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FIGURE 2 

  



Patent Application Publication Dec. 22, 2011 Sheet 3 of 31 US 2011/0311971 A1 

FIGURE 3 

ELIXIRs Prevent Mis-Priming Due to Low Stringency 
amplification with 4 different commercial Taq polymerases used under relaxed conditions 

NTC PR IN GS PT PR IN QS PT: 

Without Elixir With Elixir 
* denotes a hot-start enzyme 
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FIGURE 4 

Pentaplex All Five Products Simultaneously 
No Elixirs- -With Mixture of Elixirs 

Pentaplex individually Pentaplex 
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FIGURE 6 

Dilute-N'-Go Sequencing for Product Detection following Multiplexing 
From individual Amplicons From Pentaplex Amplicons 
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Fig. 7 
Late-PCR Uses Low-Tm Probes Rather Than High-Tm Probes 
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End-Point Detection of Fluorescence: Read-Down vs. Melt-Up 
Anneal Down Protocol Results in 

Excellent Resolution of SNPs 
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Heterozygous CT 

Homozygous Tf 
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Melt-Up Protocol Results in 
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Temperature Effect on RTEfficiency in One-Step RT-LATE-PCR 
SuperScript ill Platinum, invitrogen 
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FIGURE 15 

FIGURE 1 

Oct4 RT-LATE-PCR: Thermodynamic Analysis by 
WOMP 

Limiting Primer, LP, calc.T = 71°C (DNA, ds) 
Excess Primer, XP, 

lr-> 
-Ho 

-- Xp 
- XP 

1 RNA strand 2 DNA strands 
50% XP bound more than 50% XP bound 
Effective T in RT = 53C Effective T in PCR = 66°C 
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Fig. 12 (cont.) 
EM ACAGGCTTGGACAATAGGGCATTTGAATCAAATAAAAAGAGGAGTAAACAGAAAA 861 

k e 

H3N2M CACG- - - - - - - - GCCTGAAAAGAGGGCCTTCTACGGAAGGAGTACCTGAGCTATGAGGG 92 
HNM CACG - - - - - - - - GTTTAAAAAGAGGGCCTTCTACGGAAGGAGTACCAGAGTCTATGAGGG 908 
H5NLM. TACG - - - - - - - - GTTTGAAAAGAGGGCCTGCTACGGCAGGGGTACCGAGTCTAGAGGG 933 
BM TACGAATAAAAAGTCCAAACAAAGAGACAATAAACAGAGAGGTATC- -AATIT-TGAGAC 98 

r 

H3N2M AAGAAATCGAAAGGAACAGCAGAAGCTGTGGATGCTGACGGCAGT-CATEGICAGC 380 
HNLM AAGAAATCGAGAGGAACAGCAGAAGCTGTGGATGCTGACGATGGT CATGICAGC 967 
H5N1M AAGAGTACCGGCAGGAACAGCAGAGTGCTGTGGATGTTGACGATGGT-CATTGTCAAC 992 
BM ACAGACCAAAAAGAAACCAGGCCAAAG-AAACAATGAAGGAGGTAC CTCTGACAAC 977 

s s 

H3N2M ATAGAGCTG - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 989 
HN1M ATAGAGCTG. --GAGAAAAA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 985 
HSN.M AAGAATG. --GAGAAAAAACTACCTTGTTTCTACTA AACGGAAGAC- - - - - - - - - - 1039 
BM ATGGAGGTATTGAGTGACCACATAATAATTGAGGGGCTTTCTGCCGAAGAGATAAAAAA 1037 

BM ATGGGTGAAACAGTTTGGAGATAGAAGAATTGCATTAA Of 6 
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Fig. 13 
Clustal comparison of Influenza Virus HARNA Sequences 

HA RNA Segment 

SeqA Name Len (nt) Seqe Name Len (nt) Score 

1. H3N2HA 1718 2 H5N1HA 1736 28 
1. H3N2HA 1718 3. HN1HA 1692 37 

H3N2HA 178 4. BHA O38 3 
2 H5N1HA 1736 3. H1N1HA 1692 64 
2 H5N1.HA 1736 4. BHA 1038 4 
3 H1N1HA 1692 4. BHA O38 b 

H5NHA arr - r - - - - - - - - - - - - - - - - - - - - TCATCTGICAAATGGAGAAAAAGTGCTCTTTTG 36 
HNHA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ATGAAA- - GCAAAACACTGGTCCTGTAT 28 
H3N2HA TATTAACCATGAAGACTATCATTGCTTGAGCTACATTCACGTCTGGTTTCGCTCAAA 60 

H5NHA. CAATAGTCAGTCTTGTTAAAAGGATCAGA - - - TTGCAGGTEACCAGCAAACAACT 93 
HNHA GTACATTTACAGCTACATATGCAGACACAA- - -ATGAAGGCTACCATGCCAACAACE 85 
H3N2HA. AACTTCCCGGAAATGACAACAGCACGGCAACGCTGTGCCGGGCACCAGCAGT - - ACC 18 
BHA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

H5N1HA CGACAGA- - GCAGGTTGACACAATAATGGAAAAGAACGTTACTGTTACACATGCCCAAGA 1.51 
H1N1HA CAACCGA - CACTGTTGACACAGTACTTGAGAAGAATGTGACAGTGACACACTCTGTCAA 43 
H3N2HA AAACGGAACGATAGTGAAAACAATCACGAATGACCAAATTGAAGTTACTAATGCTACTGA 78 
BHA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

H5NHA CATACTGGAAAAGACACACAACGGGAAGCTCTGCGATCTAGATGGAGTGAAGCCTCTAA 21 
H1N1HA, CCTACTTGAGGACAGTCACAACGGAAAACTATGTCTACTAAAAGGAATAGCCCCACTACA. 203 
H3N2HA GCTGGTTCAGAGTTCCTCAACAGGTGGAATATGCGA--CAGTCCTCATCAGATCCTTGAT 236 
BHA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

H5NHA TTGAGAGATTGTAGTGTAGCTGGATGG - CTCCTCGGAAACCCAATGTGTGACGAATTCA 27 O 
H1NHA. ATTGGGTAATGCAGCGTTGCCGGATGG-ATCTTAGGAAACCCAGAATGCGAATTACTGA, 262 
H3N2HA. GGAGAAAACIGCA-CACAATAGATGCTCTATTGGGAGACCCCAGTGTGAGGCTCC 294 
BHA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

H5NHA. CAAGGCCGGAATGGCCTACAAGGGAGAAGGCCAAECCAGTCAATGACCTCTGTT 33 O 
HN1HA TTTCCAAGGAATCATGGTCCTACATTGEAGAAACACCAAATCCTGAGAATGGAACATGTT 322 
H3N2HA. AAAATAAGAAATG - - GGACCTTTTTGTTGAACGCAGCAAAGCCT- - - -ACAGCAACTGTT 348 
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Fig. 13 (cont.) 
BHA - - - - as a r s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

H5NHA ACCCAGGGGATTTCAATGACTATGAAGAATTGAAACACCTATTGAGCAGAATAAACCATT 390 
H1NHA ACCCAGGGTATTTCGCCGACTATGAGGAACTGAGGGAGCAATTGAGICAGTATCTTCAT 382 
H3N2HA ACCCTTATGATGGCCGGATATGCCCCCTTAGGICACTAGTTGCCCACCGGCACAC 408 
BHA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

H5NHA TTGAGAAAATTCAGATCATCCCCAAA - - -AGTTCTTGGTCCAGTCATGAAGCCTCATTAG 447 
H1NHA TTGAGAGATCGAAATATTCCCCAAAGAAAGCTCATGGCCCAACCAC- - - ACCGTAACCG 439 
H3N2HA TGGAGTTTAACAATGAAAGCTTCAA- - - - - - - - - TGGACTGGAGTC- - - ACT CAAAATG 456 
BHA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - GATCGAATCTGCACTG 16 

H5NHA. GGGTGAGCTCAGCATGTCCATACCAGAGAA - -AGTCCTCCTTTTTCAGA-AATGTGGTA 503 
H1NHA GAGTATCAGCATCATGCTCCCATAATGGGA. AAAGCAGTTTTTACAGA- -AATIGCTA 495 
H3N2HA GAACAAGCCIGCTTGTAAAAGGAGATCTA- -ATAACAGTTTCTTAGT--AGATTGAAT 52 
BHA GGATAACATCTTCAAACT CACCTCATGTGGTCAAAACAGCTACTCAAGGGGAGGTCAATG 76 

H5NHA. GGCTTATCAAAAAGAACAGTACATACCCAACAATAAAGAGGAGCTACAATAATACCAAC 563 
H1N1HA, TGGCTGACGGGGAAGAATGGTTTGTACCCAAACCTGAGCAAGTCCTATGTAAACAACAAA 555 
H3N2HA TGGTTGACCCACAAAATTCAAATACCCAGCATTGAACGGACTATGCCAAACAATGAA 572 
BHA TGACTGGTGTGATACCACTGACAACAAC-ACCAACAAAACTTATTTTGCAAATCTCAAA 135 

H5NHA. CAAGAAGATCTTTTGGTACTGTGGGGGATTCACCATCCTAATGATGCGGCAGAGCAGACA 623 
H1NHA GAGAAAGAAGTCCTTGTACTATGGGGTGTTCAT CACCCGCCTAACATAGGGGACCAAAGG 615 
H3N2HA AAATTTGACAAATTGTACATTTGGGGGGTTCACCACCCGGGTACGGACAATGACCAAATT 632 
BHA GGAACAAGGACCAGAGGGAAACTATGCCCAGACTGTCTCAACTGTACAGATCTGGATGG 1.95 

