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

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

were therefore used to create assays as described further below.

[00104]

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

Table 1 shows Insignia results for Variola virus (major and

Region

foe )

Starting Stopping
Nucleotide Nucleotide
Position Position
153149 153183

6262 6297

128198 12823

74961
2634 £669
34950 34986
970 1007
161598 161635
184180 184218
23384
14365 14403
48985 49023
3808 3846
50495 50533

PCT/US2013/032691

Sequence

GCAAGGATATTCTCATGGAG
ATATTAAAGCGAGCA
AGTATATGTTGGAGGACATT
CGAGTTCATTGTTTTC
CGACTAAGTTCAAGTTCTICC
TTGACAAGATCCATCT
CGGAATTGGAATGTTTTGGT
CACTGGGGTAAAGTAA
ATTATGCGGTCCAGAGGGAA
ATGGATATTGTTTTCA
TAACGTCTTTCCAAGTGGCA
AATTCCARATTTITTITC
AGTGTATTGAGAGTGAGTGA
GCATGAAAAAGATTTAGT
AACACTATTAGGAGAAAGCC
AGGTCATATGGAAGATGT
TGCTAGATTGTCCAGTGTGC
CCCCAGGACAAGGTAAGGA
ATCTAGGTTTCAAAAGACTT
GGCATATTAACCCAAGCAG
ATACGGCAGCAACTAGTATT
ATCTCTACATTGTTTACGG
CTGATGGCGACATAATTGTIC
CAAAACTGCCAATCTATAA
TACCCAATTAGAACACGTAT
GCTTATTATCATCATTICGG
CCGACACCATCAAAGAATTT
TTATGATATAAGGARACAG

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

v e3ponds 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

32

iror included)-specific



WO 2014/028061 PCT/US2013/032691

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 Tablc 7 for
amplification primer and target probe sequences) by placing Primer 1 in this sequence (sée Table 2).
Primer 2 of this assay took advantage of 2 additional SNPs, while the probe has exacfhomology
with several poxviruses.
[00106] Table 2 shows the 120 base pair area around Insignia-identified Region 7 (which
angledesh-1975).

corresponds to the 119 base pair region of 977-1095 of Variola Major Virus
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 virus and
other genomes are highlighted in black boxes. SNPs within Variold virus (in >1 genome sequences)

are indicated in gray boxes — and were, and typically should be,Avoided in Variola assay designs.

1 AE¥EacrcadiGAGCATGAARAAGAT TTAGTAT TFAGCAGTGCGGATATGATCCAAGAGG 60

61  GIGAPATAGTCGTTCTCGTTCAGAATCTTIGCAGCATAAGTAGTATETCGATATACTTA 120

[00107] The second unique region idefitified (Region 8 in Table 1) corresponds to
nucleotides 161598-161635 of Variola Méajor 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 rggion surrounding this sequence was analyzed, it was discovered
that genomic rearrangements arg’found both upstream and downstream of this sequence in the most
closely related genomes, tho !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 Varigla virus but non-contiguous (junction regions) in other genomes. Such
assays can afford eyén greater specificity than those that rely solely on SNPs for differentiation.
[00108] Tdble 3 shows the 300 base pair area around Insignia-identified Region 8. Region 8
is undcrlined/£s between Variola virus and other genomes are highlighted in black boxes. SNPs
within Va A a virus (in >1 genome sequences) are indicated in gray boxes - these were, and should
be, ‘1704; in Variola assay designs. The sequence indicated by # symbols underneath the

sequénce 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 betwee:
the three nucleotides indicated by # symbols underneath the sequence.

"""" Table 3

161487 GTATCGG@GTACGGAGATCATCAAGTTCATCATCCGATATTATTGTAACCACAATGCATﬂ 161546

161547 GGCATCAAAAGAAGATAGATGAACTAACATATAGCGAATATAAGGAGATCCAACACTAT
FERBEEEREFFS5E

161606

161607  AGGAGARAGCCAGGTCATARGGAAGATGTTCAAGCTGTTAATATCAATCTHGATARACGT 161666

161667 GAACAGGCTGTCGGAGCCACAGTTTCAGACGAGGAGATTTAGAAATGTYGGGIAITATTG 161726

AAA

161727 CATGATAGAATGGTTCHGTGGCAAACTTCCATGGAANRACHAAAGYAGTATAGCARTACA 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 fy er and target probe sequences).

