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;ll[s)L_[^s Ifcai M_nmÿ ̀ il nb_ Bacillus Genome Version 1.0
and the Bacillus Genome Extension Version 1.0

We are pleased to announce Version 1.0 of our Bacillus Genome Oligo Set and our Bacillus Genome Oligo Extension 
Set. The Bacillus Genome Oligo Set contains 5309 arrayable 70mers representing 5311 open reading frames (ORFs) 
from Bacillus anthracis strain Ames, 4879 ORFs from Bacillus anthracis strain A2012, and 3645 ORFs from Bacillus 
cereus ATCC 14579. The Bacillus Genome Oligo Extension Set Version 1.0 contains 2478 arrayable 70mers repre-
senting 1587 ORFs from Bacillus cereus ATCC 14579, 663 ORFs from Bacillus anthracis strain A2012, 21 ORFs from 
Bacillus cereus ATCC 14579 plasmid pBClin15, 203 ORFs from Bacillus anthracis A2012 plasmid pXO1, 102 ORFs from 
Bacillus anthracis A2012 plasmid pXO2, 142 ORFs from Bacillus anthracis virulence plasmid pXO1, and 82 ORFs from 
Bacillus anthracis virulence plasmid pXO2. For probe design we use state-of-the-art methodology and proprietary 
mi`nq[l_* ;h [gchi fche_l cm [nn[]b_^ ni nb_ 1ó _h^ i` _[]b ifcai*

ORF Sequence Source and Selection
Bacillus ;ll[s)L_[^s Ifcai M_nÿ

Primary Source

The 5309 probes  for the Bacillus Array-Ready Oligo Set (AROS) are designed from ORFs  from the NCBI refseq 
NC_003997 for Bacillus anthracis strain Ames updated April 2003 (Source: http://www.ncbi.nih.gov).

Secondary Source

A secondary set of ORFs was obtained from NCBI refseq NC_004722 for Bacillus cereus ATCC 14579 updated in June 
2003, and NC_003995 for Bacillus anthracis strain A2012 updated in June 2003 (Source: http://www.ncbi.nih.gov).

ORF Sequence Selection

All oligos are directly designed from the primary source, Bacillus anthracis Ames ORFs, but the probes are selected 
such that a large number of B. cereus ATCC 14579 and B. anthracis A2012 ORFs are also represented. A B. cereus 
or B. anthracis A2012 ORF is said to be represented by an oligo if the oligo has greater than 93% identity over the 
length of the oligo to the B. cereus or B. anthracis A2012 ORF. 

The final set of 5309 oligos in this set also represents 3645 B. cereus ATCC 14579 ORFs and 4879 B. anthracis A2012 
ORFs. The gene list contains information for oligos and their corresponding B. anthracis Ames, B. anthracis A2012, 
and B. cereus ORFs.

Table 1: Bacillus AROS

NCBI RefSeq Number of ORFs 
Represented at > 93%

Number of ORFs 
Represented at 100%

Bacillus anthracis Ames NC_003997 5311 5311

Bacillus anthracis A2012 NC_003995 4879 4763

Bacillus cereus ATCC 
14579

NC_004722 3645 233
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Anthrax Extension AROS

The 2478 probes for the Anthrax Extension AROS are designed from ORFs from the sources in Table 2. ORFs that are 
not represented by an oligo at >93% identity over the oligo length in the Anthrax AROS are included in the extension. 
Most oligos are directly designed from one ORF. A small number of A2012 ORFs are represented by B. cereus oligos 
that are >93% over the length of the oligo to the A2012 ORF.

Table 2: Anthrax Extension AROS

Description NCBI RefSeq Number of ORFs 
Represented > 93%

Number of ORFs 
Represented at 100%

Bacillus anthracis strain
A2012

NC_003995 663 529

Bacillus cereus ATCC
14579

NC_004722 1587 1587

Bacillus cereus ATCC
14579 plasmid
pBClin15

NC_004271 21 21

Bacillus anthracis strain
A2012 plasmid pXO1

NC_003980 203 203

Bacillus anthracis strain
A2012 plasmid pXO2

NC_003981 102 102

Bacillus anthracis
virulence plasmid pXO1

NC_001496 142 141

Bacillus anthracis
virulence plasmid pXO2

NC_002146 82 80

Probe Design and Selection Rules

Once an ORF has been selected to be included in the set, a probe is selected with an optimal set of parameters. 
Sufficient numbers of 70mer candidate probes for each ORF are selected using the following criteria for the Anthrax 
and Anthrax Extension AROS.

