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Current Vulnerabillities

Inadeqguate systems for detection and recognition of
an actual attack or the specific agent

Lack of rapid and accurate diagnostic tests

Lack of basic knowledge regarding pathogenesis of
most potential biowarfare agents

Lack of adequate forensic methods for the purposes
of attribution

Lack of adequate vaccines, anti-microbial and anti-

viral drugs
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Pathogen Genome Sequencing Leads
to New Tools

Cloned
genomic
DNA

Diagnostics

Whole genome Analysis Vaccines

sequence



Bioterrorism: Cateqgory A Agents*

Variola major Smallpox

Bacillus anthracis Anthrax

MEISIEN NI Plague

Clostridium botulinum Botulism

Francisella tularensis Tularemia

Filo- and Arenaviruses Viral hemorrhagic fevers

*Category A agents represent the highest risk for national security because
they are (1) easily disseminated or transmitted person to person, (2) cause
high mortality, (3) might cause public panic, and (4) require special public
health preparedness.

BB 7GR

. . THE INSTITUTE FOR GENOMIC RESEARCH




Bioterrorism: Cateqgory B Agents*

Coxiella burnetii Q fever
Brucella species Brucellosis
Burkholderia mallei Glanders
Burkholderia pseudomallei Melioidosis
Ricin toxin

C. perfringens epsilon toxin
Staphylococcus enterotoxin

*Category B agents represent a lower risk for national security because they
are (1) able to be disseminated, (2) cause moderate morbidity and
mortality, and (3) require enhancements to CDC’s diagnostic capabilities
and surveillance.

BB 7GR

. . THE INSTITUTE FOR GENOMIC RESEARCH




Comparative Genomics Questions

Sequence divergence

< 7 Differences between genera

Differences between isolates

7 Differences between species
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Clostridium acetobutylicum

Enterococcus faecalis

Streptococcus pyogenes

Lactococcus lactis

Staphylococcus aureus

|Listeria monocytogenes

Listeria innocua

Bacillus subtilis
Bacillus halodurans

}Bacillus anthracis/ B. cereus / B.
thuringiensis
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Bacillus anthracis (Read et al., 2003)

=< Sporulating, low G+C Gram+ "
e

= 5.37 Mb chromosome, 182 kb pXO1, 96 kb pXO2 &

= Toxins, capsule genes on pXO1, pX0O2 3

At
5y rtl :

= Causative agent of anthrax

Bacillus cereus (lvanova et al., 2003)

=Sporulating, low G+C Gram+

«5.26 Mb chromosome, 15 kb linear plasmid

=No orthologs of toxin and capsule genes seen in B. anthracis
=Soil borne, opportunistic pathogen

Approximately 75% of CDSs have reciprocal best hits
Approximately 85% of shared CDSs are found in conserved clusters
Approximately 15% have no orthologs — many are prophage genes
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PIcR is a pleiotropic regulator of extracellular virulence factors in Bacillus species

Insect mucin Bacterial cell wall

Ada regulatory
protein

Mutator DA
polymerase |V

Pore-forming
and lipolytic _ < Irreversible
toxins pathogenic
‘.. ‘ TR adaptation’y
proteins

Metabaolic
enzymes, etc Crther pathogenicity
factors:
capsule
adhesins
compeatence, and
S0 On

Mammalian
cell

Mammalian mucin

L1 TIGR From Ivanova et al., Nature 423: 87-91 (2003)
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Gene organization in B. anthracis and B. cereus

PIcR binding sequence

ExOA \v AdaA AdaB AKA PepT 3’
B. cereus | | gl | | | |
ATCC 10987

[ —— | I e I = P e——|

EXOA AdaA AdaB AlkA PepT

B. anthracis g | |

| Ml | | |

T I S e —————— |

Ames

PIcR binding sequence:

B. cereus TATGAATACATACATA
B. anthracis TATAAATACATACATA
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Virulence genes on B. anthracis chromosome

Iron acquisition genes (dihydroxybenzoic acid, aerobactin-like siderophore)
- Host iron scavenging

Hemolysins
Pathogenic factors of B. cereus and B. thuringiensis

Listeria —like virulence genes (internalins, enterotoxins, etc)
Reflecting similar pathways of intracellular escape?