[00110] In the VAR-2 assay (Table 4), the P1 amp}ification 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. Tgble 4 shows relative location variola-specific assay
VAR-2. The amplification primer sequence Z; and P2 are indicated by asterisks underneath the
sequences while the probe region is indi?é/ by plus symbols underneath the sequence. Other

formats are as in Table 3, except that (hé black-highlighted SNPs have been omitted for clarity.

Table 4
161487 GTATCGG?E':}ZGIACGG7 TCATCAAGTTCATCATCCGATATTATTGTAACCACAATGCATT 161546

161547 GGCATCAARAG, GATAGATGAACTﬁ@CATATAGCGAATATAAGGAGATCCAACACTATT 161606

B R R R R T T

FhEFHHEEFEE AR

161607 AGGAG. GCCAGGTCATATGGAAGATGTTCAAGCTGTTAATATCAATCT%GATAAACGT 161666
U RIS *k

161667 GEACAGGCTGTCGGAGCCACAGTTTCGAGACGAGGAGATTTAGAAATGTTGGGATTATTG 161726

ER RS S I S o o

AANA

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

with the P1 and P2 amplification primers taking advantage of 1 SNP each as well as being on

sequences inverted in those genomes). Table 5 shows variola-specific assay VAR-3. P1 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 are as in Table 3, except that

the black-highlighted SNPs have been omitted for clarity.

Table 5
161487 GTATCGGEGTACGGAGATCATCAAGTTCATCATCCGATATTATTGTARCCACAATGCATT 161546

de ke deode ek kokok ok ok ok

161547 GGCATCAAAAGAAGATAGATGAACT%ACATATAGCGAATATAA GATCCAACACTATT 161606
Hok ok ok Kk B e o o S e N T RUVEVHRFURI

FhEFEAREFTEEE

161607 AGGAGAAAGCCAGGTCATATGGAAGATGTTCAAGCTGT TATCAATCT%GATAAACGT 161666

IR AkdkhhkhhxkxrrrnhkrxkFhhxhkhkkkx

161667 GAACAGGCTGTCGGAGCCACAGTTTCGAGACGAGGFAGATTTAGARATGTTGGGATTATTG 161726

AAn

161727 CATGATAGAATGGITCAGTGGCAAACTTCCHTIGGARAAACARAAGTAGTATAGCAATACA 161786

[00112] The sequence region amplified/by the amplification primers (120 base pairs) in the
VAR-4 assay (Table 6) spans the downstredm junction, with P1 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 ddvantage of 1 SNP and being on the other side of the junction
(about 7 kb away and inverted in dear neighbors). Table 6 shows variola-specific assay VAR-4. P1
and P2 are indicated by asterisKs underneath the sequences while the probe region is indicated by
plus marks underneath the s€quence. Other formats are as in Table 3, except that the black-

highlighted SNPs have béen omitted for clarity.
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Table 6
161487 GTATCGGEGTACGGAGATCATCAAGTTCATCATCCGATATTATTGTAACCACAATGCATT 16¥546

