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Virus Bangledesh-1975). These regions were put through a BLAST search against the NCBI nr/ 

database to check for uniqueness and to display the closest sequence matches. 12 of the 14 regions 

had only 1 to 3 nucleotides that were different from the closest hit sequence, which was likely to be 

not enough difference to generate Variola-specific assays, while two regions (Regions\7f and 8 in 

Table 1) displayed a greater degree of differentiation from the nearest matches. Th^se two regions 

were therefore used to create assays as described further below. / 

[00104] Table 1 shows Insignia results for Variola virus (major and minor included)-specific 

regions. Signature chain length was set to >35 nucleotides. / 

Table 1 
Region Starting 

Nucleotide 
Position 

Stopping 
Nucleotide 
Position 

/Sequence 

1 153149 153183 / GCAAGGATATTCTCATGGAG 
ATATTAAAGCGAGCA 

2 6262 6297 / AGTATATGTTGGAGGACATT 
CGAGTTCATTGTTTTC 

3 128198 128233/ CGACTAAGTTCAAGTTCTCC 
TTGACAAGATCCATCT 

4 74961 74^96 CGGAATTGGAATGTTTTGGT 
CAC T GGGGTAAAGTAA 

5 2634 Am ATTATGCGGTCCAGAGGGAA 
ATGGATATTGTTTTCA 

6 34950 / 34986 TAACGTCTTTCCAAGTGGCA 
AATTCCAAATTTTTTTC 

7 970 / 1007 AGTGTATTGAGAGTGAGTGA 
GCATGAAAAAGATTTAGT 

8 161598 / 161635 AACACTATTAGGAGAAAGCC 
AGGTCATATGGAAGATGT 

9 184L80 184218 TGCTAGATTGTCCAGTGTGC 
CCCCAGGACAAGGTAAGGA 

10 3^346 23384 ATC TAGG T T T CAAAAGAC T T 
GGCATATTAACCCAAGCAG 

11 / 14365 14403 AT AC GGC AGC AAC TAG TAT T 
ATCTCTACATTGTTTACGG 

12 / 48985 49023 CTGATGGCGACATAATTGTC 
CAAAACTGCCAATCTATAA 

13 / 3808 3846 TACCCAATTAGAACACGTAT 
GCTTATTATCATCATTCGG 

14 / 50495 50533 CCGACACCATCAAAGAATTT 
TTATGATATAAGGAAACAG 

[00105] The first unique region of interest (Region 7 in Table 1) that was identified 

corresponds to nucleotides 970-1007 of Variola Major Virus Bangledesh-1975. Upon further 

analysis of the larger region surrounding this 38 nucleotide sequence, it was discovered that only 
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the 31 nucleotide stretch from nucleotides 977-1007 was conserved within all sequenced Variola 

virus stains. Within that 31 nucleotide region, 5 nucleotides did not match the sequence of th 

closest neighbor, cowpox virus. This difference was utilized in assay VAR-1 (see Tabic 7 for 

amplification primer and target probe sequences) by placing Primer 1 in this sequence (see Table 2). 

Primer 2 of this assay took advantage of 2 additional SNPs, while the probe has exacHiomology 

with several poxviruses. 

[00106] Table 2 shows the 120 base pair area around Insignia-identified/Region 7 (which 

corresponds to the 119 base pair region of977-1095 of Variola Major Virus/Bangledesh-1975). 

The conserved 31 nucleotides within Region 7 are underlined. Amplification primers PI and P2 

and the target probe from VAR-1 are indicated in bold italics. SNPs between Variola virus and 

other genomes are highlighted in black boxes. SNPs within Variola virus (in >1 genome sequences) 

are indicated in gray boxes - and were, and typically should bevavoided in Variola assay designs. 

1 I^^AGTGAd^GAGCATGAJ^AAGAITTAGTATTjrAGCAGTGCGGATATGATCCAAGAGG 60 

& 1 GTGP^ATAGTCGTTCTCGTTCAGAATCTTmGCAGC ATAAGT AGT AT§TCGATATAC TTA 120 

[00107] The second unique region identified (Region 8 in Table 1) corresponds to 

nucleotides 161598-161635 of Variola^Kyor Virus Bangledesh-1975. When this sequence was 

subjected to a BLAST search against the NCBI nr database, 3 SNPs were identified in this region. 

More interestingly, when a larger region surrounding this sequence was analyzed, it was discovered 

that genomic rearrangements are'found both upstream and downstream of this sequence in the most 

closely related genomes, those of some cowpox strains (see Table 3 below). These rearrangements 

allowed for the design of^assays with amplification primers or target probes spanning regions that 

are contiguous in Variola virus but non-contiguous (junction regions) in other genomes. Such 

assays can afford e^en greater specificity than those that rely solely on SNPs for differentiation. 

[00108] 'M)le 3 shows the 300 base pair area around Insignia-identified Region 8. Region 8 

is underlinedySNPs between Variola virus and other genomes are highlighted in black boxes. SNPs 

within Variola vims (in >1 genome sequences) are indicated in gray boxes - these were, and should 

be, avoided in Variola assay designs. The sequence indicated by # symbols underneath the 

sequence is duplicated in the nearest neighbor genomes (some cowpox genomes) and forms the 
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upstream junction. The downstream junction (also present in the cowpox genomes) falls betweej 

the three nucleotides indicated by A symbols underneath the sequence. 