1) All oligos are within 75°C ± 5°C using the following formula:
 Tm 8 4-*1 ' -2*2 r fiaUH['W ' 0- r $ĚA ' Ě=%+f_hanb ð 1,,+f_hanb qb_l_ UH['W 8 ,*- G [h^ f_hanb 8 Ě; ' Ě= ' ĚA ' ĚN

2) An oligo cannot have a contiguous single nucleotide base repeat or poly (N) tract longer than 8 bases.

3) An oligo cannot have a potential hairpin structure with a stem length longer than 9 bases. 

4) An oligo has less than or equal to 70% cross-hybridization identity to all other non-self ORFs. Non-self ORFs are 
all ORFs other than the ORF(s) that represents the oligo. For all oligos in the Anthrax AROS, using BLAST, each 
oligo is aligned against all 5311 Ames strain ORFs. Using the alignment with the candidate oligo versus the highest 
scoring non-self ORF, a cross-hybridization identity score is computed. The highest scoring non-self ORF is defined 
as the sequence that yields the most matched bases in an alignment. 

In the Anthrax Extension AROS, oligos directly designed from A2012 are aligned using BLAST against all A2012 
ORFs including plasmids to compute cross-hybridization identity. Oligos designed directly from B. cereus ORFs are 
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aligned using BLAST against all B. cereus ORFs including plasmids to compute crosshybridization identity. Oligos 
designed directly from the virulence plasmids ORFs are aligned using BLAST against all virulence plasmid ORFs 
plus all ORFs from B. anthracis Ames to compute cross-hybridization identity. 

5) An oligo cannot have greater than 20 contiguous bases common to any other non-self ORF. Oligos are aligned 
using BLAST using a similar method as mentioned above for cross-hybridization identity. 

Once oligo candidates have been selected satisfying all the selection rules mentioned above, each oligo is ranked 
based on cross-hybridization identity as computed above. One final oligo for each ORF is selected with the mini-
mum cross-hybridization identity. 

Note: For 99 of the sequences in the Bacillus AROS and 96 of the sequences in the Bacillus Extension AROS that did 
not yield oligos satisfying all the above criteria, certain rules were relaxed.

Oligo Selection Criteria Criteria Values Number of Oligos in the 
Bacillus Genome Oligo Set

Number of Oligos in 
the Bacillus Genome 
Extension Set

Length
Melting temperature
Poly(N)tract length
Stem length in potential 
hairpin
Cross-hybridization  
identity to all other 
sequences§
Contiguous base match to 
any other sequence§

70mer
75°C±5°C
Ò8
Ò9

Ò70%

Ò20

5210 2382

Total number of oligos not 
satisfying one or more of 
the above criteria

99 96

Length 35 < X Ò50 2* 6**

Melting temperature 66< X < 70°C 29* 25**

Stem length in potential
hairpin

9 < X Ò11 5* 0**

Contiguous base match to 
any other sequence§

>20 24* 48**

Cross-hybridization to all 
other sequences§

>70% 63* 66**

Total 5309 2478

* Out of 99 probes.
** Out of 96 probes.
§Cross-hybridization identity and contiguous base match for oligos designed directly from A2012 are aligned using 
BLAST against all A2102 ORFs including plasmids. Oligos designed directly from B. cereus ORFs are aligned using 
BLAST against all B. cereus ORFs including plasmids. Oligos designed directly from the virulence plasmids ORFs 
are aligned using BLAST against all virulence plasmid ORFs plus all ORFs from B. anthracis Ames.
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The following illustrations sh ow the distribution of all 5309 oligos  in the Anthrax AROS and 2478 oligos  in the 
;hnbl[r ?rn_hmcih ;LIM ̀ il g_fncha n_gj_l[nol_( A= ]ihn_hn( fi][ncih ̀ lig /ó _h^( fiha_mn mn_g f_hanb( [h^ ]limm)
hybridization identity.

Figure 1. Bacillus AROS: Melting Temperature

Figure 2. Bacillus AROS: GC Content
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Figure 3. Bacillus ;LIM6 Fi][ncih `lig /ó ?h^

Figure 4. Bacillus AROS: Longest Hairpin Stem Length
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Figure 5. Anthrax AROS: Cross-Hybridization Identity

Figure 6. Anthrax Extension AROS: Tm