161547 GGCAT CAAAAGAAGATAGATGAACT?EACATATAGC GAATATAAGGAGATCCAACACTATT/ 161606
FhEFEEHRS S RE

161607 AGGAGAAAGCCAGGTCATATGGAAGATGTTCAAGC TGTTAATATCAATCT%GAT CGT 161666
Kk hhkkhhkkkAhRRAKK XK KKK % et

161667 GAACAGGCTGTCGGAGCCACAGTTTCGAGACGAGGAGATTTAGAAATGITGGYATTATTG 161726

R e o T T SUERTRU R SR KrkEFEK KKK K KKK K
161727 CATGATAGAATGGTTCAGTGGCARACTTCCATGGARAAAACARAAGTAGTATAGCAATACA 161786
ARKKRX XX RX & * X
Table 7
Assay  Ampl Primer 1 (P1) P1 Primer 2 (P2) P2 Probe Probe
Name  icon length length length
size
VAR-1 92 TGA GAG TGA 24 CAA ARG A 28 TTA GTA TIT 34
GTG AGC ATG AGC AGT GCG
AAA AAG GAT ATG ATC
CAA GAG G
VAR-2 110 ACA TAT AGC 27 19 TCT TCC ATA 34
GAA TAT AAG TGA CCT GGC
GAG ATC CAA TTT CTIC CTA
ATA GTG
VAR-3 118 ACC ACA ATG 20 TGA TAT TAA 27 CGAATATAAGGAGA 37
CAT TGG CAT CAG CTT GAA TCCAACACTATTAG
CA CAT CTT CCA GAGAAAGCC
VAR-4 120 GGTCATATGGAAG/ 24 CAT TCT ATC 26 CTG TGG CTC 25
ATGTTCAAGCT ATG CAA TAA CGA CAG CCT
TCC CAA CA GTT CAC

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

[00113] While the foregoing invention has been described in some detail for purposes
of clarity dnd 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

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

yombinations. 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 i

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

separately indicated to be incorporated by reference for all purposcs.




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 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 335 nucleotides.

Table 1
Region SEQID NO: Starting Stopping Sequence
Nucleotide Nucleotide
Position Position

1 1 153149 153183 GCAAGGATATTCTCATGGAG
ATATTAARGCGAGCA

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 AACACTATTAGGAGAARAGCC
AGGTCATATGGAAGATGT

9 9 184180 184218 TGCTAGATTGTCCAGTGTGC
CCCCAGGACAAGGTAAGGA

10 10 23346 23384 ATCTAGGTTTCAAAAGACTT
GGCATATTAACCCAAGCAG

11 11 14365 14403 ATACGGCAGCAACTAGTATT
ATCTCTACATTGTTTACGG

12 12 48985 49023 CTGATGGCGACATAATTGTC
CAARACTGCCAATCTATAA

13 13 3808 3846 TACCCAATTAGAACACGTAT
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 virus. 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 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 be, avoided in

Variola assay designs.

Table 2
1 TgYeACTGAGHGAGCATGAARAAGATTTAGTATTTAGCAGTGCGGATATGATCCAAGAGE 60

61  GIGARATAGTCGTTCTCGTITCAGAATCTTTRGCAGCATAAGTAGTATGTCCATATACTTA 120

[00107] The second unique region identified (Region 8 in Table 1) corresponds to
nucleotides 161598-161635 of Variola Major 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 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 virus and other genomes are highlighted in
black boxes. SNPs within Variola virus (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 ~ symbols underneath the sequence.

Table 3
161487 GTATCGGCGTACGGAGATCATCAAGTTCATCATCCGATATTATTGTAACCACAATGCATE 161546

161547 GGCATCAAAAGAAGATAGATGAACTAACATATAGCGAATATAAGGAGATCCAACIICTATH 161606
FH R

161607 AGGAGAAAGCCAGGTCATAEGGAAGATGTTCAAGCTGTTAATATCAATCT@GATAAACGT 161666

161667 GAACAGGCTGTCGGAGCCACAGTTTCEAGACGAGGAGATTTAGAAATGTTGGCGRTTATTG 161726

AAAN

161727 CATGATAGAATGCTTCRGTGGCAAACTTCCATGGAANAACRAAAGTAGTATAGCAATACA 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 P1 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 P1 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 GTATCGG@GTACGGAGATCATCAAGTTCATCATCCGATATTATTGTAACCACAATGCATT 161546
161547 GGCATCAAAAGAAGATAGATGAACTAACATATAGCGAATATAAGGAGATCCAACACTATT 161606
hhkkhkkhhdddhhhddhrhhddddhd b by
#HHHHHE LS
161607 AGGAGAAAGCCAGGTCATATGGAAGATGTTCAAGCTGTTAATATCAATCTCGATAAACGT 161666
++++tttt bbbttt *k