Table 3 
161487 GTATCGG|;GTACGGAGATCATCAAGTTCATCATCCGATATTATTGTAACCACAATGCAT0 /l61546 

161547 GGCATCAAAAGAAGATAGATGAACTIACATATAGCGAATATAAGGAGATCCAACSCTXTB 161606 
############## 

161607 AGGAGAAAGCCAGGTCATA^GAAGATGTTCAAGCTGTTAATATCAATCTjGATAAACGT 161666 

1616 6 7 GAACAGGCTGrOS3AGCCACAGTTTC[§AGACGAGGAGATTTAGAAATGT7GGGj2TTATTG 161726 

161727 CATGATAGAATGGTTCj2GTGGCAAACTTCCATGGAA5!AAC|!AAAG;rAGTATAGCAATACA 161786 

[00109] Three assays were designed to take advantage of/fhese junction regions: VAR-2, 

VAR-3, and VAR-4 (again, see Table 7 for amplification primer and target probe sequences). 

[00110] In the VAR-2 assay (Table 4), the PI amplification primer spans the junction region 

just upstream of Insignia-identified Region 8, and the ¥1 amplification primer spans the junction 

region downstream of this region. The probe lies within the Insignia-identified Region 8 itself and 

takes advantage of the 3 SNPs in this region. Table 4 shows relative location variola-specific assay 

VAR-2. The amplification primer sequences/Pi and P2 are indicated by asterisks underneath the 

sequences while the probe region is indicated by plus symbols underneath the sequence. Other 

formats are as in Table 3, except thai the black-highlighted SNPs have been omitted for clarity. 

161487 

161547 

161607 

Table 4 
GTATCGGiGTACGGAGkTCATCAAGTTCATCATCCGATATTATTGTAACCACAATGCATT 161546 

GGCATCAAAAGAAGATAGATGAACTjACATATAGCGAATATAAGGAGATCCAACACTATT 161606 

############## 

AGGAGAAAGCCAGGTCATATGGAAGATGTTCAAGCTGTTAATATCAATCTlGATAAACGT 16166 6 
+++++/++++++++++++++++++++ ** 

161667 G/ACAGGCTGTCG3AGCCACAGTTTCGAGACGAGGAGATITAGAAATGTTGGGATTATTG 161726 

161727/ CATGATAGAATGGTTCAGTGGCAAACTTCCATGGAAAAACAAAAGTAGTATAGCAATACA 161786 
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[00111] The VAR-3 assay (Table 5) has the probe spanning the upstream junction region, 

with the PI and P2 amplification primers taking advantage of 1 SNP each as well as being on 

different sides of the junction (approximately 300 base pairs apart in the cowpox genomes,^ith the 

sequences inverted in those genomes). Table 5 shows variola-specific assay VAR-3. Th£ PI and 

P2 amplification primers are indicated by asterisks underneath the sequences while th^probe region 

is indicated by plus symbols underneath the sequence. Other formats arc as in Tattle 3, except that 

the black-highlighted SNPs have been omitted for clarity. 

Table 5 
161487 GTATCGGj§GTACGGAGATCATCAAGTTCATCATCCGATATTATTGTAAfiCACAATGCATT 161546 

/* ********* * * * 

161547 GGCATCAAAAGAAGATAGATGAACTlACATATAGCGAATATAAQ^AGATCCAACACTATT 161606 
******* 

#«##/######## 

161607 AGGAGAAAGCCAGGTCATATGGAAGATGTTCAAGCTGTjkkTATCAATCT|GATAAACGT 161666 
******************y******** 

161667 GAACAGGCTGTCGGAGCCACAGTTTCGAGACGAGG&GATTTAGAAATGTTGGGATTATTG 161726 

161727 CATGATAGAATGGTTCAGTGGCAAACTTCCATGGAAAAACAAAAGTAGTATAGCAATACA 161786 

[00112] The sequence region amplified/by the amplification primers (120 base pairs) in the 

VAR-4 assay (Table 6) spans the downstream junction, with PI overlapping (in the opposite 

orientation) P2 from the VAR-3 region/118 bp), taking advantage of 1 SNP, the probe spanning the 

downstream junction, and P2 takingiavantage of 1 SNP and being on the other side of the junction 

(about 7 kb away and inverted in iiear neighbors). Table 6 shows variola-specific assay VAR-4. PI 

and P2 are indicated by asterisks underneath the sequences while the probe region is indicated by 

plus marks underneath the sequence. Other formats are as in Table 3, except that the black-

highlighted SNPs have been omitted for clarity. 
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161487 
Table 6 