HSN1 HA. AAGCTCTATCAAAACCCAACCACCTATATT - - - TCCGTTGGGACATCA ACACTAAACCAG 680 
H1NHA GCCCTCTATCATACAGAAAATGCTTATGTC---TCTGTAGTGTCTTCA-CATTATAGCAG 671 
H3N2HA AGCCTATAT - - - GCTCAAGCCAGGAAGA - - -ATCACAGTCECTACCAAAAGAAGCCAA 686 
BHA GCCTTGGGCAGGCCAATGTGGTGGGGACCACACCTCGCGAAAGCTTCAATACCCAC 255 

f 

H5N1HA A- GATTG--GTACCAAGAATAGCTACTAGATCCAAAGTAAACGGGCAAAGTGGAAGGATG 737 
H1NHA AAGATTC - - ACCCCAGAAATAGCCAAAAGACCCAAAGTAAGAGATCAGGAAGGAAGAATC 729 
H3N2HA CAAACTGTAATCCCGAATATCGGATCTAGACCCAGGGTAAGGGATATCCCCAGCAGAATA 746 
BHA GAAGTCA - - - GACCTGTTACATCCGGGGCTTTCCTATAATGCACGACAGAACAAAAATC 32 

HSNHA GAGTTCTTCTGGACAATTTTAAAACCGAATGATGCAATCAACTTCGA--GAGTAATGGAA 795 
H1N1HA AACTACTACTGGACTCTGCTGGAACCTGGGGATACAATAATATTGA- - GGCAAATGGAA 787 
H3N2HA AGCATCTATTGGACAATAGTAAAACCGGGAGACATACTTGAAA - - CAGCACAGGGA 804 
BHA AG - - GCAACTAGCCAATCTTC- - - TCAGAGGATATGAAAAATCAGGTTATCA ACCCAAA 367 

. . . . . 
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Fig. 13 (cont.) 
H5N1HA ATTCATIGCTCCAGAATAGCATACAAAATGTCAAGAAAGGGGACT CAACAATTAGA 855 
HNHA ACTAATAGCGCCATGGTATGCTTTTGCACTGAGTAGAGGCTTGGATCAGGAATCATCA 847 
H3N2HA ACTAATTGCTCCTCGGGG ACTTGAAAATACGAAGGGGAAAAGCCAATAA - - - GA 861. 
BHA ACGTATCGATG-CAGAAAAGGCACCAGGAGGACCCTACAGACTTGGAACCCAGGATCET 427 

H5NHA. AAAGTGAATGGAATATGGAACTGCAACACCAAGTGTCAA ACTCCAATGGGGGCGATAA 91.5 
HNHA. CCCAAATGCACCAATGGAEGAATGTGATGCGAAGTGTCAAACACCCAGGGAGCTATAA 907 
H3N2HA GATCAGATGCACCCATTGGCAAATGCAATTCTGAATGCATCACTCCAAATGGAAGCATTC 92.1 
BHA GCCCTAACGC - - - TACCAGTAAAAGCGGATTT - - - TTCGCAACAATGGCTTGGGCTGTCC 481 

H5NHA ACTCTAGAGCCATTCCACAAATACACCCTCTCACCATCGGGGAAGCCCCAAATATG 975 
HNHA ACAGCAGCCCTCCAGAAGTACACCCAGTCACAATAGGAGAGTGTCCAAAGTATG 96.7 
H3N2HA CCAATGACAAACCATTTCAAAATGTAAACAGGACACAATGGGGCCGTCCCAGATAG 981 
BHA CAAAGGACAACAACAAAAAGCAACGAACCCACAACAGTAGAAG - -ACCATACATTG 539 

e 

H5NHA - GAAATCAAACAGATTAGTCCTTGCGACTGGGCCAGAAATAGCCCCAAAGAGAGAGA O34 
HNIHA T-CAGGAGTGCAAAATTAAGGATGGTTACAGGACTAAGGAACATCCC - - - - - - - - - - - - A 1014 
H3N2HA - AAGCAAAACACTCTGAAATGGCAACAGGGAGCGAAATGTACC - - - - - - - - - - - - A O28 
BHA TACAGAAGGGGAAGACCAAATTACTGTTTGGGGGTTCCATTCAGATA- - - - - - - - - - - AC 588 

H5NHA. AGAAGAAAAAAGAGAGGATTATTGGAGCTATAGCAGGTTTATAGAGGGAGGAGGCAG O94 
H1NHA TCCATTCAATCCAGAGGTTTGTTTGGAGCCATTGCCGGTTTCATTGAAGGGGGGTGGACT 1074 
H3N2H A GAGAAACAAACTAGAGGCATATTGGCGCAATCGCGGGTTTCATAGAAAAGGTTGGGAG O 88 
BHA AAAACCCAAATGAAGAACCCTATGGAG - - - - - ACT CAAATCCCAAAAGICACCT CAT 643 

y s 

H5NHA GGAATGGTAGATGGTTGGTATGGGTACCACCATAGCAATGAGCAGGGGAGTGGGTACGCT 1154. 
H1N1HA. GGAATGGTAGATGGGTGGTATGGTTATCATCATCAGAATGAGCAAGGATCGGCTAEGCT 1134 
H3N2HA. GGAAGGGGATGGTTGGTACGGTTTCAGGCATCAAAATTCTGAGGGAATAGGACAAGCA 48 
BHA CTGCTAATGGAGTAACCACACA-TTATGTTTCTCAGATTGGCGGCTTCCCAGATCAAACA 702 

e : y 

H5NHA GCAGACAAAGAATCCACCAAAAGGCAATAGATGGAGTCACCAATAAGGTCAACCGAIC 24 
H1N1 HA, GCAGATCAAAAAAGTACACAAAAGCCATTAACGGGATTACAAACAAGGTGAATTCGTA 194 
H3N2HA GCAGATCTCAAAAGCACECAAGCAGCAATCAACCAAATCAATGGGAAGCTGAATAGGTTG 1208 
BHA GAAGACGGAGGACTACCACAAAGCGGCAGAATTGTCGTTGATTACATGATGCA- - -AAAA 759 

- y y 

H5NHA ATTGACAAAATGAACACTCAGTTTGAGGCCGTGGAAGGGAATAACAACTTAGAAAGG 1274. 
HNHA ATGAGAAAATGAACACTCAATTCACAGCTGTGGGCAAAGAATTCAACAAATGGAAAGA 1254. 
H3N2HA. ATCGGGAAAACCAACGAGAAATCCACAGATTGAAAAAGAATTCTCAGAAGTAGAAGGG 268 
BHA CCTGGGAAAACAGGAAC- -AATT - - - GCTATCAA AGAGGTGTTTTGTTGCCT CAAAAGG 814 

e s ' 

H5NHA AG-AATAGAGAATTAAACAAGAAGATGGAAGACGGGTTCCTAGATGTCTGGACTATAA 1333 
H1N1A AG - GATGGAAAACTAAATAAAAAAGTGATGATGGGTTTCTAGACATTGGACAATAA 133 
H3N2HA AG-AATTCAGGACCTCGAGAAATATGTGAGGACACTAAAATAGATCTCTGGTCATACAA 1327 
BHA TGTGGTGCGCGAGGGCAGGAGCAAAGAATAAAAGGGTCCTTGCCTTT- -AATTGGTGA 872 
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Fig. 13 (cont.) 
s t ' 

H5N1HA TGCTGAACTTCTGGTICTCATGGAAAATGAGAGAACTCTAGACTTTCATGACT CAAATGT 393 
H1NHA TGCAGAATTGTTGGTTCACTGGAAAATGAAAGGACTTTGGATTTCCATGACTCCAATGT 373 
H3N2HA CGCGGAGCTTCTTGTTGCCCTGGAGAACCAACATACAATTGATCTAACTGACT CAGAAAT 387 
BHA AGCAGA - - - - - TGCCTTCATGAAAAAT - - - - - - ACGGGGATTAAACAAAAGCAAGCCT 921. 

H5NHA CAAGAACCTTTACGACAAGGTCCGACTACAGCTTAGGGATAATGCAAAGGAACTGGGTAA 453 
H1NHA GAAGAATCTGTATGAGAAAGTAAAAAGCCAATTAAAGAATAATGCCAAAGAAATAGGAAA 1433 
H3N2HA GAACAAACTGTTTGAAAGAACAAAGAAGCAA CGAGGGAAAATGCTGAGGATATGGGCAA 447 
BHA TA - - - - - CTACACAGGAGAACATGCAAA-AGCCATAGGAAATTGCCCA- -ATATGGGTGA 973 

k sk e * 

H5NHA CGGGTTTCGAGICTATCA-TAAATGTGATAATGAATGTATGGAAAGTGTAAGAAACG 1512 
H1NHA CGGGTGTTTTGAATCATCA-CAAGTGAACAATGAATGCATGGAGAGTGTGAAAAATG 1492 
H3N2HA TGGTTGTTTCAAAATATACCA-CAAATGTGACAATGCCGCATAGGGTCAATCAGAAATG 15 O 6 
BHA AAACACCTTTGAAGCTTGCCAATGGAACCAAATATAGACCTCCTGCAAAACTATTAAAGG 1033 

e y 

H5NHA GAACGTATTGACTACCCGCAGTATTCAGAAGAAGCAAGACTAAAAAGAGAGGAAATAAGTG 1572 
HNHA GAACTATGACTATCCAAAAATTCCGAAGAACAAAGTTAAACAGGGAGAAAATTGATG 1652 
H3N2HA GAACTATGACCAGAIGIATACAGAGATGAAGCATTAAACAACCGGTTCCAGATCAAAG 1566 
BHA AAAGG - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - O38 

H5NHA GAGTAAAATTGGAATCAATAGGAATTACCAAATACTGTCAATTTATTCTACAGTGGCGA. 1632 
HNHA GAGTGAAATTGGAATCAATGGGAGTCTATCAGATTCTGGCGATCTACT CAACTGTCGCCA 1612 
H3N2HA GTGTTGAGCTGAAGTCAGGATACAAAGATGGATCCTATGGATTTCCTTTGCCATATCAT 626 
BHA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

H5NHA GTTCCCAGCACGGCAATCATGGTAGCGGTCTATCCTTAGGATGTGCTCCAATGGG 1692 
HNHA GTTCCCTGGTTCTTTGGTCTCCCTGGGGGCAATCAGCTTCTGGATGTGTTCCAAGGGT 1672 
H3N2HA GTTTTTTGCTTTGTGTTGTTTTGTTGGGG- - - TTCATCATGTGGGCCTGCCAAAAAGGCA 1683 
BHA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

