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 Current Vulnerabilities
 

Inadequate 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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 Bioterrorism: Category A Agents* 

Variola major Smallpox 
Bacillus anthracis Anthrax 
Yersinia pestis 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. 
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 Bioterrorism: Category 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. 

TIGRTIGRTIGR 
THE INSTITUTE FOR GENOMIC RESEARCHTHE INSTITUTE FOR GENOMIC RESEARCH 



Comparative Genomics Questions 

Differences between genera 

Differences between species 

Differences between isolates 

Sequence divergence 
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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+ 

• 5.37 Mb chromosome, 182 kb pXO1, 96 kb pXO2 

• Toxins, capsule genes on pXO1, pXO2 

• Causative agent of anthrax 

Bacillus cereus (Ivanova 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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PlcR is a pleiotropic regulator of extracellular virulence factors in Bacillus species
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Gene organization in B. anthracis and B. cereus 

PlcR binding sequence 

5’ ExoA AdaA AdaB AlkA PepT 3’
B. cereus 

ATCC 10987 

5’ ExoA AdaA AdaB AlkA PepT 3’
B. anthracis 

Ames 

PlcR 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 homologs in B. cereus 
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Comparative Genomics Questions 

Differences between genera 

Differences between species 

Differences between isolates 

Sequence divergence 
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The anthrax attacks of 2001
 

� 22 human cases of anthrax 
� 5 deaths 
� All transmitted by U.S. mail 
� Billions of dollars in economic 

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 
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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
 

2 VNTRs
 

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 Iowa 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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Western North America 
GT5, A1a 

Ames 
GT62, A3b 

French CNEVA 9066 
GT79, B2 
Kruger B 
GT87, B1 
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TIGR B. anthracis Genome Sequencing Status 


Tota l 
Name Genotype Status SN Ps asmbl 

Am es GT62 , A3 b Clos ed 

Kruger B GT87 , B1 8x 1351 320 (187) 

We ste rn North  Amer ica GT3 , A1 a 8x 428 320 (150) 

Franc e CNEVA-9066 GT79 , B2 8x 1169 237 (150) 

Ancest or, Ames 0581 GT62 , A3 b 8x 11 395 (198) 

Florida, Ames GT62 , A3 b 8x 11 416 (236) 

A01055 Group C 8x 2090 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
 

• 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 CN EVA Kruger B Group C 

Ames 
WNA 428 - 258b 228 b 254 b 

CN EVA 1169 1081 a - 875 b 649 b 

Kruger B 1351 1323 a 770 - 571 b 

Group C 2090 2009 a 1960 a 229 9 a 
a Total SNP genome 1 + Total SNP genome 2 – 2x (Shared SNPs). 
b Shared SNPs 
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A comprehensive B. anthracis database… 

� 14 additional genomes 

� MLST 

� Affymetrix chips 







 


 





 




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
 

Today Tomorrow 

Anthrax 
Type 73526 

Source: Univ of XYZ LabAnthrax  1 
Ames strain Genotype: 138 SNPs, 3 insertions, 

2 rearrangementsTIGRTIGRTIGR 
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Newsday
 
November 16, 2001
 

The Worst Bioterrorist May
 
Be Nature Itself
 

By Frederick M. Cohan 

While we are under siege by microbes spread by terrorists, we face what is 
probably a worse threat from pathogens that we encounter naturally as part 
of our human ecology. This important fact is getting overlooked in the 
national panic over anthrax. 
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Examples of Emerging and 
Re-Emerging Diseases 

Mu Iti drug-resistanttubercu losis 
Cryptosporidiosis Drug-resistant malariaVancomycin-res I stan t 

Staphylococcus <lureus ---:-:-:~~~~~-:;t--j:t~"'Xi~;----
Cyclosporiasis 

Hantavlrus 
pulmonary 
syndrome 

Dengue 

Typhoid 
fever ....... 

Diphtheria 

Rift Valley F~ve(·> 

HIV 

H5N1 
avian 
influenza 

Human monkeypox 

hemorrhagic fever Cholera Lassa fever Ebola hemot:rhagic fever Plague 
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Genomic Approaches to 
Understanding and Treatment 

of Infectious Disease 



Genomics-enabled Drug Discovery 

Functional and Comparative Genomics 
and Proteomics 

Essential genes Antibiotic-resistance 

Discover New Targets for Antimicrobials 
Understand Good Drug Targets 

Novel metabolic pathways 

Species-specific genes Host-pathogen interactions 
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Bioterrorism Vaccine 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 Genome Sequence 
of Neisse,.ia meningitidis 
Serogroup 18 Strain MeS8 

Herve Tettelin, et al. 