161667 GAACAGGCTGTCGCGAGCCACAGTTTCGAGACGAGGAGATTTAGAAATGTTGGGATTATTG 161726
E Kk ko kokkok ok ok ok ok ok ok ok ok
AAA

161727 CATGATAGAATGGTTCAGTGGCAAACTTCCATGGAAARAACAAAAGTAGTATAGCAATACA 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 P1 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 P1 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 GTATCGGCGTACGGAGATCATCAAGTTCATCATCCGATATTATTGTAACCACAATGCATT 161546
hkkhkhkdrhkdkkkd
161547 GGCATCAAAAGAAGATAGATGAACTAACATATAGCGAATATAAGGAGATCCAACACTATT 161606
Fodkokok ok ok ok R R e R R L et L
FHHHH
161607 AGGAGAAAGCCAGGTCATATGGAAGATGTTCAAGCTGTTAATATCAATCTCGATAAACGT 161666
4ttt LEE A AL A RS S S FE LS EEE SR ERE R EEY
161667 GAACAGGCTGTCGGAGCCACAGTTTCGAGACGAGCGAGATTTAGAAATGTTGGGATTATTG 161726

AAA

161727 CATGATAGAATGGTTCAGTGGCAAACTTCCATGGAAARACAAAAGTAGTATAGCAATACA 161786

[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 P1
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. P1 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

161547

161607

161667

161727

Assay
Name

VAR-1

VAR-2

VAR-3

Table 6

GTATCGG@GTACGGAGATCATCAAGTTCATCATCCGATATTATTGTAACCACAATGCATT
GGCATCAAAAGAAGATAGATGAACT§ACATATAGCGAATATAAGGAGATCCAACACTATT
HiE R
AGGAGAAAGCCAGGTCATATGGAAGATGTTCAAGCTGTTAATATCAATCTQGATAAACGT
XhkXEkAkAkhkkAXkkkhkkkddhkhkik + 4
GAACAGGCTGTCGGAGCCACAGTTTCGAGACGAGGAGATTTAGAAATGTTGGGATTATTG
B e o kb A X 0 S MU A B Fhkkkhdhkkkdkkkk
CATGATAGAATGGTTCAGTGGCAAACTTCCATGGAAAAACAAAAGTAGTATAGCAATACA
* %k ok ok ok ok ok kR ok ok
Table 7
Ampl Primer 1 (P1) P1 Primer 2 (P2) P2 Probe
icon Iength length
size
92 TGA GAG TGA 24 CAA AAG ATT 28 TTA GTA TTT
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)
110 ACA TAT AGC 27 GCT CCG ACA 19 TCT TCC ATA
GAA TAT BAG GCC TGT TCA C TGA CCT GGC
GAG ATC CAA (8EQ ID TTT CTC CTA
(SEQ ID NO:21) ATA GTG (SEQ
NO:20) ID NO:22)
118 ACC ACA ATG 20 TGA TAT TAA 27 CGAATATAAGGAGA
CAT TGG CAT CAG CTT GAA TCCAACACTATTAG
CA (SEQ ID CAT CTT CCA GAGAAAGCC (SEQ
NO:23) (SEQ ID ID NO:25)
NO:24)
120 GGTCATATGGAAG 24 CAT TCT ATC 26 CTG TGG CTC
ATGTTCAAGCT ATG CAA TAA CGA CAG CCT
(SEQ ID TCC CAA CA GTT CAC (SEQ
NO:26) (SEQ ID ID NO:28)
NO:27)

161546

161606

161666

161726

161786

Probe
length

34

34

37
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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 purposes

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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<110>
<120>
<130>