H5NHA CGTTACAATGCAGAATTTGCATTTAAATTTGTGAGTTCAGATTG 736 
H1NHA CTTTGCAGTGCAGAATATGC- - - - - - - - - - - - - - - - - - - - - - - - 1692 
H3N2HA ACATTAGGTGCAACATTTGCATTTGAGGCATTAA - - - - - - - - - 1.78 
BRHA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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Fig. 14 
Clustal comparison of Influenza Virus NA RNA Sequences 

NA. RNA Segment 

SeqA Name Len (nt) SeqB Name Len (nt) Score 

l HNNA 409 2 H5N1NA 1392 75 
l HNNA 409 3 H3N2NA 1410 42 
l HNNA A 09 4. BNA 1483 16 
2 H5NNA 392 3 H3N2NA 1410 33 
2 H5NNA 392 4. BNA 1463 7 
3 H3N2NA 410 4. BNA 1463 18 

H1NNA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ATGAATCCAAATCAAAAAATAATAA 25 
H5N1,NA TTATTGGTCTCAGGGAGCAAAAGCAGGAGTCAAAATGAATCCAAAAAGAAGATAATAA 60 
H3N2NA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ATGAATCCAAATCAAAAGATAATAA 25 
BNA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - CCAAAATGAACAA 3 

H1N1,NA. CCATIGGACAATCAGATAGCAATCGGAATAATTAGTCTAATGTGCAAATAGGAAATA 85 
H5N1NA CCATCGGATCAATCGTATGGTAACTGGAATGGTTAGCTTAAGTTACAAATGGGAACT 120 
H3N2NA CGATTGGCCTGTTTCCT CACCATTTCCACAATAGCTTCTTCATGCAAATTGCCATC 85 
BNA T-GCTACCTTCAACTATACAAACGTTAACCCATTCTCACAFCAGGGGGAGATTATA 72 

HNLNA TEATTTCAA-ATGGGCTAGTCACTCAATCCAAACGGAAGTCAA AACCACACTGGAGTA 44 
H5N1NA TGATCTCAA-TAGGGICAGICATCAATTCACACAGGGAATCAACACAAAGCTG - - - - - 174 
H3N2NA TGATAACTACTGTAACATTG-CATTCAAGCAATAT- - GAATTCAACTCCCCCCCAAA s r. 14 O 
BNA TCACTAATGTGTCAGCTCATTGTCATACT - TACTATATTCGGATATATTGCTAAAAT - 3 O 

' r 

H1N1NA GOAACCAAAGAATCATCACATATGAAAAC-AGCACCGGGTGAA-ICACACATATGTTA 202 
H5N1NA - - -AACCAA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 18O 
H3N2NA -- CAACCAAG - - - TGATGCTGTGTGAACCA-ACAATAATAGAAAG-AAACATAACAGAGA 1.93 
BNA TCCCATCAACAGAAATTACTGCACCAACAATGCCATTGGATTGTGCAAACGCATCAAATG 19 O 

H1N1NA. ATATTAACAACACTAATGTTGTTGCIGGAAAGGACAAA - - - - - - ACTTCAG--TGACATT 254 
H5N1NA - - - TCAGCAATACTAATTTCTTACTGAGAAAGCTGFG - - - - - - GCTCAG-- -AAAAT 229 
H3N2NA TAGTGTATCTGACCAACACCACCATAGAGAAGGAAAAT- - - - - GCCCCAAACAGCAGA 248 
BNA TCAGGCTGTGAACCGTTCTGCAACAAAAGGGGTGACACTCTTCTCCCAGAACCGGAGT 250 

' 

H1N1NA. GGCCGGCAATTCATCT- - - - - - - CTTTGTTCTATCAGTGGATGGGCTATATACACAAAAG 307 
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Fig. 14 (cont.) 
y 

H1N1,NA. GGACTGIATA AGACCTTGCTTCTGGGTTGAGTAGCAGAGGACTGCCTAGAGAAAAAC 3 O4. 
H5NNA AGATTGCATAAGACCTTGTTTCTGGGTTGAGTTGATCAGAGGGCGGCCCAAAGAGAGCAC 279 
H3N2NA. AAGCTGCATCAATCGGTGCTTTTATGTGGAGTTGATAAGGGGAAGAAAAGAGGAAACTGA 13 O4 
BNA GAAATGTGATGTCCCCTGTATTGGGATAGAGATGG-ACATGATGGTGGAAAAGAGACT 324 

t s 

HNNA. AACAATCGGACAGTGGGAGCAGCATTCTTTTTGTGGCGTAAAAGTGATACGCAAA 1364 
H5NNA. AA- - - TTTGGACTAGTGGGAGCAGCATACTTTTTGTGGTGEAAATAGTGACACTGTGGG 1336 
H3N2NA AGCTTGTGGACCCAAACAGTATTGTGTGTTTTGTGGCACCTCAGGTACATATGGAAC 364 
BNA GGCACTCAGCAGCTACAGCCAT-TTACTGTTTAATGGGCTCAGGACAGCTGCTGTGGGAC 383 

HNLNA. CTGGTCTTGGCCAGACGGTGCTGAGTGCCATTCACCATTG-ACAA - - - - - - - - - - - - - - 14 O 9 
H5N1NA TTGGTCTTGGCCAGACGGTGCTGAATTGCCATTCACCATTG-ACAAGTAGTTGTTCA- - - 392 
H3N2NA AGGCCATGGCCTGATGGGGCGGACACAATCTCAGCCTATATAA - - - - - - - - - - - - - - 41 O 
BNA ACTGICACAGGT - GTAAATGGCCGTAATGGAGGAATGGTTGAGCCTGICEAAACC 442 

k 

HNLNA - - - - - - - - - - - - - - - - - - - - - 
H5N1 NA - - - - - - - - - - - - - - - - - - - - - 
H3N2NA - - - - - - - - - - - - - - - - - - - - - 
BNA CTTTGTTCCTATTTTGTTTGA 1463 
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FIGURE 16b 

Condition Probe Result Assay Result 

No Virus of Type A or Type B 40°C 
Internal Control indicates amplification has occurred. 25°C No virus 

Type BHA or Type BNA detected, not both 40°C Type B virus 
Plus Internal Control 25cc HA or NA 

Type BHA and Type BNA detected GG 40°C Type B virus 
Plus Internal Control fully saturated KXCX- 25°C HA and NA 

VM 

Type A H5N1 (of H5/H1 subtypes) 40°C 
Plus Internal Control and Type AM gene 25°C H5N1 

Type A H1N1 (of H5/N1 subtypes) 40°C 
Plus Internal Control and Type A M gene 25°C HN1 

Type A H3N2 (of H3 subtype) 40°C 
Plus Internal Control and Type AM gene 25°C H3N2 

Type A H5N2 (of H3 subtype) GGGG40°C 
Pius Internal Control and Type AM gene ses (S25c H5N2 
Type A H3N1 (of H5/N1 subtypes) 40°C 
Pius Internal Control and Type A M gene 25°C H3N1 

Type A H1N2 (of H3 subtype) 40°C 
Plus Internal Control and Type AM gene 25°C HN2 

Type A no detectable Type A HA or NA 40°C Type A Virus 
Plus Internal Control and Type AM gene 25°C Serotype 2 

Type A H5, no detectable NA 40°C 
Plus Internal Control and Type AM gene 25°C H5, no NA 

Type A H1, no detectable NA 40°C 
Plus Internal Control and Type A M gene 25°C H1, no NA 

Type A H3, no detectable NA 40°C 
Plus Internal Control and Type A M gene 25°C H3, no NA 

Type A no detectable HA, N1 (of H5/Ni subtype) 83. 
25°C 
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FIGURE 16b (Cont.) 

Plus Internal Control and Type AM gene N1, no HA 

Type A no detectable HA, N2 (of H3 subtype) 
Plus Internal Control and Type AM gene N3, no HA 
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FIGURE 17 

HS 

Probe Test Amplicon (H5N1), Tms-79.7 
GTGGAGTAAAATTGGAATCAATAGGAATTTACCAAATACTGTCAATTTATTCTA 
CAGTGGCGAGTTCCCTAGCACTGGCAATCATGGTAGCTGGTCTATCC 

Primer Amplicon (H5N1), Tm=77.2 
GTGGAGTAAAATTGGAATCAATAGGAATTTACCAAATACTGTCAATTTATTCTA 
CAGTGCACTGGCAATCATGGTAGCTGGTCTATCC 

Limiting Primer (reverse complement) 
GGATAGACCAGCTACCATGATTGCC, Tmsó6.8 (H5N1), 21.5(H3N2), 30.3 (H1N1), 
14.2 (B) 

Excess Primer-RNA 63.2 linear 
GTGGAGTAAAATTGGAATCAATAGG, Tm=63.6(H5N1), 15.7(H3N2), 53.8(H1N1), 
34.6(B) 

Beacon Probe (reverse complement) Texas Red, Stem=58.1 
Texas Red-CGCGACTAGGGAACTCGCTCGCG -Dabsy, Tm=52.7 (H5N1), 8.0 (H3N2), 
24.9(H1N1), 13.0(B) 

2. H1 

Probe Test Amplicon (H1N1), Tm=76.1 
CCATGACTCCAATGTGAAGAATCTGTATGAGAAAGTAAAAAGCCAATTAAAGAA 
TAATGCCAAAGAAATAGGAAACGGGTG 

Primer Amplicon (H1N1), Tm=73.5 
CCATGACTCCAATGTGAAGAATCTGTATAAAGAATAATGCCAAAGAAATAGGAA 
ACGGGTG 

Limiting Primer (reverse complement) 
CACCCGTTTCCTATTTCTTTGGCATTATTC, Tms22.5(H5N1), 21.6(H3N2), 
66.7(H1N1), 30.2(B) 

Excess Primer, RNA 64.2 linear 
CCATGACTCCAATGTGAAG, Tm=36.1(H5N1), 30.1(H3N2), 63.8(H1N1), 20.3(B) 

Beacon Probe (reverse complement) CY3, Stem=59.3 
CY3-CGCGGATTGGCTTTTTACTTTCTCACCGCG-Dahsyl, Tma-7.8(H5NE), 
20. (H3N2), 56.6(H1N1), 12.7(B) 
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FIGURE 7 (Cont.) 