GTATCGGfGTACGGAGATCATCAAGTTCATCATCCGATATTATTGTAACCACAATGCATT 16 }?5 4 6 

161547 

161607 

161667 

161727 

GGCATCAAAAGAAGATAGATGAACTgjACATATAGCGAATATAAGGAGATCCAACACTATT/ 161606 
############## 

AGGAGAAAGCCAGGTCATATGGAAGATGTTCAAGCTGTTAATATCAATCTiGATAAfCGT 
++ 

GAACAGGCTGrCGGAGCCACAGTTTCGAGACGAGGAGATTTAGAAATGTTGG^ATTATTG 161726 

CATGATAGAATGGTTCAGTGGCAAACTTCCATGGAAAAACAAAAGTAGTATAGCAATACA 161786 

Assay Ampl Primer 1 (PI) 
Name icon 

size 
VAR-1 92 TGA GAG TGA 

GTG AGC ATG 
AAA AAG 

VAR-2 110 ACA TAT AGC 27 
GAA TAT AAG 
GAG ATC CAA 

PI 
length 

P2 
length 

GC ' CCG ACA 19 
GO1 TGT TCA C 

161666 

Probe 

TTA GTA TTT 
AGC AGT GCG 
GAT ATG ATC 
CAA GAG G 

TCT TCC ATA 
TGA CCT GGC 
TTT CTC CTA 
ATA GTG 

Probe 
length 

34 

34 

VAR-3 118 

VAR-4 120 

ACC ACA ATG 20 
CAT TGG CAT 
CA 

GGTCATATGGAAG/ 24 
ATGTTCAAGCT 

TGA TAT TAA 27 CGAATATAAGGAGA 37 
CAG CTT GAA TCCAACACTATTAG 
CAT CTT CCA GAGAAAGCC 

CAT TCT ATC 26 CTG TGG CTC 25 
ATG CAA TAA CGA CAG CCT 
TCC CAA CA GTT CAC 

Table 7 shows primer/prdbe sequences and characteristics of the Variola virus-specific ssays. 

[00113] / While the foregoing invention has been described in some detail for purposes 

of clarity^nd understanding, it will be clear to one skilled in the art from a reading of this disclosure 

that vanous changes in form and detail can be made without departing from the true scope of the 

invention. For example, all the techniques and apparatus described above can be used in various 

combinations. All publications, patents, patent applications, and/or other documents cited in this 
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Vims Bangledesh-1975). These regions were put through a BLAST search against the NCBI nr 

database to check for uniqueness and to display the closest sequence matches. 12 of the 14 regions 

had only 1 to 3 nucleotides that were different from the closest hit sequence, which was likely to be 

not enough difference to generate Variola-specific assays, while two regions (Regions 7 and 8 in 

Table 1) displayed a greater degree of differentiation from the nearest matches. These two regions 

were therefore used to create assays as described further below. 

[00104] Table 1 shows Insignia results for Variola virus (major and minor included)-specific 

regions. Signature chain length was set to ^5 nucleotides. 

Table 1 
Region SEO ID NO: Starting 

Nucleotide 
Position 

Stopping 
Nucleotide 
Position 

Sequence 

1 1 153149 153183 GCAAGGATATTCTCATGGAG 
ATATTAAAGCGAGCA 

2 2 6262 6297 AGTATATGTTGGAGGACATT 
CGAGTTCATTGTTTTC 

3 3 128198 128233 CGACTAAGTTCAAGTTCTCC 
TTGACAAGATCCATCT 

4 4 74961 74996 CGGAATTGGAATGTTTTGGT 
CACTGGGGTAAAGTAA 

5 5 2634 2669 ATTATGCGGTCCAGAGGGAA 
ATGGATATTGTTTTCA 

6 6 34950 34986 TAACGTCTTTCCAAGTGGCA 
AATTCCAAATTTTTTTC 

7 7 970 1007 AGTGTATTGAGAGTGAGTGA 
GCATGAAAAAGATTTAGT 

8 8 161598 161635 AACACTATTAGGAGAAAGCC 
AGGTCATATGGAAGATGT 

9 9 184180 184218 TGCTAGATTGTCCAGTGTGC 
C C C CAGGACAAGGTAAGGA 

10 10 23346 23384 ATCTAGGTTTCAAAAGACTT 
GGCATATTAACCCAAGCAG 

11 11 14365 14403 ATACGGCAGCAACTAGTATT 
ATCTCTACATTGTTTACGG 

12 12 48985 49023 CTGATGGCGACATAATTGTC 
CAAAACTGCCAATCTATAA 

13 13 3808 3846 TAC C CAATTAGAACACGTAT 
GCTTATTATCATCATTCGG 

14 14 50495 50533 CCGACACCATCAAAGAATTT 
TTATGATATAAGGAAACAG 

[00105] The first unique region of interest (Region 7 in Table 1) that was identified 

corresponds to nucleotides 970-1007 of Variola Major Virus Bangledesh-1975. Upon further 

analysis of the larger region surrounding this 38 nucleotide sequence, it was discovered that only 
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the 31 nucleotide stretch from nucleotides 977-1007 was conserved within all sequenced Variola 

virus stains. Within that 31 nucleotide region, 5 nucleotides did not match the sequence of the 

closest neighbor, cowpox vims. This difference was utilized in assay VAR-1 (see Table 7 for 

amplification primer and target probe sequences) by placing Primer 1 in this sequence (see Table 2). 

Primer 2 of this assay took advantage of 2 additional SNPs, while the probe has exact homology 

with several poxviruses. 

[00106] Table 2 shows the 120 base pair area around Insignia-identified Region 7 (SEQ ID 

NO 15, which corresponds to the 119 base pair region of 977-1095 of Variola Major Virus 

Bangledesh-1975). The conserved 31 nucleotides within Region 7 are underlined. Amplification 

primers P1 and P2 and the target probe from VAR-1 are indicated in bold italics. SNPs between 

Variola vims and other genomes are highlighted in black boxes. SNPs within Variola vims (in >1 

genome sequences) are indicated in gray boxes - and were, and typically should be, avoided in 

Variola assay designs. 

