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Research Focus

= Understand the biology of biodefense
pathogens and near neigbors using genomic /
metagenomic approaches such as rapid DNA
sequencing

and gene/phenotypic expression profiling

=
IC

se this knowledge for rapid, definitive
entification of these biothreat agents, and

10

entification of targets for detection,




The Digital Strain Collection Concept

strains microarray screen

—

454 sequencer

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

phénotypic arrays




Population Genomics: the gateway to
multiple research avenues

New drug

Vaccine targets

development

Detection/ -
diagnosis

Genetically
modified threats
Virulence

mechanisms




DNA sequencing of bacterial genomes

= What we have done: all sequencing to draft std
= Bacillus cereus- 92
= Yersiniae spp- 60
= Francisellae - 6
= Burkholderia - 15
= Yersinia pestis KIM deletion mutants -6
= Sterne variants-12
= Rickettsiae strains - 6
= Acenitobacter - 3




To ‘Finish’ or not to ‘Finish’ Genomes

The answer is: it depends on what you want to
get out of genome sequences?

From a biodefense standpoint, you need to
know whether a biothreat agent or an outbreak
pathogen is

A Known or Unknown organism
Has Known or unknown phenotypes

A Natural variant or genetically engineered or
synthetic

An Unculturable organism

Need to know quickly to institute counter
measures to prevent fatalities !! & 7




ldentifying a known threat organism rapidly is
relatively easy given the various

diagnostics/ detection methods available

Nature of the agent: bacteria, Virus, toxins, and
other infectious agents

Methods
Microbiological:

Nucleic acid based: PCR, gPCR, microarray
etc.,

Immuno based
Time and cost varies with technologies

Not all field deployable




Why and when we need sequencing based ID?

Known organism with a new phenotype

A BD agent with a new phenotype such as a new toxin or
Cipro resistant B. anthracis

A new organism with a new phenotype

Naturally occuring B. cereus causing anthrax like disease (B.
cereus G9241, Cote d'lvoire (termed B. anthracis Cl) and
Cameroon (termed B. anthracis CA)

Genetically engineered ?7?




Anthrax

Inhalational anthrax generally occurs after an incubation period
of 1 to 6 days

Estimated ID50 of 8,000-10,000 spores

Death is universal in untreated cases and may occur in as many
as 95% of treated cases if therapy is begun more than 48 hours
after the onset of symptoms.

Post exposure therapies and vaccinations

Many experts consider ciprofloxacin (400 mg intravenously (i.v.)
g 12 h) the drug of choice for treating victims of terrorism or
warfare.

Doxycycline (100 mg i.v. g 12 h) is an acceptable alternative
Vaccines are available




Anthrax infection and disease progression time line
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Jernigan et al Nov-Dec 2001. Bioterrorism-Related Inhalational Anthrax: The First 10 Cases Reported in the United States Emerging
Infectious Diseases. Vol. 7, No (6): 933-944.




Timelines of Genome Sequencing and Finishing in relation to
anthrax disease progression

Isolation of

! EINE DN DS BESE BEEE s mmmm = Traditional finishing
organism

I Assembly, scaffolding, automated annotation
I Optical mapping
I /54 sequencing
gDNA extraction

i
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I [ncubation period for inhalational anthrax cases, 2001 attack (range)

lliness (range)

» Colored circles indicate when individual cases of inhalational anthrax from 2001 attack were
started on antibiotic therapy (Jernigan et al 2001. Emerging Infectious Diseases 7: 933-944)

» Colored triangles indicate when 1996 Bacillus cereus fatal pneumonia cases resembling
anthrax were started on antibiotic therapy (Miller et al 1997. J Clin Micro 35:504-507)

» Colored crosses (1) indicate when anthrax or B. cereus patients succumbed to infection




What level of genome finishing you need to do in order
to understand the nature of a biothreat agent?

Level of Genome finishing: until we can attribute the genotype to a
phenotype

In a bioterror attack do we have the time to finish a genome?

Is draft sequence good enough to identify a genetically modified
organism?
Case studies to test this idea using B. anthracis as a model
Insertion of a drug marker?
How about a SNP?
How about a phenotype of unkown genotype?




Known Knowns
(known pathogen-known change)

= Can we identify a known change in a known
pathogen? Examples of engineered threats

— Bacillus anthracis Sterne X mutant

= How long will it take to identify an ‘insertion’
in the genome?

= In 24 hrs?




