes:
Phyletic and Functional Patterns of ORF Distribution among
Prokaryotes, Journal of Microbial and Comparative Genomics,
3(4):199-217.

M. Ragan and T. Gaasterland, (1999), Microbial Genescapes: A
Prokaryotic View of the Yeast Genome, Journal of Microbial and
Comparative Genomics, 3(4): 219-235.

Poster Abstracts
Genomelist

L. Jones', L Moszer" M. Klaerr-Blanchard®, C. Medigue’, A.
Viari’, A. Danchin’. ‘'Institut Pasteur, Service Informatique
Scientifique, Paris; ! Institut Pasteur, Unité de 1'Expression
Genetique, Paris; “Atelier de Biolnformatique et Institut Pasteur,
Unité de I'Expression Genetique, Paris; and ‘Atelier de
Biolnformatique, Université de Paris VII, Paris, FRANCE.

GenomeList is a Web based microbial genome browser. It allows for
the search in a microbial genome by various criteria. These criteria
include the search by gene name, by keyword phrases, by region
(either a defined region (physical location or mapped location) or a
region around a given gene), by functional category or
classification, by blast or fasta, and by pattern or motif. An extended
search capability has been added which permits the search based on
multiple criteria including the size and length, the location (mapped
or physical), molecular weight, and specified text field search. The
results are displayed in form of a gene list with user selected display
of gene data or a drawing of a region. The user can display or
download the protein or DNA sequence for a list of genes or the DNA
sequence of a region.

There are three genomes currently available:

Bacillus subtilis http://www.pasteur.fr/Bio/SubtiList
Escherichia coli http://www.pasteur.fr/Bio/Colibri
Mycobacterium tuberculosishttp://www.pasteur.fr/Bio/TubercuList

Genomics of the Radioresistant Bacterium
Deinococcus radiodurans

Kira S. Makarova'?, Michael J. Daly', L. Aravind’, O. White®,
Eugene V. Koonin® and Kenneth W. Minton'. 'Uniformed Services
University of the Health Sciences, Bethesda, MD; *The National
Center for Biotechnology Information, The National Institutes of
Health, Bethesda, MD; and *The Institute of Genome Research,
Rockville, MD.

The bacterium Deinococcus radiodurans is the most resistant to
ionizing radiation organism discovered to date. Although it is
known that this resistance stems from superlative DNA repair
processes, the mechanisms of this repair remain only partially
understood, despite intensive investigation. Towards this end the
entire genome sequence of this organism has recently been obtained
by The Institute for Genome Research (TIGR). We have annotated
this sequence, with special attention to the genes that might mediate
novel DNA repair functions. Features noted to date include several

proteins with unique domain organization and proteins have been
horizontally transferred and discovered in bacteria for the first time.
Given to domain composition some of these proteins might be
involved in DNA-repair and recombination processes. Furthermore,
we found three distinct desiccation-resistance proleins similar *
those seen in plants. This is of particular interest, as there is
known posilive correlation between deinococcal desiccationr=
resistance and radioresistance. Finally, an expansion of several
protein families, including phosphatases, proteases, acyl
transferases and MutT pyrophosphohydrolases family, was detected.
In addition, Deinococcus radiodurans genome is extraordinarily rich
in repetitive sequences, suggesting a mechanism of recombinational
repair that involves these repeats.

Comparative Phylogenetic Analysis across
Genomes

Gerard Manning, Laurie Thorbjornsen and Glen Wilder.
Molecular Applications Group, Palo Alto, CA.

All genes have relatives, and an evolutionary history. We wish to
place all genes within families and study their relatedness to predict
functional attributes; we are treating evolution as a multi-billion
year experiment in mutation and selection, whose results can be
read in modem-day genomes.

We are clustering related genes from a set of 15 microbial genomes,
using standard homology-detection tools, hidden Markov models
and threading, to create a hicrarchical set of gene families, from
strict orthologs to super-families, containing most genes in these
genomes.

From these we create phylogenetic trees relating family members.
These trees contain both an evolutionary trace of each species
represented, as well as gene-specific events, such as gene loss and
duplication, horizontal transfer, and the fusion and splitting of
genes, We are building tools to tease apart these various forces that
guide the evolution of all genes. /ﬂ

Once gene-specific events are accounted for, we create a consensus
evolutionary tree derived from hundreds of gene families. This acts
as an estimated species tree, and allows comparisons to individual
gene trees to determine relative rates of evolution.

Tree comparison gives a measure of the evolutionary plasticity of
each tree, and highlights branches of unusual length, indicating
strong functional pressure for change within a specific lineage.

Genomic Sequencing of Chlamydia trachomatis
Mouse Pneumonitis Serovar Reveals Potential
Virulence Determinants

T. Read', R.C. Brunham?, G, McClarty’, T. Utterback', S. Gill', B.
Craven', C. Fraser' and the 'TIGR Sequencing Core Facility. 'The
Institute for Genomic Research, Rockville, MD; and >The University
of Manitoba, Winnipeg, Manitoba, CANADA.

The genome sequence of the Chlamydia trachomatis Mouse
Preumonitis (MoPn) serovar is more than 95% completed. A 1.06
Mb sequence, including two gaps, encodes about 900 ORFs. We
compared MoPn data with the recently published genome sequence of
C. trachomatis serovar D (1.04 Mb), which causes human trachoma,
in order to identify genetic variation that might relate to the strains’
altered pathogenicity. Most differences between MoPn and serovar D
were localized to a region between the conserved ycfV (ABC
transporter ATPase) and dsbB (disulphide bond reductase) genes. In
this region, the MoPn strain contained four large ORFs homologous
to Escherichia coli cytotoxin B as well as two genes encoding purine
nucleoside synthesis enzymes, absent in C.trachomatis serovar D.
Conversely, the serovar D strain had a partial (ryptophag,
biosynthesis operon not present in the MoPn genome. The ycf’%
dsbB region also contains several divergent genes encoding produc_
with a conserved HKD motif, possibly of the phospholipase D (PLD)

superfamily. There are four such paralogs at this position in the

serovar D, seven in the MoPn strain. Qutside the ycfV-dsbB region



the MoPn genome is remarkably similar to serovar D in terms of i ts
ORF order and identity. Differences can be attributed to rare insertion Poster ASSIgnmen

of genes apparently unrelated to pathogenicity in MoPn (DNA
helicase, uracil phosporibosyltransferase) and gene duplications. FORMAL POSTER SESSION

Type 11l secretion chaperone, translocase and effector genes, likely
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suggests involvement in strain-specific pathogenicity THE EXHIBIT AREA:

Poster Number

Rapid Detection of Antibiotic Resistance- Alterovitz, Gil 01
associated Mutations in 10 Gene Targets in Amano, Naoki 02
Mycobacterium tuberculosis Using the Azuma, Yoshinao 03
OpenGene™ System Bentley, Stephen 04

Brettin, Thomas S. 05
Diane Nuesca', Sara SJacolJ‘,I Frances GJamieso{n’, G::iorgc Cahill, Dolores 06
Broukhanski® and Rob Shipman'. 'Visible Genetics Inc.; and the Clayton, Rebecca A. 07
2 = T . y i
Ontario Ministry of Health, Toronto, Ontario, CANADA. Eroshkin, Atexey M. 08
Rapid and accurate detection of antibiotic resistance in Gill, Steven R. 09
Mycobacterium tuberculosis would greatly improve both patient Goodner, Brad W. 10
treatment and outcome. Amplification and cycle sequencing primer Govindarajan, 11

sets have been developed for the detection and analysis of Sridhar
antibiotic resistance-associated mutations in defined regions of the Guili David B 12
rpoB (rifampin), katG (isoniazid), oxyR-ahpC PR (isoniazid), fabG uiliano, Davia b.

(isoniazid), rpsL/s12 (streptomycin), 16S/rrs (streptomycin), Harris, David 13
embB (ethambutol), pncA (pyrazinamide), gyrA (ciprofloxacin) and Hartsch, Thomas 14
23S (azithromycin) genes. Using these primer sets and the Heilig Roland 15
OpenGene™ automated DNA sequencing system, a protocol has s : .

been developed which permits both the rapid identification of Hickey, Erin K. 16

M.tuberculosis and the detection of antibiotic resistance-associated

mutations in a series of gene targets. In a panel of five phenoptypic THE FOLLOWING ABSTRACTS ARE POSTED IN
streptomycin-resistant M.mbercufgsis Cdiscla:les, Ljlnlt;l'.‘.ti&'}tif.‘. THE BALLROOM ADJOINING THE EXHIBIT AREA
resistance-associated mutati were detected in t sL/s ene

in four isolateI: . Par?:llilmg;libiotic resista[;ccc g;nmypesg to AND WILL MOVE TO THE PROMENADE

rifampin, isoniazid, ethambutol, pyrazinamde and ciprofloxacin STARTING SUNDAY MORNING:

were also identified in the five steptomycin-resistant isolates. The

protocol has been designed for use with both AFB smear-positive Poster Number
and smear-negative samples which should enable firstly, the Hide. Winston 17
identification of M.tuberculosis and secondly, the detection of i 2

antibiotic resistance-associated mutations in these samples in H!hara. Satoshi 18
advance of standard culture-based methods. Hinkle, Gregory 19

Hogue, Christopher 20
: Holtzapple, Erik 21
Jacobi, Carsten 22
Jones, L. 23
Kawarabayasi, 24
Yutaka
Ketchum, Karen A. 25
Khouri, Hoda M. 26
Larimer, Frank 27
Lawson, Daniel 28
Li, Guangshan 29
Liu, Jia Yeu 30
Machida, Masayuki 31
Makarova,Kira S. 32
Gerard Manning 33

Michalickova, 34
Katerina
Mungi?ll, I}_(aren 35
A Murphy, Lee 36
Poster Abstract Correction Ohftil)kg, Yuko 37
Pallen, Mark J. 38
EDEIBm&e Vinc?znt as aNco-%uthor to L_;he %ost%r of Parkhill, Julian 39
radley Slaven, Poster Number 51, Distribute Peterson, Scott
Homology Searches using PVM and WU-Blast Pham, ﬁ?
on a Heterogenous Computer Network Xuan-Quynh T.
Qi, Rong 42
Qin, Haiying 43



Qiy, J. 44
Raleigh, Elisabeth A. 45

Read, T. 46
Reynolds, 47
Thomas R.

Shipman, Rob 48
Simons, Guus 49
Slaven, Bradley E. 50
Stoker, Neil G. 51

Movahedzadeh, 52
fFarahnaz

Takami, Hideto 53
Tatusova, T. 54
Vamathevan, 55
Jessica J.

Ussery, David 56
Viari, 57

Whiteside, Simon T. 58
Williams, Kerstin 59
Wood, Todd C. 60
Wu, Thomas D. 61
Zengel, Janice M. 62

Additional Registrants

Daniel Drell

Biologist

Office of Health and Environmental
Research

US Department of Energy

ER-72/GTN

19801 Germantown Road

Germmantown, MD 20874-1290

301-903-4742

Fax: 301-903-8521

daniel.drell@oer.doe.gov

Robin Cline

Research Associate Il

Functional Genomics

The Institute for Genomic Research
9712 Medical Center Drive
Rockville, MD 20850-3319
301-838-0200

FAX: 301-838-0208

rtcline @tigr.org

Anthony Jung

GenBank Indexer

National Center for
Biotechnology Information

8600 Rockvilte Pike

Bethesda, MD 20894

301-496-2475

FAX: 301-480-9241

info@ncbi.nih.gov

Leigh Riley

GenBank Indexer

Naticnal Center for
Biotechnology Information

8600 Rockville Pike

Bldg. 38A/Room 8N803

Bethesda, MD 20894

301-496-2475

FAX: 301-480-9241

info@ncbi.nim.nih.gov

Guiriz Kurban
Student

Computer Science
Rockefeller University
1230 York Avenue
Gaasterland Lab

New York, NY 10021
212-327-7785

FAX: 212-327-7765
gulriz@cs.uchicago.edu

Alexander Sczyrba
Research Assistant
Computation Genomics
Rockefeller University
1230 York Avenue

New York, NY 10021
212-327-7785

FAX: 212-327-7765

asczyrba@willa.rockefeller.edu



Exhibit Area Layout
with Posters

9

5 Prime -
3 Prime,
Inc.

8
| Commonwealth

7
Qiagen

12A
PE Bio

6
New England
Biolabs

5
Eurogentic

4

MJ
Research

Biotechnologies

WIM—-A®0WOT

OodIM~-Sn0OT

maxdm4H4wnwO o

10

Virtek
Vision,
Inc.

11
Genpak

12
NCBI

1
Edge
Biosystems

2

General
Scanning

3

Sooner
Scientific, Inc.




Exhibit Descriptions

Commonwealth Biotechnologies, Inc. (CBI) is a full service Contract Research Organization
specializing in total project design and management for the biotech industry. CBI has the most comprehensive amay of
technologies in the industry today, all supported by a highly skilled, innovative group of research scientists. CBI is
especially pleased to be introducing its newest product at this conference, a lane tracking technology for DNA sequencing
gels which will be marketed as AccuTrac™.

Contact person: Thomas Reynolds
Sr. Vice President, Co-Founder
601 Biotech Drive
Richmond, VA 23235
800--735-9224
804-648-2641 FAX

Edge Biosystems has Edge Seq-To-Clone which will send you the 5 longest clones found for the lowest fee in
the market. We also do Custom cDNA Libraries or offer UNAMPLIFIED Libraries at the price of Amplified Libraries. Also, we
make 96-well Gel Filtration Blocks as well as cartridges to remove Dye Terminator and a new Quick Step PCR Purification
Kit.

Contact person: Bill Miller
Sales Manager
19208 Orbit Drive
Gaithersburg, MD 20879
301-990-2685 f%)
301-990-0881

Eurogentec is a company in the field of custom tools for the life sciences, with a product portfolio containing custom
DNA arrays, custom oligonucleotide synthesis, custom peptide synthesis, and custom antibody production. Services
include a DNA sequencing service, transgenic services and contract research. Eurogentec is present mainly in Europe,
with subsidiaries in France, Belgium, Germany, the Netherlands, Switzerland, Austria, the UK and Scandinavia. The
company has recently opened an office in the US.

Contact person: Erik M. Stokhof
Public Relations Manager
Parc Scientifique du Sart Tilman
Seraing 4102 BELGIUM
324 366 61 35
32 4 365 51 03 FAX
info@eurogentec.be



General Scanning, Inc. scanArray 3000@ With 30 years of experience in the development of laser
systems, General Scanning presents the ScanArray® 3000, a confocal fluorescent imaging system that captures the full
potential of microarray biochips. General Scanning has specifically designed the ScanArray 3000 to meet the challenges

™ of multi-color microarray detection and analysis. -

Contact person: Michael Megginson
Sales Representative
500 Arsenal Street
Watertown, MA 02472
617-924-1010
617-924-7250 FAX

Genpak is a specialist supplier of DNA sequencing and mapping reagents. half TERM™, half BD™ and half TSLL™
reduces the cost of your sequencing reactions on all the major gel and capillary sequencing platforms, yet accuracy is
maintained and in many instances the quality can be improved. We also supply reagents for Genotyping and Differential
Display and PCR Cloning.

Contact person: Kingsley Cox
25 East Loop Rd.
Stony Brook, NY 11790-3350
516-444-6625
516-444-6626 FAX
k.cox@genpakdna.com

MJ Research wil display MJR's full line of Peltier Thermal Cyclers for DNA amplification and cycle sequencing,
N including the new high-capacity Tetrad™ cycler (four microplates), the versatile DNA Engine™ with interchangeable
blocks, the portable MiniCycler™, and the venerable PTC-100™. Instruments are available to fit 96-well, 0.5ml & 0.2ml
tubes, and microscope slides for in-situ reactions.

Contact person: Steve Clougherty
Marketing Assistant
149 Grove Street
Watertown, MA 02472
617-972-8143
617-923-8080 FAX
steve@mijr.com

National Center for Biotechnology Information (NCBI) provides integrated access to DNA
and protein sequence data, associated mapping data, protein structures, and MEDLINE. Demonstrations of the GenBank
database, the Entrez retrieval system, PubMed for MEDLINE searching, BLAST and VAST similarity searches for
sequence and structures, and the Bankit and Sequin sequence submission software will be provided.

Contact person: Barbara Rapp
Operations Research Analyst
National Center for Biotechnology Information (NCBI)
National Library of Medicine, National Institutes of Health
8600 Rockville Pike, Bldg. 38A, Rm. 8N803
Bethesda, MD 20894
301-496-2475
301-480-9241 FAX
info@ncbi.nim.nih.gov



New England Biolabs is the leading supplier of restriction enzymes in the USA, offering a full range of reagents

for Molecular Biology and cell signaling analysis. Products include nine 8-base cutters; enzymes for DNA sequencing:
phosphospecific antibodies; and innovative kits e.g.GPS-1 (Genome Priming System) for generating sequencii
templates in vitro, IMPACT T7 (Intein based protein expression).

Contact person: Dr. Barton Slatko
Director
DNA Sequencing Group
New England Biolabs, Inc.
32 Tozer Road
Beverly, MA 01915
978-927-5054
978-921-1350 FAX
dnaseq@neb.com

PE Applied Biosystems offers the most comprehensive range of prodi:cts for life science research. As the
leader in PCR technology and automated genetic analysis systems, our extensive product line of instruments and
reagents enable scientists to understand the structure and function of protein and DNA molecules.

Contact person: Stacy Montgomery
Research Scientist
850 Lincoln Centre Drive
Foster City, CA 94404
650-638-5064
650-638-6333 FAX

QIAGEN is dedicated to the development and distribution of high-quality products and services for molecular biology,
clinical, and gene therapy research. QIAGEN offers a wide range of innovative products for PCR, transfection and the
purification of DNA, RNA, and proteins. QIAGEN specializes in products optimized for both manual and automated
processing.

Contact person: Nancy Stover
Product Manager
28159 Avenue Stanford
Valencia, CA 91355
800-426-8157 [ext. 543]
805-295-7652 FAX

Sooner Scientific, Inc. wil have on display the New 96EZLoad System designed specifically to load Applied
Biosystems 96 lane upgrade. PrismPette™ and PrismStrip™ Tips for loading 24, 36, 48 and 64 lane gels on Applied
Biosystems 377 and 373 DNA Sequencers. SeaQuate® pre-mixed gel solutions, custom sequencing accessories
including Combs, Spacers and Borosilicate Glass Plates.

Contact person: Jerry Coffey
President
PO Box 1800
Garvin, OK 74736 _
580-286-9408 ™
580-286-7047 FAX



Virtek Vision Inc. is leading the world in precision laser applications. Our new ChipReader™ is a laser confocal
DNA microarray analytical tool for high sensitivity detection of muitiple fluorescent dyes. Computer-controlled, the
ChipReader™ provides high through-put, has a small footprint and accommodates a variety of substrates including glass
microscope slides.

Contact person: Beverly Giammara
300 Wildwood Avenue
Woburn, MA 01801
781-933-3456
781-933-3461 FAX
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Agenda

Friday, January 29, 1999
3:00 pm Registration Opens

8:00 pm Welcoming Reception

Saturday, January 30, 1999
7:00 am Registration Re-opens

7:00 am Breakfast

8:30 am - Plenary Session I: Genome Biology
12:05 pm

The Long Road from Sequence to Function: Experiments with Yeast
Bernard Dujon, Institut Pasteur

The Yeast Proteome Database: Connecting Model Organism Knowledge to
Comparative and Functional Genomic Data
James |l. Garrels, Proteome, Inc.