Superoxide dismutases, peroxidases etc
- Detoxification functions, mitigate damage by free-oxygen radicals
- Assist survival in the macrophage

Virtually all putative chromosomal virulence
genes have homologsin B. cereus
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Comparative Genomics Questions

Sequence divergence

) 7 Differences between genera

Differences between isolates

7 Differences between species
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= 22 human cases of anthrax

= 5 deaths

= All transmitted by U.S. mall _

= Billions of dollars in economic |l

damage
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Comparative genome sequencing: leveraging genome data

* VNTR analysis showed bioterror
Isolate to be the Ames strain

* TIGR received NSF funding to rapidly
sequence an isolate related to the
attack

o

&
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Results of B. anthracis strain comparison

Chromosome (FL Ames vs Index Ames) (~5.4 Mbp)

2 SNPs
2 Indels

Plasmids

pXO1 (182 kbp) (FL Ames vs Sterne)
32 SNPs
YAVINIIES
2 Indels
2 large inversions mediated by IS elements

pXO2 (96 kbp) (FL Ames vs Pasteur)
22 SNPs
6 VNTRs
2 Indels (1bp)
1 large Indel (1.4 kbp)
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—B
—Florida isolate
—  C

D*

A

- 1981 Texas goat

1925 lowa cow

2001 California cow
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Goals of comparative B. anthracis project

Development of new tools to analyze closely
related genomes/clonal strains

Automated polymorphism discovery/analysis

B. anthracis a model system for comparative
genomics
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Marker differences
4 3 2 1 a G Geographic region Sequancing siatus

| —
i ||—lIE i aon po— <4 \Western North America
I : : S WE

45 Turkey, 5. Alrica, Anpentina. LISA
A ! I‘- :

55 Australle =T . . c -

uﬁ, _ B . A\mes
i GT62, A3b

<4 French CNEVA 9066
GT79, B2
<€ Kruger B

GT87,B1
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TIGR B. anthracis Genome Seguencing Status

Total
Genotype Status SNPs asmbl

Am es GTe2, A3 b Clos ed

Kruger B GT87, B1 8Xx 320 (187)

We stern North America GT3, Ala 8X 320 (150)

France CNEVA-9066 GT79, B2 237 (150)

Ancestor, Ames 0581 GT62, A3 b 395 (198)

Florida, Ames GT62, A3 b 416 (236)

A01055 Group C 206 (131)

+ an additional 6 Ames strains

B. cereus 10987 closed genome and plasmid (205 kb)
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B. anthracis A01055:
A new B. anthracis taxonomic group

e B. anthracis A01055 pXO1-, pXO2*: Louisiana (2 strains)
» Discovered by SNPs analysis/typing (Paul Keim)
* Whole genome sequence analysis confirmed novel Group C

 Flexibility in comparative genome program
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B. Anthracis SNP Analysis

Ames WNA CNEVA
Ames -

WNA 428 - 258" 228"

CNEVA 1169 1081°

- 875"
Kruger B 1351 1323° 770

Group C 2090 2009 @ 1960 @ 2299°
a Total SNP genome 1 + Total SNP genome 2 - 2x (Shared SNPs).

Kruger B

b Shared SNPs
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A comprehensive B. anthracis database...

Marker differences
4 a 2 1

Qa G Geographic region

= 14 additional genomes | = | &3

= MLST

= Affymetrix chips
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How might we benefit from a better understanding of
DNA variation among bacterial strains/isolates?

Epidemiological studies

Microbial forensics

Prediction of clinical outcomes
Detection of genetically modified strains
Implications for vaccine development

Implications for therapeutic strategies
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The Future of Biodetection/Diagnosis
Genome-based, information-rich

Tomorrow

e L h
-,

Type 73526
Source: Univ of XYZ Lab 1
Ames strain Genotype: 138 SNPs, 3 insertions,
B8 7GR 2 rearrangements
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Newsday

November 16, 2001

TheWorst Bioterrorist May
Be Nature |tself

By Frederick M. Cohan

Whilewe are under siege by microbes spread by terrorists, we face what is
probably a worsethreat from pathogensthat we encounter naturally as part
of our human ecology. Thisimportant fact isgetting overlooked in the
national panic over anthrax.
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Examples of Emerging and
Re-Emerging Diseases

Multidrug-resistant tuberculosis

Cryptosporidiosis Drug-resistant malaria

Vancomycin-resistant
Staphylococcus aureus

Cyclosporiasis

E. coli 0157:H7

H5N1
avian
influenza

E. coli 0157:H

Whitewater
Arrura virus
Hantavirus

pulmonary

syndrome Human monkeypox
Dengue

hemorrhagic fever Cholera Lassa fever  Ebola hemorrhagic fever Plague



Genomic Approaches to
Understanding and Treatment

of Infectious Disease




Genomics-enabled Druqg Discovery

Functional and Comparative Genomics
and Proteomics

Essential genes l Antibiotic-resistance

N\ e

Discover New Targets for Antimicrobials
Understand Good Drug Targets

f

Novel metabolic pathways

Species-specific genes Host-pathogen interactions
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Bioterrorism VVaccine Research

Protect all groups of civilians

<Develop improved vaccines against microbes
for which vaccines currently exist

<Develop novel vaccines against microbes for
which none currently exist
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Complete Microbial Sequence Data Can
Accelerate Vaccine Development