Table 2 
1 T^f^AGTGA^GAGCATGAA^jAGATTTAGTATTTAGCAGTGCGGATATGATCCAAGAGG 6 0 

61 GTGASATAGTCGTTCTCGTTCAGAATCTTTEJGCAGCATAAGTAGTAT'GTCGATATACTTA 12 0 

[00107] The second unique region identified (Region 8 in Table 1) corresponds to 

nucleotides 161598-161635 of Variola Major Vims Bangledesh-1975. When this sequence was 

subjected to a BLAST search against the NCBI nr database, 3 SNPs were identified in this region. 

More interestingly, when a larger region surrounding this sequence was analyzed, it was discovered 

that genomic rearrangements are found both upstream and downstream of this sequence in the most 

closely related genomes, those of some cowpox strains (see Table 3 below). These rearrangements 

allowed for the design of assays with amplification primers or target probes spanning regions that 

are contiguous in Variola vims but non-contiguous (junction regions) in other genomes. Such 

assays can afford even greater specificity than those that rely solely on SNPs for differentiation. 

[00108] Table 3 shows the 300 base pair area around Insignia-identified Region 8 (SEQ ID 

NO 16). Region 8 is underlined. SNPs between Variola vims and other genomes are highlighted in 

black boxes. SNPs within Variola vims (in >1 genome sequences) are indicated in gray boxes -

these were, and should be, avoided in Variola assay designs. The sequence indicated by # symbols 

underneath the sequence is duplicated in the nearest neighbor genomes (some cowpox genomes) 
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and forms the upstream junction. The downstream junction (also present in the cowpox genomes) 

falls between the three nucleotides indicated by A symbols underneath the sequence. 

Table 3 
16148 7 GTATCGGgGTACGGAGATCATCAAGTTCATCATCCGATATTATTGTAACCACAATGCAT0 161546 

16154 7 GGCATCAAAAGAAGATAGATGAACTjLACATATAGCGAATATAAGGAGATCCAAcBcTATE 161606 
############## 

16160 7 AGGAGAAAGCCAGGTCATAgSGGAAGATGTTCAAGCTGTTAATATCAATCT.CGATAAACGT 161666 

161667 GAACAGGCTGTCGGAGCCACAGTTTCgAGACGAGGAGATTTAGAAATGTTGGGgTTATTG 161726 
AAA 

161727 CATGATAGAATGGTTC0GTGGCAAACTTCCATGGAASAACSAAAGTAGTATAGCAATACA 161786 

[00109] Three assays were designed to take advantage of these junction regions: VAR-2, 

VAR-3, and VAR-4 (again, see Table 7 for amplification primer and target probe sequences). 

[00110] In the VAR-2 assay (Table 4, area listed as SEQ ID NO 16), the PI amplification 

primer spans the junction region just upstream of Insignia-identified Region 8, and the P2 

amplification primer spans the junction region downstream of this region. The probe lies within the 

Insignia-identified Region 8 itself and takes advantage of the 3 SNPs in this region. Table 4 shows 

relative location variola-specific assay VAR-2. The amplification primer sequences PI and P2 are 

indicated by asterisks underneath the sequences while the probe region is indicated by plus symbols 

underneath the sequence. Other formats are as in Table 3, except that the black-highlighted SNPs 

have been omitted for clarity. 

Table 4 
161487 GTATCGGCGTACGGAGATCATCAAGTTCATCATCCGATATTATTGTAACCACAATGCATT 16154 6 

161547 GGCATCAAAAGAAGATAGATGAACTAACATATAGCGAATATAAGGAGATCCAACACTATT 161606 

############## 

161607 AGGAGAAAGCCAGGTCATATGGAAGATGTTCAAGCTGTTAATATCAATCTCGATAAACGT 161666 

161667 GAACAGGCTGTCGGAGCCACAGTTTCGAGACGAGGAGATTTAGAAATGTTGGGATTATTG 16172 6 
***************** 

AAA 

161727 CATGATAGAATGGTTCAGTGGCAAACTTCCATGGAAAAACAAAAGTAGTATAGCAATACA 161786 
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[00111] The VAR-3 assay (Table 5, area listed as SEQ ID NO 16) has the probe spanning the 

upstream junction region, with the PI and P2 amplification primers taking advantage of 1 SNP each 

as well as being on different sides of the junction (approximately 300 base pairs apart in the cowpox 

genomes, with the sequences inverted in those genomes). Table 5 shows variola-specific assay 

VAR-3. The PI and P2 amplification primers are indicated by asterisks underneath the sequences 

while the probe region is indicated by plus symbols underneath the sequence. Other formats are as 

in Table 3, except that the black-highlighted SNPs have been omitted for clarity. 

Table 5 
161487 GTATCGGCGTACGGAGATCATCAAGTTCATCATCCGATATTATTGTAACC ACAATGCATT 161546 

161547 GGCATCAAAAGAAGATAGATGAACTAACATATAGCGAATATAAGGAGATCCAACACTATT 161606 
******* + + + + + + + + + + + + + + + + + + + 4- + + + + + + 

############## 

161607 AGGAGAAAGCCAGGTCATATGGAAGATGTTCAAGCTGTTAATATCAATCTCGATAAACGT 161666 

161667 GAACAGGCTGTCGGAGCCACAGTTTCGAGACGAGGAGATTTAGAAATGTTGGGATTATTG 16172 6 
AAA 

161727 CATGATAGAATGGTTCAGTGGCAAACTTCCATGGAAAAACAAAAGTAGTATAGCAATACA 16178 6 

[00112] The sequence region amplified by the amplification primers (120 base pairs) in the 

