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The Anthrax Drama Unfolds

Courtesy J. Ravel



The Amerithrax investigation

• Obtained DNA from B. anthracis recovered from the 
spinal fluid of Mr. Stevens

• Sequence the genome of B. anthracis Florida

• Need to compare the genome sequence to that of an 
appropriate reference

• No appropriate genome sequence could serve as reference

• Sequence the genome of B. anthracis Ames Ancestor

Courtesy J. Ravel



• Only one whole genome shotgun draft of Bacillus anthracis (A2012) 
was available at the time of the anthrax attack, and its release date 
from TIGR was 2 April, 2002. A2012 is the “Ames 2001 Florida 
strain”.  No Bacillus anthracis genome was publically available prior 
to that time. A2012 was the first B. anthracis sequence and was 
released to the public domain [Sponsored by NSF].

• Three additional strains, were selected, funding identified, and 
division of labor agreed to obtain finished genomes. 

• Ames (deposited into GenBank, 6 March 2003, by TIGR and funded 
by NIAID).

• Ames Ancestor (deposited into GenBank, 17 May 2004, by TIGR and 
funded by the consortium of NSF, NIAID, DOE, and ONR).

• Sterne (deposited into GenBank on 12 January 2004, by JGI and 
funded by DOE).

Courtesy Ron Walters



• Six additional strains were selected for whole genome 
shotgun sequencing and these data were all released to 
GenBank in early June 2004 (funded by NIAID).

Kruger B
Western North America
Vollum
Australia 94
CNEVA-9066 
A1055

• There are currently 28 Bacillus anthracis genomes available, 
most of which are already in the public domain. To 
prevent duplication, virtually all of these genomes were 
coordinated by the NIGSCC.
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• fully virulent (pXO1, pXO2)
• isolated from a dead Beefmaster heifer in 

Texas in 1981
• used worldwide for vaccine challenge 

studies
• sequenced and closed  (AE017334)
• chromosome : 5,227,419 bp           
• pXO1 : 181,677 bp                        
• pXO2 : 94,830 bp

B. anthracis Ames Ancestor:  the reference
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Morphological variant characteristics

• All four morphotypes were found in the spore preparations recovered 
from each of the four letters that had been sent to Congressional 
Members.

• This was a key step in the investigation, as it linked the two events in 
New York and Washington DC.
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Morphological variant isolation

• Visual differential tests

• Colony morphology, color, 
sporulation efficiency for each 
spore sample

Courtesy J. Ravel



Vibrio cholerae 01 El Tor N16961

Chun, J., et al. 2009. Proc. Natl. Acad. Sci. 106(36):15442-15447.



Vibrio cholerae 01 Antigen

Chun, J., et al. 2009. Proc. Natl. Acad. Sci. 106(36):15442-15447.



Neighbor-joining trees showing phylogenetic relationships of 23 V. cholerae strains representing 
diverse serogroups. 
(A) All V. cholerae strains based on 1,676 genes (1,370,469 bp).  
(B) Phylocore genome (PG) clade based on 2,663 genes (2,567,393 bp).  
(C) Seventh pandemic (7P) clade based on 3,364 genes (3,291,577 bp).  Bootstrap supports, as 
percentage, are indicated at the branching points. Bars represent the numbers of substitution per 
site, respectively.  Only orthologous genes showing >95% nucleotide sequence similarity to those 
of V. cholerae N16961 were selected.  The tree was rooted using Vibrio vulnificus YJ016 and Vibrio 
parahaemolyticus RIMD 2210633.

Chun, J., et al. 2009. Proc. Natl. Acad. Sci. 106(36):15442-15447.



Proposed hypothetical evolutionary pathway of the V. cholerae species.  Probable insertions and 
deletions of genomic islands (Table S1) found in 23 V. cholerae strains are indicated by black 
and red arrows, respectively, along the phylogenetic tree based n genome sequence data.  
Hypothetical ancestral strains are indicated by open circles.

Chun, J., et al. 2009. Proc. Natl. Acad. Sci. 106(36):15442-15447.



B. anthracis Phylogeny

Van Ert MN et al. (2007) PLoS ONE 2(5): e461 Courtesy J. Ravel



Population genetics - the unique signature

Courtesy J. Ravel



Variola sequencing

• Prior to the NIGSCC program established at CDC, only one Variola 
sequence was available (released in 1995 by TIGR/JCVI and 
CDC). Forty-seven genomes were sequenced by CDC and 
released to the public domain. An analysis of the results was 
published in a Science paper. In addition, a large number of other 
pox viruses and vaccinia strains (historic and those used for modern 
vaccine production) were sequenced.
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Foot-and-Mouth Disease Virus (FMDV)

• Prior to formation of the NIGSCC, there were very few FMDV 
sequences available, and most were serotype O. There are five 
FMDV serotypes (A, O, C, Asia 1, SAT 1, SAT 2, and SAT 3). 

• NIGSCC and USDA-ARS worked together to encourage Plum 
Island Animal Disease Center (PIADC) to make their data 
available. In the spring of 2004, PIADC released 98 FMDV genome 
sequences to GenBank. PIADC supplied the first SAT 1, two of the 
only three SAT 2 genomes, the first SAT 3 genome and the first A 
genome. 

• There are currently 201 FMDV genomes in GenBank.

Courtesy Ron Walters
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