Proteome Analysis of Saccharomyces Cerevisiae
Stephen J. Fey, Center for Proteome Analysis in Life Sciences

10:15 am Break

Expression Clustering and Motif Quantitation in E.coli and Yeast
George M. Church, Harvard Medical School

Systematic Analysis of Gene Function in Bacillus subtilis
Dusko Ehrlich, Institut National de la Recherche Agronomique

12:05 pm  Lunch

2:00 - Plenary Session 2: Genome Projects |

5:30 pm
Genome Sequence of the Gastrointestinal Pathogen Campylobacter jejuni
Brendan W. Wren, St. Bartholomew's Hospital

Completion of the Genome Sequence of Deinococcus radiodurans
Owen White, The Institute for Genomic Research



3:15 pm

6:00 pm

7:30 pm

Agenda

Genomics and Engineering of a Radioresistant Bacterium
Kenneth Minton, Uniformed Services University of the Health Sciences

Break

New Insights from the Thermotoga maritima Genome
Karen E. Nelson, The Institute for Genomic Research

UNCONTrolled Rearrangements among Borrelia Linear Plasmids? .
Sherwood R. Casjens, University of Utah

Chromosome 2 Sequence of the Human Malaria Parasite Plasmodium
falciparum

Malcolm J. Gardner, The Institute for Genomic Research

Dinner

Exhibits and Poster Session

Sunday, January 31, 1999

7:30 am

8:30 am -
Noon

10:00 am

Breakfast
Plenary Session 3: Comparative Genomics

From Genome to T Cell: Searching for Agretopes
Anne DeGroot, International Health Institute

Monitoring Changes in Gene Expression of Mycobacterium tuberculosis
using DNA Microarrays
Michael A. Wilson, Stanford University Medical School

Identification of Novel Virulence Factors in Vibrio cholerae
John J. Mekalanos, Harvard Medical School

Break

A Phylogenomic Analysis of DNA Repair Processes and the Benefits of a
Phylogenomic Perspective
Jonathan Eisen, The Institute for Genomic Research

Categorizing Functions of Gene Products
Monica Riley, Marine Biological Laboratory
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Agenda

Noon Lunch
2:00 - Plenary Session 4: Genome Biology li
5:00 pm

Genomic Sequence Comparison of Two Strains of Helicobacter pylori
Richard Alm, Astra Research Center Boston

Sequencing of the M. tuberculosis Genome: Comparison of a Recent
Clinical Isolate with the Laboratory Strain
Robert D. Fleischmann, The Institute for Genomic Research

Genomic and Functional Analysis of the Hyperthermophilic Archaeon
Pyrococcus furiosus and Related Species
Frank T. Robb, University of Maryland Center for Marine Biology

3:15 pm Break

Constructing Multi-genome Views of Whole Microbial Genomes
Terry Gaasterland, The Rockefeller University

New Methods for the Prediction of Protein Structure and Function from
Sequence
Jeffrey Skolnick, The Scripps Research Institute

Comparative Genomics as a Tool for Understanding Protein Thermostability
David Eisenberg, UCLA

6:00 pm Superbowl Celebration

Monday, February 1, 1999
7:00 am Breakfast

9:00 - Plenary Session 5: Genome Analysis |
11:10 am
How Good are Deep Phylogenetic Trees?
Hervé Philippe, Université Paris-Sud

Life's Third Domain: An Established Fact or an Endangered Paradigm?
Radhey Gupta, McMaster University

9:50 am Break
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Updates

Mary E. Clutter, National Science Foundation
Marvin E. Frazier, US Department of Energy

Michael Gottlieb, National Institute of Allergy and Infectious Diseases,
National Institutes of Health (invited)

Meeting Adjourns
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Plenary Session 1: Genome
Biology

Dujon, Bernard
not received in time for publication

The Yeast Proteome Database: Connecting
Model Organism Knowledge to
Comparative and Functional Genomic Data

James 1. Garrels, Peter H. Hodges, Andrew H. Z. McKee,
Maria Costanzo, Michael Cusick, Kevin Roberg, and William
E. Payne. Proteome, Inc., Beverly, MA .

The Yeast Proteome Database (YPD(tm)) is a curated database
of protein properties and functions for the model organism,
Saccharomyces cerevisiae (see
http://www.proteome.com/YPDhome.html). YPD and similar
databases under construction for other species are built by
trained curators who review the entire research literature for
the organism. 'I'hisl,agowerful knowledge resource, organized
into a relational database and presented in a unified one-page
per protein format, is used daily by most members of the
yeast community and by many corporate users.

Each protein of yeast is represented in YPD as a Yeast Protein
Report, of which the key elements are 1) a Title Line (best
one-line description), 2) a formatted properties section, 3) a
section containing free-text annotations with references, and
4) a full reference list. Accessed from each Protein Report are
pop-up windows providing additional information on protein
modifications, protein-protein interactions, gene regulation
(including profiling data), and related genes of other species.

YPD is especially designed for use in comparative and
functional genomics studies. The comprehensive yeast
protein knowledge in YPD can be used for annotation of new
genomic sequences from fungal, plant, and animal genomes.
Furthermore, new expression profiling experiments in yeast
or related organisms can best be analyzed using the
comprehensive store of regulatory, pathway, and functional
information already in YPD. Presentation and analysis tools
help to understand common functions for co-regulated
proteins.

Reference: P. H. Hodges, Andrew H. Z. McKee, William E.
Payne, and J.1. Garrels. The Yeast Proteome Database (YPD):
a model for the organization and presentation of genome-wide
functional data (Nucleic Acids Res. Jan. 1999, in press).

Fey, Stephen J.
not received in time for publication

Genomics and Engineering of a
Radioresistant Bacterium

George M. Church, Pam Ralston, Martha Bulyk, Abby
McGuire, Rob Mitra, Saeed Tavazoie, and Jason Hughes.
Department of Genetics, Harvard Medical School, Boston,
MA.

We have developed technologies for annotating genome
sequences, including intergenic regions and regulon/operon
comparisons. Performing  enzymatic  reactions on
oligonucleotide chips or microarrays (of kbp-sized DNA)
allowing us to replicate DNA chips using microcontact
printing. RNA quantitations from chip, microarray and SAGE
can be merged, clustered, and the motifs mechanistically
responsible for the clusters of coregulated RNAs can be
determined. Methods for measuring and modeling in vivo
concentrations of protein, RNA, metabolite, protein
interactions and mutant growth rates in response to diverse
environments provide the foundations for a genome sequence
function database.

Nature Biotech. 16:566-571; Nature Biotech. 16: 939-945; J.
Molec. Biol. 284: 241-254. (http://arep.med.harvard.edu)

Systematic Analysis of Gene Function in
Bacillus subtilis

S.D. Ehrlich' and N. Ogasawara’. 'Génétique Microbienne
INRA, Jouy en Josas, FRANCE; and *NAIST, Ikoma, Nara,
JAPAN.

Sequencing of the B. subtilis genome has revealed over 4000
putative protein coding sequences. On the basis of previous
studies, which concerned only about a fourth these, and
sequence comparisons with proteins known in other
organisms, a function for about 2300 genes was proposed.
Therefore, almost a half of the B. subtilis genes have no clear
function. Furthermore, the genes that encode proteins similar
to those found in other organisms, but that haven't been
studied in B. subtilis, may have a different function than that
predicted from comparisons. Systematic analysis of genes
that have no established function is being carried out in two
research consortia, one in Europe and one in Japan involving
some 30 laboratories.

The main approach to assess gene function is the
construction of mutants in the target genes and the analysis
of the mutant phenotypes. An insertional vector was used to
construct the mutants. Its integration within a target gene (i)
inactivates the gene; (ii) places a reporter (-galactosidase
gene under the control of the natural expression signals of the
target gene; (iii) places the possible downstream genes under
the control of an IPTG-dependent promoter, thus allowing to
avoid polar effects of vector insertion. Its integration
upstream of a target gene yields conditional, IPTG-dependent,
mutants. About 2000 mutants have been constructed and
submitted to preliminary characterization, which included
growth properties in rich and minimal medium and the pattern
of expression. This analysis has shown that the reporter gene
activity could be detected for about two thirds of the genes,
indicating that a majority of the genes without known
function are expressed to a measurable extent under the
conditions used. This value is corroborated by the transcript
analysis, carried out by Northern hybridization, and covering
over 500 kb. By a more sensitive RT PCR method, used to
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analyze several chromosomal regions covering about 100 kb,
over 90 % of genes appeared to be transcribed. This suggests
that a large majority of B. subtilis genes may be expressed,
albeit weakly, even under ordinary laboratory conditions.
However, it should be noticed, that Northern analysis
revealed only about a half of the transcripts predicted by
sequence analysis, whereas about a half of the transcripts
detected were unexpected. This may be due to unknown
signals for transcription initiation and termination or to
transcript processing, which should possibly be taken into
account when considering massive approaches to transcript
analysis based on DNA arrays.

About 50 genes could not be interrupted. Strains in which the
corresponding genes were put under the control of the IPTG-
regulated promoter required IPTG for growth. This indicates
that these genes are essential for growth.

Phenotype tests at three levels were carried out systematically
for most of the mutants constructed in Europe. The objective
of the first level tests, which are sufficiently simple to allow
a relatively high throughput, was to assign mutants to broad
physiological categories defined as i) Metabolism of small
molecules and inorganics; (ii) Macromolecule metabolism;
(iii) Cell structures and motility; (iv) Stress and stationary
phase; (v) Cell processes. Most mutants constructed in
Europe (above 1000) were submitted to the first level tests,
and similar tests are in progress in Japan. A phenotype was
detected for over 150 of the mutants tested in Europe. This
value underestimates the real frequency of detectable
phenotypes, since the tests with many mutants have not been
completed yet, but indicates that a number of the genes
without known function affects significantly B, subtilis cells
under laboratory conditions. The second level tests, which are
more complex and have a lower throughput, are presently
being carried out, with the objective of validating gene
assignment deduced from the first level tests. The third level
tests, which aim to determine gene function, were carried out
on some selected genes, and the examples will be presented at
the meeting.

In conclusion, the approach to study function of unknown
genes in a systematic way by mutant construction and
phenotype analysis is efficient and informative in the case of
a bacterium such as B. subtilis. It has uncovered about 50 new
essential genes, and a number of new and interesting genes
involved in different aspects of cell metabolism.

Plenary Session 2: Genome
Projects |

Wren, Brendan W.
not received in time for publication

Completion of the Genome Sequence of
Deinococcus radiodurans

Owen White, John Heidelburg, Claire Fraser and J. Craig
Venter. The Institute for Genomic Research, Rockville, MD.

Deinococcus  radiodurans is a non-pathogenic, non-
sporulating, red-pigmented Gram+ bacterium. D. radiodurans
was originally found in radiation sterilized food that under

went spoilage. It is remarkable in that it is the most
radioresistant organism to have ever been isolated (Moseley,
1983). An important component of this resistance is the
ability to repair damage to chromosomal DNA. D. radicdurans
cultures exposed to 1.5 Mrad of radiation displayed reduction
in size of genomic DNA fragments corresponding to
approximately 100 double stranded breaks (DSBs) per
genome. (Typically, most prokaryotic and eukaryotic
organisms cannot tolerate more than 5 double stranded breaks
per genome without reduced survival.) Remarkably, within
eight to ten hours after exposure, D. radiodurans genomic
fragment lengths are restored to size ranges seen in non-
wreated cells. During this repair time, ceflular replication of D.
radiodurans is arrested (Daly er al., 1994); however, after this
cight to ten hour interval, the cells display 100% survival
with no detectable mutagenesis of their completely restored
genomes. The genome sequence of Deinococcus is complete
and we have determined the genome is composed of 3
chromosomes and a small plasmid; a number of unique
sequence elements have been identified. The content of the
genome, along experimental results will be discussed in
context of this organism's unique ability to withstand gamma
radiation.

Genomics and Engineering of a
Radioresistant Bacterium

Kenneth W. Minton, Kira S. Makarova, Michael J. Daly,
Eugene V. Koonin, L. Aravind, Hassan Brim, and Ajay
Sharma. Uniformed Services University of the Health
Sciences, Bethesda, MD.

The eubacterium Deinococcus radiodurans is the most DNA
damage-resistant organism discovered to date. It is therefore
of intrinsic interest to study its DNA repair mechanisms, and
towards this end the full genomic sequence of this organism
has recently been obtained by TIGR. We have fully annotated
this sequence with special attention to properties that might
render this organism radioresistant. Features noted to date
include a novel enzyme, combining potential repair domains
from three independent repair proteins. This gene is currently
being knocked out of the deinococcal genome and properties
of the null mutant will be reported. Similarly, desiccation-
resistance proteins similar to those seen in plants have also
been discovered in the Deinococcus radiodurans genome. This
is of particular significance, as there is a known positive
correlation between deinococcal desiccation-resistance and
radioresistance. The properties of knock out mutants will be
reported. Finally, an expansion of several protein families,
including phosphatases, proteases, acyl transferases, the
mutT family of pyrophosphatases, and thioredoxins have
been noted. Deinccoccus radiodurans' genome is
extraordinarily rich in repeated sequences, suggesting a
mechanism of repair that will be presented. In addition, it is
the first bacterium to be sequenced that has multiple
chromosomes (three). Engineering of this versatile organism
for organopollutant degradation in radioactive mixed waste
environments and engineering of heavy metal resistance in
this organism will be described. Finally, current attempts to
acquire large amounts and crystallize Deinococcus’
extraordinary and highly toxic RecA protein will be
described.
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UNCONTrolled Rearrangements among
Borrelia Linear Plasmids?

Sherwood Casjens, Wai Mun Huang, Margaret Robertson,
Nanette Palmer, Jeremy Peterson', Granger Sutton' and Claire
Fraser'. Department of Oncological Sciences, Universiq/ of
Utah School of Medicine, Salt Lake City, UT; and 'The
Institute for Genomic Research, Rockville, MD.

The complete sequence of the genome of the Lyme disease
spirochete Borrelia burgdorferi strain B31 reveals that it
carries 12 linear and 9 circular plasmids. Analysis of the
sequence has shown that there are many paralogous families
of sequences scattered about the linear plasmids. Analysis of
these groups of similar sequences shows that the complex
relationships among the plasmids within this strain
apparently represent recombinational events of the following
types: (i) integration of a circular plasmid into a linear
plasmid, (ii) transposition, (iii) insertion, (iv) deletion, (v)
inversion, (vi) amplification of short direct repeat tracts,
(vii) exchange of telomeres between linear plasmids and
between linear plasmids and the linear chromosome, and
(viii) homologous recombination between plasmids. Non-
homologous and non-reciprocal recombination events appear
to have occurred. One result of these apparently uncontrolled
rearrangements among the plasmids is the presence of many
apparently nonfunctional fragments of genes or pseudogenes.
These gene fragments account in part for the observation that
the predicted fraction of protein-encoding DNA on these
linear plasmids varies from 83% down to 32%, compared to
about 90% for the Borrelia burgdorferi chromosome and
circular plasmids as well as in other completely sequenced
bacterial genomes. Of the 845 recognizable putative plasmid
"genes"”, 114 appear to be damaged, 568 appear to be
potentially functional, 15 are silent members of a "cassette”
diversity generation system for the surface protein VISE, and
148 are short unique ORFs whose functionalities are often
suspect. The damaged genes are found almost exclusively on 9
of the 21 plasmids, and the damage ranges from genes
containing a single frameshift to (for example) a gene that
has suffered an insertion, 3 major deletions, 7 frameshifts, 6
in-frame stop codons, and one large inversion.

Chromosome 2 Sequence of the Human
Malaria Parasite Plasmodium falciparum

Malcolm J. Gardner’,Hervé Tettelin', Daniel J. Carucci’,
Leda M. Cummin‘gs', L. Aravind’i Eugene V. Koonin’,
Hamilton O. Smith', Mark D. Adams', J. C. Venter', Stephen
L. Hoffman®. 'The Institute for Genomic Research, Rockville,
MD; Malaria Program, Naval Medical Research Institute,
Rockville, MD; and ’National Center for Biotechnology
Information, National Institutes of Health, Bethesda, MD.

Chromosome 2 of the malaria parasite Plasmodium falciparum
was purified from pulsed field gels and sequenced using a
random shotgun strategy. The chromosome is 947 kb in
length, has a base composition of 80.2% A+T, and contains
210 predicted genes. In comparison to the Saccharomyces
cerevisiae genome, chromosome 2 has a lower gene density, a
greater proportion of genes containing introns, and nearly
twice as many proteins containing predicted non-globular
domains. Five protein families unique to Plasmodiwm were
identified. One of these new families was a group of putative
surface proteins, rifins, which are encoded by a gene family
comprising up to 7% of the protein-encoding genes in the
genome. The rifins exhibit considerable sequence diversity
and may play an important role in antigenic variation. Other
families include a cluster of 8 tandemly repeated genes

encoding putative thiol proteases, and 5 genes encoding
Dnal-type domains. Sixteen genes on chromosome 2 showed
definite signs of a plastid or mitechondrial origin.
Completion of the chromosome 2 sequence demonstrates that
the A+T-rich genome of P. faiciparum can be sequenced by a
shotgun strategy. Sequencing of chromosomes 10, 11, and 14
is underway, and we are developing several strategies for
analysis of gene expression.

Plenary Session 3: Comparative
Genomics

From Genome to T Cell: Searching for
Agretopes

Anne S. De Groot, Michael Gonzalez, Natasha Chinai,
Jean David Bamea and Judy A. George. TB/HIV Research
Laboratory, Brown University, Providence, RI.

Pattern analysis of genome sequences facilitates the
identification of peptides that bind to MHC molecules
(agretopes). Agretopes can promote or impede cell-mediated
immunity; therefore, the prospective identification of
agretopes may accelerate the pace of development of vaccines
and therapeutics. EpiMatrix is a matrix-based algorithm for
the selection of agretopes that provides a score (EBP,
estimated binding probability) based on match to a pre-
determined pattern for a given MHC molecule. /n vitro studies
to test EpiMatrix selection of novel agretopes from HIV
sequences have been performed. Binding of predicted peptides
ranging from 8 -11 amino acids in length to the surface of
ll;/lﬂéls allele-specific TAP deficient cell lines was measured by
'ACS.

RESULTS

expected  observed
All 4 7 44% 57%
All 6 12 40% 38%
A2 3 7 87% 43%
B7 7 7 26% 100%
B27 7 7 7% 100%

*expected performance for the group of peptides based on median
EBP for the sample group. observed performance reports % total
group of peptides tested that were observed to bind.

The observed proportion of peptides binding was higher than
expected in 5/6 sets of experiments, when compared to the
median estimated binding probability (EBP) of the groups of
peptides tested. In all cases, control (known agretopes)
bound. No binding was observed where it was not predicted,
with one peptide exception (out of 33 assayed). In additional
studies, 16 novel HIV CIL epitopes based on EpiMatrix
predictions for HIV sequences have been identified. EpiMatrix
can be used to facilitate research on HIV immunopathogenesis
and vaccine development.

C-12



Speaker Abstracts

Monitoring Changes in Gene Expression of
Mycobacterium tuberculosis using DNA
Microarrays

M.A. Wilson', HH. Kristensen', J. DeRisi’, S. Rane, P.
Brown®, G.K. Schoolnik'. 'Division of Infectious Diseases,
and ‘Department of Biochemistry at Stanford University
School of Medicine, Stanford, CA.

The strategy We are using secks (o identify genes encoding
enzymes of particular biosynthetic or metabolic pathways of
Mycobacterium tuberculosis. The process is based on the
availability of a complete M. tuberculosis genomic sequence

the use of DNA microarray hybridization analysis to
i imultaneously, changes in mRNA expression _of

nitor, i } .
Tfarly ail predicted open reading frames_of the organism. 'Ihe
approach rciics on the ability of microarray comparative

hybridization to identify genes whose expressions are
induced or repressed when bacteria are exposed to a cqmpound
that selectively inhibits an enzymatic step of a multi-enzyme
pathway. The results of initial experiments that surveyed
responses o several drugs and inhibitors demonstrated that
some of the responding genes encode enzymes that
participate directly in the affected pathway. Furthermore, the
patterns of co-regulated gene networks are beginning to
emerge as we compile the various response profiles.
Responses to the M. tuberculosis-specific drug isoniazid
provide examples of this phenomenon and illustrate two ways
this approach might be applicable to the discovery of new
antimicrobial agents. First, some of the responding genes
encode proteins that are appropriate targets for new drug
development. Second, genes which specifically respond to a
particular inhibitor can be fused to reporter constructs and
used to help screen combinatorial libraries for compounds
that elicit a similar response.

Mekalanos, John J.
not received in time for publication

A Phylogenomic Analysis of DNA Repair
Processes and the Benefits of a
Phylogenomic Perspective

Jonathan A. Eisen and Philip C. Hanawalt. The Institute
for Genomic Research, Rockville, MD.

The ability to recognize and repair abnormal DNA structures
is common to all forms of life. Studies in a variety of species
have identified an incredible diversity of DNA repair
pathways. This diversity is seen with regard to the
specificity, complexity, and mechanisms of the different
pathways as well as the overlap with other cellular functions.
Documenting and characterizing  the similarities  and
differences in repair between species has important value for
understanding the origin and evolution of repair pathways as
well as for improving our understanding of phenotypes
affected by repair (e.g., mutation rates, lifespan,
tumorigenesis,  survival in  extreme environments).
Unfortunately, while repair processes have been studied in
quite a few species, the ecological and evolutionary diversity
of such studies has been limited. Complete genome sequences
can provide potential sources of new information about repair
in different species. I present a global comparative analysis
of DNA repair proteins and processes based upon the analysis
of publicly released complete genome sequences. 1 use a new
form of analysis that combines genome sequence information
and phylogenetic  recreations  into  onc composite

phylogenomic analysis. I use this phylogenomic analysis to
study the cvolution of repair proteins and processes and to
predict the repair phenotypes of those species for which we
now know the complete genome sequence. In addition, I
discuss why combining evolutionary and genomic analysis
improves our understanding of DNA repair and can also
improve studies of any biological process.

Categorizing Functions of Gene Products

Riley. Bay Paul Center for Molecular and
Marine Biological Laboratory,

Monica
Comparative Evolution,
Woods Hole, MA.

Some years ago a simple one-dimensional classification of
sene products of E. coli was formulated to see how much we
know and do not know about the molecular genetics of
Escherichia coli (Microbiological ~Reviews, 5?:862_—95?.
(1993) and a later revision in vol. Il of "Escherichia coli and
Salmonella” (1997). ed. F. C. Neidhardt et al., pp.2118-
2202, ASM, Wash., DCL This classification has served as a
point of departure for characterizing gene products of other
bacteria whose genomes have been sequenced.