VAR-4 assay (Table 6, area listed as SEQ ID NO 16) spans the downstream junction, with PI 

overlapping (in the opposite orientation) P2 from the VAR-3 region (118 bp), taking advantage of 1 

SNP, the probe spanning the downstream junction, and P2 taking advantage of 1 SNP and being on 

the other side of the junction (about 7 kb away and inverted in near neighbors). Table 6 shows 

variola-specific assay VAR-4. PI and P2 are indicated by asterisks underneath the sequences while 

the probe region is indicated by plus marks underneath the sequence. Other formats are as in Table 

3, except that the black-highlighted SNPs have been omitted for clarity. 
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Table 6 
161487 GTATCGGCGTACGGAGATCATCAAGTTCATCATCCGATATTATTGTAACCACAATGCATT 161546 

161547 GGCATCAAAAGAAGATAGATGAACTAACATATAGCGAATATAAGGAGATCCAACACTATT 16160 6 
############## 

161607 AGGAGAAAGCCAGGTCATATGGAAGATGTTCAAGCTGTTAATATCAATCTGGATAAACGT 16166 6 

161667 GAACAGGCTGrCGGAGCCACAGTTTCGAGACGAGGAGATTTAGAAATGTTGGGATTATTG 16172 6 
+ + + + + + + + + + + 4.4.4.4.4.4.4.4.4. + + 

AAA 

161727 CATGATAGAATGGTTCAGTGGCAAACTTCCATGGAAAAACAAAAGTAGTATAGCAATACA 16178 6 

Table 7 
Assay Ampl Primer 1 (PI) PI Primer 2 (P2) P2 Probe Probe 
Name icon length length length 

size 
VAR-1 92 TGA GAG TGA 24 CAA AAG ATT 28 TTA GTA TTT 34 

GTG AGC ATG CTG AAC GAG AGC AGT GCG 
AAA AAG {SEQ AAC GAC TAT T GAT ATG ATC 
ID NO:17) (SEQ ID CAA GAG G (SEQ 

NO:18) ID NO:19) 

VAR-2 110 ACA TAT AGC 27 GCT CCG ACA 19 TCT TCC ATA 34 
GAA TAT AAG GCC TGT TCA C TGA CCT GGC 
GAG ATC CAA (SEQ ID TTT CTC CTA 
(SEQ ID NO: 21) ATA GTG (SEQ 
NO:2 0) ID NO:22) 

VAR-3 118 ACC ACA ATG 20 TGA TAT TAA 27 CGAATATAAGGAGA 37 
CAT TGG CAT CAG CTT GAA TCCAACACTATTAG 
CA (SEQ ID CAT CTT CCA GAGAAAGCC (SEQ 
NO:2 3} (SEQ ID ID NO:25) 

NO:24) 
VAR-4 120 GGTCATATGGAAG 24 CAT TCT ATC 26 CTG TGG CTC 25 

ATGTTCAAGCT ATG CAA TAA CGA CAG CCT 
(SEQ ID TCC CAA CA GTT CAC (SEQ 
NO:2 6) (SEQ ID ID NO:28) 

NO:27) 

Table 7 shows primer/probe sequences and characteristics of the Variola virus-specific assays. 

[00113] While the foregoing invention has been described in some detail for puiposes 

of clarity and understanding, it will be clear to one skilled in the art from a reading of this disclosure 

that various changes in form and detail can be made without departing from the true scope of the 

invention. For example, all the techniques and apparatus described above can be used in various 

combinations. All publications, patents, patent applications, and/or other documents cited in this 
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application are incorporated by reference in their entirety for all purposes to the same extent as if 

each individual publication, patent, patent application, and/or other document were individually and 

separately indicated to be incorporated by reference for all purposes. 
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<151> 2012-08-16 

<160> 28 

<170> Patentin version 3.5 

<210> 1 
<211> 35 
<212> DNA 
<213> Variola virus 

<400> 1 
gcaaggatat tctcatggag atattaaagc gagca 35 

<210> 2 
<211> 36 
<212> DNA 
<213> variola virus 

<400> 2 
agtatatgtt ggaggacatt cgagttcatt gttttc 36 

<210> 3 
<211> 36 
<212> DNA 
<213> variola virus 

<400> 3 
cgactaagtt caagttctcc ttgacaagat ccatct 36 

<210> 4 
<211> 36 
<212> DNA 
<213> Variola virus 

<400> 4 
cggaattgga atgttttggt cactggggta aagtaa 36 

<210> 5 
<211> 36 
<212> DNA 
<213> Variola virus 

<400> 5 
attatgcggt ccagagggaa atggatattg ttttca 36 

<210> 6 
<211> 37 
<212> DNA 
<213> Variola virus 
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<400> 6 
taacgtcttt ccaagtggca aattccaaat ttttttc 37 

