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Investigating the genome diversity of B. cereus and evolutionary aspects of
B. anthracis emergence
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ABSTRACT

Here we report the use of a multi-genome DNA microarray to investigate the genome diversity of Bacillus
cereus group members and elucidate the events associated with the emergence of Bacillus anthracis the
causative agent of anthrax—a lethal zoonotic disease. We initially performed directed genome sequencing of
seven diverse B. cereus strains to identify novel sequences encoded in those genomes The novel genes
identified. combined with those publicly available, allowed the design of a “species” DNA microarray.
Comparative genomic hybridization analyses of 41 strains indicate that substantial heterogeneity exists with
respect to the genes comprising functional role categories. While the acquisition of the plasmid-encoded
pathogenicity island (pXO1) and capsule genes [pXO2) represents a cucial landmark dictating the
emergence of B. anthracis, the evolution of this species and its close relatives was associated with an overall
shift in the fraction of genes devoted to energy metabolism, cellular processes, transport, as well as virulence.

© 2011 Elsevier Inc. All rights reserved.

Martin Vestergaard, Niels Lund, Tine Nielsen and Sabine Lerche

Thursday, 29 September, 2011




| Lv515 €8S

Agenda

 |ntroduction

Methods and results
e Conclusion

* Critique

Thursday, 29 September, 2011

-]
—

HE




-
| ——

WE

eeesssess AR 43 .
Introduction

ces

Bacillus is a genus of G+ and rod-shaped bacteria.

Three well-known species:

* B. subtilis Laboratory model organism
 B.cereus (Bc) Causative agent of foodborne illness
e B. anthracis (Ba) Causative agent of anthrax

Bc and Ba share 99% 16s rRNA sequence — phylogentically
one group called Bacillus cereus sensu lato. Medical
reasons for considering them as separate species.

Thursday, 29 September, 2011



LYSIS CBS

. Strains used in the analysis

Strains used in the analyss.

Species Strain Akersative Yearof Ceographic  Source Type of infection MLST sequence  Masmid Man
dedgnations bkoladon origin (human kolxes) type (ST)* Profile phylogenetic
duger®

LN A2 S AL in BCSC Nt typedt 1
& ceresn AMBOT Notway Dairy 17 !
B cerews AH535 1994 Norway Soll (scrawberry field ) n L 1)
B cerews AHS ¥ 1995 Norway Human Periodoatitis £ 1
& cerews ANS Y 1956 Norway Human Penodontkls = i
K covesn ALY france Human Blood 8 '

K wobostrphonouds AN 14T Germany Dairy (malk) (2] m

RICLIUNST T Canas OIS RN r 4 T
K ceress ATCC1a5Mr 1M6 UsA Air, frmbouse 3 1
& cevews AH404 Anland Dairy Not yped m
& cevews AH405 Norway Dairy Not typed 1
B cerews AN407 RArland Daky 9 m
& ceresn AMS 33 1993 Noow sy Soil (stzawberry field) Not typed n
K covesn ANSa0 1993 Norway Soil Not typed !
B cerews AHS57 1993 Norw zy Soil Net typed ]
& ceress AH564 1993 Nomway Soil Not typed 1
B cerews AHS568 1993 Norway Soll Not typed 1
K corvess ASe7 Norway Dawy Not typed m
K covews ANSG9S Norway Daky Not typed '
K cerewn AHS Notway Daicy Not typed !
& ceresn A6 Norway Dairy Not typed a
& cerews AHB02 Norway Dairy Not typed m
B cerews AHE03 Norway Dairy Not typed Ll
& cevews AHG04 Norw ay Dakry Not yped i
K coresn ANBOS Norw.ay Dairy Not typed !
K covews Alin4s 194 Norway Soil Not typed m
K cerews AHE 10 17 Norw zy Human Periodontini » |
& crrewn AHS 1Y 1995 il Human Proiodontitis 1 1
& cerews AHS13 1996 Brazil Human Periodoackis » 1
& corews AN 14 1996 Norway Human Penodontris A a
B cerews ANB 1S 1956 Norway Human Periodontkis B il
K ceresn ANR 16 1965 Norway Human Periodontrin " pPER2T2 !
L Ay 1995 Norway Human Peniodontrin 3 PPER22 !
B cerews AHS I8 1996 Brazil Human Periodoatitis » I
K cerewn AHS20 1996 Norway Human Periodoncitis » ]
B cevews AHS23 1956 Norwzy Human Peniodontils « I
K cervews AN 2% 1990 Norway Muman Penodontris «O !
& corews ANS 26 1956 Norway Human Penodontris « i
K crrewn AHR2T 1996 Notw sy Human Periodontein @O !
& coresn ANS X 1996 Norway Human Periodontrin « !
B cerews AHS 30 1956 Norw 2y Human Periodoatinis 41 ]
a B4 o as y Pr— Begtod " - 2