.Identification of Vaccine 

.	Candidates Against 
Serogroup 8 Meningococcus 
by Whole-Genome 
Sequencing 

Mariagrazia. Pizza, et al. 

http:Neisse,.ia


Complete Microbial Sequence Data Can 
Accelerate Vaccine Development 

All Potential Antigens 

Immune Sera Screening 
• Bacterioidal activity 

• Binding to surfllce of MenB cells 

... 

Seven proteins 

soloctod tor follow-up 
based on high titre. 

N. meningitidiS 
3 · 12 Months 

Hours 

Select ion of Vaccine Targets 

• 

.0 
A total ot'570 putative GeCfeteci proteins 
or surface protelna 

Few Months 

Protein expression 
A eot8I of ..35Q recomblnent protein.
expreeeed In E. coIl.1Id .... to 
Immunllamlce 

Sou ree, Fraller C , et .11. Nmure 408;7 519', 2000 



Host Defense Against Microbial 

Infection 


Innate Immunity ___ Adaptive Immunity 
(non-specific) (specific) 

ost Defense 



Stereotyped and specific gene 
expression programs in human 
innate immune responses to 
bacteria. 

Boldrick JC, Alizadek AA, Diehn M, 
Dudoit S, Lui CL, Belcher CE, 
Botstein D, Staudt LM, Brow PO, and 
Relman DA. 

Proc. Natl. Acad. Sci USA 99: 972-977 
(2002). 
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Protein plea 
U K SI cue.u.-al 
biolOj!i,,,, call ror 
1Il0",au,o fll",ioll 

pB22 

Live samples 
11"lIlan lung' ;""ue 

!>.ock in ,I .., rray ror 
.ube<culo.i~ ...,~a.ch 

p823 

Global view 
I , ~~'i.u' " ha.~ duign. 
Oil ,I.., F..ar' ''' .. 
in.erior 

p824 

news 

On target 
h""n1I1l"-,,, -rich 
''''elli,,, .e' ror 
lau nch 

pB25 

Biologists apprehensive over US 
moves to censor information flow 

Erika Check , Wilshlngton 
Fea"s are g ,owlng a.nong blologlsls th.'l1 the 
US goven,,,,enl w iJI ltnpose ''''W ""Slrtclions 
on tI", publlcallon ofsclenUflc .-esean:h 

Such a m ove h as looked Increasingly likely 
In the a flermalh of last a utumn's blote lTo r 
Ism attacks In the Unlled St.'1tes (""" IIhllure 
41 5,237:2001). 

But 11 h .'1S now en,e"ged that some biolo
gists with 2O'-", rnment funding are being 
encouraged to rein In the full publication of 
Ihel ,· own work. And sa,n e agencies , Incl ud
Ing the NaUonallnstitutes of Heallh (NI H ). 
are fo,' the first Unle considering t ile sUPIXl.1. 
ofclasslfled ,,,,,,,a ,,,,h . 

T ile Ame"lcan Society fO£ Microbiology 
(ASM) says that son ", '''''''archers "ave as ked 
lo 0 ,,,11 cenaln lnfo nnailon frooll the ",eth
ods secllon s o f papers to b e s ub.nlned to lIS 
I I journals. -We are In a p hase of d iscu ssion 
Iha t could lead to funda,n ental changes In 
lhewaywe do sc ience: ' s..'1Y" Ilon Atlas . presi
dent-elec t of the sc>clety. 

Atlas says that tl", AS~I does not Intend to 
co.llp lywlth tile researcl,ers' requests. Healso 
s..'1Y" that t he sc>clety Is concerned about tI", 
Imple'"ctllatlon of a n on:lerslgned last Oclo-
bel' by Presklent Bush allowing Ihe he altll 
depanm ent - Including tI", NIH - 10 fund 
c l:lsslfled pmjects, 

Anthony FaucI. h ea d o f the Nation al 
Institute of Allergy and Infectious Diseases, 
the N IJ-I lnstlttlte 111Os1 Involved In ."sc;wch 
."Ialed to blole .. rot"lstll. says t h: .. his agency 
has nol so fa .. asked any of Its .esca.d,e", to 
keepl helrwor k sec r ... . He adds .hal allhough 
mosl NIH-funded research s hou ld r e.naln 
transparen t. restrlcled acces" 10 some o f It 
cannot be ruled out 

"As we m ove Into m ore research o n 
coun te r - blote",o,·ls.n, we should e"'an, lne 
tllis Issue on acase-by-case basls ,- Fauci says 

'me possibility of rest rictions riles n""ny 
,,,scarche, .... -Censo,·s.i1 lp would no. accom
plish a ny t hing but stifling beneficial ......,..k Ih.'lt 
w iU betler p .el"'''''' us 10 face a blOle'Torlsm 
attack In the fUH"" ,- ""Y" ClalTe Fraser. dlrec
tO£ ofn", InsUlule fOf' Genonlic IWsean:h In 
Rockvil le . ~Iaryland. which has been I n~""'Ii
gating the geno,ne o f dlfferenl sU'al.-... of II", 
anth r ax bacl er lum for £he &<",,,,,n.nent. 