3. N. 

Probe Test Amplicon (H5N1), Tm=87.4 
GCAATAACTGATTGGTCAGGATATAGCGGGAGTTTTGTCCAGCATCCAGAACT 
GACAGGACTAGATTGCATAAGACCTTGTTTCTGGGTTGAGTTGATCAGAGGGC 
GGCCCAAAGAGAGCACAATTTGGACTAGTGGGAGCAGCATATCTTTTTGTGGT 
GTAAATAGTGACACTGTGGGTTGGTCTTGGCCAGACGGTGCTG 

Primer Amplicon (H5N1), Tms 
GCAATAACTGATTGGTCAGGATATAGCGGGAGTTTTGTCCAGCATCCAGAACT 
GACAGGACTAGATTGCATAAGACCTTGTTTCTGGGTTGAGTTGATCAGAGGGC 
GGCCCAAAGAGAGCACAATTTGGACATCTTTTTGTGGTGTAAATAGTGACACTG 
TGGGTTGGTCTTGGCCAGACGGTGCTG 

Limiting Primer (reverse complement) 
CAGCACCGTCTGGCCAAGAC, Tm=69.3(H5N1), 69.3(H1N1), 41.0(H3N2), 5.7(B) 

Excess Primer, RNA 66.3 linear 
GCAATAACTGATTGGTCAGG, TM=629 (H5N1), 62.7(H1N1), 29.9(H3N2), 40.4(B) 

Beacon Probe (reverse complement). FAM, Stem=63.6 
FAM- GGCGGATGCTGCTCCCACTACCGCC -Dabsy, Tm=56.3(H5N1), 56.3(H1N1), 
12. (H3N2), 25.8(B) 

4 H3 

Probe Test Amplicon (H3N2), Tm=78.0 
CCATCAGATTGAAAAAGAATTCTCAGAAGTAGAAGGGAGAATTCAGGACCTCG 
AGAAATATGTTGAGGACACTAAAATAGATCTCTGGTCATACAACG 

Primer Amplicon (H3N2), Tma-75.5 
CCATCAGATTGAAAAAGAATTCTCAGAAGTAGAAGGGAGAATTTATGTTGAGG 
ACACTAAAATAGATCTCTGGTCATACAACG 

Limiting Primer (reverse complement) 
CGTTGTATGACCAGAGATCTATTTTAGTGTCCT, Tm=12.2(H5N1), 67.9(H3N2), 
4.6(H1N1), -0.6(B) 

Excess Primer, RNA 59.7 linear 
CCATCAGATTGAAAAAGAATTCT, Tm=29.3(H5N1), 62.7(H3N2), 21.5(H1N1), 
22.2(B) 

EXO-R Probe (reverse complement) CY5, Stem=66.8 
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FIGURE 17 (Cont.) 

CY5-CGCTGAAAGCGTTTCTCGAGGTCCTG-BHQ1, Tm=9.9(H5N1), 54.5(H3N2), 
15.4(H1N1), 9.1(B) 

4/5. B(HA 

Probe Test Amplicon, Tm-84.4 
CGGTGGATTAAACAAAAGCAAGCCTTACTACACAGGGGAACATGCAAAGGCCA 
TAGGAAATTGCCCAATATGGGTGAAAACACCCTTGAAGCTGGCCAATGGAACC 
AAATATAGACCTCCTG 

Primer Amplicon, Tmc83.2 
CGGTGGATTAAACAAAAGCAAGCCTTACTACGGCCATAGGAAATTGCCCAATA 
TGGGTGAAAACACCCTTGAAGCTGGCCAATGGAACCAAATATAGACCTCCTG 

Limiting Primer (reverse complement) 
CAGGAGGTCTATATTTGGTTCCATTGGC, Tms 14.4(H5N1), 21.0(H3N2), 24.8(H1N1), 
67.5(B) 

Excess Primer, RNA 58.9 linear 
CGGTGGATTAAACAAAAGCA, Tm=12.1 (H5N1), 26.0(H3N2), 20.3(H1N1), 62.4(B) 

Beacon Probe 1 (reverse complement) Texas Red, Stem=54.0 
Texas Red- GCGAGTTTGCATGTTCTCCTGTCTCGC -Dabsy, Tm=19.2(H5N1), 
16.2(H3N2), 15.3(H1N1), 52.1(B) 

Beacon Probe 2 (reverse complement) CY5, Stem=54.0 
CY5. GCGAGTTTGCATGTTCTCCTGTCTCGC-Dabsyl, Tm=19.2(H5N1), 16.2(H3N2), 
15.3(H1N1), 52.1(B) 

4/5. B(NA) 

Probe Test Amplicon, Tm=83.3 
CATGGGCTGACAGTGATGCCCTTGCTTTTAGTGGAGTAATGGTTTCAATGGAA 
GAACCTGGTTGGTACTCCTTTGGCTTCGAAATAAAAGACAAGAAATGTGATGTC 
CCCTGTATTGGG 

Primer Amplicon, Tm= 
CATGGGCTGACAGTGATGCCCTTGCTTTTAGTGGAAGAACCTGGTTGGTACTC 
CTTTGGCTTCGAAATAAAAGACAAGAAATGTGATGTCCCCTGTATTGGG 

Limiting Primer (reverse complement) 
CCCAATACAGGGGACATCACATTTCTTG, Time 0.9(H5N1), 16.2(H1N1), 
-4.6(H3N2), 68.9(B) 
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FIGURE 7 (Cont.) 

Excess Primer, RNA 69.7 just linear 
CATGGGCTGACAGTGAT, Tm=38.7(H5N1), 43.2(H1N1), 42.5(H3N2), 63.7(B). 

Beacon Probe 1 (reverse complement) Texas Red, Stem=58.1 
Texas Red- GCCGCTCCATTGAAACCATTACGCGGC -Dabsyl, Tm=26.3(H5N1), 
27.9(H1N1), 21.2(H3N2), 53.1(B) 

Beacon Probe 2 (reverse complement) CYS, Stem=58.1 
CY5- GCCGCTCCATTGAAACCATTACGCGGC-Dabsy, Tm=26.3(H5N1), 27.9(H1N1), 
21.2(H3N2), 53.(B) 

6. M 

Probe Test Amplicon (H5N1) Tm=87.4 
CTAACCGAGGTCGAAACGTACGTTCTCTCTATCATCCCGTCAGGCCCCCTCAAA 
GCCGAGATCGCGCAGAAACTTGAAGATGTCTTTGCAGGAAAGAACACCGATCT 
CGAGGCTCTCATGGAGTGGCTAAAGACAAGACCAATCCTGTCACC 

Primer Amplicon (H5N1), Tmas87.8 
CTAACCGAGGTCGAAACGTACCATCCCGTCAGGCCCCCTCAAAGCCGAGATCG 
CGCAGAAACTTGAAGATGTCTTTGCAGGAAAGAACACCGATCTCGAGGCTCTC 
ATGGAGTGGCTAAAGACAAGACCAATCCTGTCACC 

Limiting Primer (reverse complement) 
GGTGACAGGATTGGTCTTGTCTTTAGC, Tm=67.3 (H5N1), 67.3(H3N2), 67.3(H1N1), 
14.4(B) 

Excess Primer 
CTAACCGAGGTCGAAAC, Tms(52.2(H5N1), 62.2(H3N2), 62.2(H1N1), 20.6(B) 

Probe (reverse compliment) CY3, Stem=61.2 
CY3- GCGCTATAGAGAGAACAGCGC -Dabsyl, Tm-338 (H5N1), 33.8(H3N2), 
33.8HN1), 9-6(B) 

7. N2 

Probe Test Amplicon (H3N2), Tm=80.6 
GGTCCAACCCTAATTCCAAATTGCAGATAAATAGGCAAGTCATAGTTGACAGAG 
GTAATAGGTCCGGTTATTCTGGTATTTTCTCTGTTGAAGGCAAAAGCTGCATC 

Primer Amplicon (H3N2), Tm 
GGTCCAACCCTAATTCCAAATTGCAGATAAATAGGCAAGTCATAGTTTTATTCT 
GGTATTTTCTCTGTTGAAGGCAAAAGCTGCATC 
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FIGURE 7 (Cont.) 

Limiting Primer (reverse complement) 
GATGCAGCTTTTGCCTTCAACAGAG, Tm=29.4(H5N1), 16.7(H1N1), 67.4(H3N2), 
15.6(B) 

Excess Primer, RNA 69.4 just before hairpin 
GGTCCAACCCTAATTCCAA, Tm=13.6(H5N1), 22.0(H1N1), 63.4(H3N2), 22.7(B) 

Probe (reverse complement) FAM, Stem-61.2 
FAM- GGCCGCCTATTACCTCTCGGCC -Dabsyl, Tms30.0(H5N1), 27.7(H1N1), 
38.9(H3N2), 20.6(B) 

8. H3 Control 

Probe Test Amplicon (H3N2), TmcT7.0 
CCATCAGATTGAAAAAGAATTCTCAGAAGTAGAAGGGAGAATTCAGGAACTCT 
AGAAATATGTTGAGGACACTAAAATAGATCTCTGGTCATACAACG 

Limiting Primer (reverse complement) 
CGTTGTATGACCAGAGATCTATTTTAGTGTCCT, Tm=12.2(H5N1), 67.9(H3N2), 
4.6(H1N1), -0.6(B) 

Excess Primer 
CCATCAGATTGAAAAAGAATTCT, Tms29.3(H5N1), 62.7(H3N2), 21.5(H1N1), 
22.2(B) 

Probe (reverse complement) CY5, Stem-66.8 
CY5- CGCTGAAAGCGTTTCTCGAGGTCCTG-BHQ, Tim=32.9 vs. modified amplicon 
sequence CAGGAACTCTAGAAA 

9. HS Delete Region 

Probe Test Amplicon(H5N1), Tm=79.0 
CGACTGGGCTCAGAAATAGCCCTCAAAGAGAGAGAAGAAGAAAAAAGAGAGGA 
TTATTTGGAGCTATAGCAGGTTTTATAGAGGGAGG 

Primer Amplicon (H5N1), Tm=77.4 
CGACTGGGCTCAGAAATAGCCCTCAA AGAGTTATTTGGAGCTATAGCAGGTTTT 
ATAGAGGGAGG 
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FIGURE 7 (Cont.) 