Ui omioce Aze: o) U Cow ! poepape 1 )

K asthroch Auwraiatd A0S 1994 Asraia Catthe 1 PO+ pXO2+ |
& osthrocts Tslankovikas ! Formes USSR Livestock vaccine stram 1 PO+ /pXO2+ 1
& aschroch Vellum ASER 1935 UK Cow 1 P04 pXO2s |
& asrhroch Sterne an 195 South Africa  Cow (sl vaxine stran) 1 PO 4 pXOZ~ |
& aschrocks Pastear 1 PO~ /pXO2+ |
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Methods — Gene Discovery (GD)

* |dentifying strain-specific sequences.

e 7 libraries from uncharacterized Bc strains, randomly
cut and attached to glass slides.

* Flip-dye hybridization with reference strain of Ba
Ames and query strain.

* Plasmids hybridizing to the query strain, but not Ba
Ames were considered strain-specific sequences.
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Novel sequences by GD
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Table 2
Comparative sequence analysis summary of B. cereus novel sequences found from Gene Discovery.

B cereus strains AHS19 AHG07 AH1123
Total bases sequenced/strain 1076892 bp 1237775 bp 443218 bp

Fraction redative to the gsze of an 20X 23% 8%
average B. cereus genome

Total number of annotated features 2041 2204

Species matches

B. anthracis 43 pe 122 6% 132 ax* 52 6%* 7 av 92 3% 11 3%*
B. anthracis pXO1 and pX02 B ox? 0 0¥ 0 ox? 0 ox? 1 1% 2 ox? 0 ox*
B. cereus 10887 503 25% 510 23% 431 1498 85 10%* 34 178 373 13%4 - 1%
pBcl10S87 121 (4 3 ox 1 ox* 1 ox* 17 o’ 0 ox® 0 ox*
B. cereus ATCC14579 143 ™ 183 s 427 14%° 64 Iy 15 8% 394 143 271 nx*
B. cereus (other strain genomes) 200 1o%* 275 12%° 284 ox? 192 2 21 nx 227 8% 12 3%
B. cereus (other strain plasmids) 49 n? 70 3% 112 4 18 x? 12 (5 73 3’ 0 ox*
B. thuringiensis 97 5% 245 ns 490 16%* 52 6% 7 4 474 16%* 40 10%*
B. thuringiensis plasmids 0 ox® 6 0¥ 3 ox* 0 ox* 0 o’ 0 ox® 0 ox*
Bacillus spp. 1 0.05¢* 1 005%° 5 a6y’ 0 o 0 o 6 az? 0 ox*
Bacillus spp. plasmids 0 o 2 0% 0 o’ 0 ox* 0 ox' 1 o 0 ox*
1] oy n fes n [1ad n s n oy 1] s n (1
Overall number of features similar 1161 573 1417 64 1885 60%* 464 533 114 57% 1642 573 338 88
to Bacilus species by BlastN
Remaining relatively novel 880 433 787 6% 1253 40%* 407 47 86 43% 1232 433 45 12%*
features (by BlastN)
Truly unique features from the 452 2% 312 4% 887 28%° 324 £y n 36%" 1054 Err e 19 5%

relatively novel gene set”

* Fraction from the total number of annotated features in the comresponding strain
® Remaining pORFs whose amino acid sequence shows no significant homology to proteins in databases by BlastP.
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Strains used in the analyss.