However, there is much room for improvement. The simple
one-dimensional  classification system is inadequate 10
express the complexity of the cellular {oles of many chlcrlgl
genes/gene  products. A multidimensional classification 1s
proposed to allow more realistic and more useful designation
of the functions of bacterial genes. Dimensions may include:

*  metabolic role, more than one metabolic role being
allowed for each enzyme (depending on conditions) and
including not only the enzymes but the transporters and
regulators related to each metabolic function

*  regulation, listing regulators connected to the gencs
regulated, the type of regulation and the conditions
invoking global regulators

*  information transfer including DNA replication, RNA
and protein synthesis

*  cell structure, including membrane proteins, cellular
appendages, antigenic determinants, etc. that have
functions described in other dimensions

= processes such as cell division, DNA repair, motility,
chemotaxis, transport, osmotic adaptation, starvation
response, sporulation where present

*  common ancestry as judged by membership in
paralogous groups (Riley & Labedan, J.Mol. Biol. 268,
857-868, 1997).
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Plenary Session 4: Genome
Biology I

Genomic Sequence Comparison of Two
Strains of Helicobacter pylori

Richard A. Alm. Astra Research Center Boston,

Cambridge, MA.

This first comparison of the complete genomic sequence of
two different isolates of the same bacterial species, in this
case Helicobacter pylori, has yielded results with important
implications for understanding H. pylori associated disease
and for the devck_)prqcm of novel approaches for drug and
vaccine therapeutic intervention, H. pylori strain  J99,
isolated from a patient with a duodenal ulcer, has a circular
genome of 1,643,831 base pairs and 1,495 predicted, protein
coding genes. Comparison of this strain's sequence with the
previously published sequence of another strain (26695)
showed that these H. pylori genomes display some unusual
organizational differences and, despite the widely held
doctrine of extensive genomic diversity in this species, are
remarkably conserved in size and gene number, order,
content, and function. Most of the endpoints defining
organizational differences between the two strains were
anchored within non-coding regions and were associated with
mobile insertion elements andfor DNA restriction/
modification genes. Several regions of both chromosomes
were of significantly lower (G+C)% content than the
remainder of the genome. These included the putative cag
pathogenicity island and a region of the genome which has
been termed “the plasticity zone” because it contains about
45% of the genes unique to each strain and which may
represent a novel pathogenicity island. Of the 89 H. pylori
J99 strain-specific genes, 25 have homology to genes of
predicted function, 8 have homology to genes of unknown
function and 56 have no significant homology to any genes
in public databases. H. pylori 26695 has 117 strain-specific
genes with a similar distribution of functional assignments.
Despite its apparent limited regulatory repertoire, H. pylori
has been predicted to regulate expression of specific genes by
slipped-strand repair. Analysis of these two complete
genomic sequences has permitted higher discrimination of
which genes may be subject to this phenomenon, including
potential colonization factors and outer membrane proteins
which may facilitate colonization or play a role in the
persistence of infection. Aside from the diversity in the
plasticity zone, the extent of conservation between these
unrelated H. pylori strains suggests that host factors may also
play a significant role in the differences in type, severity and
outcome of H. pylori associated diseases.

Sequencing of the M. tuberculosis Genome;
Comparison of a Recent Clinical Isolate
with the Laboratory Strain

Robert D. Fleischmann', Owen White!, Erin Hickey",
Rebecca Clayton', Robert Dodson', Michelle Gwinn', John
He':de]bcrg', Jeremy Peterson', Lisa McDonald', Ten?
Utterback’, William Bishai’®, Arthur Delcher’, Claire Fraser',
and J. Craig Venter'. 'The Institute for Genomic Research,
Rockville, MD; *The Johns Hopkins University, Baltimore,
MD:; and “Celera Genomics, Rockville, MD.

Significant differences have been demonstrated between
genomes of laboratory strains with long histories of passage

and recent clinical isolates. The H37Rv laboratory strain of
Mycobacterium tuberculosis was first isolated in 1905 and
has been passaged for many decades. Of greater importance is
that H37Rv is of unknown virulence in humans. The selection
of a clinical isolate, CDCI1551, a strain involved in a recent
cluster of tuberculosis cases (that is, known to be
transmissable and virulent in humans) ensures that lhlc
sequence of the genome of a fully virulent M, tuberculosis

strain will be available.

The ;L(l)mplﬁliorr_l of both the H37Rv and CDC155] .Zenomes
provides the first opportunity for a complele comparie
bclw_ccn two closely related organisms of the same bgc{cnpa'}

with  genome content  and organization.
polymorphic  comparisons include the number and
distribution of the 1S6110 element (four in CDC1551 vs. 16
in H37Rv), insertions/deletions and gene duplications (~
every 170,000 bp), differences in copy number of tandem
repeats (~ every 90,000 bp), and the frequency of single
nucleotide polymorphisms  (~ every 5,000 bp). The
comparison afforded by this opportunity provides the
potential to recognize the genetic basis for successful human
colonization, infectivity, and fully fledged transmission of a
pathogen.

Genomic and Functional Analysis of the
Hyperthermophilic Archaeon Pyrococcus
furiosus and Related Species

Frank T. Robb. Center of Marine
University of Maryland, Baltimore, MD,

Biotechnology,

Recently isolated Archaea of the genus Pyrococcus consist of

2 species, many of which grow rapidly at temperatures
exceeding 100°C. Complete genomic sequences of two
members of this group, P. furiosus and P. horikoshii, have
recently been released and the genomic sequence of a third
species, P. abyssi is completed but not yet available. These
genomic sequences provide a unique resource for comparative
studies of hyperstable enzymes, and insights into protein
structure and function at very high temperatures.

The annotation of the 1.92 mbp circular genomic sequence of
P. furiosus reveals that the otherwise closely related
sequences of P. horikoshii and P. furiosus have diverged
significantly in gene order. P. furiosus was isolated from a
shoreline solfatara on Vulcano Island in Italy, and P.
horikoshii was isolated from a vent in the Okinawa Trough at
a depth of 1390 m. Since both of the isolates are strict
anaerobes growing optimally at 98-100°C, it seems that
ongoing genetic exchange is unlikely. The divergence of the
genomes includes multiple insertion, deletion and inversion
events. For example, the pre-insertion sites of several inteins
can be detected and the rapid divergence of homologous
inteins is evident. Clustered 37 bp tandem, highly repetitive
elements which are conserved in the Pyrococeus genomes,
have diverged both in copy number and’in the position and
number of clusters: the P. furiosus genome has five clusters
whereas P. horikoshii has two clusters.

The tryptophan and maltose-trehalose operons of P. furiosus
are linked, however the operons encoding maltose
utilization,  histidine  biosynthesis  and tryptophan
biosynthesis have been lost in P. horikoshii. The maltose
region is of particular interest: A 17.8 kbp region flanked by
putative transposons in the P. furiosus genome contains an
operon encoding maltose/trehalose uptake and catabolism
genes resembling those from bacteria. We propose that the
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region has been subject to a lateral transfer event. The entire
maltose-trehalose region in the P. furiosus genome is 100%
homologous to a transposon-flanked section in the genome
of Thermococcus litoralis, a strain growing at 88°C which
was isolated from the same site in Italy as P. furiosus. We
propose that a recent intergeneric lateral transfer event has
inserted the maltose region, presumably after the divergence
of P. furiosus and P. horikoshii.

Gaastérland, Terry
not received in time for publication

New Methods for the Prediction of Protein
Structure and Function from Sequence

Jeffrey Skolnick, Jacqueline Fetrow, Angel R. Ortiz and
Andrzej Kolinski. Department of Molecular Biology, The
Scripps Research Institute, La Jolla CA.

A novel method for the prediction of protein function based
on the sequence-to-structure-to-function paradigm has been
developed. First, the tertiary structure of the sequence of
interest is predicted from either ab initio folding or threading.
Then, using a library of three dimensional descriptors of
protein active sites, termed "fuzzy functional forms” or FFFs,
the resulting structures are screened. If the geometry and
residue types in the predicted structure matches an FFF, then
the protein is predicted to have the specified molecular
function. By way of illustration, predictions of the disulfide
oxidoreductase activity of the glutaredoxins and thioredoxins
are described. The FFFs correctly identify the active sites in a
library of experimental structures as well as in models
produced by ab initio folding or threading. This shows that
low-to-moderate resolution models whose a-carbon root mean
square deviations from native range from 3.5-6 are
sufficient to identify protein active sites. Next, this approach
is applied to the screening of the E. coli, H. influenzae and M.
Jannaschii genomes. For E. coli, the method identifies all ten
sequences known or proposed to exhibit disulfide
oxidoreductase activity. Furthermore, this activity is
predicted for two other sequences that have not been
previously identified. Six of eight sequences in the other two
genomes that are annotated as being glutaredoxins,
thioredoxins, or thiol/disulfide interchange proteins are
found. Since one of the missed sequences is probably
incorrectly annotated, the success ratio is likely to be six of
seven. An additional 11 sequences in H. influenzae and five
sequences in M. jannaschii are predicted to have the requisite
activity. If these predictions are proven to be correct, then
the detection of protein function will have been pushed much
further into the twilight zone of sequence identity.

Eisenberg, David
not received in time for publication

Plenary Session 5: Genome
Analysis |

How Good are Deep Phylogenetic Trees?

Hervé Philippe. Laboratoire de Biologie Cellulaire,
Université Paris-Sud, Orsay Cedex, FRANCE.

The study of deep branching organisms is very important
since they can display primitive characters. Unfortunately,
the phylogenetic inference of the deep nodes is by essence
very difficult because many multiple substitutions have
occurred since these ancient cladogenetic events. In addition,
a well-known tree reconstruction artifact, the long branch
attraction (LBA) phenomenon PROGCOMP ENRf8
(Felsenstein, 1978), appears also to be of prime importance.
Because the outgroup species necessarily emerge well before
the ingroup species, it represents a long branch. This is
particularly obvious for Eubacteria and Eukaryotes in the case
of ribosomal RNA, for which the outgroup (for instance,
Archaebacteria) is very distantly related. If an ingroup species
evolves faster than the others, it will constitute a long
branch, which will be attracted by the long branch of the
outgroup. In consequence, it will emerge very early. As a
result, it is likely that many, if not all, first emerging species
are in fact fast evolving species. For example, in mammalian
phylogeny based on complete mitochondrial genomes, two
groups of rodents (mouse and rat on the one hand and guinea-
pig on the other) emerge very early, in a paraphyletic way
PROGCOMP ENRf8 (D'Erchia et al., 1996), in marked
disagreement with morphological evidence = PROGCOMP
ENRf8 (Luckett and Hartenberger, 1993) . However, the
use of paleontological data demonstrates that mouse and rat
evolved about 5 times faster than camivores and that their
early emergence is very likely due to an LBA artifact
PROGCOMP ENRf8 (Philippe, 1997).

As a result, LBA artifact can seriously mislead molecular
phylogenies, even for recent events (less than 100 MY) and
for very long sequences (more than 10000 nucleotides). It is
thus likely that inference for more ancient events, such as the
rooting of the tree of Life or the phylogeny of Eukaryotes,
can be seriously confused by LBA artifact. Indeed, rooting the
universal tree of Life requires using a paralogous gene

PROGCOMP ENRf8 (Schwartz and Dayhoff, 1978) , which
is the result of a duplication that occurred before the
emergence of the three domains. This paralogous gene is very
distant and constitutes a very long branch, which is
susceptible to attract any fast evolving ingroup.
Interestingly, the branch lengths leading to the three
domains were quite different according to the universal genes
studied (fRNA, ATPase, Ile-tRNA synthetase and elongation
factors), meaning that the evolutionary rate varied greatly
between genes and between domains. For anciently duplicated
genes, on an unrooted tree, the Eubacteria always display the
longest branch. As a result, the Eubacteria are attracted by the
long branch of the outgroup, resulting in an artifactual
rooting in the eubacterial branch PROGCOMP ENRf8
(Philippe and Forterre, in press) . To confinn this artifactual
nature, we have studied separately the slow- and the fasi-
evolving positions of the elongation factors PROGCOMP
ENRf8 (Lopez et al., in press). As expected, the signal for
ancient events has mainly been found in slow evolving
positions, except for the eubacterial rooting. In contrast, the
eubacterial rooting is rather supported by fast evolving
positions, which are the most prone to generate tree
reconstruction artifacts. This strongly suggests that the
rooting of the universal tree of Life is not confidently
determined by molecular phylogenetic analysis and remains
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an open question. The recent suggestion of an eukaryetic
rooting PROGCOMP ENRf8 (Jeffares et al., 1998; Poole
et al., 1998) is a promising hypothesis since it provides the
best explanation for the transition from the RNA-world to
extant organisms.
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Life’s Third Domain: An Established Fact
or an Endangered Paradigm?

Radhey S. Gupta. Department of Biochemistry,
McMaster University, Hamilton, CANADA.

The three domain proposal of Woese et al. (1990) divides all
living organism into three primary groups named Archaea (or
archaebacteria), Bacteria (or cubacteria) and Eucarya (or
eukaryotes), with Eucarya being specific relatives of Archaea.
Although this proposal is currently widely accepted, sequence
features and phylogenies derived from many highly conserved
proteins are inconsistent with it and point to a close and
specific relationship between archacbacteria and Gram-
positive bacteria, whereas Gram-negative bacteria are
indicated to be phylogenetically distinct. A closer
relationship of archaebacteria to Gram-positive bacteria is
generally seen for the majority of the available gene/protein
sequences. To account for these results, and the fact that both
archaebacteria and Gram-positive bacteria are prokaryotes
surrounded by a single cell membrane, 1 have proposed that
the primary division within prokaryotes is between
Monoderm prokaryotes (surrounded by a single membrane)
and Diderm prokaryotes (i.e., all true Gram-negative bacteria
containing both an inner cytoplasmic membrane and an outer
membranc) (Mol. Microbiol.29,1998,695-707;
Microbiol.Mol.Biol.Rev.,62,1998, 1435-1491).  This
proposal is consistent with both cell morphology and
signature sequences in different proteins. Of these two

groups, monederm prokaryotes are indicated to be ancestral.
It is suggested that both archaebacteria and diderm
prokaryotes evolved from gram-positive bacteria, most
likely, in response to the antibiotic selection pressure.
Signature sequences in different proteins also provide a means
to define a number of different taxa within prokaryotes
(namely, low G+C and high G+C gram-positive,
Deinoccoccus-Thermus, cyanobacteria, chlamydia-cytophaga
related, and several divisions of Proteobacteria) and to
indicate how they evolved from a common ancestor.
Phylogenetic information derived from protein sequences
also strongly indicate that all eukaryotic cells have received
significant gene contributions from both an archaebacterium
and a Gram-negative eubacterium. Thus the hypothesis that
the ancestral eukaryotic cell directly descended from within
the archaebacterial lineage is erroneous. These results call
into question the validity of the currently popular three
domain proposal and provide evidence for an alternate view of
the evolutionary relationship among living organisms.

A DNA Structural Atlas of Promoters in
Microbial Genomes

David W. Ussery. Center for Biological Sequence
Analysis, Institute of Biotechnology, The Technical
University of Denmark, Lyngby, DENMARK.

We have analysed the complete nucleotide sequence of
genomes from more than 20 different organisms, including
eubacteria, archae, and eukaryotes. The sequences are
examined in terms of a set of 6 different DNA structural
parameters: DNase [ sensitivity, DNA curvature, helix rigidity
(propeller twist), protein-induced deformability, base-
stacking energy, and the ability to wrap arcund protein
(position  preference). Each individual organism's
chromosome sequence is displayed at the genome level as
either a circular or linear plot. On a global scale, it is
possible to visualise large regions of the genome which could
potentially act as organisational determinants of
chromosome architecture. At the more local level of
individual genes, we have found a preferential localisation of
sequences prone towards specific structures within intergenic
regions. We find that structural profiles for aligned promoter
regions generally tend towards a more rigid structure within
about a hundred bp upstream of the transcription start sites,
and more deformable are immediately downstream of the +1
sites. We see the same general pattern for all of the genomes
in this study. The biological significance of our finding of
similar types of DNA structures in promoter regions for such a
wide range of organisms is discussed.

Novel Approaches for the ldentification of
Microbial Antigens

Michael Buschle, Aaron Hirsh, Walter Schmidt, Max L.
Birnstiel and Alexander von Gabain. INTERCELL Inc.,
Vienna Biocenter, Vienna, AUSTRIA.

INTERCELL (IC) is a young biopharmaceutical,
science-driven company at the Vienna Biocenter, with an
integrated system for the development of chemically defined
vaccines for the treatment of human diseases including cancer
and infections, IC’s portfolio comprises a technique, called
CISTEM, to identify cancer antigens and pathogen-derived
antigens as well as a vaccine technology, termed
TRANSVAX, to induce both strong humoral and cellular
immunity against these diseases.
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CISTEM is a novel technology which allows the selection
and identification of cell clones which "present” protein
epitopes at the surface and bind to a certain ligand. At its
simplest, a candidate ligand-binding epitope is inserted into a
receptor which is a known entry site of a pathogenic agent or
cytotoxic drug; e.g., a virus. Ligand and virus are mixed with
cells. Binding of the ligand to the epitope prevents adhesion
of the virus to the cell, and thereby its destruction. Cells
displaying a binding epitope are thus positively selected and
the genetic information coding for the displayed protein can
be rapidly and easily retrieved using standard molecular
techniques. CISTEM far exceeds in sensitivity and specificity
other molecular techniques by a very large margin. CISTEM
is, therefore, extremely well suited for the detection of
protein-ligand interactions, including the discovery of
antigens.

TRANSVAX also developed by IC’s scientists allows the
presentation of disease-specific peptides on the surface of
dendritic cells, a special class of antigen-presenting cells of
the immune system. This is achieved by the simple procedure
of mixing proteins or peptides with the adjuvants
polyarginine or polylysine and injecting the mixture
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subcutancously. Experimental evidence suggests that the
dendritic cells charged with tumor-specific proteins or
peptides under the influence of the TRANSVAX adjuvants
migrate to draining lymph-nodes where they activate cancer-
specific cytotoxic lymphocytes. These then patrol the body
and eradicate distant cancer cells. Mice vaccinated with such
vaccines resist challenge with live tumor cells and do so
equally well as mice vaccinated with genetically altered
syngeneic tumor cells. The TRANSVAX technology is not
restricted to therapeutic applications, but can also be
employed to transload dendritic cells for the identification of
antigens.

The discovery of antigens is of pivotal significance in human
cancer and diseases caused by viruses, parasites and bacteria.
Bacterial genomics provide an unique wealth to “extract”
protein epitopes from the genome that are recognized by the
immune system. Immunisation of mice by pathogenic
microbes leads to the formation of specific antibodies and
lymphocytes. We discuss strategies how IC’s technologies
are combined to identify the cognate peptides recognized by
the humoral and cellular arm of the immune system.
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Comparing Secondary Structure Prediction
with Genomic Structure Datasets from
Methanococcus jannaschii and Aquifex
aeolicus

Gil Alterovitz and Christopher W.V. Hogue. Samuel
Lunenfeld Research Institute, Mt. Sinai Hospital, Toronto,
CANADA and Department of Biochemistry, University of
Toronto, CANADA.

We wished to test an hypothesis regarding the effect of
genomic protein composition on secondary structure
prediction. Conventionally, secondary structure prediction
metheds scramble the taxonomic information in their
training sets. It has been noted anecdotally that secondary
structure prediction with thermophilic sequences is poor. We
wondered whether a taxonomically consistent database would
improve the performance of secondary structure prediction.
Thermophilic organisms are an obvious starting point as the
thermostable proteins in their genomes have clear differences
in physicochemical properties, and these could be used in
comparison with a heterogeneous group of structures gathered
from the PDB in a taxonomy-independent fashion. Genomic
sequences from M. jannaschii and A. aeolicus with PDB
structural homologues were carefully aligned and assigned the
corresponding secondary structure as recorded by the MMDB
annotation. These sequence-secondary structure datasets were
compiled into query databases separately for corresponding
genomic proteins. We tested secondary structure prediction
with the GOR method, as it does not use multiple alignment
information or neural networks which would have interfered
with our hypothesis regarding taxonomy. We varied the
quality of alignments in these genome specific databases.
Lowering alignment identity cutoff thresholds from 25% to
15% results in larger scoring databases that improved
prediction. We used the two genome-based sequence database
to provide query proteins, and made predictions using GOR's
usual scoring database, The Q3 score of M. jannaschii and A.
Aeolicus were poorer than the GOR method Q3, confirming
the anecdotal reports of poor results in secondary structure
prediction, and we are pursuing mesophilic genome controls
for this data. In particular, beta strand prediction was no
better than chance. We then replaced GOR's scoring database
with the thermophile genome specific database and repeated
the comparison with jackknifing. This showed significant
improvement in beta strand predictability.