Sequencing B. anthracis in 24 hours
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Post assembly processing

M Programs System Help f‘-l . "? =1 ! 2 Thel jun 3. 1105 AM

2 runs -709242 reads, p—
188,502,961 nt. ===

M

newbler assembly: 30 mins

/2 contigs, largest 889,166 nt

A ©f ACT CATTTAT €F TCAC €A € TTCC TEATC

5,353,630 total length of
contigs




DIYA Pipeline

In-house bioperl based
pipeline

modular structure - can add S

new annotation programs
gene ID based on blast

comparisons to reference

genome and NCBI protein
cluster database

run time used to be 5 - 6
hours per genome dependinggmes
on modules used (with a
computer cluster 45’)

With a computer cluster take
about 45’




Sequenced B. anthracis has genetic
modification

‘Artemis Comparison Tool (ACT) screen shot’

deletion at the terminus of gerH

:{H L [ R I N R R \I
[N [T [ A LI 11 Ll
I 1 || |||\|I_H

_  |iBAS4631 HAS
4524000 [4524300  [4524600 [4524900 [4525200 [4525500 [4525800 [4526100 [4526400
[ ]
II-IIIII--IIII-I Illll\lll‘l\lllH |I||"lI \‘Il\l‘ || | Hl\ (i II‘HI‘I\Il\II | \lHH [ Hll |I| I IIH‘I n
|11l Il LN | [ [
1402238..1402095 -> 4523691..4523834 1
score: 144 percent id: 83%
OCKED
Query: Reverse Complemented
I O Y
GerH15000 |
N D T 1 8
erH15000 ER s erH14980

8954300  |3954600 [3954900 [3955200 [3955504  |3955800  [3956100 [3956400  [3956700
record
||I|I i Il I‘ ] I‘\ Im Hl\” |||| ‘I\III"H |||| ||||| Il ! llHIH'HH‘ l\l\‘\‘ \||HIHI|IHI|||H|| || H Hl\ M
1 e 1 e e 1 e | N

insertion of erythromycin gene

p—

o



The culprit

= gerH null mutant - spore doesn’t germinate

= used for vaccine, macrophage challenges,
making antispore antiserum

= model for sequencing studies

JOURNAL OF BACTERIOLOGY, Feb. 2003, p. 1462-1464
0021-9193/03/808.00+0 DOI: 10.1128/1B.185.4.1462-1464.2003

Vol. 185, No. 4

Copyright © 2003, American Society for Microbiology. All Rights Reserved.

Identification and Characterization of the gerH Operon of Bacillus
anthracis Endospores: a Differential Role for Purine
Nucleosides in Germination
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We identified a tri-cistronic operon, gerH, in Bacillus anthracis that is important for endospore germination

triggered by two distinct germination response pathways termed inosine-His and purine-Ala. Together, the two
pathways allow B. anthracis endospores a broader recognition of purines and amino acids that may be
important for host-mediated germination.

Bacterial endospores are metabolically inactive and are ca-
pable of surviving extended periods of time under harsh envi-
ronmental conditions but germinate rapidly in the presence of
small molecules termed germinants (2). Work by Hachisuka
demonstrated that the addition of exogenous adenosine and
L-alanine was required for in vivo germination of Bacillus an-
thracis in the rat peritoneal cavity, thus establishing nucleo-
sides as potentially contributing to in vivo germination (5).
Germination is characterized by the hydration of the core and
the breakup of the endospore cortex, though the molecular
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which was cloned into pUC19 (New England Biolabs) and
maintained in Escherichia coli XL1 Blue (American Type Cul-
ture Collection). A central section of gerfa (AgerHa) was de-
leted and replaced by an erythromycin cassette, which had
been amplified from pDG641 (Bacillus Genetic Stock Center),
at the gerHa Clal restriction site with appropriate primers
(5'-CCATCGATGGGCGGTGTAGATGTTGATGA-3",5'-C
CATCGATGGACATGCTACACCTCCGGATA-3') (3). The
resulting construct was transferred into the gram-positive shut-
tle vector pKSV7, creating pKSV7:AgerH4:Erm, and main-
tained in E. coli GM272 (Bacillus Genetic Stock Center) (10).



Surprises in gerH mutant !