Limiting Primer (reverse complement) 
CCTCCCTCTATAAAACCTGCTATAGCTCCAAA, TimeG9.7(H5N1), 14.3(H3N2), 
20.5(H1N1), 6.50B) 

Excess Primer 
CGACTGGGCTCAGAAA, Tms62.9(H5N1), 17.4(H3N2), 29.3(H1N1), 17.4(B) 

Probe Sequence(reverse complement), Stem Tms 
Fluor-stemTCCTCTCTTTTTTCTTCTTCTCTsten-Dabsyl, Tm=58.9(H5N1), -3.8(H3N2), 
20.4(H1N1), 13.4(B) 
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RTLATE-PCR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/822,536, filed Jul. 6, 2007, which 
claims priority to U.S. Provisional Patent Application Ser. 
No. 60/819,000, filed Jul. 7, 2006, each of which is hereby 
incorporated by reference in their entireties. 

BACKGROUND 

0002 Rapid detection and typing of influenza virus and 
identification of its various strains is critical to identification 
and control of a potential human pandemic. Influenza virus is 
composed of eight single-stranded RNA molecules (HA, NA. 
PB2, PB1, PA, NS, M, NP) that code for eleven specific 
proteins. The RNA for the matrix protein (M) is relatively 
conserved and is therefore used to detect and distinguish a 
Type A virus. M can also be used to detect and distinguish 
H5N1. 
0003. The hemagglutinin protein (HA) and neuraminidase 
protein (NA) are grouped into 16 and 9 subtypes, respectively, 
both have high sequence variability even within subtypes and 
thus provide an effective means of monitoring changes that 
might occur in a virus. The HA protein protrudes from the 
surface of the virus and allows it to attach to a cell to begin the 
infection cascade. The NA protein is also located on the 
surface of the virus and allows the release of new particles 
within the infected cell. 
0004 Currently the Eurasian H5N1 virus infects only the 
lower lungs in human and is therefore less readily transmitted 
human-to-human than annual strains of human influenza that 
infect the upper respiratory track. But, mutations within the 
HA and NARNAs are frequent and alter viral infectivity and 
lethality in different hosts and their tissues. In addition, gene 
assortment among the different viral Subtypes is another very 
worrisome feature of influenza and could result in recombin 
ing RNA sequences for high infectivity in humans with high 
lethality. 

SUMMARY 

0005 Accordingly, there is a need for an informative influ 
enza assay that can be performed in the field, i.e., at the point 
of care (“POC). Moreover, in order to save both time and 
money it will also be important to make POC assays compat 
ible with more extensive laboratory analysis, such as 
sequencing of, for example, HA and NA. In this way, the 
evolution of a viral disease and viral genomics can be ana 
lyzed in real-time. 
0006. One embodiment is directed to an assay comprising 
a plurality of primer pairs, a plurality of probes, and a low 
copy number synthetic amplicon corresponding to each of the 
plurality of primer pairs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 illustrates an embodiment of LATE PCR 
(left) and provides fluorescence curves produced by LATE 
PCR. 
0008 FIG. 2 is an agarose gel showing four sets of reac 

tions, performed in triplicate, each reaction using the same 
Excess Primer (thick arrow), plus a different own Limiting 
Primer (thin arrow). The melting temperature of the four 
different Limiting Primers increases from left to right and the 
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annealing temperature used for each set of reactions is 2°C. 
below the melting temperature of the Limiting Primer. 
0009 FIG. 3 shows agarose gels of identical LATE-PCR 
without ELIXIR (left) and with ELIXIR (right). The replicate 
reactions are prepared using four different preparations of 
commercially available Taq polymerases, both with and with 
out a hot start. The reactions were incubated at room tempera 
ture for 30 minutes before amplification. 
0010 FIG. 4 is an agarose gel of a pentaplex LATE-PCR 
without ELIXIR (left six lanes), monoplex LATE-PCR with 
ELIXIR (middle five lanes), and pentaplex with ELIXIR 
(right six lanes). A molecular weight ladder is shown in far 
right lane. In the pentaplex reactions, all five targets are 
amplified simultaneously. 
0011 FIG.5 shows reaction design (left panels) and dF/dT 
in the presence of SybrGreen (right panels) where five primer 
pairs and (a) one template or (b) one template corresponding 
to one primer pair-four low copy number amplicons corre 
sponding to the remaining four primer pairs are included. 
0012 FIG. 6 shows pyrosequencing of a LATE-PCR 
monoplex reaction (left panel) and a multiplex reaction (right 
panel). The post-LATE-PCR reactions are split into five ali 
quots each and pyrosequencing performed in the presence of 
a sequencing primer corresponding to each amplicon. 
0013 FIG. 7 shows an embodiment of a Low-T Probe 
detection approach. 
0014 FIG. 8 compares amplification and detection of a 
high-T, molecular beacon probe and a low-T molecular 
beacon probe. 
0015 FIG. 9 compares resolution of single nucleotide 
polymorphism in heterozygous CC, heterozygous CT, and 
homozygous TT using an anneal down protocol (left) and a 
melt-up protocol (right). 
(0016 FIG. 10. LATE-PCR The captions under the bars 
indicate the temperature used for RT prior to LATE-PCR. No 
RTase (light blue bar), the inactivated RTase (blue bar), 30 
min at 50° C. (green bar), 30 min at 55° C.; 10 min at 60° 
C.+20 min at 55° C. (orange bar). LATE-PCR is identical for 
all samples. 
(0017 FIG. 11. LATE-PCR protocol with 50 nM limiting 
primer (LP) and 2 uM RT primer and LATE-PCR excess 
primer (XP). 
0018 FIG. 12 is a clustal comparison of Influenza Virus M 
RNA sequences for H3N2, H5N1, H1N1, and B. 
0019 FIG. 13 is a clustal comparison of Influenza Virus 
HA RNA sequences for H3N2, H5N1, H1N1, and B. 
0020 FIG. 14 is a clustal comparison of Influenza Virus 
NA RNA sequences for H3N2, H5N1, H1N1, and B. 
0021 FIG. 15 shows a schematic of an embodiment of an 
assay 
0022 FIG. 16 shows the layout and an possible outcomes 
for an exemplary assay. 
0023 FIG. 17 provides primer, probe, and amplicon 
sequences that can be used in an embodiment of an influenza 
virus assay. 

DETAILED DESCRIPTION 

0024 All references cited are incorporated herein by ref 
CCC. 

0025. An influenza virus assay can detect and distinguish 
between various sub-types and strains of an influenza virus 
using any suitable nucleic acid amplification technique. This 
assay can be performed in a single reaction vessel with all 
reagents present at the start of anassay. An assay can use more 
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than one primer pairs in combination with one or more probes 
to amplify and detect specific target nucleic acid sequences of 
influenza. Using the information obtained from an amplifica 
tion reaction it is possible to distinguish between various 
Sub-types and strains of the an influenza virus. Specifically, an 
assay can provide a positive or negative (yes/no) determina 
tion of the likely presence or absence of influenza virus types 
A and B, and sub-types H1N1, H3N2, and H5N1 in a sample. 
An assay also can be used to monitor for one or more muta 
tions in an influenza virus strain. Mutations in an influenza 
virus, within, for example the HA and NA, can alter viral 
infectivity and lethality in different hosts and different tis 
SUS. 

0026. A sample can be any material to be tested, such as, 
for example, a biological or environmental sample. Biologi 
cal samples can be obtained from any organism. In one 
embodiment, a sample is obtained from a mammal, such as a 
human, or a bird. In one embodiment, a sample comprises a 
nasopharyngeal aspirate, blood, saliva, or any other bodily 
fluid. 