Informatical Analysis of Archaeal Genomic
DNA Sequences 1: Informatical Basis for

ORF Identification and Its Application to
Developing an Efficient Algorithm for the
Precise ORF Identification

Nacki Amane'?, Yuko Ohfuku™*, Jun Kakinuma'’, Hideaki
Koike’, Masaru Tateno!, Joerg M. Suckow', Masashi
Suzuki'®, "AIST-NIBHT CREST Centre of Structural Biology,
Tsukuba, JAPAN; *Doctoral Program in Medical Sciences,
University of Tsukuba, Tsukuba, JAPAN; *Doctoral Program
in Agricultural Sciences, University of Tsukuba, Tsukuba,
JAPAN; ‘National Institute of Technology and Evaluation,
Tokyo, JAPAN; and °‘Graduate School of Human and
.llix;;irgnmemal Sciences, University of Tokyo, Tokyo,
AN.

We have developed an informatical method that can be used in
order to identify genes, operon structures and pseudo-genes
on the basis of archacal genomic DNA sequences.
Identification is carried out, first by deducing the standard
signal sequences for transcription and translation, and
physical characteristics that are expected to be shared by all
the genes in the genome, and second by analyzing all the
candidates informatically by using scoring systems that can
evaluate the closeness of given sequences to the standard
sequence. The first process is carried out by using a limited
number of genes that are essential for the function of the
genome and thus can be identified manually. Thus it can be
regarded as a knowledge-based approach, while the second
step statistical. Gene identification is essentially a process of
separating formal candidates that are defined as sections
which start with possible start codons and end at possible
stop codons, while can code centain numbers of amino acid
residues in between, to two groups, real genes and artifacts. It
is essential that the success rate of separating the two groups
can be estimated, when a certain cut-off value is used for the
identification of each type of signal. By monitoring the
success rate the cut-off value can be optimized. By combining
multiple scoring systems a set of cut-off values can be
chosen, so that the number of false negative entries is
expected to be close to 0—i.e. no real gene is missing, while
the rate of false positive entries is kept smaller than 10%. An
algorithm has been developed, which can analyze a whole
archaeal genomic DNA sequence semi-automatically in three
hours with a set of given cut-off values, and by the use of
which the cut-off values can be optimized in less than a week.

Informatical Analysis of Archaeal Genomic
DNA Sequences (2): Gene Composition of
Archaeal Genomes

Yoshinao Azuma', Yuko Ohfuku'?’, Hideaki Koike',
Naoki Amano'*, Jun Kakinuma", Masaru Tateno', Joerg M.
Suckow’, Masashi Suzuki®. 'AIST-NIBHT CREST Centre of
Structural Biology, Tsukuba, JAPAN; *Doctoral Program in
Apgricultural Sciences, University of Tsukuba, Tsukuba,
JAPAN; °National Institute of Technology and Evaluation,
Tokyo, JAPAN; ‘Doctoral Program in Medical Sciences,
University of Tsukuba, Tsukuba, JAPAN; and ‘Graduate
Scheol of Human and Environmental Sciences, University of
Tokyo, Tokyo, JAPAN,

By using the algorithm developed by Amano et al. for the
identification of the transcription and translation units, the
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genomic DNA sequence of a hyper-thermophilic archaeon,
Pyrococcus sp. OT3 has been analyzed. Among 1788 ORFs
identified, 220 are closer to eukaryotic homologues than to
eukaryotic homologues (here referred to as eukaryotic type
genes), while 545 are closer to eubacterial homologues than
to eukaryotic homologues (here referred to as eubacterial type
genes).

Genes of the eubacterial type are found to be distributed
equally covered the whole genome of P. OT3, while genes of
the eukaryotic type cluster within the region that covers
approximately 20% of the genome. The border separating the
genes of the eukaryotic type and eubacterial type does not lie
between two of the major functional categories-i.e.
transcription, translation, replication, etc. But each
functional category is further divided to the two groups of the
eukaryotic and eubacterial type. The category of transcription
is composed of the genes of eukaryotic type that is involved
in general transcription and the genes of eubacterial type that
is involved in specific transcription regulation. The category
of replication is composed of the genes of eukaryotic type
that is involved in replication initiation and the genes of
eubacterial type that is repair.

It suggests that the ancestral eukaryotic genome inserted to
the ancestral eubacterial genome to create the ancestral
archaebacterial genome and the genes of eukaryotic and
eubacterial types differently contribute in archaebacteria. The
simple synbiogenesis hypothesis of eukaryotic cells needs to
be modified, since the hypothesis in the simplest
expectation, could be concluded that eukaryotic genomes are
mosaic, while archacbacterial and eubacterial genomes are
homogenous.

Genome Sequencing of Neisseria
meningitidis Serogroup A Strain 22491

Stephen Bentley, Julian Parkhill and the Pathogen
Sequencing Group. The Sanger Centre, Wellcome Trust
Genome Campus, Hinxton, Cambridge, UK.

The Sanger Centre has nearly completed the sequence of
Neisseria meningitidis serogroup A strain Z2491. Serogroup
A strains of N. meningitidis are responsible for epidemics and
pandemics of meningitis in the developing world, in contrast
to the serogroup B and C strains, which are responsible for
endemic disease in Europe.

The genome is being sequenced in collaboration with Brian
Spratt at the Centre for the Epidemiology of Infectious
Disease, University of Oxford and Mark Achtman at the Max-
Planck-Institute for Molecular Genetics. We are following a
whole genome shotgun approach, using two pUC libraries
with insert sizes of 0.5 to 0.8 kb and 1.0 to 1.5 kb. The
relatively small insert size was chosen to avoid problems
with the small dispersed intergenic repetitive elements
present in the Neisserial genome. To aid the assembly we
have also generated end sequences from 10kb clones in a low
copy number plasmid vector, and 20kb clones in a lambda-
based vector.

At the time of writing, the sequence consists of 68 contigs
over lkb, totalling 2.167 Mb and assembled from 53,360
individual sequences. The assemblies are updated weekly, and
are available from the Sanger Centre website at:
http://www.sanger.ac.uk/Projects/N_meningitidis/.

The results of some preliminary analysis will be presented.

Nirvana: A Microbial Genome Annotation
Tool Kit

Thomas S. Brettin, Mark D. Brettin and Gerald Myers.
Theory Division, Los Alamos National Laboratory, NM.

The recent release of several complete bacterial genomes has
prompted us to develop a graphical user interface (GUI) to a
relational database. The database maintains information that
is relevant to a particular bacterial genome and the GUI allows
the user simple access to the data. The driving force behind
this project is the desire to make simple the organization,
compilation, storage, and retrieval of genetic sequence
information. The current application allows for the handling
of multiple bacterial genomes. In addition to bacterial
genomes, the Nirvana package has been successful on
plasmid sequences. Nirvana is being used as our in-house GUI
providing annotators a facility to access the data behind the
publicly accessible STD genomes database
(http://www.stdgen.lanl.gov). It is fully dynamic. Newly
added information is immediately available without the need
to rebuild the database. This application makes the addition
of new genomes and uploading of large data sets fast.
Automatic updating features exist in the package that help
maintain the integrity of dependent data. Release of software
packages of this nature will aid the experimentalist in
formulating hypotheses for laboratory evaluation. The
package is simple to use, which allows the user to focus more
time and energy on laboratory discovery. The foundation of
the Nirvana package is built on the Apache web server.
Navigation through the package is done on an Intranet or on
the Internet with a web browser such as Netscape. This work
was funded by the Sexually Transmitted Diseases Branch of
the Division of Microbiology and Infectious Diseases,
National Institute of Allergy and Infectious Diseases,
National Institutes of Health, Bethesda Maryland.

Automated High—through?ut Technologies
in Expression Analysis of Neisseria
meningitidis and Neisseria lactamica

Dolores Cahill, Brian Cusack, Ellen Sattler, Olivia
Wegner, Rampalli Srinivas, John O’Brien, Holger Eickhoff,
Mark Achtman and Hans Lehrach. Max-Planck-Institute of
Molecular Genetics, Department of Professor Lehrach, Berlin,
GERMANY.

A full understanding of the expression profile of a tissue or
organism requires the screening of many genetic samples, in
parallel, as rapidly as possible. We describe those steps
which have been automated and miniaturised in our laboratory
to enable a high-throughput and highly parallel
hybridisation-based approach to expression profiling of
Neisseria meningitidis and Neisseria lactamica, to facilitate
the comparative analysis of these genomes. Also initial steps
towards large-scale protein analysis will be described, which
will assist the functional characterization of these
microorganisms.

We use robot technology to clonally array PCR products from
genomic DNA expression libraries of N. meningitidis and N.
lactamica on a whole genome basis. Membrane filters are
produced by robot spotting at a density of 27, 648 clones per
22.2cm?. Each 5x5 block contains a central salmon sperm
guide dot surrounded by twelve clones spotted in duplicate.
After hybridisation the guide dots permit automatic grid
finding and, subsequent, automatic image analysis. Sequences
of spotted clones are identified by hybridisation with specific
DNA probes, or alternatively, by oligonucleotide
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fingerprinting, a technique which has been developed to
characterise DNA libraries. The DNA filters have been used to
do subtractive and complex hybridisation experiments to
profile differentially expressed gene between N. meningitidis
and N. lactamica.

To apply this technology to proteomics, we have clonally
expressed proteins from these arrayed genomic DNA
expression libraries. These proteins were arrayed at the same
density and in the same numbers as DNA filters, these protein
filters were used for interaction screening with specific
ligands, results obtained with specific antibodies are
presented. These antibodies detected specific protein
products. This approach makes translated gene products
directly amenable to high-throughput experimentation,
allowing a link between expressed protein and sequence
information, facilitating the construction of gene product-
antibody catalogues for these microorganisms.

Complete Genome Sequencing of Vibrio
cholerae and Shewanella putrefaciens: An
Opportunity for Comparative Genomics

Rebecca A. Clayton', John Heidelberg', John J.
Mekalanos®, Rita R. Colwell’, Kenneth Nealson®, J. Craig
Venter' and Claire M. Fraser'. 'The Institute for Genomic
Research, Rockville, MD; *Department of Microbiology and
Molecular Genetics, Harvard Medical School, Boston, MA;
'Office of the Director, National Science Foundation,
Arlington, VA; and ‘NASA Jet Propulsion Lab, Pasadena, CA.

Vibrio cholerae, the etiologic agent of cholera, has been
completely sequenced and assembled, and is undergoing the
final genome annotation process prior to publication.
Shewanella  putrefaciens, a model organism  for
bioremediation, is midway through the assembly process. We
present preliminary analysis of these two genomes, in
addition 1o whole genome comparisons with other completed
microbial genomes. Vibrio cholerae and Shewanella
putrefaciens fall close to one another on the small subunit
ribosomal RNA phylogenetic tree, and, along with
completely sequenced genomes Haemophilus influenzae and
Escherichia coli, are members of the large and diverse gamma
subdivision of the Proteobacteria. We present evidence for a
highly conserved sct of gamma Proteobacteria genes, with
evolutionary divergence between these organisms centering
in energy metabolism, transport, and other proteins key to
environmental interaction.

Automatic Clustering and Domains
Dissection in Bacterial and Eukaryotic
Proteomes

Alexey M. Eroshkin. Axys Pharmaceuticals, Inc., La
Jolla, CA.

Comparative analysis of protein sequences from complete
proteomes is a way to predict function for large set of newly
sequenced genes. Domain dissection in multi-domain
proteins, that are especially common in eukaryotes, and
clustering of related domains are essential steps in such
analysis. An automatic clustering and domains dissection of
proteins from seven complete genomes (Escherichia coli,
Haemophilus influenzae, Mycoplasma genitalium,
Mycoplasma pheumoniae, Synechocystis sp.,
Methanococcus jannaschii, Saccharomyces cerevisiae) and C.
elegans (near complete at the time of analysis) was made

using Geanfammer package. First, 32637 proteins were
compared by BLAST and clustered to complex single linkage
clusters. All complex clusters but largest one (artifactual
cluster with 8641 sequences) were broken down by DIVCLUS
procedure into simple clusters, that contain only related
modules. To solve the biggest cluster, the long sequences
(>500 aa) were taken out and the whole process was repeated
separately for the short and long sequences. The large
sequences were then compared to the clusters produced from
the short ones and added to them. Clusters that contain only
large sequences were also found. As the result, 16771 single
and multi-domain  sequences formed 5771 clusters
corresponding to single duplication modules. The resulting
protein families are between 2 and 258 sequences in size. The
duplication modules are between 50 and 4100 residues in size.
The biggest protein families are eukaryotic protein kinases
(258 proteins), ABC transporters (249), 7TM receptors
(202), zinc finger proteins (170). Close to 7300 proteins in
obtained clusters have no functional annotation, biochemical
function for many of them may be predicted using functional
data from other members of the same cluster. Clusters that
have proteins from three or more distant phylogenetic
lineages correspond well to Clusters of Orthologous Groups
(COQG), recently developed at NCBI. Extension of the results
obtained after the completion of C.elegans genome will be
discussed.

Genome Analysis of Staphylococcus aureus
strain COL

Steven R. Gill, Brook Craven, Teresa Utterback, J. Craig
Venter and Claire M. Fraser. The Institute for Genomic
Research, Rockville, MD.

The gram-positive cocci, Staphylococcus aureus is recognized
as one of the most common causes of both hospital- and
community acquired infections worldwide. Of the ~40 million
yearly admissions to acute care hospitals in the United States,
~2-3 million patients (6%) develop nosocomial infections-
~300,000 (10%) of those caused by S. aureus. They are
members of the indigenous mammalian microbial flora, and
in humans, inhabit the skin, upper respiratory and intestinal
tracts. As opportunistic pathogens, they are prone to initiate
infections when host resistance has been compromised by a
skin cut or burn, a previous bacterial or viral infection,
chemotherapy, extensive surgical therapy, or introduction of
biomaterials such as catheters or prosthetic devices. S. aureus
infections are often acute and with the evolution of multiply
antibiotic resistant strains, including the recent isolation of
vancomycin resistant S. awrews in the United States,
innovative approaches are urgently needed to control this
major bacterial pathogen. At TIGR, we are sequencing the S.
aureus strain, COL; the prototypic strain used by many labs to
investigate the genetics and biochemistry of methicillin
resistance, COL is also one of the methicillin resistant S.
aureus (MRSA) source strains used to generate a vancomycin
resistant isolate, and may serve as a model for investigating
vancomycin resistance.

The 2.8 Mb COL genome is being sequenced by the random
whole genome strategy used to complete the sequence of
multiple bacterial genomes at TIGR. Random 1.6-2.0 kb and
3.0-4.0 kb libraries were constructed and to date, over 38,000
sequence fragments have been obtained and assembled into
contigs representing greater than 2.7 Mb unique sequence. We
are currently at ~6X genome coverage and anticipate reaching
8X coverage (~48,000 sequence fragments) before initiating
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closure. A summary of the projects current status and a
preliminary analysis of gene content will be presented.

This work is funded by NIH grant ROIAI43567-01.

An Agrobacterium tumefaciens Genome

Project at a Primarily Undergraduate

Igstiltution—Current Progress and Future
oals

Brad W. Goodner, Brian P. Markelz, M. Casey Flanagan,
Chris B. Crowell, Jodi L. Racette, Brittany A. Schilling, J.
Scott Mellors and Courtney M. Lappas. Department of
Biology, University of Richmond, VA.

Active involvement of undergraduate students in “culting
edge" technology is a fantastic teaching opportunity and can
lead to productive research progress. This poster describes a
genome project involving undergraduate students, both in the
classroom and in independent projects. With the exception of
a few chromosomal virulence genes, the chromosome(s) of
Agrobacterium tumefaciens have been relatively understudied
in comparison to the Ti (Tumor-inducing) plasmid. Several
early genetic mapping studies were consistent with a single
circular chromosome. However in 1993, Allardet-Servent es
al. (. Bacteriology 175:7869-7874) presented pulse-field gel
electrophoresis (PFGE) data showing that A. tumefaciens C58
has two chromosomes, a 3.0 Mbp circle and a 2.1 Mbp lincar.
In order to resolve the differences between these two data sets,
we have constructed a combined physical and genetic map of
the genome of A. tumefaciens A348, a derivative of C58. We
collected a large number of auxotrophic and prototrophic
transposon insertions using TnS(pfm) (Wong & McClelland,
1992. J. Bacteriology 174:3807-3811), and physically
mapped each TnS(pfm) insertion using rare restriction sites
and PFGE. Cur results confirm the results of Allardet-Servent
et al. and go much further to establish the order of Pacl and
Swal restriction sites and various genes on each chromosome.
We will present our current chromosome maps, the essential
features of the genome, and a possible explanation for why
the early genetic mapping experiments missed the linear
chromosome. We are now in the genome sequencing phase of
the project, focusing on a 710 kbp Pacl fragment containing
one end of the linear chromosome. We will present our
genomic cloning and sequencing strategy, summarize the
current state of the project, and look to the future.

References:
1. A’}lardet-Servenl et al., 1993. J. Bact. 175:7869-

874.
Cooley & Kado, 1991. Mol. Gen. Genetics 230:24-27.
Hooykaas et al., 1982. Mol. Gen. Genetics 188:12-17.
Metts et al., 1991. J. Bact. 173:1080-1087.
Miller et al., 1986. Mol. Gen. Genetics 205:153-159.
Pischl & Farrand, 1984, J. Bact. 159:1-8,
Wong & McClelland, 1992. J. Bact. 174:3807-3811.

Nanpwe

"The Master Catalog" as a Genome
Annotation Tool

Sridhar Govindarajan', Stephen G. Chamberlin', Lukas
J. Knecht' and Steven A. Bcnnef& 'Bioinformatics Division,
Sulfonics Inc., Alachua, FL; and ‘Department of Chemistry,
University of Florida, Gainesville, FL.

The rapidity in which new genomic data can be obtained
presents new challenges to the molecular biologist. Tools for
gene finding and assignment of function to putative genes are
of key importance. We have approached this problem by first
constructing a “Master Catalog” from previously published
genomic sequence data. The essence of this method is to
group fragments into families based on their evolutionary
histories. This approach has major benefits: an evolutionary
history can be traced from the data and related to each
member; the family can be represented as a probabilistic
sequence and used to identify other members; most
importantly, the observed patterns of variation (at both the
protein and DNA level) can be used to infer details of the
underlying evolutionary constraints. This is the essence of
ab-initio annotation—the automated identification of features
in genomic sequence data. We demonstrate how our recently
reported "Master Catalog" can be used to assist in the
annotation process, illustrated with an analysis of the newly
sequenced Rickettsia prowazekii genome. We show how the
evolutionary view provided by the "Master Catalog” can be
navigated and used to confirn or deny functional
relationships with homologous proteins.

Contains an o-Proteobacteria

The Human Filarial Parasite Brugia malayi
*Endosymbiont

David B. Guiliano', Barton E. Slatko®, and The FGP’.
'ICAPB, Ashworth Labs, King's Buildings, University of
Edinburgh, Edinburgh, SCOTLAND; *New England Biolabs,
Inc., Beverly, MA; and ’Filarial Genome Project.

Filarial nematodes are responsible for lymphatic
elephantiasis and cutaneous filiariasis, including African
river blindness. These parasites infect over 100 million
people worldwide causing widespread morbidity in endemic
populations. Transmission election microscopic (TEM)
studies of several filarial nematodes revealed the presence of
intracellular bodies in the hypodermis of larvae and adults and
in the gonads of females. It was speculated that these
represented an endosymbiotic bacterial association unique to
filarids. In 1992, the Special Programme for Research and
Training in Tropical Diseases (TDR) of the World Health
Organization sponsored the creation of a Filarial Genome
Project. This international collaboration of seven endemic
and non-endemic laboratories has successfully implemented a
program of gene discovery, genome mapping, and post
genomic analysis. cDNA libraries representative of the entire
life cycle and large insert genomic DNA libraries have been
created and serve as the core of the gene discovery and
genome mapping initiatives. These resources have also
enabled the positive identification and preliminary
characterization of the genome of the endosymbiotic bacteria

identified in the TEM studies. The endosymbiont is _closely
M@W which
establishes intracellular infections in insects and arthropods.

Mapping of the genome of the endosymbiont found in the
lymphatic filarial nematode Brugia malayi using a BAC
(Bacterial Artificial Chromosome) library gridded on a high
density filter array is in progress. Several genes useful for
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phylogenetic and immunological studies, including fsZ and
GroEL homologues are also being characterized. Once the
physical map is completed, a minimum tiling path of BACs
will be used as a template for sequencing of th_e entire
endosymbiont genome, as preliminary studies have indicated
that the endosymbiont may be a novel target for drug
development.

The Candida albicans Sequencing Project at
The Sanger Centre

David Harris and The Pathogen Sequencing Unit, The
Sanger Centre, Wellcome Trust Genome Campus, Hinxton,
Cambridge, UK.

Candida albicans is the most frequent cause of human fungal
infections. This pathogenic yeast has a 15 Mb genome
contained in 8 chromosomes that vary in size between 1 Mb
(chromosome 7) and 4 Mb (chromosome R). A project to
sequence mapped cosmids from strain 1161 is underway at The
Sanger Centre in collaboration with Prof. Duncan Shaw
(University of Aberdeen, UK). The pilot project is intended to
produce regions of finished sequence to examine the
feasibility of a clone based strategy to sequence the entire
genome. The project has produced 232 kb finished sequence
from 6 cosmids. The sequence contains known Candida genes
(including RCC1, POL3, CANIK1 and CHSI) and aiso two
complete copies of a large scale repeat which has previously
been partially characterised (RPS1). A comparison of
homologous proteins showed expected similarities between
C. albicans and S. cerevisiae and regions with with similar
gene organisations in the two yeasts have been identified.
This work is being funded by The Wellcome Trust.