<210> 7 
<211> 38 
<212> DNA 
<213> Variola virus 

<400> 7 
agtgtattga gagtgagtga gcatgaaaaa gatttagt 38 

<210> 8 
<211> 38 
<212> DNA 
<213> Variola virus 

<210> 9 
<211> 39 
<212> DNA 
<213> Variola virus 

<400> 9 
tgctagattg tccagtgtgc ccccaggaca aggtaagga 39 

<210> 10 
<211> 39 
<212> DNA 
<213> variola virus 

<210> 11 
<211> 39 
<212> DNA 
<213> variola virus 

<400> 11 
atacggcagc aactagtatt atctctacat tgtttacgg 39 

<210> 12 
<211> 39 
<212> DNA 
<213> Variola virus 

<210> 13 
<211> 39 
<212> DNA 
<213> Variola virus 

<400> 13 
tacccaatta gaacacgtat gcttattatc atcattcgg 39 

<400> 8 
aacactatta ggagaaagcc aggtcatatg gaagatgt 38 

<400> 10 
atctaggttt caaaagactt ggcatattaa cccaagcag 39 

<400> 12 
ctgatggcga cataattgtc caaaactgcc aatctataa 39 

<210> 14 
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<211> 39 
<212> DNA 
<213> Variola virus 

<400> 14 
ccgacaccat caaagaattt ttatgatata aggaaacag 39 

<210> 15 
<211> 120 
<212> DNA 
<213> variola virus 

<400> 15 
tgagagtgag tgagcatgaa aaagatttag tatttagcag tgcggatatg atccaagagg 60 

gtgaaatagt cgttctcgtt cagaatcttt tgcagcataa gtagtatgtc gatatactta 120 

<210> 16 
<211> 300 
<212> DNA 
<213> variola virus 

<400> 16 
gtatcggcgt acggagatca tcaagttcat catccgatat tattgtaacc acaatgcatt 60 

ggcatcaaaa gaagatagat gaactaacat atagcgaata taaggagatc caacactatt 120 

aggagaaagc caggtcatat ggaagatgtt caagctgtta atatcaatct cgataaacgt 180 

gaacaggctg tcggagccac agtttcgaga cgaggagatt tagaaatgtt gggattattg 240 

catgatagaa tggttcagtg gcaaacttcc atggaaaaac aaaagtagta tagcaataca 300 

<210> 17 
<211> 24 
<212> DNA 
<213> Variola virus 

<400> 17 
tgagagtgag tgagcatgaa aaag 24 

<210> 18 
<211> 28 
<212> DNA 
<213> variola virus 

<400> 18 
caaaagattc tgaacgagaa cgactatt 28 

<210> 19 
<211> 34 
<212> DNA 
<213> variola virus 

<400> 19 
ttagtattta gcagtgcgga tatgatccaa gagg 34 

<210> 20 
<211> 27 
<212> DNA 
<213> Variola virus 
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<400> 20 
acatatagcg aatataagga gatccaa 27 

<210> 21 
<211> 19 
<212> DNA 
<213> Variola virus 

<400> 21 
gctccgacag cctgttcac 19 

<210> 22 
<211> 33 
<212> DNA 
<213> variola virus 

<400> 22 
tcttccatat gacctggctt tctcctaata gtg 33 

<210> 23 
<211> 20 
<212> DNA 
<213> Variola virus 

<400> 23 
accacaatgc attggcatca 20 

<210> 24 
<211> 27 
<212> DNA 
<213> Variola virus 

<400> 24 
tgatattaac agcttgaaca tcttcca 27 

<210> 25 
<211> 37 
<212> DNA 
<213> variola virus 

<400> 25 
cgaatataag gagatccaac actattagga gaaagcc 37 

<210> 26 
<211> 24 
<212> DNA 
<213> variola virus 

<400> 26 
ggtcatatgg aagatgttca agct 24 

<210> 27 
<211> 26 
<212> DNA 
<213> variola virus 

<400> 27 
cattctatca tgcaataatc ccaaca 26 

<210> 28 
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<211> 24 
<212> DNA 
<213> variola virus 

<400> 28 
ctgtggctcc gacagcctgt tcac 
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What is claimcd is: 

1. A method of detecting the presence of at least a first target nucleic sequence in a 

sample, comprising: 

subjecting the sample to an amplification reaction capable of amplifying the target 

nucleic acid sequence in the presence of at least a first set of nucleic acid p/obes, the first set of 

nucleic acid probes comprising: 

a capture probe comprising a fluorophore attached thereto; 

a target specific nucleic acid probe complementaryto at least a portion of the capture 

probe and the target nucleic acid sequence, and comprising a qjeJencher attached thereto, such that 

the quencher qucnchcs fluorescence from the fluorophore \ynen the target specific probe is 

hybridized to the capture probe; and 

detecting fluorescence from the sampl/following one or more cycles of the 

polymerase chain reaction, an increase in fluorescence being indicative of the presence of the target 

nucleic acid sequence. 

2. 

substrate. 

The method of claim 1, wherein the capture probe is attached to a surface of a 

3. 

reaction. 

The method of claim 1, wherein the amplification reaction comprises a PCR 

4. The meiffood of clam 3, wherein the PCR reaction employs a polymerase enzyme 

having exonuclease^activity. 

5. /The method of claim 4, wherein the PCR reaction is capable of amplifying a plurality 

of different target nucleic acid sequences and is carricd out in the presence of a plurality of different 

sets of^uicleic acid probes, each different set of probes comprising a diferent capture probe having a 

fluorophore attached thereto and a different target specific probe, each target specific probe being 

complementary to a different capture probe and a different one of the plurality of target nucleic acid 
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sequences, and having a quencher attached thereto, such that the quencher quenches fluorescence^ 

from the fluorophore when each target specific probe is hybridized to a complementary capture 

probe. / 

6. The method of claim 5, wherein each of the capture probes in the plurality of 

different sets of probes is immobilized upon a substrate in a detectably distinct location. 