<140>
<141>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<400>

158-000150uUs_sT251

SEQUENCE LISTING
NVvS Technologies, Inc.
ASSAY METHODS AND SYSTEMS
158-000150us

Us 13/844,426
2013-03-15

Us 61/684,104
2012-08-16

28

PatentIn version 3.5
1

35

DNA

variola virus

1

gcaaggatat tctcatggag atattaaagc gagca

<210>
<211>
<212>
<213>

<400>

2

36

DNA

variola virus

2

agtatatgtt ggaggacatt cgagttcatt gttttc

<210>
<211>
<212>
<213>

<400>

3

36

DNA

variola virus

3

cgactaagtt caagttctcc ttgacaagat ccatct

<210>
<211>
<212>
<213>

<400>

4
36
DNA
variola virus

4

cggaattgga atgttttggt cactggggta aagtaa

<210>
<211>
<212>
<213>

<400>

5

36

DNA

variola virus

5

attatgcggt ccagagggaa atggatattg ttttca

<210>
<211>
<212>
<213>

6

37

DNA

variola virus

Page 1
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36
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<400> ©
taacgtcttt ccaagtggca

<210> 7

<211> 38

<212> DNA

<213> variola virus

<400> 7
agtgtattga gagtgagtga

<210> 8

<211> 38

<212> DNA

<213> variola virus

<400> 8
aacactatta ggagaaagcc

<210> 9

<211> 39

<212> DNA

<213> variola virus

<400> 9
tgctagattg tccagtgtge

<210> 10

<211> 39

<212> DNA

<213> variola virus

<400> 10
atctaggttt caaaagactt

<210> 11

<211> 39

<212> DNA

<213> variola virus

<400> 11
atacggcagc aactagtatt

<210> 12

<211> 39

<212> DNA

<213> variola virus

<400> 12
ctgatggcga cataattgtc

<210> 13

<211> 39

<212> DNA

<213> variola virus

<400> 13
tacccaatta gaacacgtat

<210> 14

158-000150uUs_sT1251

aattccaaat ttttttc

gcatgaaaaa gatttagt

aggtcatatg gaagatgt

ccccaggaca aggtaagga

ggcatattaa cccaagcag

atctctacat tgtttacgg

Cagdaactgcc aatctataa

gcttattatc atcattcgg

Page 2

37
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38

39

39

39

39
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<211> 39
<212> DNA
<213>

<400> 14
ccgacaccat

<210> 15

<211> 120
<212> DNA
<213>

<400> 15
tgagagtgag

gtgaaatagt

<210>
<211>
<212>
<213>

<400> 16
gtatcggegt

16
300
DNA

ggcatcaaaa
aggagaaagc
gaacaggctg
catgatagaa
<210> 17

<211> 24

<212> DNA
<213>
<400> 17

tgagagtgag

<210>
<211>
<212>
<213>

<400> 18

18
28
DNA

caaaagattc tgaacgagaa

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

<400> 19
ttagtattta

<210>
<211>
<212>
<213>

20
27
DNA

variola virus

caaagaattt

variola virus

tgagcatgaa

cgttctegtt

variola virus

acggagatca
gaagatagat
caggtcatat
tcggagcecac

tggttcagtg

variola virus

tgagcatgaa

variola virus

variola virus

gcagtgcgga

variola virus

158-000150Us_sT251

ttatgatata

aaagatttag

cagaatcttt

tcaagttcat
gaactaacat
ggaagatgtt
agtttcgaga

gcaaacttcc

aaag

cgactatt

tatgatccaa

aggaaacag

tatttagcag

tgcagcataa

catccgatat
atagcgaata
caagctgtta
cgaggagatt

atggaaaaac

gagg

Page 3

tgcggatatg
gtagtatgtc

tattgtaacc
taaggagatc
atatcaatct
tagaaatgtt

aaaagtagta

atccaagagg

gatatactta

acaatgcatt
caacactatt
cgataaacgt
gggattattg

‘tagcaataca

39

60
120

60
120
180
240
300

24

28

34



<400> 20
acatatagcg aatataagga gatccaa

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

<400> 21
gctccgacag cctgtteac

<210> 22

<211> 33

<212> DNA

<213> variola virus

<400> 22

158-000150us_sT251

tcttccatat gacctggett tctcctaata gtg

<210> 23

<211> 20

<212> DNA

<213> variola virus

<400> 23
accacaatgc attggcatca

<210> 24

<211> 27

<212> DNA

<213> variola virus

<400> 24

tgatattaac agcttgaaca tcttcca

<210> 25

<211> 37

<212> DNA

<213> variola virus

<400> 25

cgaatataag gagatccaac actattagga gaaagcc

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

<400> 26
ggtcatatgg aagatgttca agct

<210> 27

<211> 26

<212> DNA

<213> variola virus

<400> 27
cattctatca tgcaataatc ccaaca

<210> 28
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<211>
<212>
<213>

<400>

24
DNA _
variola virus

28

ctgtggctcc gacagcctgt tcac
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‘What is claimed is:

L. A method of detecting the presence of at least a first target nucleic acil sequence in a
sample, comprising:

subjecting the sample to an amplification reaction capable of apiplifying the target
nucleic acid sequence in the presence of at least a first set of nucleic acid ppobes, the first set of
nucleic acid probes comprising:

a capture probe comprising a fluorophore attached thefeto;