& | N. meningitidis
3 - 12 Months

Selection of Vaccine Targets

Hours
o A A total of 570 tive secreted ns
/__._g A tot puta protel
e Few Months
/ \

Immune Sera Screening

B Bactericidal activity
B Binding to surface of MenB cells

¥

Seven proteins
selected for follow-up
based on high titres

Source: Fraser C, et al. Nature 408:799, 2000



Host Defense Against Microbial
Infection

Innate Immunity - Adaptive Immunity
(non-specific)

Host Defense



Mock Bp LPS dose Bp338 dose S. aureus dose
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Stereotyped and specific gene
expression programs in human
innate immune responses to
bacteria.
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Boldrick JC, Alizadek AA, Diehn M,
Dudoit S, Lui CL, Belcher CE,
Botstein D, Staudt LM, Brow PO, and
Relman DA.
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Proc. Natl. Acad. Sci USA 99: 972-977
(2002).
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Biologists apprehensive over US
moves to censor information flow

Erika Check, Washington

Fears are growing among biologists that the
LS government will impose new restrictions
on the publication of scientific research.

Such amove has looked increasingly likely
in the aftermath of last autumn's bioterror-
ism attacks in the United States (see Nature
415.237:2001).

Bt it has now emerged that some biolo-
gists with government funding are being
encouraged to rein in the full publication of
their own work. And some agencies, includ-
ing the Mational Institutes of Health (NI},
are for the first time considering the support
of classified research.

The American Society for Microbiology
(ASM ) says that some researchers have asked
to omit certain information from the meth-
ods sections of papers to be submitted to its
11 journals. "We are in a phase of discussion
that could lead to fundamental changes in
the way we do science,” says Hon Atlas. presi-
dent-elect of the society.

Atlas says that the ASM does not intend to
comply with the researchers’ requests. He also
says that the society is concerned about the
implementation of an order signed last Octo-
ber by President Bush allowing the health
departrment — including the NI1H — to fund
classified projects

Bush plan deepens divide over Kyoto

Tony Reichhardt, Washington

Further distancing his administration from
the Kyoto Protocol on climate change,
President George W Bush last week rejocted
the idea of reducing US greenhouse -gas
emissions to below current levels.

e president’s long-awaited alternative
o the Kyoto plan effectively calls for no new
action on the part of the United States. The
Kyoto signatories pledged to cut greenhouse-
zas emissions to below 1990 levels by 2012

Bush instead envisions reducing the
“emissions intensity™ the ratio of
emissions to a nation’s economic output

by 18% over the same period. Using this

MATURE|VOL 415 |21 FEERUARY 2002 |veww. rat ure. corm

Anthony Fauci, head of the National
Institute of Allergy and Infectious Diseases
the NIH institute most involved in research
related to bioterrorisim, says that his agency
has not so far asked any of its researchers to
keep their work secret. [He adds that although
moast NIH-funded research should remain
transparent. restricted access to some of it
cannot be ruled out.

“As we mowve Into more research on
counter-bioterrorism. we should examine
this issue on acase-by-case basis,” Fauci says

The possibility of restrictions riles many
researchers. “Censorship would not accom-
plish arything but stifling beneficial work that
will better prepare us to face a bioterrorism
attack in the future.” says Claire Fraser, direc-
tor of The Institute for Genomic Research in
Rockville, Maryland, which has been investi-
gating the genome of different strains of the
anthrax bacterium for the governiment.

e New York Times has reported that the
White House will issue new guidelines on
information security withinthe a few weeks.

LIS scientists are not the only ones fretting
about new restrictions on their work. Some
British researchers say that new export con-
trol laws under consideration in the Ulnited
Kingdom include the export of information
and will in theory allow government vetting

measure, US emissions intensity dropped by
about 15% in the 1990s, although actual
'.J.

rial emissions

as mandatory
caps would ha the economy. he added.
Bush said that the country should reconsider
this course of action in 2002 based o1
progress in reducing emissions and 1 roved
scientific understanding of global warming.

2 ww policy deepens the divide

hetw the United States and other
industrial nations. which have been more
supportive of the Kyoto agresment, at least
in iheir rheioric. No major economy has yet

AR © 2002 Macmillan Magazines Ltd

of scientific material before publication.
David King, the British government's
chiefscientific adviser. is consulting with sci-
entists on a response to the threat of bioter-
rorism, but a spokesman for the Cabinet
Office declined to elaborate on any plan to
restrict access to research findings

Anthony Fauci: refuses to rule out restrictions.

Protocol

ratified the protocol. but Japs
become the

1 EAY SO01
st to do so (see page 822).

US advocates of action on global warm
are now set to shift their attention to the
Congress, where their firsi objective is
legislation to force corporations to report
their greenhouse-gas emissions publicly. Such
reporting is voluntary under the Bush plan.

JelMords
nont) . who chairs the
ment and Public Works

Co tles, sa
from ihe reality of global warming™
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