7. The method of claim 1, wherein the at least first target nucleic acid sequence 

comprises a variola virus sequence. / 

8. The method of claim 7, wherein the target specific riucleic acid probe comprises one 

or more of: VAR-1 probe, VAR-2 probe, VAR-3 probe, or VAJc-4 probe. 

9. The method of claim 1, wherein the target/nucleic acid sequence is amplified through 

use of one or more of: VAR-1 primer 1, VAR-1 primer 2, VAR-2 primer 1, VAR-2 primer 2; VAR-

3 primer 1, VAR-3 primer 2, VAR-4 primer 1, or VAR-4 primer 2. 

10. A reaction mixture, comprising: 

a sample containing a target nucleic acid of interest; 

amplification reagents fjzfr amplifying the target nucleic acid sequence of interest; and 

at least a first probe set comprising a capture probe comprising a fluorophore 

attached thereto, and a target spe^fic nucleic acid probe complementary to at least a portion of the 

capture probe and the target mfcleic acid sequence, and comprising a quencher attached thereto, 

such that the quencher querfches fluorescence from the fluorophore when the target specific probe is 

hybridized to the capture probe 

11. The mixture of claim 10, wherein the target specific nucleic acid probe comprises 

one or more o£r VAR-1 probe, VAR-2 probe, VAR-3 probe, or VAR-4 probe. 

12. / The mixture of claim 11, wherein the mixture further comprises one or more 

amplification primers chosen from the group consisting of: VAR-1 primer 1, VAR-1 primer 2, 
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VAR-2 primer 1, VAR-2 primer 2; VAR-3 primer 1, VAR-3 primer 2, VAR-4 primer 1, or VAR/4 

primer 2. / 

13. A reaction chamber, comprising: / 

a reaction region having disposed therein: / 

a sample containing a target nucleic acid of interest; / 

amplification reagents for amplifying the target nucleic acid sequence of 
interest; and / 

at least a first probe set comprising a capture probe comprising a fluorophore 

attached thereto, and a target specific nucleic acid probe complementary to at least a portion of the 

capture probe and the target nucleic acid sequence, and comprising^ quencher attached thereto, 

such that the quencher quenches fluorescence from the fluorophore when the target specific probe is 

hybridized to the capture probe. / 

14. The reaction chamber of claim 13, wherein the capture probe is immobilized upon an 

interior surface of the reaction chamber. / 

15. The reaction chamber of clain/13, wherein a plurality of different capture probes are 

immobilized in an array on an interior surface of the reaction chamber, each different capture probe 

being immobilized in a discrete locatiarf. 

16. A method of detecting the presence of at least a first target nucleic acid sequence in a 

sample, comprising: / 

subjecting the sample to an amplification reaction capable of amplifying the target 

nucleic acid sequence ir/the presence of at least a first set of nucleic acid probes, the first set of 

nucleic acid probes comprising: 

a target specific nucleic acid probe having a fluorescent label associated therewith 

complementaiVto at least a portion of the target nucleic acid sequence, a capture probe associated 

with a solid/support and complementary to at least a portion of the target specific nucleic acid 

probe; aga 
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detecting fluorescence from the solid support following one or more cycles of the 

polymerase chain reaction, a decrease in fluorescence being indicative of the presence of the t^get 

nuclcic acid sequence. 

17. The method of claim 16, wherein the at least first target nucleic aci/Tsequence 

comprises a variola virus sequence. 

18. The method of claim 17, wherein the target specific nucleic acid probe comprises 

one or more of: VAR-1 probe, VAR-2 probe, VAR-3 probe, or VAR-^fprobe. 

19. The method of claim 16, wherein the target nucleic acidSequence is amplified through use 

of one or more of: VAR-1 primer 1, VAR-1 primer 2, VAR-2primcr 1, VAR-2 primer 2; VAR-3 

primer 1, VAR-3 primer 2, VAR-4 primer 1, or VAR-4 primer 2. 

41 



What is claimed is: 

1. A method of detecting the presence of at least a first target nucleic acid sequence in a 

sample, comprising: 

subjecting the sample to an amplification reaction capable of amplifying the target 

nucleic acid sequence in the presence of at least a first set of nucleic acid probes, the first set of 

nucleic acid probes comprising: 

a capture probe comprising a fluorophore attached thereto; 

a target specific nucleic acid probe complementary to at least a portion of the capture 

probe and the target nucleic acid sequence, and comprising a quencher attached thereto, such that 

the quencher quenches fluorescence from the fluorophore when the target specific probe is 

hybridized to the capture probe; and 

detecting fluorescence from the sample following one or more cycles of the 

polymerase chain reaction, an increase in fluorescence being indicative of the presence of the target 

nucleic acid sequence. 

2. The method of claim 1, wherein the capture probe is attached to a surface of a 

substrate. 

3. The method of claim 1, wherein the amplification reaction comprises a PCR 

reaction. 

4. The method of clam 3, wherein the PCR reaction employs a polymerase enzyme 

having exonuclease activity. 

5. The method of claim 4, wherein the PCR reaction is capable of amplifying a plurality 

of different target nucleic acid sequences and is carried out in the presence of a plurality of different 

sets of nucleic acid probes, each different set of probes comprising a diferent capture probe having a 

fluorophore attached thereto and a different target specific probe, each target specific probe being 

complementary to a different capture probe and a different one of the plurality of target nucleic acid 
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sequences, and having a quencher attached thereto, such that the quencher quenches fluorescence 

from the fluorophore when each target specific probe is hybridized to a complementary capture 

probe. 