Thermus thermophilus: the Genome of an
Extremely Thermophilic Bacterium with a
Natural Transformation System

Thomas Hartsch', Carsten Jacobi', Mechthild Marschall’,
Ulrike Bode', Hans-Peter Klenk'?, Reinhard Sterner', Gerhard
Gottschalk’, and Hans-Joachim Fritz'. 'Goettingen Genomics
Laboratory, Institute of Microbiology and Genetics,
Goettingen, GERMANY; and ‘EPIDAUROS Biotechnology
AG, Bemried, GERMANY.

Thermus thermophilus is a Gram-negative, aerobic bacterium
which can grow at temperatures from 52 to 85°C. T.
thermophilus strain HB27 was originally isolated from a
natural thermal environment in Japan and is closely related to
T. flavus and T. thermophilus strain HBS, It is less closely
related to 7. aquaticus (the type species of the genus Thermus
and the source of Taq polymerase). The genus Thermus is
considered to be a deep branch within the domain Bacteria,
located within the cluster of the green nonsulfur-bacteria
along with the genus Deinococcus. Revaluation of the
phylogenetic position of the genus Thermus, based on
protein sequence information, is one of the reasons for our
genome sequencing project.

The genomes of several extremely thermophilic and
hyperthermophilic microbes (archaea and bacteria) have been
sequenced during the last three years; however, none of these
microbes has a biotechnologically useful transformation
system. T. thermophilus is the only presently known
extremely thermophilic organism that can be (naturally)
transformed with high efficiency. This property makes T.

thermophilus a valuable tool for genetic studies and an
attractive target for whole-genome sequencing.

whole-genome vencing project (random shotgun
:pproach) gof T. ths:ﬁmophilus strain HB27 is presently
underway in our laboratory; the genomes of 7. :_hermophxlus
strain HB8 and of T. aquaticus are currently also in the process
of being sequenced in other labs. The relatively high GC-
content of T. thermophilus (about 70%) and the large number
of known IS-elements are the main difficulties for the
analysis of the 1.82 Mbp genome and the 0.24 Mbp mega-
plasmid pTT27 of T. thermophilus strain HB27.

Complete Genomic Sequence of the
Hyperthermophilic Archaeon Pyrococcus
agyssi

Roland HEILIG', Valerie BARBE', Simone DUPRAT:.
Catherine ROBERT?, Virginie VICO', Jean-Louis PETIT',
Patrick WINCKER', Philippe BROTTIER!, Odile
LECOMPTE’, Joel QUERELLOU®, Gael EURAUSO', Daniel
PRIEUR', Olivier POCH®, Jean-Claude THIERRY®, Patrick
FORTERRE?, Jean WEISSENBACH', Yvan ZIVANOVIC® and
William SAURIN'. 'GENOSCOPE.Cenire  National de
Sequencage, Evry Cedex, FRANCE; *IGM, University Paris-
Sud, Orsay Cedex, FRANCE; *[FREMER, Plouzané, FRANCE;
“Laboratoire de Microbiologic Marine, Station Biologique,
Roscoff Cedex, FRANCE; and ‘IGBMC, Ilikirch Cedex
FRANCE.

Hyperthermophilic archaca of the genus Pyrococcus are
presently among the most studied hyperthermophiles world
wide. Pyrococcus abyssi, strain GE5, which was isolated from
adeep see hydrothermal vent, contains a plasmid of 3.4 kb,
pGT5, currently used as starting material to design genetic
tools for hyperthermophilic archaea. This plasmid should
also be helpful in studying DNA replication and DNA repair in
archaca, P. abyssi (GES strain) could thus become a model
species for hyperthermophilic archaea. In order to complete
our knowledge of this organism, sequencing of its 1.8 Mb
long chromosome was performed at Genoscope by subjecting
the entire molecule to a pairwise ends sequencing strategy.
Two types of libraries were constructed: the first one, in a
plasmid vector of Bluescript type, with 5ii6 kb sized inserts,
was responsible for the major part of the sequence contigs;
the second one, made in a cosmid vector (inserts ranging 35
to 45 kb) was essential for the scaffolding on large distance.
The initial shotgun phase was carmried out on LI-<COR 4200
sequencer (900bp average). Assembly was achieved with
PHRED/PHRAP and monitored with CONSED. When the
number and size of the gaps, deduced from the scaffold, were
judged short enough, the directed walking step has been
initiated. This stage was attained with 19300 plasmids and
1635 cosmids end-sequences. Twelve residual cloning gaps,
0.8 10 5.0 kb in size, were recovered by sequencing three
independent LA-PCR products. Walking and finishing
reactions were analysed on ABI 377 sequencer. Finally,
validation of the complete assembly was achieved by
comparing the sequence-deduced map to the patterns of four
restriction digests from P. abyssi total genomic DNA. ORFs
spanning at least 100 amino acids were determined. Regions
homologous to proteins contained in Swissprot were used to
train a hidden Markov model which was then used to assess
the coding potential of each ORF. An automatic annotation
performed by comparing these potential genes with the COG
databank and Swissprot. One cluster of gene encoding
ribosomal RNAs was identified by similarity with the RNA
subsection of Genbank and 46 IRNAs were identified by using
the tRNAscanSE program,
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A web site (http://www.genoscope.cns.fr/PyrococcusAbyssi
will disseminate this data. An expert annotat);on is under \)a'v?;')

Automated Data Management for TIGR
Microbial Genomes: Small_Genome_Control

Erin K. Hickey, Jeremy D. Peterson and Owen White. The
Institute for Genomic Research, Rockville, MD.

With updates to the annotation of numerous completed
microbial genomes and the current annotation of genomes in
progress, the management of new data would become
overwhelming if attempted in a non-automated fashion. New
data can consist of changes to the physical characteristics of
an open reading frame (ORF), such as the coordinates, or to
information associated with an ORF, such as the best non-
redundant-amino-acid database match (olapid). These two
types of data are stored in a number of different tables in
TIGR's small-genome relational-databases and are edited
through TIGRs annotation tools. A change in a single
physical or associated characteristic, i.e. a change to one
field in one table, may lead to subsequent changes in other
fields across one or several tables. For example, a change in
the §' end of an ORF may require updates to the fields
containing the nucleotide sequence, amino acid sequence,
pairwise alignment (including a new ‘similarity’ and
‘identity’), number of membrane spanning regions, molecular
weight and pl, and potential signal peptide. In addition, the
multiple FASTA files containing all the ORF’s nucleotide and
protein sequences would have to be updated. Alternately, a
change in olapid would only affect the pairwise alignment and
not the physical characteristics of the ORF.

A simple approach to ensure all database ficlds reflect the
current data would be to update all information on a periodic,
perhaps nightly, basis. However, with over 15,000 microbial
OREFs being maintained at TIGR, this would be a severe waste
of computational resources. To solve this problem, the TIGR
microbial annotation team  uses a system,
Small_Genome_Control (SGC), to handle the day-to-day
processing of this data. SGC has been developed to only
update information on ORFs whose physical or associated
characteristics have been changed, thereby limiting the
number of ORFs being processed. In addition, SGC only
updates those fields related to the initial change, limiting the
number of changes per ORF. A description of SGC's single
UNIX makefile and the 25+ PERL scripts will be provided.

Mycobacterium tuberculosis has Eukaryotic
Genes

Winston Hide, Andrey Ptitsyn and Junaid Gamieldien.
South African National Bioinformatics Institute, University
of the Western Cape, Bellville, South Africa.

We report evidence of multiple gene transfer between
eukaryotes and a pathogenic bacterium. Mycobacterium
tuberculosis infects one third of all human beings and is the
most widespread of lethal human pathogens (1). The
bacterium lives inside macrophages, providing opportunity
for gene transfer from hosts as a result of selection for
intracellular survival. At least 8 genes have been transferred
from eukaryotes to Mycobacterium tuberculosis. All share
functional similarity with those normally located in the
mammalian mitochondrial apparatus, providing a clear
indication that M. ruberculosis is strongly selected by
respiratory  constraints.  Evidence for transfer, and
phylogenetic support is provided. Detection of horizontal

gene transfers into pathogens may potentially be used as a
vm:;!lccr of the major gene classes under selection for
ence.

1. Bloom, B. R., Murray, C. J. L. Tuberculosis:
commentary on a re-emergent killer. Sci 257,
1055-64 (1992). 8 clence 23

Micro Array Analysis of Gene-Expression
during the Yeast Life Span

Satoshi Hihara', Tomoko Yabe', Hideaki Hiraki', Yasuo
Uemura', Akio Kanai' and Hirofumi Doi’. 'Doi
Bioasymmetry Project, ERATO, JST; and *Fujitsu Labs Ltd.,
Tsukuba, Japan.

Budding yeast, Saccharomyces cerevisiae, has a limited life
span and the mean life span varies in a strain-dependent
manner. To understand yeast cellular senescence at the
molecular level in detail, we analyzed gene expression
changes at the whole genome level during the course of aging
of the strain CG379 (mean life span=19.1 $B!* (B6.6) by
slll‘li:traclzltion between the cDNAs of young cells and those of
old cells.

As a first step, we prepared the pure populations of young
cells which divided 3 times and old cells which divided 15
times by a combination method of cell separation in sucrose
gradients and cell sorting by biotinylation and avidin
conjugated magnetic beads. After extraction of total RNAs
from these cells, cDNAs were synthesized. DNA fragments of
up-regulated genes in young or old cells were equalized and
amplified by using PCR-SelectTM cDNA Subtraction Kit
(CLONTECH). The resulting PCR products were labeled with
33P and hybridized to Yeast Index Gene Filters (Research
Genetics) which contain 6,144 PCR products corresponding
to about 97% of all yeast ORFs.

The signal intensities of all spots were quantified and the
ratios of young to old of each signal were determined. To
better understand the resuits, the spots of functionally known
genes were classified by their function (e.g., DNA synthesis
and replication, biogenesis of cytoskeleton, etc.).
Processing of these complicated data was simplified by our
newly developed computer program.

The results showed that expression level of genes encoding
proteins of cytosolic translation complexes, especially
ribosomal proteins, glycolysis pathway, and core histones
was down regulated during the course of aging. On the
contrary, that of amino acid biosynthesis pathway,
nucleotide biosynthesis pathway, and some transporters was
up regulated. The differentially expressed gene classes in
respect to cellular senescence will be discussed.

Comparative Genomics of Aspergillus
nidulans

Gregory Hinkle, Vicky Gavrias, Yongwei Cao, Craig
DeLoughery, Radhika Uppaluri, JacHyuk Yu, Roger Wiegand,
Tom H. Adams and William E. Timberlake. Cereon Genomics,
Cambridge, MA.

We have sequenced the 29 Mb genome of the filamentous
ascomycete Aspergillus nidulans to greater than 3X depth of
coverage using a ‘shot-gun’ sequence and assembly
methodology. Homology-based and algorithmic ORF
prediction methods trained for the A. nidulans genome

C-26



Poster Abstracts

recognize >9300 A. nidulans ORFs. Comparative genomic
analyses of A. nidulans and S. cerevisiae have identified the
genes unique to A, nidulans as well as the fraction with
significant sequence similarity to S. cerevisigae coding
regions. An overview of the annotation of A. nidulans
including the in silico metabolic reconstruction will be
presented.

A Potential to Predict Protein
Thermostability Derived from the Genome
of Methanococcus jannaschii

Howard Feldman, Gil Alterovitz, Nick Plaskos and
Christopher W.V. Hogue. Samuel Lunenfeld Research
Institute, Mt. Sinai Hospital, Toronto, CANADA, and
Department of Biochemistry, University of Toronto,
CANADA.

The genome of Methanococcus jannaschii has been expected
to yield important clues for understanding how amino acids
are organized in thermophilic proteins. Threading potentials,
as derived by Bryant and Lawerence are made from observed 3-
D amino acid contacts from nonredundant 3-D structure data
sets, counted as pairwise pseudo-beta-carbon contacts with 10
Angstroms (excluding contacts from i-4 to i+4). We
undertook to make such a threading potential for this
thermophile using homologous sequences from the M.
Jjannaschii genome aligned carefully to known 3-D structures.
This new potential may be used as a scoring function to
suggest mutations leading to the deliberate engineering of
thermostable proteins.  High-quality seguence-structure
alignments were created with position-specific gap penalties
in ClustalW. The additional secondary structure information
resolved most ambiguous subalignments by placing them
into loops, corresponding to observed indels in protein
structure. evolution. The effects of emors owing to
fragmentary misalignments was very carefully considered and
controlled. We determined through testing that a conservative
25% identity in a subsequence comprising a 3-D structural
domain (as defined by the VAST algorithm) was a suitable
threshold for including a sequence-structure alignment in our
dataset. Of 171 alignments, this process left a dataset of 115
alignments containing domains that passed the threshold.
Indel residues were masked for the generation of the potential.
Two potentials comprising all pairwise interactions stratified
into 6 distance bins (0-5,5-6,6-7,7-8,8-9,9-10 Angstroms)
were compiled, for the parent PDB structures, and for the
"virtwal” M. jannaschii structures. The differences between
these two potentials highlights all the specific amino acid
pairwise interactions that are altered in the thermostable
proteins of M. jannaschii. Several unsuspected amino acid
pairwise interactions are observed. Many of these can be
explained by trends in optimizing residue packing,
electrostatics and by the influence of the unusual osmolytes
found in Methanococcus species.

Genome Sequencing of Streptococcus
pneumoniae Type 4

Erik Holtzapple, Hervé Tettelin, Matthew Lewis, Diana
Radune, Hoda Khouri, Teresa Utterback, Brian A. Dougherty,
Erin K. Hickey, Owen White, Hamilton O. Smith, J. Craig
Venter and Claire M. Fraser. The Institute for Genomic
Research, Rockville, MD.

Streptococcus pneumoniae, a encapsulated gram-positive
coccus, is the most common cause of bacterial pneumonia
around the world as well as a common cause of middle ear

infection and meningitis. The Institute for Genomic Research
has initiated the sequencing of the whole genome of S.
pneumoniae type 4 by the shotgun method, the random
sequencing phase is complete and the genome is in gap
closure phase. This closure process has been hampered by
several problems, including genomic DNA purity, non-
randomness of large insert libraries (lambda clones), presence
of many repeated elements, etc. The methods applied to solve
these problems: direct genome sequencing, Clontech
genome-walker-kit, multiplex-PCR, and confirmation of the
repeats assembly will be presented and discussed, together
with the preliminary annotation of the sequence content.

Methanosarcina mazei, the First Genome of
the Third Order of Methanogens

Carsten Jacobi, Hans-Peter Klenk, Hans-Joachim Fritz
and Gerhard Gottschalk. Goettingen Genomics Laboratory,
Institute of Microbiology and Genetics, University
Goettingen, Goettingen, GERMANY.

Biological methanogenesis plays an important role in the
carbon cycle on earth. It is the terminal step of anaerobic
breakdown of organic matter in many anaerobic habitats.
Methanosarcina  mazei  belongs to the order
Methanosarcinales within the group of methylotrophic
methanogens. These organisms utilize simple Cl-compounds
such as methanol and methylamines. In contrast, the group of
obligate hydrogenotrophic organisms is restricted to the
utilization of H2 + CO2 and formate and can be divided into
the orders Methanobacteriales, Methanococcales and
Methanomicrobiales. As there are already two completed
genome sequences of methanogens available (Merhanococcus
Jjannaschii and Methanobacterium thermoautotrophicum)
comparisons of these genomes with that of M. mazei should
reveal new insights in the phylogenetic relationship of the
methanogens. Extensive comparison with the genomic
information from phylogenetically more distantly related
organisms such as the sulfate reducing Archaeoglobus
fulgidus, the extremely halophilic Halobacterium salinarium
and Thermoplasma acidophilum, and several recently
sequenced species of Pyroccocus should generate valuable
information for an improved classification of the
Euryarcheaota. The complete genomic sequence of M. mazei
is being determined by a whole-genome-shotgun approach. In
the presently performed initial phase of the project random
sequences are generated from a small insert library carrying
inserts of approximately 2.5 kb length. Sequencing is done
on LI-COR 4200 IR2 machines with dye primer chemistry and
cycle sequencing. The scquences are assembled with the
Staden Package software running under Solaris 2.6 on a SUN
Server. Gaps between contigs will be closed by sequencing of
a large insert cosmid library, which will also be used as
backbone for the control of the assemblies, and direct
sequencing of genomic DNA with dye terminator chemistry
on ABI Prism 377 DNA sequencers. The genome annotation
will be performed using the MAGPIE (Multipurpose
Automated Genome Project Investigation Environment)
software for comparison with already annotated sequences
from public databases.
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The First Entire Genomic Sequence of an

Aerobic Hyperthermophilic

Crenarchaeota, A. pernix K1, Comparing

with an Anaerobic Hyperthermophilic

Eu archaeota, P. horikoshii OT3, and Other
rchaea

Yutaka Kawarabayasi'®, Yumi Hino', Hiroshi Horikawa',
Syuji Yamazaki', Yuji Haikawa', Koji Jin-no', Mikio
Takahashi', Mitsuo Sekine', Sin-ichi Baba', Akiho Ankai',
Hiroki Kosugi', Akira Hosoyama', Shigehiro Fukui',
Yoshimi Nagai', Keiko Nishijima', Hidckazu Nakazawa',
Minako Takamiya', Sayaka Masuda', Tomomichi Funahashi’,
Toshihiro Tanaka', Yutaka Kudoh', Jun Yamazaki', Norihiro
Kushida', Akio Oguchi’, Ken-ichi Aoki', Kenji Kubota',
Yoshinobu Nakamura', Yoshihiko Sako® and Hisasi Kikuchi'.
'Biotechnology Center, Tokyo, JAPAN; 2NIBH, Ibaraki,
JAPAN; *Kyoto University, Kyoto, JAPAN

The entire genome analysis of an  anaerobic
hyperthermophilic Euryarchaeaota, P. horikoshii OT3, was
already finished and published*. And the entire sequence data
and additional other information is released on the Internet
homepage (URL, http://www.bio.nite.go.jp).

To compare with the genome of anacrobic microorganism,
the next genome project of an aerobic archaeon, Aeropyrum
pernix K1 isolated from the Kodakara island Japan in 1993,
was started at last April. To determine the entire genome
sequence of this archaeon, the alternative whole genome
shotgun method was selected. Adding to the whole genome
long (2 kb insert) and short (1 kb insert) shotgun clones, the
short shotgun clones constructed from the restriction
fragments of genomic DNA of A. pernix K1 were used. The
collected 28,000 raw sequencing data were used for
assembling by PhredPhrap. The remaining short gaps
(maximum 300 bp long) were filled by walking of long
shotgun clones. The determination of the entire nucleotide
sequence of this archaecon was finished last December, and
this is the first entire genome sequence of hyperthermophile
in Crenarchaeota.

To identify both the different and common points between the
aerobic and anaerobic and between the Euryarchaeota and
Crenarchaeota, we have performed the comparative analysis
among these two archaea and with other archaea determined
entire genome sequence. In this meeting we will discuss
results of such comparative analysis.

*Complete Sequence and Gene Organization of the Genome of
a Hy ermophilic Archaebacterium,  Pyrococcus
hgrsikos ii OT3 (1998) DNA Research, 5, 2, 55-76 & 147-
1

Production of High-density DNA
Microarrays for Microbial Genomes at TIGR

Karen A. Ketchum, Alyson E. Hazen, Scott W. Avery,
Linda C. Banerjei, Patee Gesuwan, John Quackenbush, and
Claire M. Fraser. The Institute for Genomic Research,
Rockville, MD.

High-density DNA microarrays are one of the most promising
technologies for parallel analysis of gene expression. This
process can be used to document global changes in
transcription as microorganisms medify their metabolism
and physiology in changing environments. The goal of this
project is to develop standard operating procedures to be used

at TIGR for high throughput production of microbial
microarrays. We have focused on 5 areas for our initial
optimization studies.

1- PCR amplification of target DNAs from microbial
templates

2- Chemistries for DNA attachment to glass surfaces

3- Fluorescent probe labeling

4- Hybridization conditions

5- Cross talk among paralogous gene sequences

Many factors affect the success of array experiments,
including, the humidity of the printing environment,
composition of the buffer used to resuspend DNA targets, type
of glass selected and the coating that is placed on the surface,
ratio of non-labeled to Cy-conjugated nucleotides, and
hybridization buffers. This poster will detail our results from
each of these areas and highlight critical factors. In addition,
we will outline the parameters that we have established for
quality control of array construction.

This research is supported by grants from the United States
Department of Energy, Office of Biological and
Environmental Research and The Energy Biosciences
Program.

Strategies for Optimizing the Sequencing
of Difficult Genomic Regions

John E. Gill, Hoda M. Khouri, Haiying Qin, Jessica J.
Vamathevan and Teresa R. Utterback. The Institute for
Genomic Research, Rockville, MD.

As TIGR moves towards sequencing organisms of medical and
environmental benefit, efforts must be made to streamline
sequencing through the difficult region of these complex
genomes.