11, .. IV .. w York n",e, has reponed thallhe 
W h ite I lou se w ill Issue new guidelines o n 
In fo"maUon sec,wity within the a few wee""' . 

US sc ientists a '" not the only o nes rmttl'lB 
about new .estrlcllon s on t heir wO"k. Som e 
British r escarche , ... say that new export con 
lTol laws under consideration In the U nited 
Ki n gdon' Includ e tl", export of In fonl1ailon 
and w lll In theory "UO\,>, go\'efllrnelll vNth lB 

ofscle n Ufic .naterL'li befo • .., pu blication 
David King. the g " IUsh goven unent·s 

chlefscle n llflc adv iscr, Lsconsuil ing wllh sci
e ntists on a . esponse 10 the tltrea t of bloter
rorls,n , bUI a spokes,nan fo. ' tile Cabltlet 
Office decllned to elaborale o n any plan to 
restrlcl acce ss 10 research find ings. • 

Bush plan deepens divide over Kyoto Protocol 
Tony Relc Ula rdt , Washington 
I'u r' her tllslanclng hi s admlnlstl"3tlon from 
'he Kyolo I'rotocol on cl lma,e cha n ge, 
!'reslde", G<'<>t"ge \V, Bush las' week r"j""l ed 
'h" 1<lea o f reducing US greenho use-gas 
e m issio n" '0 he low cur re", le~'e ls. 

The p,.""lde",'" lo ng-aw3"ed a l' erna ' I"e 
' 0 Ihe KyOlo plan effecl h 'elyca lls for no new 
aCllon on ,hel",rl o f'''e United S' al"'" T h e 
K)'oto slgna,orles 1,ledge" to cut g ,'...,nl1o " se
gas emission s to !>elow 1990 le~'''1s b y 20 12. 
Bush Instead en~' lslons ,'""Iuclng' he 
-emissions l"'e , ,,,It }'·' 'he ..-dllo o f 
emls.~lons to a mlllo"s econ o mic OU'I"'t 
by 18 0

0 o~"r Ih" sa m e I, .. rlod. Using 'lt ls 

NATUR!I ~'OI. ~ 15 121 FEBIlUARY = 1"' ... · .... , .. , u~ . ..,." 

measur". US emission" Int en sity drol'l",d by 
abou, 1:;')(, In 'he 1990s, al 'hough ..." u:>1 
emiss ions we", "I' by 15%, 

A ny retlut.1.lonsln Im " ,s,rla l e m \s. .. lons 
would be so rlclly ~olu tt1 ary. as manda ' OfY 
cal''' wouM harm 1 h"econom y. he add""l. 
Bu"h said thaI Ih" co"",ry s ho uld reconsl"er 
,hlscou rseofacllon In 20 12 base" o n 
progres.~ In """'uclng (·mls.~lons :>"' l l ml'ro~""1 

scle",lfIc un"erstandlng ofglol",1 warming . 
T he n"w p o licy d ""pen s ' he divid e 

bet w.,.. n 'h" U nl t",,1 S, ales and ot her 
",du"lrlal na,lon". which " n'e lleen more 
SUpl.,rt I~'e o f l he Kyoto agreem e "' . a ' leasl 
In the ir rhNorlc, No m ajo r economy h as yet 

lIIIIIII <i:l 2002 Mac mill a n M~zin • • Ltd 

ratified ,"e p rolocol. bUl Japan may soon 
become' h" firs< to d oso (..,.. I,age 822), 

US advoca 'es o f act Ion o n g lobal warm Ing 
are now ,...t 10 shlf, ,h .. lr attenllon ' 0 the 
Congress. w here their fI'''' obJec' I~'e Is 
legls1<l, Ion 10 force corpo.-allon" to r" l.,r, 
their gr.,..nho u",-gas e m issions .. u lJ llely . Such 
rel.,rl lng Is \'olu",a r}, und .. r 'he Hush plan. 

1I""h's s'~t"me'tI on H I'ebruary tlrew 
fl." from ",wlronm en,al groups and fro m 
S01ne In Con gress, Sen~tor Jim J"ffonls 
(ind epen""", _ \,<> ,-m o n' ), w ho c hairs 1 h" 
s,. nal"·" En ~' lronme", antl Public \Voo'ks 
Con"nlt l_, says Ihe IJOlicy Is - .II\,o...,ed 
from 'he reall' y ofglobal warming·: • TIGRTIGRTIGR 
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