0027. A nucleic acid amplification method used in an 
assay can be a thermal cycling technique, such as a poly 
merase chain reaction (“PCR) or an isothermal technique. 
Standard PCR amplification methods are described in, for 
example, U.S. Pat. Nos. 4,683,195 and 4,683.202 (both of 
which are incorporated herein by reference). In one embodi 
ment, the nucleic acid amplification method is linear after the 
exponential (“LATE) PCR (“LATE-PCR), as described in 
U.S. patent application Ser. No. 10/320,893, which is incor 
porated by reference. An embodiment of LATE-PCR is illus 
trated in FIG. 1. LATE-PCR is an asymmetric PCR method, 
which uses unequal concentrations of primers and can yield 
single-stranded primer-extension products, or amplicons. 
LATE-PCR amplifications and assays typically include at 
least 30 cycles, at least 60 cycles, or at least 70 cycles. FIG. 2, 
which shows an agarose gel showing that amplification prod 
uct production is less specific when the melting temperature 
of the Limiting Primer is below that of the Excess Primer, 
demonstrates the specificity advantage that can be afforded 
by a properly designed LATE-PCR. An Excess Primer can 
misprime at a low annealing temperature, but the reaction can 
becomes very specific when the melting temperature of the 
Limiting Primer is above the melting temperature of the 
Excess Primer (T.Lo-Taxioja.0). 
0028. As used interchangeably herein, the terms “nucleic 
acid primer, “primer molecule”, “primer', and "oligonucle 
otide primer' include short, (for example, between about 16 
and about 50 bases) single-stranded oligonucleotides which, 
upon hybridization with a corresponding template nucleic 
acid molecule, serve as a starting point for synthesis of the 
complementary nucleic acid strand by an appropriate poly 
merase molecule. Primer molecules can be complementary to 
either the sense or the anti-sense Strand of a template nucleic 
acid molecule. A primer can be composed of naturally occur 
ring or synthetic oligonucleotides, or a mixture of the two. If 
the primers in a pair of PCR primers are used in unequal 
concentrations, as is the case in LATE-PCR, primer added at 
a lower concentration is a “Limiting Primer', and primer 
added at a higher concentration is an “Excess Primer.” 
0029. As used herein “amplification target sequence' used 
interchangeably with “target sequence' and “target nucleic 
acid refers to a DNA sequence that provides a template for 
copying by the steps an amplification technique. An amplifi 
cation target sequence can be single-stranded or double 
stranded. If the starting material is RNA, for example mes 
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senger RNA, the DNA amplification target sequence is 
created by reverse transcription of RNA to create comple 
mentary DNA, and the amplification target sequence is a 
cDNA molecule. Thus, in a PCR assay for RNA, a hybridiza 
tion probe signals copying of a cDNA amplification target 
sequence, indirectly signifying the presence of the RNA 
whose reverse transcription produced the cDNA molecules 
containing the amplification target sequence. An amplifica 
tion target sequence typically is bracketed in length by a pair 
of primers used to amplify it. An extension product (or ampli 
con), whether double-stranded or, in non-symmetric PCR, 
single-stranded, is the exponentially amplified amplicon, 
bracketed by the primer pair. 
0030. An amplification target sequence can be a single 
nucleic acid sequence. In some cases an amplification target 
sequence will contain allelic variations or mutations and, 
thus, will not be a single sequence, even though amplified by 
a single primer pair. An assay for an amplification target 
sequence containing variations may use one detection probe 
for all variations, a single allele-discriminating probe for one 
variant, or multiple allele-discriminating probes, one for each 
variant. 
0031. Any suitable primer pair can be used, such as, for 
example, one of more of the following primer pairs: 

H5 
Limiting Primer (reverse complement) 
GGATAGACCAGCTACCATGATTGCC, Tm = 66.8 (H5N1) 

21.5 (H3N2), 30.3 (H1N1), 14.2 (B) 

Excess Primer-RNA 63.2 linear 
GTGGAGTAAAATTGGAATCAATAGG, Tm = 63. 6 (H5N1) 

15. 7 (H3N2) 53.8 (H1N1), 34. 6 (B) 

H1. 
Limiting Primer (reverse complement) 
CACCCGTTTCCTATTTCTTTGGCATTATTC, Tm = 22.5 (H5N1) , 

21. 6 (H3N2), 66.7 (H1N1), 30.2 (B) 

Excess Primer RNA 64.2 linear 
CCATGACTCCAATGTGAAG, Tm = 36.1 (H5N1) 3 O. 1 (H3N2) , 

63.8 (H1N1), 20.3 (B) 

Limiting Primer (reverse complement) 
CAGCACCGTCTGGCCAAGAC, Tm = 69.3 (H5N1), 69.3 (H1N1), 

41. O (H3N2), 5.7 (B) 

Excess Primer RNA 66.3 linear 
GCAATAACTGATTGGTCAGG, TM = 62.9 (H5N1) 

62.7 (H1N1), 29.9 (H3N2), 4 O. 4 (B) 

H3 
Limiting Primer (reverse complement) 
CGTTGTATGACCAGAGATCTATTTTAGTGTCCT, 

Tm = 12.2 (H5N1), 67.9 (H3N2), 4. 6 (H1N1), - O. 6 (B) 

Excess Primer RNA 59.7 linear 
CCATCAGATTGAAAAAGAATTCT, Tm = 29.3 (H5N1) 

62.7 (H3N2), 21.5 (H1N1), 22.2 (B) 

B (HA) 
Limiting Primer (reverse complement) 
CAGGAGGTCTATATTTGGTTCCATTGGC, Tm = 14. 4 (H5N1) 
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- Continued 

21. O (H3N2), 24.8 (H1N1), 67.5 (B) 

Excess Primer, RNA 58.9 linear 
CGGTGGATTAAACAAAAGCA, Tm = 12.1 (H5N1) , 26. O (H3N2), 

20.3 (H1N1), 62. 4 (B) 

B (NA) 
Limiting Primer (reverse complement) 
CCCAATACAGGGGACATCACATTTCTTG, Tm = 10.9 (H5N1) 

16.2 (H1N1), -4. 6 (H3N2), 68.9 (B) 

Excess Primer, RNA 69.7 just linear 
CATGGGCTGACAGTGAT, Tm = 38.7 (H5N1), 43.2 (H1N1), 

42.5 (H3N2), 63.7 (B) 

Limiting Primer (reverse complement) 
GGTGACAGGATTGGTCTTGTCTTTAGC, Tm = 67.3 (H5N1) 

67.3 (H3N2), 67.3 (H1N1), 14. 4 (B) 

Excess Primer 
CTAACCGAGGTCGAAAC, Tm = 62.2 (H5N1), 62.2 (H3N2) , 

62.2 (H1N1), 20.6 (B) 

Limiting Primer (reverse complement) 
GATGCAGCTTTTGCCTTCAACAGAG. Tm = 29.4 (H5N1), 

16. 7 (H1N1), 67.4 (H3N2), 15. 6 (B) 

Excess Primer, RNA 69. 4 just before hairpin 
GGTCCAACCCTAATTCCAA Tm = 13. 6 (H5N1), 22. O (H1N1), 

63.4 (H3N2), 22.7 (B) 

H3 Control 
Limiting Primer (reverse complement) 
CGTTGTATGACCAGAGATCTATTTTAGTGTCCT, 

Tm = 12.2 (H5N1), 67.9 (H3N2), 4. 6 (H1N1), - O. 6 (B) 

Excess Primer 
CCATCAGATTGAAAAAGAATTCT, Tm = 29.3 (H5N1) 

62.7 (H3N2), 21.5 (H1N1), 22.2 (B) 

H5 Delete Region 
Limiting Primer (reverse complement) 
CCTCCCTCTATAAAACCTGCTATAGCTCCAAA, 

Tm = 69.7 (H5N1) 14.3 (H3N2), 20.5 (H1N1), 6.5 (B) 

Excess Primer 
CGACTGGGCTCAGAAA, Tm = 62.9 (H5N1) 17. 4 (H3N2), 

29.3 (H1N1), 17. 4 (B) 

0032. In one embodiment all of the above primer pairs are 
used. 

0033. A target sequence can be present at a starting con 
centration of greater than or equal to approximately 1,000, 
000 copies/sample. In one embodiment, a target sequence is 
present at a concentration of approximately 10 to approxi 
mately 1,000,000 copies/sample. In another embodiment a 
target sequence is present at a concentration of less than 10 
copies/sample, less than 100 copies/sample, less than 1,000 
copies/sample, less than 10,000 copies/sample, less than 100, 
000 copies/sample, less than 500,000 copies/sample, or less 
than 1,000,000 copies/sample. 
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0034. In one embodiment, a target sequence can produce 
an amplicon as provided in FIG. 17. 
0035 An assay includes reagents for an amplification 
reaction, such as those used in LATE-PCR, a symmetric PCR 
amplification, or an isothermal amplification method. For 
example, the assay mixture can include each of the four 
deoxyribonucleotide 5' triphosphates (dNTPs) at equimolar 
concentrations, a thermostable polymerase, a divalent cation, 
and a buffering agent. An assay mixture can include addi 
tional ingredients, such as, for example, a separate reverse 
transcriptase enzyme. Non-natural dNTPs can be used. For 
instance, dUTP can be substituted for dTTP and used at 
three-times the concentration of the other dNTPs due to the 
less efficient incorporation by Taq DNA polymerase. 
0036 An assay also can include reagents that can Suppress 
mispriming. In one embodiment, a reagent capable of Sup 
pressing mispriming is a single-stranded oligonucleotides 
capable of forming a stem-and-loop structure, commonly 
referred to as a “hairpin' structure such as those described in, 
for example, U.S. patent application Ser. No. 1 1/252,506, 
(referred to as an “ELIXIRTM), which is incorporated by 
reference herein. FIG. 3 demonstrates the ability of an 
ELIXIRTM to inhibit Taq polymerase, reducing mispriming 
and increasing generation of target product. FIG. 4 shows the 
ability of an ELIXIRTM to reduce mispriming in a multiplex 
reaction. 
0037. An assay also can include an amplicon correspond 
ing to a primer pair that is capable of suppressing mispriming. 
In one embodiment, one or more copies of an amplicon cor 
responding to a primer pair, where there are less targets 
present than primer pairs, is (referred to herein as "mono 
multiplex”). For example, an assay can have the capacity of 
amplify any one of several different amplicons, but in any 
particular assay it is possible that either none or only a few 
viral target sequences will be present in a sample. Such reac 
tions mono-multiplex reactions can be difficult to construct, 
because they have to Suppress mispriming among the unused 
primers, while still allowing amplification of the correct prod 
uct from any pair of primers. To prevent such mis-priming, it 
can be advantageous to add low copy numbers of synthetic 
amplicons for each primer pair. In one embodiment, approxi 
mately 20 copies of synthetic amplicons per primer pair can 
be included in an assay. FIG.5 demonstrates how inclusion of 
low levels of synthetic amplicons can Suppress mispriming in 
a mono-multiplex reaction. The difference between the 
design of unsuppressed and “internally suppressed mono 
multiplex’ reaction is illustrated in FIG. 5a and the present 
and absence of mis-primed products is illustrated in FIG.5b. 
0038. In another embodiment, reactions that do not con 
tain influenza viral sequences have an internal control that 
rules out false negatives. This internal control can be observed 
at a single wavelength. In one embodiment, the internal con 
trol can be observed at 25°C. and can be generated by ampli 
fication of an internal control target possessing a variant of H3 
flanked by the H3 primers. Detection can be accomplished 
using any Suitable prove, including, for example, a mismatch 
tolerant probe. 
0039 Amplification products can be detected by an end 
point analysis or using a real-time analysis. As used herein, 
the term “real time, with respect to an amplification reaction, 
refers to the method by which the amplification reaction is 
detected. In a "real-time' amplification reaction, accumula 
tion of amplicon or product is measured during the progres 
sion of the reaction, as opposed to solely after the reaction is 
complete, the latter being 'end-point analysis. In one 
embodiment detection is quantitative. 
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0040. The assays can use any suitable means to detect 
amplification, including, but not limited to dyes, such as 
intercalating dyes, DNA binding agents, and probe mol 
ecules. As used interchangeably herein, the terms “nucleic 
acid probe’, "probe molecule', and "oligonucleotide probe' 
and “hybridization probe' include defined nucleic acid 
sequences complementary to a target nucleic acid sequence to 
be detected such that the probe will hybridize to the target. 
Probes can be detectably labeled, such that hybridization of a 
probe to a target sequence can be readily assessed. A "detect 
able label includes moieties that provide a signal that can be 
detected and, in some embodiments, quantified. Such labels 
are well known to those in the art and include chemilumines 
cent, radioactive, metal ion, chemical ligand, fluorescent, or 
colored moieties, or enzymatic groups which, upon incuba 
tion with an appropriate Substrate, provide a chemilumines 
cent, fluorescent, radioactive, electrical, or colorimetric sig 
nal. Methods of detection of such signals are also well known 
in the art. 