Difficult genomic regions include several types of repeats of
varying length and base composition, long GC-rich
streiches, areas of DNA secondary structure, sequences with
hard stops and unclonable promoters. Standard techniques and
chemistries used for sequencing DNA fail to sequence through
these areas, thus impeding the process of closure.

Several different techniques were developed for optimizing
both PCR and sequencing reactions, which have proven in
most cases to allow sequence through these problem areas.
These methods include, but are not limited to, the following:
the addition of betaine, Q-solution buffer and other
enhancers, increasing primer lengths, utilizing a variety of
polymerases, increasing the denaturation temperature of PCR
reactions, changing the conditions for cycle-sequencing, sub-
cloning PCR products for sequencing with Dye-Primer and
BigDye chemistries, and the construction of micro-libraries.

Examples of sequence through these difficult regions and the
different techniques that were used to resolve them will be
presented and discussed.
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@h /&Annotation of Microbial Genomes

Frank Larimer, Richard Mural, Morey Parang, Manesh
Shah, Victor Olman, Inna Vokler, Jay Snoddy, and Edward
Uberbacher. Computational Biosciences, Life Sciences
Division, Oak Ridge National Laboratory, Oak Ridge, TN.

We are implementing integrated display tools for microbial
annotation systems within the context of the Genome
Channel and the Genome Annotation Consortium. In
cooperation with The Institute for Geromic Research, we
currently have views of the various complete microbial
genomes sequenced by TIGR available in the Genome
Channel. Other complete genomes will be added shortly and
views of genomes in progress will be developed. Among the
features being implemented are:

A visual, integrated contextual browser for viewing genomic
relationships from the chromosome to the nucleotide level,
within and between genomes;

Improved and consistent gene-calling, with emphasis on
accurate prediction of translation start, as well as accurate
calling of short (<300nt) genes;

Annotation of structural features, including operon and
regulon organization, promoter and ribosome binding site
recognition, repressor and activator binding site calling,
transcription terminators, and other functional elements;

Linkage and integration of the gene/protein/function catalog
to phylogenetic, structural, and metabolic relationships.

The rapidly growing microbial genome database poses
significant challenges in both analysis and presentation,
particularly in multi-gene, multiple-genome comparisons.
The exploration of microbial diversity and an understanding
of the nature and origin of evolutionary change requires depth
of analysis as well as breadth of sampling. Comprehensive
annotation tools will be critical to access the richness of
genomic complexity.

Research sponsored by the Office of Health and
Environmental Research, USDOE under contract number DE-

éC05-96OR22464 with Lockheed Martin Energy Research
orp.

Protozoan Sequencing at The Sanger
Centre

Daniel Lawson, Sharen Bowman, Mike Quail, Carol
Churcher, David Harris, Maric-Adele Rajandream and Bart
Barrell, Pathogen Sequencing Unit, The Sanger Centre,
Wellcome Trust Genome Campus, Hinxton, UK.

The Sanger Centre is currently involved in a number of
protozoan genome sequencing projects, namely Plasmodium
Jalciparum, Leishmania major, Trypanosoma brucei and
Dictyostelium discoideum. All these, species are eukaryotic
with small genomes (approximately 30 Mb) organised into
multiple chromosomes. Projects cover extremes of DNA
composition, ranging from an [A+T]} of 0.35 for L.major to
0.82 for P. falciparum.

The apicomplexan sporozoa P.falciparum is the predominant
causative agent of human malaria. The Sanger Centre is
sequencing approximately half of this malaria genome:
chromosomes 1, 3-9, and 13. The chosen sequencing strategy

involves a chromosomal shotgun with a light ‘skim’ of
mapped Yeast Artificial Chromosomes (YAC:s).

The kinetoplastid flagellate L. major is the causative agent of
leishmaniasis. The Sanger Centre is involved in two projects
whose aim is to sequence 4.3 Mb of L. major DNA from 7
chromosomes. The chosen sequencing strategy involves
sequencing a minimal tiling path of overlapping cosmid
clones.

The kinctoplastid flagellate 7. brucei is the causative agent of
sleeping sickness. The Sanger Centre is sequencing
chromosome 1 (1.15 Mb) as a pilot project. The chosen
sequencing strategy involves a chromosomal shotgun

The social amoeba D, discoidewum is the model organism of
choice for developmental biologists. The Sanger Centre is
involved in the sequencing of 1.5 Mb from chromosome 6 as
part of an international consortium. The DNA composition of
Dictyostelium, [A+T] = 0.75, is reminiscent of malarial DNA
and a similar sequencing strategy has been employed
involving the physical YAC map.

Here we summarise the goals for each of the projects and give
a progress update. More information can be found at The
Sanger Centre web site (URLs given below).

URL: for the Protozoan projects:

P.falciparum

http://www.sanger.ac.uk/Projects/P_falciparum/
http://www.sanger.ac.uk/Projects/P_falciparum/

L.major HYPERLINK

hitp://www.sanger.ac.uk/Projects/L_major/
http://www.sanger.ac.uk/Projects/L_major/

T.brucei

http://www.sanger.ac.uk/Projects/T_brucei/
http://www.sanger.ac.uk/Projects/T_brucei/

D.discoideum HYPERLINK

http://www .sanger.ac.uk/Projects/D_discoiduem/
htip://www.sanger.ac.uk/Projects/D_discoiduem/

HYPERLINK

Molecular Diversity of the Genes Involved
in Anaerobic Energy Metabolism in
Shewanella putrefaciens MR-1

Guangshan Li’, Jizhong Zhou', Douglas Lies’, Rebecca
Clayton®, Kenneth H. Nealson?, Claire Fraser’ and James M.
Tiedje*. 'Environmental Sciences Division, Oak Ridge
National Laboratory, Oak Ridge, TN; “Department of Geology
and Planetary Sciences, Jet Propulsion Laboratory and
California Institute of Technology, Pasadena, CA; *The
Institute for Genomic Research, Rockville, MD; “Center for
Microbial Ecology, Michigan State University, East
Lansing, ML

Shewanella putrefaciens MR-1 is a facultative bacterium in
the gamma Proteobacteria and able to reduce a variety of
compounds including dimethyl sulfoxide, fumarate, nitrate,
nitrite, thiosulfate, Fe(llI), and Mn(IV). Ninety-nine percent
of the MR-]1 genome sequence is available. To understand
molecular diversity of anaerobic metabolic pathways, the
amino acid sequences of genes involved in anaerobic
clectron-accepting processes from other species were
searched against the available genome sequence of MR-1.
Three ORFs in MR-1 had 68-100 % identities to the
periplasmic npitrate reductase and two ORFs had 57-66 %
identities to the formate-dependent nitrite reductases.
However no genes that arc involved in known nitric and
nitrous oxide respiration were detected. Five genes, which
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may be involved in Fe(lll) and Mn(IV) reduction in MR-1,
showed 20-30% homology to the current database sequences
from other species. Also there are three ORFs which were 40-
70% identical to the genes involved in fumarate reduction.
Genes similar to those involved in thiosulfate and dimethyl
sulfoxide reduction were detected. In addition, One ORF had
54-75% identities to that of FNR family, which is a
pleiotropic activator of genes involved in anaerobic
respiration. These results suggest that the genes involved in
anaerobic energy metabolism in MR-1 are quite divergent
from those in other species.

The Identification of a New Family of Sugar
Efflux Pumps in Escherichia coli

Jia Yeu Liu, Paul F. Miller', Mark Gosink?, and Eric Olson.
Infectious Diseases and *Molecular Biology Department,
Parke-Davis Pharmaceutical Research, Division of Warner-
Lambert Company, Ann Arbor, MI; and 'Present address:
Infectious Diseases Department, Pfizer Central Research,
Groton, CT

Using a functional cloning strategy with an Escherichia coli
genomic plasmid library, we have identified a new family of
sugar efflux proteins with three highly homologous members
in the Escherichia coli genome. In addition, two open reading
frames, one present in Yersinia pestis and the other in
Deinococcus radiodurans, appear to encode closely related
proteins. An in vitro transport assay using inside-out
membrane vesicles prepared from overproducing strains
demonstrated that members of this new family can efflux
[¥C)-lactose and [*“C]-glucose. Substrate specificity was
further explored using both the inhibition of the in vitro
[*C})-lactose transport assay and a cell based assay. The
results indicate that one member of this family (SetA) prefers
glycosides with alkyl or aryl substituents as both isopropyl-
b-D-thiogalactoside = (IPTG) and  o-nitrophenyl-b-D-
thiogalactoside are substrates for efflux. As sugar efflux
phenomena have been reported previously in several bacterial
species including E. coli, the identification of a new family of
sugar efflux proteins may help reveal the physiological role
of sugar efflux in metabolism. It is proposed that the E, coli
members of this family, whose functions were previously
unknown, be given the gene family designation ser for sugar
efflux transporter.

Pilot Scale Genome Sequencing of
Aspergillus nidulans by an Internal-labeling
Long Read Protocol

Machida, Masayuki’, Nakagawa, Mari', Kunihiro,
Sumiko' and Takei, Shigeo’. 'Molecular Biology Department,
National Institute of Bioscience and Human-Technology,
AIST, Tsukuba, JAPAN; and *Analytical Instrument Section,
Radiation and Biology Engineering Department, Aloka Co.,
Ltd., Tokyo, JAPAN.

In the course of world wide effort to complete the genome
sequence of Aspergilllus nidulans, we started the pilot scale
sequencing of a part of the ordered cosmids library (1). We
picked the cosmids locating in the middle part of
chromosome VIII and neighboring to the cosmid which has
been sequenced by Prade et al. (2). We have tentatively
sequenced at both ends of the cosmids and analyzed the
overlap among the cosmid clones by LD-PCR. The
sequencing was done mainly by the primer walking method
using the internal-labeling protocol and analyzed by LI-COR

model 4200L DNA sequencer. Since longer than 800
nucleotide sequence could be analyzed in a single run,
approximately 160 reactions were expected to complete the
sequence of both strands of cosmid's inserts. However, the
internal-labeling cycle sequencing protocol applied to LI-
COR DNA sequencer was limited to as long as 10 kbp DNA
template. We examined the condition for the internal-
labeling protocol applicable for cosmid sequencing and found
that the successful long-read sequencing depended on higher
concentration of IRD-labeled dATP, optimization of cosmid
amount arnd the higher temperature for denaturation step. The
A. nidulans cosmid sequencing is under progress.

1. Prade, R. A., Griffith, J., Kochut, K., Amold, J. and
Timberlake, W. E,, Proc. Natl. Acad. Sci. 94, 14564-14569
(1997)2. Kupfer, D. M., Reece, C. A,, Clifton, S. W. and Roe,
B. A., Fung. Genet. Biol. 21, 364-372 (1997)

An In-House Integrated Database System

Katerina Michalickova and Christopher W.V. Hogue.
Samuel Lunenfeld Research Institute, Mt. Sinai Hospital,
Toronto, CANADA and Department of Biochemistry,
University of Toronto, CANADA.

We are interested in a number of Bioinformatics approaches
to studying complete genomes and their relationships with 3-
D structures and compact protein domains. While previously
we had advocated the use of NCBI's Entrez interface for remote
querying of the Entrez databases, we have found that these
methods of access are unreliable for automated query methods
for a variety of reasons. We require a reliable in-house
database containing the same information as found in Entrez.
While Entrez is not presented by NCBI in an exportable
format, the NCBI fip site has a number of datasets that can be
used to reconstruct a functional in-house database resource
that behaves like Entrez, but currently without the neighbor
information. We use the embedded information in ASN.I
sequence and structure files for generating link information
and store it together with the original ASN.1 binary data in
CodeBase databases (Sequiter Software Inc., Alberta). The
CodeBase database system is easily linked with the NCBI
toolkit on a number of platforms and provides a high-speed
and streamlined database subsystem capable of holding all of
GenBank, MMDB and the associated link databases. The
database is updated daily from NCBI ftp site. At the present
stage, a web interface facilitates database searches for
sequences based on unique identifiers (GI), GenBank
accession numbers, NCBI taxonomy identifiers, and Medline
identifiers. Nucleic acid and protein sequences can be
displayed in several formats. The query also triggers a search
for linked nucleic acid or proteins. Taxonomy and Medline
searches provide linking identifiers to the Entrez and Pubmed
data at NCBI. In addition we support linking identifiers to
other sequence and structure databases. We are developing our
own client-server interface which retrieves data from our
database through hitp protocol and a CGl-based server. The
new interface will perform some operations which are not
addressed in the Entrez API such as obtaining nonredundant
set of sequences from organisms or complete genomes.
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Genes Involved in the Inositol Metabolism
of Mycobacteria

Farahnaz Movahedzadeh, Tanya Parish and Neil G.
Stoker. London School of Hygiene and Tropical Medicine,
London, UK.

Tuberculosis remains the infectious disease which causes the
greatest mortality world-wide. The genome sequence for
Mycobacterium tuberculosis has recently been completed and
this provides an excellent source for analysis of gene
function.

We have isolated a transposon mutant of the fast-growing
non-pathogen Mycobacterium smegmatis, which has an
altered cell envelope. Sequence analysis showed the insert
lies in an inositol monophosphatase gene (impA) .

Mycobacteria are unusual in that, unlike most bacteria,
inositol is an important molecule. It plays a key role in the
structure of lipoarabinomannan in the cell wall, and in the
major thiol, mycothiol. We have now identified the
homologue of impA in M. tuberculosis, as well as several
other genes which may be involved in inositol metabolism.
The aim of this project is to investigate the functions of these
genes in order to understand the importance of these inositol-
containing molecules in the growth and survival of M.
tuberculosis.

Genome Sequencing of Campylobacter
Jjejuni strain NCTC11168

Karen Mungall, Julian Parkhill and the Pathogen
Sequencing Group. The Sanger Centre, Wellcome Trust
Genome Campus, Hinxton, Cambridge, UK.

The Sanger Centre has recently finished the genome sequence
of Campylobacter jejuni strain NCTC11168 in collaboration
with Brendan Wren of the Department of Medical
Microbiology, St Bartholomew's and the Royal London
School of Medicine and Dentistry and Julian Ketley of the
Department of Genetics, University of Leicester.
Campylobacter jejuni is the leading cause of food-borne
gastroenteritis in developed countries such as the UK and the
USA. In addition, the disease can have debilitating long term
sequelae including Guillain-Barre syndrome, reactive arthritis
and other autoimmune conditions.

The sequence is 1,641,480 bp in length and was generated
from 33,824 sequencing reads. At present we are in the
process of systematic annotation of the genomic sequence.
We have attempted to make as much information as possible
publicly available while the annotation is in progress. To
this end we have released an initial gene prediction, along
with further information for each CDS such as matches to the
Pfam database of protein families, and regularly updated
comparisons with the protein databases. All of this
information is available from the C. jejuni website at:
http://www.sanger.ac.uk/Projects/C_jejuni/.

One of the most striking results of the genome sequence so far
is the presence of hypervariable homopolymeric tracts within
the clonal DNA, suggesting an extremely rapid rate of slip-
strand mispairing during replication.

The Streptomyces coelicolor Genome
Sequencing Project at The Sanger
Centre

Lee Murphy, Stephen Bentley and The Pathogen
Sequencing Unit, The Sanger Centre, Wellcome Trust Genome
Campus, Hinxton, Cambridge, UK.

The Streptomyces are Gram-positive bacteria similar to
mycobacteria in having high G+C DNA, They are unusual
procaryotes in that they undergo a complex cycle of
morphological development and also in their production of a
large number of antibiotics and other secondary metabolites.
Streptomyces coelicolor A3(2) has an 8 Mb linear genome
and a project to sequence the entire chromosome is underway
at The Sanger Centre. The clone-based strategy uses a set of
320 overlapping cosmids produced and mapped at The John
Innes Centre, Norwich, UK. Strategies have been developed
to solve the difficulties resulting from the very high G+C
content of the DNA (>70%) and from the presence in the
genome of very many small inverted repeats. The project has
produced >2 Mb of finished sequence and a further 0.5 Mb
unfinished sequence is available. The sequences have been
obtained from several regions of the genome including two of
the 4 known antibiotic gene clusters. The high gene density
typical of bacterial genomes seen in all sequenced cosmids
indicates that the DNA is likely to contain 8000 genes (more
than are found in Saccharomyces cerevisiae). The sequencing
project has suggested possible reasons for the apparent high
number of genes. This work is being funded jointly by the UK
Biotechnology and Biological Sciences Research Council and
The Wellcome Trust.

Positioning of High Repetitive DNA
Sequences in Reference to the Direction
of Transcription and Replication

Yuko Ohfuku'?’, Hideaki Koik', Naoki Amano™, Jun
Kakinuma'®, Masaru Tateno', Joerg M. Suckow', and Masashi
Suzuki'®. 'AIST-NIBHT CREST Centre of Structural Biology,
Tsukuba, JAPAN; *Doctoral Program in Agricultural Sciences,
University of Tsukuba, Tsukuba, JAPAN; *National Institute
of Technology and Evaluation, Tokyo, JAPAN; *Doctoral
Program in Medical Sciences, University of Tsukuba,
Tsukuba, JAPAN; and °Graduate School of Human and
Environmental Sciences, University of Tokyo, Tokyo,
JAPAN.

It is reported here that when the circular genomic DNA
molecule is displayed by a 12-hr-clock, transcription of most
of the identified ORFs in the genome of Pyrococcus sp. OT3
proceeds in the two directions -i.e. clockwise and anti-
clockwise, starting from the position of 12 o'clock. The one
direction goes clockwise and ends at 7 o'clock, while the anti-
clockwise direction is found in the range of 7 to 12 o'clock.
Other researchers have proposed that in some cubacterial
species the direction of transcription is likely to be coupled
with the direction of replication. An archaeon, P. OT3, might
be another of such examples. A 29mer sequence repeating
more than hundred times has been identified in the genome of
P. OT3. Two neighbouring units in the repeat are separated by
68 base pairs on average according to each start position. The
repeating DNA units are clustered into six regions. Five
clusters are organized in the direction of replication, while
one not. Some notable correlation appears to be found
between the positioning of the repeating sequences and the
direction of transcription. The genomic DNA sequences of
three other archaeal species also contain similar repetitive
DNA sequences. In the genome of M. thermoautotrophicum
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only two clusters are found. The sequence consensus to the
two clusters is very close to the sequence consensus of all
sequenced archaebacterial species. In contrast, in the genome
of M. jannaschii, repeating units are divided to a number of
clusters. The sequence consensus to the clusters is diverged
from each other and from the archaeal consensus sequence.
Thus, it appears that there is a correlation among the
divergence of the consensus repeat sequence of each species
from the archaeal consensus repeat sequence, the divergence
of consensus sequences of the clusters from the species
specific consensus sequence and the division of the repeating
units into clusters. Namely, it suggests that they are traces of
evolution,

Genome Browsers for Bacterial Pathogens

Nicholas J. Loman and Mark J. Pallen. Department of
Medical Microbiology, St Bartholomew's and the Royal
London School of Medicine and Dentistry, London, UK.

Bacterial genome sequencing projects exemplify the Pareto
principle: around 80% of the work is done in 20% of the time.
A large amount of sequence data becomes available during
shot-gun sequencing. However, the definitive annotated
genome sequence may not be released for many months, as
the finishing and annotation stages can take just as long as
shot-gun sequencing, if not longer. While, in most cases,
laboratory-based researchers can query the incomplete
sequence through cut and paste web interfaces, this approach
is too onerous if one is interested in more than a few
sequences or wishes to track the appecarance of sequences in a
pathway (e.g. aromatic amino acid biosynthesis) or protein
complex (e.g. type-lll secretion systems) while genome
sequencing progresses.

To help bacteriologists mine genomic data while sequencing
is in progress, we have built several web-based “genome
browsers” (http://www.medmicro.mds.gmw.ac.uk/genomes).
TBLASTN searches with proteins sequences from other
completed genomes are performed against incomplete
genome sequence data and are automatically repeated each
time a new batch of sequence data is made public. Results are
presented through an attractive web interface, that includes a
hierarchical classification of protein function. In addition to
using protein sets from completed genomes we allow users ,
through a “private browser”, to set up their own lists of
proteins sequences to be tracked as the sequencing project
progresses. Sequences of interest can be entered individually
in FASTA format or en masse as Entrez UIDs.

As TBLASTN searches identify paralogues as well as
orthologues, we provide a simple web-based confirmatatory
system, where the regions of predicted protein sequence
identified by TBLASTN can be searched by BLASTP against
the non-redundant protein database. In this way, one can, for
example, quickly distinguish between hits to type-III secreted
proteins that represent components of the flagellar
biosynthesis system from genuine type-III secreted proteins.

A user-friendly facility for retrieving information from
unassembled sequences or from contigs sequence means that
users can explore the local context of any protein-coding
sequence by performing BLASTX search with the relevant
nucleotide sequence and its flanking regions.

Microbial Genome Sequencing at the
Sanger Centre

Julian Parkhill, Bart Barrell and the Pathogen Sequencing
Group. The Sanger Centre, Wellcome Trust Genome Campus,
Hinxton, Cambridge, UK.