Mapped GerH Differences to 34F2 with 454 and S0OLID
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Confirmation of very high confidence
454 diffs by SOLID

Table5 SNP for Ger, reference: B_ANTHRACIS_STR_STERNE fasta
ref
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Understanding the Mechanism of
phage resistance using whole
genome seguencing approach-
Bacillus anthracis phage AP50
paradigm
Known Unknown
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Morphology of Phage AP50
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Schematic diagram
of PRD-1, a Gram-
negative Tectiviridae
phage




Plague Morphology of AP50
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CATGGTGTTCAGCCCATCTAATAAATTAATAGGGTAGAAGTATTGACATACATATAAATTTATGAAACACGATATTAATTTCCAATTGA

¢ (turbid)
CAATTTTCCAATTTACCAACTTACCAATTTTAGARRAATTTCCTATTGGAAAGGCTGGAAAAGTGTGACATTATTTTTTACTAGTGATAT
AATAGTGACAGAACAMAATTCGAACATCCTTTATGTCATCAGACTAAGTGTTCGEGTTTTCTGTAACATAACTGTAACATTCCAATTATTG
CACATCTACCCAATACATGCTARAGATAGGTCTTGTAAGGACAACACAGCGACAATGAAGAACACTAAGTGATAGGGEGTGTATTCATTARRG
GATGTGGGGAGATGARAGTAGRATGE kﬂﬂﬂﬂﬁ()RF1)

12701 (ORF28) 380
GAAATTAATAATTTATCATTCACACCTAATATGATTGTGATTAGATGTGAAACTCAATATGETGAGGTCTATCAALATGACCTATCATCC

TTTTCAAATGATTTACGGTATCAATGTAACAAGAGCGGTALATGTAGATAARAALATCGCCCTACTTATTTATCARATGATTCTTATGGGET
¢ (turbid)
TAATTACACCAAGTGCAAANGGATTTAATGCTAAGTTAACTCCTGACACGGATATTTTTAGAGGTAGCGCATTATTTAAATGGARAGCT

TATTATTTCCCTTCAGTAAARAGAGGAAGCGGAAARACCATTCTAA
13012

Appl. Environ. Microbiol. (2008) 74: 6792-6796




AP50 resistance mechanisms

1. Lysogeny - the first line of defense
2.

3. Mutations affecting adsorption, entry
and replication of phage genome

S. Sozhamannan



Survivors of AP50t/AP50c

Infection
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a - uninfected: b - AP50t infection
c - uninfected: d - AP50c infection







Genome Sequencing of phage
AP50R mutants by 454

454 sequencing of Bacillus anthr acis Sterne 34F2 and its AP50R derivatives

read #large #al est.average mean median range of 454 HC
NSid description #runs run type bp total Q39 score length  contigs contig: coverage (X) coverage (X) coverage (X) coverage (X) vars (X-some)
2438 34F2 GS20 121,977,190 0.20%  103.1 31 43 23 22 21 99 55
3918 34F2-AP50R1 FLX 62,081,067 0.45% 2447 142 168 12 12 11 136 61

5597 34F2-AP50R 2 FLX 247,734,395 0.03%  270.7 60 151 46 27 25 293 59
5598 34F2 -AP50R 3 FLX 150,986,592 0.06%  282.8 83 150 28 28 27 377 59
5599 34F2 -AP50R 4 FLX 112,791,407 0.07%  282.2 89 127 21 21 20 259 61
5600 34F2-APS50R 6 FLX 142,088,452 0.08%  276.9 90 146 27 26 25 287 62
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NS2438 NS3918 NS5597 NS5598 NS5599 NS5600
34F2 R-1 R-2 R-3 R-4 R-6
_ N\A->N\A BAS0211 5' flanking gene: hypothetical protein BAS0211
N\A->N\A BAS0225 5' flanking gene: hypothetical protein BAS0225
C C C GTA (V)->GTG (V) BAS0581 iron compound ABC transporter, iron compound-binding protein
G G G TTT (F)->TTG (L) BAS0827 hydrolase, haloacid dehalogenase-like family
GGG (G)->GGG (G) BAS0840 CsaB protein
ATA (1)->AT- (null) BAS0840 CsaB protein
TTA (L)->TTA (L) BAS0840 CsaB protein
GGG (G)->GGG (G) BAS0840 CsaB protein
TTT (F)->TTT (F) BAS1340 proton/glutamate symporter protein, N-terminus
N\A->N\A BAS1391 5' flanking gene: hypothetical protein BAS1391
N\A->N\A BAS1391 5' flanking gene: hypothetical protein BAS1391
N\A->N\A BAS1707 5' flanking gene: dehydrogenase, putative
GAG (E)->GAA (E) BAS1726 acetyl-CoA hydrolase/transferase family protein
N\A->N\A BAS1953 5' flanking gene: hypothetical protein BAS1953
TTT (F)->TTC (F) BAS2066 alcohol dehydrogenase, iron-containing