0041) Probes can be composed of naturally occurring or 
synthetic oligonucleotides and include labeled primers. Some 
hybridization probes, for example molecular beacon probes, 
emit an increased detectable signal upon hybridizing to their 
complementary sequence without enzymatic action to hydro 
lyze the probes to generate a signal. We refer to Such probes as 
probes that hybridize to their target and “signal upon hybrid 
ization.” Other probes, for example TaqManTM dual fluores 
cently labeled random coil probes are cut, or hydrolyzed, 
during the amplification reaction, and hydrolysis leads to a 
detectable signal change. Probes that rely on hydrolysis as 
part of signal generation are not probes that "signal upon 
hybridization.” 
0042. In one embodiment, an assay uses a “molecular 
beacon probe, which is a single-stranded oligonucleotide, 
typically 25-35 bases-long, in which the bases on the 3' and 5' 
ends are complementary. Molecular beacon probes are dis 
cussed in, for example, U.S. Pat. Nos. 5,925,517, 6,037,130, 
6,103,476, 6,150,097, and 6,461,817, and U.S. Patent Appl. 
Pub. No. 2004/0023269A1, all of which are incorporated by 
reference. A molecular beacon probe can form a hairpinstruc 
ture at temperatures at and below those used to anneal the 
primers to the template (typically below about 60° C.). The 
double-helical stem of the hairpin brings a fluorophore 
attached to one end (often, but not necessarily the '5 end) of a 
probe in proximity to a quencher attached to the other end of 
the probe (typically, but not necessarily, the 3' end). In the 
hairpin configuration, probe fluorescence is quenched. If a 
probe is heated above the temperature needed to melt the 
double stranded stem apart, or a probe is allowed to hybridize 
to a target oligonucleotide that is complementary to a 
sequence within the single-strand loop of a probe, fluoro 
phore and quencher are separated, and the resulting confor 
mation shows increased fluorescence. The strength of a fluo 
rescent signal can increases in proportion to the amount of a 
molecular beacon hybridized to an amplicon. Molecular bea 
cons with different loop sequences can be conjugated to dif 
ferent fluorophores in order to monitor increases in amplicons 
that differ by as little as one base (Tyagi, S. and Kramer, F. R. 
(1996) “Molecular Beacons: Probes That Fluoresce Upon 
Hybridization.” Nat. Biotech. 14:303-308; Tyagi, S. et al., 
(1998) “Multicolor Molecular Beacons for Allele Discrimi 
nation.” Nat. Biotech. 16:49-53; Kostrikis, L. G. et al., (1998) 
“Spectral Genotyping of Human Alleles. Science 279: 1228 
1229). 
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0043 Any suitable fluorophore/quencher pair can be used 
in a molecular beacon probe. In one embodiment, four probes 
are used each with a single fluorophore, wherein the flouro 
phores are texas red, CY3, CY5, and FAM. Any suitable 
quencher can be used, such as, for example, Black HoleTM 
quenchers, dabsyl, and BHQ1. In one embodiment, an assay 
include one or more fluorophore/quencher pair, wherein the 
pair can be any of texas red/dabsyl, CY5/dabsyl, FAM/dab 
syl, CY5/BHQ1, and CT3/dabsyl. In another embodiment, an 
assay uses one or more of the following probes: 

H5 
Texas Red-CGCGACTAGGGAACTCGCTCGCG-Dabsyl, 

Tm = 52.7 (H5N1) 8. O (H3N2), 24.9 (H1N1), 13. O (B) 

H1. 
CY3-CGCGGATTGGCTTTTTACTTTCTCACCGCG-Dabsyl, 

Tm = 7.8 (H5N1) 20.1 (H3N2), 56. 6 (H1N1), 12.7 (B) 

N1 
FAM-GGCGGATGCTGCTCCCACTACCGCC-Dabsyl, 

Tm = 56.3 (H5N1), 56.3 (H1N1), 12.1 (H3N2), 25.8 (B) 

H3 

CY5- CGCTGAAAGCGTTTCTCGAGGTCCTG-BHO1, 

Tm = 9.9 (H5N1), 54.5 (H3N2), 15. 4 (H1N1), 9.1 (B) 

B (HA) 
Beacon Probe 

Texas Red-GCGAGTTTGCATGTTCTCCTGTCTCGC-Dab syl, 

Tm = 19.2 (H5N1), 16.2 (H3N2), 15.3 (H1N1), 52.1 (B) 

Beacon Probe 2 
CY5-GCGAGTTTGCATGTTCTCCTGTCTCGC-Dabsyl, 

Tm = 19.2 (H5N1), 16.2 (H3N2), 15.3 (H1N1), 52.1 (B) 

B (NA) 
Beacon Probe 

Texas Red-GCCGCTCCATTGAAACCATTACGCGGC-Dab syl, 

Tm = 26.3 (H5N1), 27.9 (H1N1), 21.2 (H3N2), 53.1 (B) 

Beacon Probe 2 ( 
CY5- GCCGCTCCATTGAAACCATTACGCGGC-Dabsyl, 

Tm = 26.3 (H5N1), 27.9 (H1N1), 21.2 (H3N2), 53.1 (B) 

M 
CY3- GCGCTATAGAGAGAACAGCGC-Dabsyl, Tm = 33.8 

(H5N1) 33.8 (H3N2), 33.8 (H1N1), 9.6 (B) 

N2 

FAM-GGCCGCCTATTACCTCTCGGCC-Dab syl, 

Tm = 3 O. O. (H5N1), 27.7 (H1N1), 38.9 (H3N2), 2 O. 6 (B) 

H3 Control 
CY5- CGCTGAAAGCGTTTCTCGAGGTCCTG-BHO1, 

Tm = 32.9 vs. modified amplicon sequence 

CAGGAACTCTAGAAA 

H5 Delete Region 
Fluor-stemTCCTCTCTTTTTTCTTCTTCTCTstem-Dabsyl, 

Tm = 58.9 (H5N1), -3.8 (H3N2), 2 O. 4 (H1N1), 13. 4 (B) 