Species Strain Akersative Yearof Ceographic  Source Type of infection MLST sequence  Masmid Man
dedgnations bkoladon origin (human kolxes) type (ST)* Profile phylogenetic
duser®

A5 6A1 in BCSC Not typed 1
AMBOT Norway Dairy 17 !
AH535 1994 Norway Soll (scrawberry field ) n L 1)

AHB ¥ 1995 Norway Human Periodoatitis £ 1

ANS Y 1956 Norway Human Penodonckis = i
ALY france Human Blood 8 !

AN 14T Germany Dairy (milk) (] m
RICLIUNST 13517 Canas OIS RN r 4

ATCC1a5Mr 1M6 UsA Air, (e mbouse 3] 1
AH4D4 Anland Dairy Not typed m
AH405 Norway Dairy Nt yped 1
AN407 RArland Daky 9 m
AMS 33 1993 Noow sy Soil (stzawberry field) Not typed n
ASa0 1993 Norw sy Soil Not typed !
AHS57 1993 Norw zy Soll Net typed !
AHS564 1993 Notway Soil Net typed 1
ANS68 1953 Norway Soll Not typed I
ASe7 Norway Dawy Not typed m
ANS9E Norway Daky Not typed ]
AHS Noowry Daicy Not typed '
A6 Norway Dairy Not typed a
AHE02 Norw ay Dairy Not typed 1]
AHE03 Norway Dairy Not typed Ll
AHG04 Norway Daky Not typed I
ANBOS Norway Dairy Not typed '
A)in4s 1994 Norway Soil Not typed m
AHS 10 1994 Norway Husan Periodontinin » I
AHS 1Y 1995 Srazil Human Prriodontein n a
AHS13 1996 Srazil Human Periodontiis 3 |
AN 14 1996 Norw ay Human Periodontris 54 a
ANB 1S5 1956 Norway Human Periodonckis 5 1
ANR 16 1965 Norway Human Periodontrin » pPER2T2 !
Ay 1995 Norway Human Peniodontrin 3 PPER22 !
AHS 18 1995 Srazil Human Periodoatiti » I
AHS20 1996 Norway Human Periodoncitis » ]
AHS23 1956 Norway Human Periodonciis @ I
ANN2S 1990 Norway Muman Penodontris «O '
ANS 26 1956 Norway Human Penodontris « i
AMS2T 1996 Notway Human Periodontnin @ !
ANS X 1996 Norway Human Periodontrin « !
AHS30 1996 Norway Human Periodoatinis 4 !
AHE 31 1996 Nooway Human Periodontinis Q 1
Ames 1981 UsA Cow 1 PO+ /pXO2Z+ |
Anmadiatd A0S 1994 Asdralia Gatthe 1 PO+ /pXO2+ |
Tslankovikas ! Formes USSR Livestock vaccine stram 1 PO+ /pXO2+ 1
Vellum ASER 1935 UK Cow 1 P04 pXO2s |
Sterne an 195 South Africa  Cow (sl vaxine stran) 1 PO+ pXO2~ |

1 PO~ /pXO2+ |
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Methods — Comparative Genomic
Hybridization (CGH)

e 70-mer oligonucleotide DNA microarray

* 29,682 ORFs

e 35 Bc and six Ba strains were tested
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Characteristic VAGs of B. anthracis