C
C
G

O-4>0

:

TTC

TTA (L)->TTG (L) BAS3551 hypothetical protein BAS3551

AGC (S)->AGT (S) BAS3692 tRNA (guanine-N(1)-)-methyltransferase

ATG (M)->ACG (T) BAS3693 16S rRNA-processing protein

GGC (G)->AGC (S) BAS3946 ribulose bisphosphate carboxylase, putative

GTT (V)->GGT (G) BAS4390 bacterial extracellular solute-binding protein, family 5
GGT (G)->GAT (D) BAS4458 small acid-soluble spore protein Sspl
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>*BAS0B40 CsaB gene wild type and mutant DHA segquences
T
W
IO TAGT T T TATCAGEFATATTATRETTTITATAATEIT G ACGAAGCARTTTTGCARATCARTTATTAARAGDGCTACATGAAGAGEATCCT
ACTCTTGAGCT T GT T G ACTI T CAAR T GACCCCGACTATACAAGAR AR ATGTAC T GTAGAGFCAGTARATCRCTGRFATATAAGAGCAATTTATA
AGFCTT iz
A W v
ARGRAARTAARAGAGRAGTAATGECIT AATTARDEFFAGHGES ARAGCCITCCITCAAGATARARCGAGTATTAAARAGTATTITIGIACTATACAGGCATT
AT GO G AATT T T T T T T T GAAGA R GO T AT TATATT TA T GO GO AR AR T T T C AR TTAC AR AR GACA AR ATCETTTATTAGTGARAATGRE
ARGTATCAARAGCAGAATATATATC AT O T AT AR AT T C AT T T T T T AT T T AA R AGA R ATT R TATTAAGAAGFATATIGAACTAGTTCCAGA
N CAGTATT AT T CAAC AR AR A TR AT O AT T T O AR AR C A TTCGATT C AR GEREAA A GTARTTGCAGTTAGTGTGAGGTATTG
GACECAARAGARGATTATATGRAAGARAGCTAGCAGATACGCTGARACARTTARAGCGFIGATGFATACCATATTITATICGTACCAATGCATFRACCAT
ITGAT CARAR T AT CAC A TATTATTAATT TAR T R FAGARA GAAGC TCATAT G T T LT ATAAGC T T GATATICATGAGRAARATTTCAATTTT
I AR T T T T T C T AR T T AT GAGAC T T CAT RO L T CATAC TA T C T O I T GO TAATATCOC TAT T O GG TATITCATATGATOCAARG
ATCEATT CATT T T TACARCAAGTAAR T CAGC O AT TATC R AR R T A AT T AT T GRACARC T GAAACTTTGTATAATGTCGCARCGARAGCARD
TAGAACARARAGARTATGTACAAGARACATT EAACARAGAGTAGRAAGARTTACGAGAACARATTTCAACARDGIC T OGATATATCATAAGTGACTT
GRAATTCARARGAGTTCARARARAGAGGAATGEFEATCTTAR

>*BAS0E40 CsaB protein wila type and mutant aa sequences
Wila type + + ' L

HRLVLESGIIGFINVG DEAILDSIIKALHFFDPTLELYVVLENDPDITREHIGVEAVARNDIRAITEEI KRSHGL ISGEE SLIDDETSIKSILYY
TGIHRIARFLEKPYTITAQGIGP ITKRONRLLYKNOVSKAEY ISVADEDSFLILKE IGIKKDIELVPDFVLACDPEGHESENLOKHS IDGKVIAVEY
RINDAKEDTHEFLADTLEOLKRDGIHILF VPHHGPFIONASRD I INLHGEF AHHL.PYKLD ITHEK I SILSECSLLIGHRLHALILSAVANIPHVGISY
DPFEIDSFL{OOVHDFP I IGHVDGDNTAE TLINVATHOLEOKE TV ETLEQRVEELREDISTASRT I ISDLNSKEF KKRGHES .

Hutant 1

HRLVLEGIIGF INVGGRENFAINT .

Hutant 2

HRLYL G IGF TNV GDEAIL DS I IKALHFF P TLE L.V WL SND P DI TREH I GVEAVHRND IRAITKEIREVHA .

Hutant 3

HRLVLAGY IGF INVGDEAILD S I IKALHFFDPTLE LY VLSHDPD I TREN I GVEAVNRND IRAITEEIKRSHGLA .