6. The method of claim 5, wherein each of the capture probes in the plurality of 

different sets of probes is immobilized upon a substrate in a detectably distinct location. 

7. The method of claim 1, wherein the at least first target nucleic acid sequence 

comprises a variola vims sequence. 

8. The method of claim 7, wherein the target specific nucleic acid probe comprises one 

or more of: VAR-1 probe (SEQ ID NO: 19), VAR-2 probe (SEQ ID NO: 22), VAR-3 probe (SEQ 

ID NO: 25), or VAR-4 probe (SEQ ID NO:28). 

9. The method of claim 1, wherein the target nucleic acid sequence is amplified through 

use of one or more of: VAR-1 primer 1 (SEQ ID NO: 17), VAR-1 primer 2 (SEQ ID NO: 18), 

VAR-2 primer 1 (SEQ ID NO: 20), VAR-2 primer 2 (SEQ ID NO: 21); VAR-3 primer 1 (SEQ ID 

NO: 23), VAR-3 primer 2 (SEQ ID NO: 24), VAR-4 primer 1 (SEQ ID NO: 26), or VAR-4 primer 

2 (SEQ ID NO: 27). 

10. A reaction mixture, comprising: 

a sample containing a target nucleic acid of interest; 

amplification reagents for amplifying the target nucleic acid sequence of interest; and 

at least a first probe set comprising a capture probe comprising a fluorophore 

attached thereto, and a target specific nucleic acid probe complementary to at least a portion of the 

capture probe and the target nucleic acid sequence, and comprising a quencher attached thereto, 

such that the quencher quenches fluorescence from the fluorophore when the target specific probe is 

hybridized to the capture probe 

11. The mixture of claim 10, wherein the target specific nucleic acid probe comprises 

one or more of: VAR-1 probe (SEQ ID NO: 19), VAR-2 probe (SEQ ID NO: 22), VAR-3 probe 

(SEQ ID NO: 25), or VAR-4 probe (SEQ ID NO: 28). 
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12. The mixture of claim 11, wherein the mixture further comprises one or more 

amplification primers chosen from the group consisting of: VAR-1 primer 1 (SEQ ID NO: 17), 

VAR-1 primer 2 (SEQ ID NO: 18), VAR-2 primer 1 (SEQ ID NO: 20), VAR-2 primer 2 (SEQ ID 

NO: 21); VAR-3 primer 1 (SEQ ID NO: 23), VAR-3 primer 2 (SEQ ID NO: 24), VAR-4 primer 1 

(SEQ ID NO: 26), or VAR-4 primer 2 (SEQ ID NO: 27). 

13. A reaction chamber, comprising: 

a reaction region having disposed therein: 

a sample containing a target nucleic acid of interest; 

amplification reagents for amplifying the target nucleic acid sequence of 

interest; and 

at least a first probe set comprising a capture probe comprising a fluorophore 

attached thereto, and a target specific nucleic acid probe complementary to at least a portion of the 

capture probe and the target nucleic acid sequence, and comprising a quencher attached thereto, 

such that the quencher quenches fluorescence from the fluorophore when the target specific probe is 

hybridized to the capture probe. 

14. The reaction chamber of claim 13, wherein the capture probe is immobilized upon an 

interior surface of the reaction chamber. 

15. The reaction chamber of claim 13, wherein a plurality of different capture probes are 

immobilized in an array on an interior surface of the reaction chamber, each different capture probe 

being immobilized in a discrete location. 

16. A method of detecting the presence of at least a first target nucleic acid sequence in a 

sample, comprising: 

subjecting the sample to an amplification reaction capable of amplifying the target 

nucleic acid sequence in the presence of at least a first set of nucleic acid probes, the first set of 

nucleic acid probes comprising: 

a target specific nucleic acid probe having a fluorescent label associated therewith 

complementary to at least a portion of the target nucleic acid sequence, a capture probe associated 
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with a solid support and complementary to at least a portion of the target specific nucleic acid 

probe; and 

detecting fluorescence from the solid support following one or more cycles of the 

polymerase chain reaction, a decrease in fluorescence being indicative of the presence of the target 

nucleic acid sequence. 

17. The method of claim 16, wherein the at least first target nucleic acid sequence 

comprises a variola vims sequence. 

18. The method of claim 17, wherein the target specific nucleic acid probe comprises 

one or more of: VAR-1 probe (SEQ ID NO: 19), VAR-2 probe (SEQ ID NO: 22), VAR-3 probe 

(SEQ ID NO: 25), or VAR-4 probe (SEQ ID NO: 28). 

19. The method of claim 16, wherein the target nucleic acid sequence is amplified 

through use of one or more of: VAR-1 primer 1 (SEQ ID NO: 17), VAR-1 primer 2 (SEQ ID NO: 

18), VAR-2 primer 1 (SEQ ID NO: 20), VAR-2 primer 2 (SEQ ID NO: 21); VAR-3 primer 1 (SEQ 

ID NO: 23), VAR-3 primer 2 (SEQ ID NO: 24), VAR-4 primer 1 (SEQ ID NO: 26), or VAR-4 

primer 2 (SEQ ID NO: 27). 
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