a target specific nucleic acid probe complementaryAo at least a portion of the capture
probe and the target nucleic acid sequence, and comprising a gencher 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 samplg following one or more cycles of the
polymerase chain rcaction, an increase in fluorescefice 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 cjim 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 sequencces and is carried out in the presence of a plurality of different
sets of fucleic acid probes, each different set of probes comprising a diferent capture probe having a
ﬂ? ophore attached thereto and a different target specific probe, each target specific probe being

cdmplementary (o a different capture probe and a different one of the pluralily of target nucleic acid
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sequences, and having a quencher attached thereto, such that the quencher quenches fluorescenc
from the fluorophore when each target specific probe is hybridized to a complementary captu

probe.

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

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

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

comprises a variola virus sequence.

8. The method of claim 7, wherein the target specific Aucleic acid probe comprises one
or more of: VAR-1 probe, VAR-2 probe, VAR-3 probe, or VAR-4 probe.

9. The method of claim 1, wherein the target/fucleic acid sequence is amplified through
2, VAR-2 primer 1, VAR-2 primer 2; VAR-
3 primer 1, VAR-3 primer 2, VAR-4 primer 1, or YVAR-4 primer 2.

use of one or more of: VAR-1 primer 1, VAR-1 prim:

10. A reaction mixture, comprisi
a sample containing a target nucleic acid of interest;

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

at Jeast a first probe $€t comprising a capture probe comprising a fluorophore

atlached therelo, and a larget spegific nucleic acid probe complemenlary to at least a portion of the

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

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

hybridized to the capturg probe

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

one or more off 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

ampljfication 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 VARA

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 gcid sequence of
interest; and

at least a first probe set comprising a capture probg comprising a fluorophore
attached thereto, and a target specific nucleic acid probe complementaty 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, wheg€in the capture probe is immobilized upon an
interior surface of the reaction chamber.

15. The reaction chamber of clainy13, wherein a plurality of different capture probes are
immobilized in an array on an interior surfdce of the reaction chamber, each different capture probe

being immobilized in a discrete locatiod.

16. A method of detegling the presence of at least a [irst target nucleic acid sequence in a
sample, comprising:
subjecting tife sample to an amplification reaction capable of amplifying the target
nucleic acid sequence iy'the presence of at least a first set of nucleic acid probes, the first set of
nucleic acid probes ¢omprising:
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

upport and complementary to at least a portion of the target specific nucleic acid
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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 tgrget

nucleic acid sequence.

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

comprises a variola virus sequence.

18. The method of claim 17, wherein the target specific nu:? acid probe comprises
one or more of: VAR-1 probe, VAR-2 probe, VAR-3 probe, or VAR-4 probe.

19.  The method of claim 16, wherein the target nucleic acid sequence is amplified through use
of onc or more of: VAR-1 primer 1, VAR-1 primer 2, VAR-2primer 1, VAR-2 primer 2; VAR-3
primer 1, VAR-3 primer 2, VAR-4 primer 1, or VAR-4 prifner 2.
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What is claimed is:

L. 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 virus 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 virus 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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