Hutant 2

HRLVLSGIIGF INVGDEAILDS I IKALHEFFDPTLE LV VLSHDPD I TREH I GVEAVHRND IRAITRE IKRSHGLISGEEHFFSH .
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Fig. 1. Schematic diagram of the organization of the chromosomal
region containing the B.anthracis S-layer genes sap and eag. Putative
functions encoded by the ORFs flanking the S-layer genes, based on
sequence comparison with protein databases, are shown.

Masnage et al 2000 EMBO J 19: 4473-4484

Agnes Fouet Lab



Fig. 3. SLH-anchoring deficient mutants show aberrant morphology.
(A Sedimentation profile of liquid-grown parental (left panel) and
Acgal (right panel) srains. (B) Scanning eleciron microscopy of
parental bacilli (keft panel) and long twised, septate (see arnows)
filaments formed by the Acsal motant {right panel). (C) Thin secticns
ahowed that more of cell wall material sccomuolated in the AcseR
mutant (right panel) than in the parentsl strain (left panel), suggesting
an sutolyss defect Bars represent 25 and 0,35 pm in (A) and (B),

csaB deletions
have curly
morphology, and
accumulate cell
wall material as do
the spontaneous
phage resistant
mutants

Masnage et al 2000
EMBO J 19: 4473-
4484

Agnes Fouet Lab. .
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RBA 1-Asap SM11 (Asap, Aeae)




CONCLUSIONS

Genome sequence finishing may be necessary for understanding
the absolute genome structure and content and ultimate forensic
purposes

Draft sequence may be sufficient to decipher genome
modifications such as indels and subtle variations (SNPs and
small indels)-both natural and genetically modified

Genome sequencing may be a rapid means of mapping mutations
circumventing time-consuming and laborious conventional genetic
technigues such as transduction and transposon mapping




While we are trying to close the gap between finished and
unfinished genomes using various strategies, we also should ask
ourselves

What type of questions we can answer with draft sequences and
what type of information we can extract

What type of questions we can answer only when we finish the
genome or what interesting information we will miss by not
finishing..
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Cipro Resistance (low and medium
level) in B. anthracis

= Study Design: - dANR (pX01-, pX02°) B. anthracis strain
used as reference sequence

= |low, medium, high-level cipro-resistant mutants

,d
/\ / 16 ug/ml CIP S3-1

s
/ 1.5 ug/ml CIP  §2-1 S3-6
025ugmicie §1-1 S2-2 53-8

S1-2 S2-3 S3-11

Ames S3-16

Gene .
Phenotvpe | CONtaINIng | Physical | Reference | dANR Il_e?/vt\ell- Ilvelsgl- Tg&g
yp candidate position allele allele allele | allele | allele
casual variant
we | o ||t |v|r
resistance
e B I e U
resistance | Topoisomerase
i R N N I
resistance




loc ref

6848 C
843104 C
1251351 7
1430279 A
2388335 T
2667924 T
2772518 T
3227575 -
33604887 G
4909233 G
4373941 C
4500491 G
4779457 G
5052174 A

Cipro Resistance (low and medium

level) in B. anthracis

N539a7 NS39@8 Annotation

T
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G
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== I |

TCA (5)->TTA (L) GBAABOOE DNA gyrase subunit A

N“A-=N“A GBAA®E34 5" flanking gene: TetR family transcriptional regulator
N“A->NNA GBAA13@2 5" flanking gene: transporter, putative

AGC (5)-»-GC (null) GBAA151® adaptor protein

N“A-=NNA GBAAZS566 5" flanking gene: acetyltransferase

AAA (K)—=AA- (null) GBAAZ88@ hypothetical protein GBAAZSE0

ACT (T)-»-CT (null) GEAA3B@4 hypothetical protein GBAA3G@4

N“A-=N“A GBAA3514 5" flanking gene: metallo-beta-lactamase family protein
TCC (8)->TTC (F) GBAA3656 DNA topoisomerase IV subunit A

CGT (R)-=TGT (C) GBAA4394 stage @ sporulation protein A

CTA (L)->ATA (I) GBAA4B1® hypothetical protein GBAA4810

N“A-=N“A GBAA4955 5" flanking gene: 2'-5" RMA ligase family protein, putative
GAT (D)->TAT (Y) GBAASZ/5 DNA-binding response regulator

TIT (F)—=TT- (null) GBAAS566 hypothetical protein GBAAS566
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