The Sanger Centre has an aclive and expanding microbial
genome sequencing group. In addition to the completion and
publication of the Mycobacterium tuberculosis genome last
year, we have also recently completed the sequence of
Campylobacter jejuni, and are in the process of the
systematic _annotation of this genome. The shotgun
sequences of three further organisms; Neisseria meningitidis,
Yersinia pestis and Bordetella pertussis, are complete, and
these are now in various stages of the finishing process. In
addition, we are in the process of shotgun sequencing
Salmonella  typhi and Bordetella bronchiseptica, and are
testing libraries of Clostridium difficile and Bordetella
parapertussis in preparation for shotgun sequencing.

In addition to these whole genome shotguns, we are also
sequencing two organisms, Streptomyces coelicolor and
Mycobacterium leprae, using a cosmid-based clone-by-clone
approach.

Further information, and access to scarch engines and
sequences, can be obtained from the microbial genome
sequencing web page at:
http://www.sanger.ac.uk/Projects/Microbes/.

DNA Microarray Gene Expression
Monitoring of the Extreme Radiation
Resistant Bacteria Deinococcus
radiodurans

Scott Peterson, Robin Cline, John Heidelberg and Owen
White. The Institute for Genomic Research, Rockville, MD.

Deinococcus radiodurans is best known for its extreme
resistance to ionizing radiation. It has been documented that a
D. radiodurans cell has the ability to repair 150 double-
stranded DNA breaks without mutagenesis or DNA
rearrangement. This enormous potential to survive X-
irradiation is known to be dependent on recA, poll and uvrA.
Beyond this, the underlying mechanism of X-irradiation
resistance is not well understood. D. radiodurans also has
elevated resistance to U.V. irradiation, dessication and
oxidative stress. Mutational analysis suggests that there is
significant overlap in the proteins and activities required for
resistance to these insults and stresses. However, some
mutations have been uncovered that appear to dissect the
pathways. An example is that of katA, which has a role in
oxidative stress resistance but not ionizing radiation
resistance. We have initisted an analysis of Deinococcus
radiodurans RNA expression profiles using DNA microarray
technology, by comparing expression patterns of cells after
high doses of X-irradiation (1.75 Mrads) and conditions of
oxidative stress induced by hydrogen peroxide.
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Sequencing of Pseudomonas aeruginosa
PAO1

Xuan-Quynh T. Pham’, Karen Avery-Phelps', Karen
Blochlinger', Kerry Bubb', Jina Chan', Cindy Demarais',
David Gordon', Robert Hubley', William Hughes'l Shawn
Iadonato', Don Jewett', Amic Kas', Regina Lim', Lloyd
Lyile', Charles Magness', Mortimer Petralia', Bethany
Richards', Channakhone Saenphimmachak', Elizabeth
Simms', Kim Smith', David Spencer', Chris Weinmann',
Gane Ka-Shu Wong', Lettie Goltry’, Wendy Hufnagle®, Micki
Lagrou?, Emie Tolentino?, Scott Mizoguchi’, Gita Bangera’,
Stephen Lory’, Bob Hancockd, Phil Green', Maynard Olson’,
Ken Stover’, Rick Garber’. 'The Human Genome Center,
Department of Medicine, University of Washington, Seattle,
WA,; *Pathogenesis Corporation, Seattle, WA; *Department of
Microbiology, University of Washington, Seattle, WA;
4Department of Microbiology, University of British
Columbia, Vancouver, BC.

Pseudomonas aeruginosa is an opportunistic pathogen which
primarily infects immunocompromised patients, such as
people who suffer from Cystic Fibrosis. Two years ago, a
collaborative sequencing project between the University of
Washington Genome Center and the Pathogenesis
Corporation was initiated to sequence a clinically virulent
strain, PAOIL.

The majority of the sequencing and finishing was carried out
at the UWGC. The PAOI strain is 6Mbp, with no known
plasmids. Our initial goal was to cover the genome at 7.5X
redundancy with 90,000 reads. Realizing the greater
probability of compressions in this GC rich genome (>60%),
we decided to implement precautionary measures. We used ABI
377 sequencers because of their higher running temperatures
(52C). Half of the M13 shotgun reads were dye primer and the
other half were dye terminator. Shotgun sequencing began in
June of 1997 and ended in August of 1998, -

Finishing began after 93,973 shotgun reads were generated
and assembled into 97 contigs. We have divided the finishing
effort into four components: contig joining, strengthening
weak regions, cosmid end sequencing, and MCD mapping. We
are using an automatic finishing program called
‘Autofinisher’, which is a feature of Consed. It designs
finishing reactions that will resolve the most errors at the
lowest cost. The first round of automated finishing produced
1042 reads and reduced the assembly to 12 major contigs.
These contigs have a total size of 6.2Mbp, and 6.1Mbp of
this is in 40Kbp (or larger) regions with an integrated error
rate of less than 0.0001. With ~3X cosmid coverage of the
genome we have made 8 contig joins in the MCD map
resulting in 4 large contigs and 1 possible 11kbp
misassembly. The largest gap is ~1Kbp. We will confirm
these MCD map joins with cosmid end sequencing and then
close these gaps using the cosmids as templates for directed
sequencing. There will be a continued effort to improve the
quality of the sequencing data and to join all remaining
contigs into one contig. The annotation of this sequence is
being shared between the UWGC, Pathogenesis, Lory Lab at
UW, and Hancock Lab at UBC.

Whole Genome Shotgun Optical Mapping of
Ige!no;:occus radiodurans and Trypanosoma
ruce.

Rong Qi, Jieyi Lin, Zhongwu Lai, Virginia Clarke,
Stephanie Delobette, Christopher Aston, Junping Jin%,
Thomas Anantharaman', Bud Mishra', Najib M. El-Sayed®,
Owen White?, and David C. Schwartz. W.M.Keck Lab for
Biomolecular Imaging, Department of Chemistry,
'Department of Computer Science, New York University, NY,
NY; and *The Institute for Genomic Research, Rockville, MD.

Optical Mapping is a proven approach for the rapid
generation of ordered restriction maps across whole microbial
genomes. Maps are constructed by imaging restriction
endonucleases cutting of single DNA molecules with
fluorescence microscopy. We have used shotgun Optical
Mapping to generate physical maps of the Deinococcus
radiodurans genome. The final Nhe 1 map ( average fragment
size of 29 kb ) was assembled without gaps at an average
depth of 35x. We calculated the genome to be 2.7 mb by
optical means and also discovered the presence of a second
chromosome, 415 kb in size. Our maps have greatly
facilitated sequence assembly efforts at TIGR. Construction of
high resolution restriction maps for the Trypanosoma brucei
genome has been recently initiated. The haploid genome of 7.
brucei is approximately 37 mb in size. Three size classes of
T.brucei chromosomes have been defined: the
minichromosomes of 50~150 kb, the intermediate
chromosomes of 200~200 kb, and we are currently mapping
the 11 pairs of diploid chromosomes of 1.0~6.0 Mb. We
evaluated a number of restriction enzyme candidates by
determining cut site frequency from BAC and Pl clone end
sequence information in the TIGR database. Restriction
enzyme Xba | gives fragments of an optimum size (14 kb) for
Optical Mapping and has been chosen to map T. brucei
genomic DNA molecules. T. brucei DNA was prepared from
agarose inserts which were provided by TIGR. Our maps will
serve as a scaffold for assembly and verification of the large-
scale sequencing. We aim to link the T.brucei optical map
with existing sequence information and physical map
resources such as pulse field electrophoresis-generated
karyotypes and EST markers mapped to the P1 genomic DNA
library. Optical Mapping will also enable detailed whole
genome analysis for related African trypanosome species.

Identification of a Novel Site-specific
DNA-binding Activity in Deinococcus
radiodurans

Haiying Qin, Kelly S. Moffat, William C. Nelson, John F.
Heidelberg and Owen White. The Institute for Genomic
Research, Rockville, MD.

Deinococcus radiodurans is a Eubacterium that is resistant to
large doses of gamma-irradiation. Bioinformatic analysis of
whole-genome sequence data from this organism has revealed
a variety of repeat elements found throughout the three
chromosomes that make up the genome. Fifty-eight copies of
one such repeat, (poridge, 151 base pairs), are evenly spaced
throughout the genome at intervals of, on average, 70
kilobasepairs. Small circles of chromosomal DNA have been
identificd that are hypothesized to be recombinational
intermediates across these repeats. Using an electrophoretic
mobility shift assay, we have identified a DNA-binding
activity from a soluble cell extract that is specific for the
poridge repeat. Sequence analysis of poridge revealed an A/T-
rich inverted repeat at one end. A truncated poridge probe
lacking this inverted repeat failed to be bound by the cellular
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extract in a mobility shift assay, thereby tentatively
identifying the recognition site. Cellular extracts were made
from D. radiodurans cells harvested at various time points
during recovery following gamma-irradiation. A decrease in
binding activity is observed at two hours post-irradiation,
and recovery of activity to pre-irradiation levels is achieved
by six hours. Mobility shift assays using cell extract from a
recA mutant strain of D. radiodurans still demonstrated
binding activity. Isolation and identification of the protein
responsible for this activity is in progress.\

Direct Fluorescent Labeling and
Automated Analysis of Genomic Clones for
Mapping

M. Esser, A. Oommen, H. Osterman and J. Qiu. LI-COR,
Inc., Biotechnology Division, Lincoln, NE.

Direct labeling and detection of nucleic acids has many
advantages in DNA fragment analysis for genomic mapping.
The “extendase” (dA addition) activity of some DNA
polymerases, which catalyzes the addition of single
nucleotides to the 3’ terminus of blunt-ended PCR products,
has been previously employed in various cloning strategies.
We demonstrate the same activity can be used to label DNA
fragments generated by either restriction enzyme digestion or
PCR. Furthermore, a single-step reaction protocol has been
successfully developed in which restriction digestion and
labeling are performed simultaneously and differentially in a
single tube. Specifically, DNA is digested and labeled with
IRD-700 or IRD-800 dNTPs in a single, 30-minute reaction.
The IRD-labeled restriction fragments are then detected and
analyzed within a few hours on a horizontal agarose gel using
a LI-COR IR2 automated DNA sequencer. Several different
DNA polymerases and templates, including Human BAC
clones, are compared for labeling efficiency. This protocol
can be a valuable tool for efficient mapping of genomic
clones for high throughput laboratories.

On the Specificity of Insertion of MiniTn7
Elements Mediated by TnsABCA%27Y

Elisabeth A. Raleigh'. Ann S. Slellwagen’, Matthew C.
Biery’, Barton Slatko', and Nancy Craig’. 'New England
Biolabs, Inc, Beverly, MA; and “Howard-Hughes Medical
Institute/Johns Hopkins School of Medicine, Baltimore, MD.

An in vitro transposition system with desirable properties
has been developed for use in sequencing applications.
Desirable characteristics include  sequence-nonspecific
insertion, predominance of single simple insertions, high
insertion efficiency and possession of useful sites for rare-
cutting restriction enzymes. The properties of this Tn7-based
system depend on a mutation in the target-acquisition
component of the four-subunit transposase. This mutation
(TnsCA225V) makes the target-recognition protein (alternate
requircments are TnsD and TnsE) dispensable, without
materially changing the reaction efficiency or the
transposition-immunity properties of the enzyme. The
resulting three-component enzyme catalyzes insertion of
mini-Tn7 elements into a highly random distribution of sites.
The global specificity of insertion of transposition mediated
by TnsABC* was examined in two ways: by analyzing the
distribution of 63 insertions along the length of a target
sequence (pER183, a pACYCI184 derivative camrying the
mcrBC genes of E. coli K-12; 9.9 kb), and by analysis of the
sequences within the 5 bp of target sequence that is duplicated
during the insertion process. The local specificity within a

smaller target sequence sample was examined by a physical
assay: PCR amplification of pooled insertions using one
primer binding to a fixed site in the target molecule and
another primer specifically binding to one end of the
miniTn7 transposon. Multiple insertions are rarely obtained;
the most comment aberrant product can be avoided by
ensuring a monomeric state of the donor plasmid.

Development of a Novel Lane Tracking
Reagent for Automated DNA Sequencers

Thomas R. Reynolds and Gregory A. Meyers.
Commonwealth Biotechnologies, Inc. Richmond, VA.

Recently, we have developed a reagent (ACCUTRAC™) which
provides a marking tool for sample tracking in Automated
DNA sequencing applications. Specifically, inclusion of
AccuTrac in the sample loading dye “marks” the lane of the
acrlyamide gel into which each sample is individually loaded
and electrophoresis is applied. Marking each lane helps to
manually identify each lane during the tracking process and
ensures that the instrument correctly reads the corresponding
data from each lane and accurately applies the data to the
appropriate sample information. The reagent incorporates a
fluorescent dye which is recognized by most, if not all,
currently available DNA sequencers. AccuTrac is incorporated
into a DNA sequencing loading buffer through a formulation
which is PROPRIETARY to CBI. The reagent is detected by
an automated sequencer without interfering with the data
generated by the instrument.

In the work described in this poster, we show the application
of the new reagent technology to lane/sample tracking during
automated DNA sequence. Side by side comparison of gels run
with and with out AccuTrac is shown. Both gels contain the
same samples loaded into the same lane number. Direct
comparison of these gels clearly shows that in the gel
containing AccuTrac, lanes can be easily tracked using the
dye marker which a[:gears at the bottom of the gel as (a) blue
band(s). The gel without AccuTrac present in the loading is
more ambiguous in terms of lane identification. The AccuTrac
bands are present before any “real” data is resolved in the
lane.

The dye front of the AccuTrac gel facilitates efficient lane
identification. This effect plays an important role when 96
lanes are run and technical people are required to scan through
gels at a rapid rate to check tracking or to manually track
gels. Using AccuTrac in the gel loading buffer has aided our
facility by less time spent manually tracking gels. The use of
AccuTrac at CBI has virtually eliminated mistakes made in
tracking lanes.

cDNA AFLPZE: A Robust High-throughput
Transcript Profiling Technology for
Microorganisms

Guus Simons, Martin Reijans, Antoinette Oude Groeneger,
Rutger van Rooyen* and Pieter Vos. KeyGene N.V.,
Wageningen, The Netherlands; and *Gist-Brocades, Delft,
The Netherlands.

We present an adaptation of the AFLPZE technology to
monitor genome-wide expression in microorganisms. cDNA-
AFLP fingerprinting has overcome the limitations associated
with other techniques and is able to fully evaluate differential
gene expression. Advantages of cDNA-AFLP are: 1) template
preparation requires very low amounts of starting material to
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yield high quality fingerprints, 2) the use of restriction
enzymes, adapter ligation and amplification with selective
nucleotides enables quantitative profiling of transcripts, 3)
low abundance transcripts can be detected easily by applying
additional selective nucleotides, 4) full ana_lysps of the
transcriptome can be achieved by using a limited set of
enzyme combinations, 5) the technique is relatively
insensitive to amplification conditions resulting in a high
level of reproducibility, 6) ¢cDNA-AFLP fragments can be
easily purified and sequenced, and are derived from various
parts of the transcript and not predominantly from the 3
untranslated region, which increases coding potential and
function prediction, 7) nonannotated ORF (NORF) genes and
up to now uncharacterized genes can be detected and 8) no
prior sequence information is required.

Combining c¢DNA-AFLP with bioinformatics _expertise
provides a versatile tool for high-throughput differential
expression analysis comparing gene expression patterns of
related strains or of identical strains under different growth
conditions.

Examples in Saccharomyces cerevisiae, Penicillium
chrysogenum and Aspergillus niger will be presented. (Note:
AFLPAE is a registered trademark of KeyGene N.V.)

Distributed Homology Searches using PVM
and WU-Blast on a Heterogenous
Computer Network

Bradley E. Slaven, Hanif Khalak, Daniel Kosack and
Dellwood Richardson. The Institute for Genomic Research,
Rockville, MD.

The advent of large sequence datasets presents serious
computational requirements for nucleotide and protein
searches on a genomic scale. The emergence of inexpensive
processor technologies have lead to the development of
supercomputer class capabilities on desktop platforms. We
leveraged off the shelf computers and publicly available
software products to conduct searches on large scale genomic
class datasets. To this end, we networked a cluster of personal
computers running the Linux Operating System (Red Hat
Release 5.1) using Parallel Virtual Machine (PYM) software
(Ozk Ridge National Laboratory). We have implemented a
system that searches each sequence in a FASTA file against a
database utilizing WU-Blast (Warren Gish, unpublished). This
approach incorporates existing native program executables
for searching (WU-Blast) and output parsing (btab) within a
PVM framework.

Several DNA and polypeptide datasets were queried using WU-
Blast using this system against 16 completed genomes.
Results are presented including cpu, memory, network, and
disk usage statistics as compared with runs with single
platform implementations.

A DNA Microarray Facility for the
Functional Analysis of Bacterial Pathogens

Neil G. Stoker', Philip D. Butcher’, Joseph A. Mangan®,
Robert M. Davies, Juliz?n Parkhill’, Bart G. Barrell’ and
Brendan W. Wren'. 'London School of Hygiene and Tropical
Medicine, London, UK: St George's Hospital Medical
School, London, UK; *Sanger Centre, Hinxton, Cambridge,
UK; and ‘St Bartholomew’s and Royal London Hospital
School of Medicine & Dentistry, London UK.

We are currently developing a microarray facility to exploit
the sequencing of bacterial pathogens being carried out at the
Sanger Centre and elsewhere. The microarrays will be
produced using PCR preducts generated from defined plasmids
used in the sequencing projects, or made with ORF-specific
primers. These will be arrayed on a standard glass microscope
slides at a density of 500 / cm’ using a BioRobotics
microgridding robot. The aray will be hybridized with
fluorescently-labelled cDNA made from bacteria grown in
different environmental conditions. Alternatively, genomic
DNA will be used as the probe for comparative genomic
studies. Dual fluorescence will be used, allowing simultaneous
detection of two RNA or DNA populations. The output of the
arrays will be read using a confocal laser scanner. Different
binding strategies, and methods to assess the concentration
of DNA bound to the array have been investigated. Initial
work is being carried out using Campylobacter jejuni and
Mycobacterium tuberculosis whole genome arrays. A tiling
programme has been designed to select 1700 coding
sequences from the 8-10-fold redundant pUCI8 library from
the C. jejuni genome project. Using a single pair of vector
primers, amplicons from the miniset of plasmids will form
the basis of a complete DNA microarray from C. jejuni.

Genome Analysis of Facultatively
Alkaliphilic bacillus Halodurans C-125

Hideto Takami, Kaoru Nakasone and Koki Horikoshi.
Japan Marine Science and Technology Center/Deep-sea
Microorganisms Research Group, Yokosuka, JAPAN.

Generally, alkaliphilic Bacillus strains cannot grow or grow
poorly under neutral pH conditions, but grow well at pH
higher than 9.5. Since 1969, we have isolated a great number
of alkaliphilic Bacillus strains from various environments
and have purified many alkaline enzymes. Over the past two
decades, our studies have focused on the enzymology,
physiology, and molecular genetics of alkaliphilic
microorganisms _to elucidate their mechanisms of adaptation
to alkaline environments. Industrial applications of these
microbes have also been investigated and some commercial
enzymes from alkaliphilic Bacillus strains have brought great
advantages to industry. Thus, it is clear that alkaliphilic
Bacillus strains are quite important and interesting not only
academically but also industrially. Recently, whole genome
analysis of B. subtilis, which is taxonomically related to
alkaliphilic B. halodurans strain C-125, except for the
alkaliphilic phenotype, has been completed. Knowledge of
the complete nucleotide sequence of the B. subrilis genome
will help us in analysis of B. halodurans C-125 genome.
From this research background, we initiated genome analysis
of alkaliphilic B. halodurans C-125 and have completed a
physical map of the genome which has a size of 4.25 Mb. The
oriC region of the chromosome was identified and a 18.5 kb
DNA fragment containing the oriC region of the chromosome
was obtained by means of PCR. In addition, a lambda phage
library of the chromosomal DNA was constructed and three
independent DNA inserts (15-20 kb) were sequenced and
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analyzed to determine their genetic features. The ORFs
identified in these fragments were found to be similar to genes
in the B. subtilis chromosome but were organized in a
different order. These results will be helpful to comsider the
necessity of gene organization in the chromosome.
Systematic sequencing of the whole genome of Bacillus
halodurans C-125 has been routinized since last April and
80% of genome sequencing has been done so far.

Microbial Genomes at NCBI: Complete and
Incomplete

'l‘: Tatusova, 1. Mizrachi and J. Ostell. National Center for
Biotechnology Information, National Library of Medicine,
National Institutes of Health, Bethesda, MD.

The Genomes division of Entrez cumently contains 774
entries that represent 659 completely sequenced genomes,
including 425 viruses, 17 bacteria, and Saccharomyces
cerevisiae, complete sequences of Leishmania major
chiomosome 1 and Plasmodium falciparum chromosome 2,
and a number of plasmids and organelles, The entries are
divided in six large taxonomy groups: Archaea, Bacteria,
Eukaryotae, Viroids, Viruses and Plasmids. The list of
organisms in each group can be viewed in alphabetic order or
as a taxonomic tree generated using the information from
NCBI Taxonomy database.