Locus Common name Cacamerisic S

CQlade 4 pmoenes v, other & coveunn R anthroces v K v
BAOSS2 Inter nalin, putatove (+r 4
BA 140 Superaxide dartne -
BAIDS0 Cobalamin synthess pootain, putative * +
BA 1902 Multicopper cadduse Genily peotan .
BAI92S Cobalarmin synehess pootein PATK famiy procein * +
A8 Siderophore uogyntheds protan, putative . +
At Sidemophore buonyntheds prooan, putative + +
BA 1583 AMP- bandifg procen . ‘
A 104" Hypothetical protein . "
BA 1985" Hypothetical procsin * +
BA 10565 Comerved hypothetical peotein - +
M99 Phophol pace. pusaove -
BA222 Akohal Schylrogesaw, pon <ortarseg . +
[ 7930 Nossbowesal pepexde tynthetne DB - +
BAXSSS Akohol dchydrogenise, BnC-Contanng * +
RAIG Cobalt eranport proesia + +
BT Newtral protease +
BASI00 Copper homeontass protein Cut(, pottve 4
Mam Akohol dehydrmogesaw, mn-contaning +
BASIAS Marganeie ABC tramporter, sabstrate- binding pootein xd hesin {(+) +
RA NS Wron sulfur chuster- bind ing procein * +
BAIRSS Microbiad collapenase. putative +
Mt 1-Serine Sehydratane, kon-mifer-dependere, Jpha wibusit + +
MAes* 1-Serine Sehydratase. koo sulfer Sependers. beta sebunit + +
A0S Akohal dchydrogesa s, frx-contareng +
A Newtral protease * +
BA3SIS Akohol dehydrogenise. BNC-COMANNE, JURentic pont mautation *
A4 Mcrobdd collaprrase. putative +
B Phophol pase caboxylester e amiy procen *
BA Y22 finc peotese, it inawe Lamilly .
BATSS Iron compound ABC trans portey, iron compound binding protein * +
ot Iros compeund ABC trarmporter, per medde proten *
M Trom compound ABC crarsporter, ATP-biading protein -
BASTY Chanadd protein. hemolysn 1§ family *
EXAD142 Camoduln- wastive admylate cyclaw, Cya +
EXAD146 Trasscriptional activater AeA, (pXOL-119) -
EXADI16) Protective stpen-related proteis, (pXO1-111) e
BEXADI64 Procective aacigen. PaghA +*
EXAIT2 Lethal facser. Lef +
BXADI197 Onc-Sladng lpopestein AdA domals procein, (pXOL-130) +
X B00s0 Capuade syrtheils trass-acting podtive repulator, putative, (pD2-53) +
= mooe2* Hypothetical protein, Capl (pN02-54) 4
X E0es* Camma ¢ wamyitranspepod e, capD (p02.55) +
X Booes* Capudde biosyatheds protein CapA, (pXOR-56) +
X 006" Capode blosyntheds procein CapC, (pXD2-57) +
X ooes* Capuale bionyatheds proteins Caph (pXD2-58) 4
X h00os4 Capusle vynehenis trass-acting posd tive repuacor, CapR (pa02-64 ) +*
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VAGs of the different clades

ance: | D
ances | (D
ance: | D
Clade 4 -
ances | NTNGNGEGND
Clade 8 (B.a.) P
A S
100 150 200 250
Average Number of Virulence
Associated Genes (VAGS)

=
=
[—

Thursday, 29 September, 2011




Conclusions

>
<
>

e B. cereus sensu lato share 99 % identity in 16s rDNA,
however GD demonstrated up to 37 % novel genes in
one B. cereus strain out of 7 tested.

e B. anthracis differ from the B. cereus mainly in the
higher genomic percentage of mobile elements.

 B. cereus sensu lato can be clustered into 8 clades.
Interestingly clade 8 (Ba) and 6 show high similarity.

 The pathogenic B. anthracis is associated with a
fixation of a specific set of VAGs.

 The evolution of B. anthracis has driven towards
deeper dependency on the host for energy and
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Critigue Points

e Supplementary figures and tables

* Relative results — other ways to illustrate
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 Methods — whole genome sequencing instead




Critique Points
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* Elucidates the gene composition of the
different isolates

e Leaves room for further investigation of the
virulens factors of B. anthracis
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