WWW Entrez Genomes(http://www.ncbi.nlm.nih.gov/
Entrez/Genome/org.html) provides flexible views,
precomputed relationships, and immediate access to
analytical tools for all complete sequence records. Genomes
records not exceeding 350 limit for a single record (as agreed
upon by International Sequence Database Collaboration) can
be downloaded in several formats from the Entrez Nucleotide
division. Large records including 17 complete microbial
genomes, Saccharomyces cerevisiae and Caenorhabditis
elegans can be downloaded from the NCBI FTP site
g_ncbi.nlm.nih.gov/genbanklgenomes) in a variety of
ormats.

In addition to the completely sequenced genomes, Entrez
Genomes contains mapping data and contiguous sequence
islands for some eukaryotic genomes whose sequencing is in
progress. The organisms included in this group are Homo
sapiens, Mus musculus, Drosophila melanogaster, Orya
sativa and Zea mays.

Preliminary sequence data from microbial genome sequencing
projects in progress are accessible through a specialized
BLAST Web page. Databases of assembled contigs are
submitted to N(E,Bl for BLAST similarity searches prior to the
sequences being formally deposited into GenBank. The search
employs Gapped BLAST 2.0 program and supports TBLASTN,
BLASTN, and TBLASTX search modes. The sequences can be
retrieved from the submitting sequencing centers.

Closure or Ribosomal RNA Repeats in
Whole Genomes

Jessica J. Vamathevan, Haiying Qin, Teresa R.
Utterback, John F. Heidelberg, and Rebecca Clayton. The
Institute for Genomic Research, Rockville MD.

The resolution of repeated sequences is one of the most
challenging steps during the closure of microbial genomes.
This is particularly evident for repeated elements which are
larger than the size of the small insert library. One such

repeat is the ribosomal RNA operon, which often exists in
multiple copies in a genome. In many bacteria, this operon
consists of the 16S rRNA promoter, the 16S RNA gene, a
165-235 intergenic spacer region (variable between
operons), the 23S rRNA gene, and the 55 RNA gene. The
large size and high degree of sequence homology between
operons make this a difficult problem for closure. Further
complications in this repeat include the high amount of
secondary structure which can make PCR across difficult, and
the fact that the IRNA promoter can be toxic 10 E. coli , and
therefore the DNA sequence flanking the 16S tRNA gene are
not represented in the sequence generated from random
sequencing phase.

To contend with multiple rRNA operons, TIGR has developed
the following strategy: 1) determine the number of operons
by Southern hybridization, 2) identify the 16S and 5S flank
sequence in the assemblies, 3) if the 16S promoter is toxic to
E. coli , identify the 16S rRNA flanks by use of the Clonetech
Universal Genome Walker kit or direct genome sequencing, 4)
perform combinatorial PCR 16S and 5S RNA unique flank
primers, 5) obtain the complete sequence of the PCR product.
This method has proven useful because no step is contingent
on the random phase of sequencing being completed,
consequently we are able to resolve one of the most
complicated repeats prior to the formal closure phase of a
genome project.

Ussery, David
Will present his abstract from his speaker presentation

Replication-induced Constraints on Genes
and Proteins Composition in Bacteria

Viari A.', Rocha E.P.C'?, Médigue C."* and DanchinA’.
'Atelier de Biolnformatique - Université Paris, Paris,
FRANCE; and Institut Pasteur, Paris Cedex 15, FRANCE.

Bacterial chromosome replication usually starts at a single
origin and two replication forks propagate in opposite
directions up to termination signals. As the replication
mechanism differs for the two strands of the duplex DNA, this
process may, in principle, give rise to compositional
asymmetries between the leading (continuously replicated)
strand and the lagging strand. Indeed, numerous evidences of
these asymmetries have recently been given, essentially
reflecting an excess of G over C in the leading strand. We
introduce the use of Linear Discriminant Analysis in order to
elucidate the presence of biases at the gene level, i.e. by
considering more variables than the four nucleotide
frequencies. We first show that strong compositional
asymmetries between the leading and lagdging strands do exist
at the level of nucleotides, codons and, very surprisingly,
amino acids. For some species, this bias is so high that the
sole knowledge of a protein sequence allows to predict with
very high confidence (96%) whether the gene is transcribed
from the leading or the lagging strand. Furthermore, the
examination of 16 complete genomes shows that these biases
are not species specific but appear to be ubiquitous across the
species. For instance, there is a general over-representation
of Valine in the proteins corresponding to genes transcribed
from the leading strand. The existence of these constraints
have important consequences in our understanding of
fundamental biological processes in bacteria such as
replication fidelity, codon usage in genes and amino acids
usage in proteins. They should therefore be taken into
account in the course of a bacterial genome analysis.
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Functional Analysis of Microbial Genomes
Using an Exhaustive Two-hybrid Approach

Simon T. Whiteside, Jean-Christophe Rain, Luc Selig,
Céline Reverdy, Stéphane Simon, Véronique Battaglia,
Miklos Fejes, Pierre Legrain, Hybrigenics S.A., Paris,
FRANCE.

Large scale DNA-sequencing leads to the prediction of the
structure of the proteome. New tools are needed to link these
linear data to well-defined biological functions. Protein-
protein interactions are key determinants of the life cycle of
the cell. We have developed a highly selective and
standardized procedure that allows us to constitute networks
of protein-protein interactions - Protein Interaction Maps, or
PIMs. This patented method, when applied to the yeast
genome, has already revealed new factors involved in a given
pathway as well as suggested the existence of novel
complexes and ascribed novel biological functions to
proteins’. Hybrigenics, a functional proteomics company,
has developed high-throughput screening technology and is
currently performing an exhaustive analysis on the ulcer-
provoking bacterium Helicobacter pylori. The company’s
first products are protein-protein interaction databases, to be
followed by detailed analysis of interacting domains -
Selected Interaction Domains, SIDs - and isolation of
compounds capable of modulating specific protein-protein
interactions.

'Fromont-Racine, M., Rain, J.C. and Legrain, P. 1997.
Toward a functional analysis of the yeast genome through
exhaustive two-hybrid screens. Nature Genetics 16, 277-82.

Random Shot-gun Cloning and Sample
Sequencing of the Francisella tularensis

Richard W. Titball', Kerstin Williams®, Kerri A. Mack’,
Petra C. F. Oyston', Richard Prior', Nicola Chatwell', Mark
Pallen’, Nick Loman’, Karin Hjalmarsson’, Thomas
Svensson’i Luther Lindler*, Siv G. E. Andersson®, Gunnar
Sandstrom® and Brendan W. Wren®. 'Defence Evaluation and
Research Agency, Salisbury, UK; *Department of Medical
Microbiology, St. Bartholomew's and the Royal London
School of Medicine and Dentistry, London, UK; *Department
of Microbiology, National Defence Research Establishment,
Umea, Sweden; ‘Department of Bacterial Diseases, Walter
Reed Army Institute for Research, Washington, DC; and
‘Department of Molecular Biology, University of Uppsala,
Uppsala, SWEDEN.

The human pathogen Francisella tularensis is the causative
agent of tularaemia, a disease which occurs almost
exclusively in the northern hemisphere. Despite the medical
significance of tularaemia, little is known about the organism
or how it causes disease. An international consortium of five
laboratories has begun to sequence the 2 Mb genome of the
highly virulent Biovar strain Schu4 of F. mdarensis. A
random shot-gun library has been constructed of 1-1.5 kb
fragments of F. tularensis Schud DNA in pUCIS8. To date,
approximately 8000 clones (~d4-fold coverage) have been
sequenced and are currently being analysed. Both known and
novel Francisella tularensis genes have been identified.
Updates of preliminary sequence data, BLAST search results
and comparative genomics of Francisella DNA sequence data
searched against gene products from several other genomes
can be viewed via the genome browser
(www.medmicro.mds.qmw.ac.uk/ft).  Determination and
analysis of the complete genome sequence will provide

insight into the pathogenicity and the taxonomic position of
this unusual bacterium.

Estimating the Extent of Gene Transfer by
Simulating Proteome Evolution

Todd C. Wood and William R. Pearson. Biochemistry and
Molecular Genetics, University of Virginia, Charlottesville,
VA.

We have simulated proteome ecvolution to estimate the
fraction of the eukaryotic nucleus that originated by
horizontal transfer from the eubacteria. Random "mutations”
were introduced into each protein sequence of the M.
genitalium proteome using different distributions of PAM
distances. The distribution of protein sequence similarities
for these simulated proteomes matches closely the
distribution of similarities between modern eubacterial and
archaebacterial protecomes. Using a distribution of distances
derived from comparisons of real proteomes, we simulated the
origin of the three domains of life, including various amounts
of gene transfer from the eubacteria to the eukaryotes at 2.0
billion years ago (Ga). Our results show that if the divergence
of the eukaryotes and archaebacteria occurred at 3.5 Ga, the
amount of gene transfer necessary to account for the
similarities of real eubacterial and eukaryotic proteomes is
less than 15% of the modern eukaryotic proteome.
Alternatively, if the eukaryotes and archaebacteria diverged
2.25 Ga, 60% of the modem eukaryotic proteome must have
been acquired through gene transfer from the eubacteria to
account for the distribution of similarities seen in modern
proteomes. To distinguish these two possibilities (ancient
and recent divergence), we constructed trees using both
simulated and real protein sequences from all three domains.
Using the sequences of 46 arbitrarily-chosen proteins from
our simulations, we find that the frequency of correct trees for
the ancient divergence/low transfer phylogeny is 78.3%. For
the recent divergence/high transfer phylogeny, the frequency
of correct trees is only 37.0%. Using sequences of 93
different real proteins from all three domains, we find that the
frequency of correct trees is 80.6%, which is only consistent
with an 3.5 Ga origin of the eukaryotes and a small fraction
genes acquired from the eubacteria.

A Combinatorial Approach to Finding
Promoter Elements in Genomic Sequences

Thomas D. Wu. Department of Biochemistry, Stanford
University School of Medicine, Stanford, CA.

I describe a method for identifying potential promoter
eclements in a set of unaligned genomic sequences. This
method uses a strategy of combinatorial alignment and
refinement to extract statistically significant patterns in the
input sequences. The method depends on precise probability
calculations involving finite state automata that account for
Markov dependencies among neighboring nucleotides. The
probability calculations are based on Markov statistics from
the input sequences, in order to increase the semsitivity and
applicability of the algorithm to a variety of different
organisms.

In contrast with stochastic methods for finding patterns, such
as Gibbs sampling, the combinatorial method presented here
attempts 10 identify the complete set of significant patterns
in the given input sequences, by systematically searching a
space of initial seed patterns. The method identifies seed
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Exhibit Descriptions

National Center for Biotechnology Information (NCBI) provides integrated
access to DNA and protein sequence data, associated mapping data, protein structures, and MEDLINE.
Demonstrations of the GenBank database, the Entrez retrieval system, PubMed for MEDLINE searching,
BLAST and VAST similarity searches for sequence and structures, and the Banklt and Sequin sequence
submission software will be provided.

Contact person:

Barbara Rapp

Operations Research Analyst
National Center for Biotechnology Information (NCBI)
National Library of Medicine
National Institutes of Health
8600 Rockville Pike

Bldg. 38A, Rm. 8N803
Bethesda, MD 20894
301-496-2475
301-480-9241 FAX

info@ ncbi.nlm.nih.gov

New England Biolabs is the leading supplier of restriction enzymes in the USA, offering a full range
of reagents for Molecular Biology and cell signaling analysis. Products include nine 8-base cutters; enzymes
for DNA sequencing; phosphospecific antibodies; and innovative kits e.g.GPS-1 (Genome Priming System)
for generating sequencing templates in vitro, IMPACT T7 (Intein based protein expression).

Contact person:

Dr. Barton Slatko

Director

DNA Sequencing Group
New England Biolabs, Inc.
32 Tozer Road

Beverly, MA 01915
978-927-5054
978-921-1350 FAX
dnaseq@neb.com
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Third Annual
Conference on Microbial Genomes
Westfields Marriott
Chantilly, VA
January 29 - February 1, 1999

October 21, 1998

Jonathan Eisen

Department of Biological Sciences
Stanford University

Stanford, CA 94305-5020

Dear DyE%en; B

On behalf of the The Institute for Genomic Research (TIGR), Foundation and my
cochair, Andre Louis Goffeau of the Universite de Louvain, | would like to invite
you to speak at the Third Annual Conference on Microbial Genomes to be held
January 29 - February 1, 1999, at the Westfields Marriott in Chantilly, Virginia.

Topics to be covered during this year's conference include: recently completed
genome sequencing projects; genome-based biology; functional genomics;
molecular evolution; biocinformatics; and databases.

We would like you to speak during the Genome Biology Il Plenary Session
on Sunday afternoon, January 31, on the topic of “DNA Repair Gene in
Archaea and Bacteria”. Plenary talks will be 25 minutes, including a few
minutes of discussion.

All speakers are requested to submit abstracts of their talk by November 16.
These abstracts will be distributed as part of a program and abstract book. A
preliminary agenda for the meeting is enclosed.

I would be happy to answer any programmatic questions you may have. You
can reach me at 301-838-3500 or by email at cmfraser@tigr.org.

Bernie Lauro, conference director for TIGR, has enclosed complete logistical
information with this letter. Any additional logistical questions should be
directed to her at 301-838-3561 or by email at bglauro @tigr.org.

Please let us know of your availability and complete the speaker registration
form included by November 6, 1998. You may fax this registration form to the
conference office at 301-838-0229.

The Institute for Genomic Research B 9712 Medical Center Drive B Rockville, MD 20850
301-610-5959 M FAX: 301-838-0229 M genome@tigr.org



We look forward to an exciting conference and hope that you will be able to
participate. Please check the conference website (http://www.tigr.org/conf) for
updated agenda and conference information.

Sincerely,

Claire M. Fraser, Ph.D.
Conference Cochair

Enclosures



Third Annual
Conference on Microbial Genomes

Westfields Marriott.
Chantilly, VA

January 29 - February 1, 1999

Speaker-and Session Chair Registration Form
(Please type or print neatly)

Name Jonathan A, Eisen

Degree(s) Ph.D. Stanford University, 1998
JobTitle Assistant Investigator.

Department

Affiliation The Institute for Genomic Research

Address____ 706 Honegwel] Lane

¢ City_Bethesda State _MD Zip Code 20814
Telephone (301 ) 653 58"“—{ FAX ( )
Email Address J' eisen &) [*Elﬂnc]- S'{'Qn‘%ra' eJu : -
Presentation Tite: 7~ A Pln)/bjenﬂmr‘c Analysis of DNA Repair Processes
and the bewefits of a Phy|°3enom:'c
AudiovisuaIL Requirements: PQYS PQC-}_}ve-“_ -
35mm projector O overnead+rojecior

Accommodations: We will make your reservation at the Westfields Marriott. Pleasé do not contact
the hotel directly to make or change your own reservation.

| prefer: Iﬁ single room O double room O non-smoking
| will arrive: |/a.ﬁ}°!ﬂ
r date estimated time of arrival
I will check out: lelq q
ol date estimated time of departure
Meals: | require: O Vegetarian meals 0 Kosher Meals

PN

Please fax this form NO LATER THAN November 6, to: 301-838-0229 or mail to Third Annual
Conference on Microbial Genomes at the address below.

The Institute for Genomic Research ¢ 9712 Medical Center Drive Rockville, MD 20850
301-610-5959 + FAX: 301-838-0229 genome@tigr.org * http://www.tigr.org



THIRD ANNUAL CONFERENCE
ON MICROBIAL GENOMES

January 29 - February 1, 1999
Westfields Marriott
Chantilly, Virginia

w A D
Friday, January 29, 1999
3:00pm Registration opens
6:00pm Dinner
8:00pm Welcoming Reception

aturda anuary 30. 1999

7:00am Breakfast

8:30am-12:15pm Plenary Session 1: Genome Biology I
10:15am Break

12:30pm Lunch

2:00pm-5:30pm Plenary Session 2: Genome Projects I
6:00pm Dinner

7:30pm Poster Session

unda anuar 1, 199

7:30am Breakfast

8:30am-12Noon Plenary Session 3: Comparative Genomics

10:00am Break '

Noon Lunch

2:00-5:00pm Plenary Session 4: Genome Biology II

6:00pm Dinner

Monday, February 1, 1999

7:00am Breakfast

9:00am-11:00am Plenary Session 5: Genome Analysis I

11:00am Discussion on the Future Funding for Microbial Genome Studies

12:30pm Meeting Adjourns



Third Annual
Conference on Microbial Genomes

Westfields Marriott
Chantilly, VA

January 29 - February 1, 1999

’Speakers Logistics Factsheet

The Institute for Genomic Research (TIGRY), looks forward to your participation at the Third
Annual Conference on Microbial Genomes. The following information is included to help
you with your planning and to apprise you of reimbursement guidelines for the
conferenge. : you have any questions, please do not hesitate to contact Bemie Lauro at
301-838-3561.

ABSTRACTS: As indicated in your speaker invitation letter, all speakers are asked to
submit abstracts by November 16, 1998. Abstracts will be published in the Journal,
Microbial & Comparative Genomics and distributed at the conference. Abstracts not
received by the deadline will not be included in the journal, but will instead be copied and
distributed as an addenda.

Abstract specifications are as follows:

* 5-1/2" wide by 7" long * 1 from top and bottom

* Helvetica 12 point * 1.25" from left and right sides
* Title in title case and bold * .5"from edge

* Lead author’s name in bold

You may submit your abstract by email (ASCII only to cwinder@tigr.org) or in Microsoft
Word or WordPerfect (DOS or Macintosh) format, on a 3-1/2" disk. Label the disk with
your name, computer type and program used to create the abstract. Send all abstracts
(hard and disk copy) to:

Third Annual Conference on Microbial Genomics
The Institute for Genomic Research

9712 Medical Center Drive

Rockville, MD 20850-3319

AIRFARE: Your roundtrip airfare (coach class only) to either Dulles International Airport,
or Ronald Reagan National Airport, will be reimbursed, as follows, by the conference. We
have arranged for all sFeakers to be ticketed through our authorized conference travel
agency, Omega Travel Agency. Your ticket will be charged to our master account and
sent directly to you. To make your travel reservations, please call Omega at 1-800-955-
5949 or 301-330-9155 between 9:00am and 5:30pm Eastern time Monday through Friday,
and refer to the TIGR account,

Please Note: If you book through a different travel agent, you will be reimbursed at the
rate that Omega quotes as the lowest 14 day fare. If you use Omega and book your
ticket more than 14 days out from your departure date, your ticket cost will not be

The Institute for Genomic Research + 9712 Medical Center Drive + Rockville, MD 20850
301-610-5959 + FAX: 301-838-0229 o genome@tigr.org ¢ http://www.tigr.org



questioned, unless you choose an itinerary that is significantly higher than the lowest fare
available. If you book less than 14 days out, or if you use a different travel agent, you
will be reimbursed only the amount of the 14 - day fare quoted by Omega. Omega will
not charge any tickets to the master account less than two weeks out from conferenoe..
TIGR is provided with quotes for all invited speakers, whether they choose to book with
Omega or not. Itis to your advantage to book with them and charge your ticket to our
master account. Otherwise, you run the risk of non- reimbursable expenses.

GROUND TRANSPORTATION: Westfieids Marriott provides complimentary shuttle
service to and from Dulles International Airport. Please make reservations with the
Bell Captain at the Westfields Marriott at 800-635-5666 at least 48 hours in
advance of your arrival. The shuttle will meet vou outside of baggage claim on the
lower level at Curb 2H. For shuttle service from Ronald Reagan National Airport proceed
to the Washington Flyers Super Shuttle booth in the terminal. Their shuttle is $19 one
way inclusive of tax. For those conferees who plan to drive, ample free parking is
available for all guests. Taxis taken instead of the shuttle will not be reimbursed.

You will also be reimbursed by the conference for transportation to and from your
originating airport and for parking charges you incur. Automobile mileage is reimbursable at
the rate of $0.315 per mile. Parking is reimbursable up to $10 per day, which should allow
for parking in remote lots.

HOTEL: Your hotel room and tax will be covered by the master account for up to three
nights, Friday, January 29 through Sunday, January 31, 1999, If gou are traveling from
Europe or Asia, you will also be covered the night of Monday, February 1. You will be
personally responsible for paying for extra nights and all incidental room
charges. Please let us know on the enclosed registration form what day you plan to
arrive and depart. If you need to change your plans prior to the conference, please inform
us so we can notify the hotel directly.” Piease do not contact the hotel yourself. (f

staft or family need to contact you during the meeting, they should call the Westfields
Marriott at 800-635-5666.

MEALS: Most meals are provided by the conference. You will be provided meal tickets for:
Friday, January 29 dinner
Saturday, January 30 breakfast, lunch, dinner
Sunday, January 31 breakfast, lunch, dinner
Monday, February 1 breakfast

Meals eaten in lieu of those provided by the conference are not a reimbursable expense..
Meals eaten en route to or from the con erence are not reimbursable.

REGISTRATION FORM: Please fax this form by November 6, 1999 to 301-838-

05%9 or mail to the Third Annual Conference on Microbial Genomes at the letterhead
address.
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