0044. In another embodiment, all of the above molecular 
beacon probes are used in an assay. In a further embodiment, 
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an assay can include nine sequence-specific molecular bea 
cons that are capable of detecting seven influenza virus tar 
gets. In a further embodiment, three molecular beacons 
probes, each detectable at a different wavelength, can form a 
probe-target hybrid at T45° C. and two additional molecular 
beacon probes, each detectable at a different single wave 
length, can form a probe-target hybrid at T., 30° C. Further, 
two additional molecular beacon probes, each detectable a 
two different wavelengths, can form a probe-target hybrid at 
T, 45°C. An additional mis-match tolerant probe can also be 
used to detect one of the viral targets at 40°C. and a variant of 
that sequence present in an internal control at 25°C. 
0045. In one embodiment, an assays can use a “Low-T 
Probe.” A Low-T Probe is discussed in U.S. patent applica 
tion Ser. No. 10/320,893 and refers to a labeled hybridization 
probe that signals upon hybridization to its target, which in a 
LATE-PCR is the Excess Primer-Strand generated by exten 
sion of the Excess Primer, and that has a T. (of at least 5° C. 
below or at least 10° C. below the Tro of the primer that 
hybridizes to and extends along the Excess Primer-Strand, 
which in a LATE-PCR is the Limiting Primer. FIG. 7 shows 
an embodiment of a Low-T Probe detection approach. 
0046) As shown in FIG. 8, Low-T Probes can be more 
specific overa wider temperature range and can display lower 
backgrounds. Low-T Probes also show less amplification at 
higher concentrations than High-T Probes. 
0047. In another embodiment, an assay can use a “Super 
Low-T Probe.” This probe also is discussed in U.S. patent 
application Ser. No. 10/320,893. 
0048. An assay can include more than one probe. In one 
embodiment, multiple molecular beacon probes are used. In 
another embodiment, the probes are capable of forming 
probe-target hybrids are more than one temperature. In a 
further embodiment, multiple probes can be used, where a 
first probe forms a probe-target hybrid at a first temperature 
and a second probe forms a probe-target hybrid at a second 
temperature. In one embodiment, five molecular beacon 
probes can form a probe-target hybrid at a temperature of 
greater than 45° C. and can be detected at 40° C. and two 
molecular beacon probes can form a probe-target hybrid at 
30° C. and can be detected at 25°C. 
0049 Anassay can also include mismatch tolerant probes, 
Such as, for example, fluorescent probes. In one embodiment, 
an assay uses a mismatch tolerant probes. An assay also can 
detect probe-target hybrids as a sample is cooled after PCR 
amplification (“anneal down”). This approach can be used in 
end-point fluorescence detection. This anneal-down 
approach can be more sensitive and provide better resolution 
than cooling first and then reading during warm-up (melt-up), 
because the read-during-cooling approach can minimize for 
mation of hairpin structures in a target sequence. FIG. 9 
compares resolution of single nucleotide polymorphism in 
heterozygous CC, heterozygous CT, and homozygous TT 
using an anneal down protocol (left) and a melt-up protocol 
(right). In one embodiment, the temperature of an assay reac 
tion is changed from less than 95°C. to less than 65° C. than 
45° C., to less than 25°C. 
0050. An influenza viral assay (or an assay of any RNA 
virus) can involve reverse transcription (RT) as a first step of 
a detection reaction. During reverse transcription RNA 
sequences are converted to complementary DNA (cDNA), 
providing a cDNA template for PCR amplification. 
0051. An approach to RT-PCR is the use of a “One-Step 
RT-PCR system.” In a system of this type, reagents for both 
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RT and PCR can be added to a sample in a single mixture and 
the reaction tube can be sealed and placed in a thermocycler. 
The RT and PCR enzyme-catalyzed reactions are carried out 
sequentially in the thermocycler, taking advantage of the 
different thermostabilities of the enzymes involved (typically, 
a reverse transcriptase and a thermostable DNA polymerase) 
and by setting an appropriate thermal profile. An initial incu 
bation at non-denaturing temperature allows RT to occur first. 
The temperature then can be raised to initiate PCR; at this 
temperature, the reverse transcriptase can be inactivated, but 
the DNA polymerase is not. When a “hot start” is used, DNA 
polymerase is kept inactive during the RT step by interaction 
with a specific antibody. When the temperature is elevated, 
the antibody can be denatured and the DNA polymerase acti 
vated. In one embodiment, a multi-functional enzyme, having 
both a RTase activity and a DNA polymerase activity, can be 
used. In a further embodiment, a multi-functional enzyme 
having RTase activity, DNA polymerase activity, and exonu 
clease activity can be used, where the exonuclease activity 
can cleave double-stranded DNA in TaqMan-type detection 
method. 
0052. The temperature and duration of RT and PCR steps 
can be readily determined by one of skill in the art. In one 
embodiment, an RT step can be performed for from less than 
2 minutes to more than 60 minutes at a temperature of from 
approximately 50-60° C. and a DNA-polymerase step can be 
performed as a thermocycle at approximately 95°C. for sev 
eral cycles as discussed elsewhere. 
0053 An assay can be performed using any suitable 
device. Such as a thermal cycler. In one embodiment, an assay 
is performed using a portable device, a man-portable device, 
or a handheld device. Such as, for example, a Bioseeq II. In 
another embodiment, an assay is performed using a bench-top 
device, including, for example, an ABI Prism 7700 Sequence 
Detector (Applied Biosystems, Inc., CA) machine, a Cepheid 
Smart Cycler, and a Primus PCR thermocycle. 
0054 Anassay can be performed inless than or equal to 30 
minutes, less than or equal to 20 minutes, less than or equal to 
15 minutes, or less than or equal to 10 minutes. 
0055 Assay reagents can be provided as a kit or a con 
Sumable. The reagents can be Supplied as a lyophilized prepa 
ration. Each reagent can be supplied separately or as a mix 
ture of one or more reagents. Reagents also can be supplied on 
a Substrate. Such as a bead. Alyophilized reagent can be stable 
for more than one year. 
0056. An assay can yield single-stranded products for fur 
ther use, for example as starting material for DNA sequencing 
or as probes in other reactions, or can be used in other assays. 
In one embodiment, single stranded DNA produced by an 
assay (assay product) can be sequenced using any Suitable 
sequencing method. Such as, for example, the dideoxy 
method or pyrosequencing (Salk et al. (2006) Anal. Biochem. 
353:124, incorporated by reference) by diluting a fraction of 
the assay reaction products into a sequencing reaction mix 
ture. Assay product can be diluted by approximately 1:10, 
approximately 1:20, approximately 1:50, approximately 
1:100, or approximately 1:200 or more for use in a sequenc 
ing reaction. FIG. 6 shows a LATE-PCR multiplex reaction, 
in which one sample is split into five aliquots each spiked with 
a different sequencing primer, and sequenced. 
0057. An assay can distinguish Influenza Type B and Type 
A virus. In one embodiment, an assay distinguishes Influenza 
Type B and Type A virus on the basis of sequences in the HA 
and NA genes. Within the Type A viruses an assay can dis 
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tinguish between subtypes H5 (with or without N1 or N2), H1 
(with or without N1 or N2), and H3 (with or without N1 or 
N2). In one embodiment, an N1 target sequence used is con 
served for the H5 and H1 subtypes and can be useful for 
detecting H5N1 and H1N1. In another embodiment, H3N1 
can be determined and Such a determination can indicate viral 
reassortment. The N2 target sequence used is characteristic of 
the H3N2 subtype, thus, detection of H5N2 or H1N2 can 
indicate viral reassortment. FIGS. 12-14 shows clustal com 
parisons of influenza virus M, HA, and NA proteins for virus 
H1N1, H5N1, H3N2, and B. Such analysis is useful in inter 
preting data obtained from an assay and from Subsequent 
sequencing of assay products. Using information obtaining 
from an assay, it is possible to monitor mutations in a known 
virus strain, which allows for detection of and prediction of 
changes in virulence and infectivity. 
0058 An exemplary avian influenza assay and possible 
results of this exemplary assay are provided in Table I and 
FIG. 15. FIG. 16 shows a schematic of an embodiment of an 
assay and FIG. 17 provides primer, probe sequences, and 
amplicon sequences that can be used in an embodiment of an 
influenza virus assay. In one embodiment, an assay include all 
of the primers and probes of FIG. 17 in a mono-multiplex 
assay. The features of such a mono-multiplex are summarized 
in Table I and the 15 possible outcomes of the reaction are 
illustrated 16. 

TABLE I 

Position Amplicon Target Probe 
Tm Primers Sequence Type Color(s) Melting 

1 HS HS M. Red 
45 C. Beacon 

2 H1 H1 M. Yellow 
45 C. Beacon 

3 N1 N1 M. Green 
45 C. Beacon 

4 H3 H3 EXO-R Blue 
45 C. 

6 Type AM gene M gene M. Yellow 
3O C. Beacon 

7 N2 N2 M. Green 
3O C. Beacon 

4f S Type B HA Type B HA M. Blue 
only 45 C. only Beacon 
Type B HA Type B HA M. Red 
only 45 C. only Beacon 

4f S Type B NA Type B NA M Blue 
only 45 C. only Beacon 
Type B NA Type B NA M. Red 
only 45 C. only Beacon 

4f S Type B HA+ Type B HA + M Blue + 
NA45 C. NA Beacon Blue 
Type B HA+ Type B HA + M. Red + 
NA45 C. NA Beacon Red 

8 H3 int. control mis-matched EXO-R Blue 
3O C. H3 
H5 int. control no matches no probe 
H1 int. control no matches no probe 
N1 int. control no matches no probe 
N2 int. control no matches no probe 
Mint. control no matches no probe 
Type B HA i.c. no matches no probe 
Type BNA i.c. no matches no probe 

0059. The exemplary assay described in this table con 
tains: 

0060) 8 pairs of primers 
0061 3 Molecular Beacons with 45° C. 
0062 2 Molecular Beacons with 30° C. 
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0063. 2 pairs of Molecular Beacons both at 45° C. 
0064 Total=9 Molecular Beacons 
0065. 1 mismatch-tolerant prove 
0066. 1 detectable internal control 
0067 7 undetected internal controls 

Example 1 

0068 Starting with samples of purified RNA, the HA 
RNA (1770 nucleotides long) and the NA RNA (1400 nucle 
otides long) are both be reverse transcribed in toto using 
random hexamers in a highly efficient two step RT-procedure. 
Each reaction also contains low levels of an M-Gene control 
DNA. The resulting control and cDNA molecules are ampli 
fied in two parallel multiplex LATE-PCR assays that each 
generate six amplicons. The presence of Eurasian H5N1 
strain in a sample is established by probing for M, N1 and two 
different H5 sequences that are likely to be crucial for human 
to-human transmission and for virulence. Reactions that do 
not generate either signal for H5 Eurasian will nevertheless 
produce a control DNA signal, proving that they are not false 
negatives. Reactions that do signal the presence of the H5 
Eurasian strain from either of two independent probes (one in 
Multiplex A and one in Multiplex B) also generates a strong 
M-gene signal in both Multiplex A and Multiplex B. How 
ever, some samples may generate a signal for an M protein 
and only one of two possible HA signals. This is regarded as 
an indication of viral evolution. All samples that generate 
either one or two HA signals, oran N1 signal plus an M-gene 
signal are immediately be processed further for analysis. The 
amplicons for the all portions of HA and NA already are 
present in the LATE-PCR multiplex reactions. All 10 HA and 
NA amplicons are 300-500 by in length and are processed for 
parallel pyrosequencing sequencing. 

Example 2 

0069. This example is directed to an RT-LATE-PCR assay 
for the quantification of Oct4-specific sequences in embry 
onic mouse cells. Oct4 is a gene expressed in totipotent and 
pluripotent cells and, therefore, preimplantation embryos 
contain considerable levels of Oct4 RNA. In addition, each 
cell contains two copies of the Oct4 gene (Oct4 genomic 
DNA). In the experiments presented in this example, Oct4 
RNA and DNA are co-purified and co-quantified, according 
to a method previously published by this laboratory (Hart 
shorn C, Anshelevich A. Wangh L. J. Rapid, single-tube 
method for quantitative preparation and analysis of RNA and 
DNA in samples as small as one cell. BMC Biotechnol 2005; 
5:2). Briefly, single embryos at the 8-cell stage are transferred 
to tiny droplets of dry lysing reagents placed on the lid of PCR 
tubes. After cell lysis, which occurs very rapidly, the tube is 
placed on the lid and inverted. One-step RT-PCR is performed 
by adding the reagents in the same tube already containing the 
lysed sample. Thus, both RNA and DNA are present in each 
sample. LATE-PCR primers are designed within an exon, 
also according to our published Strategy, so that amplicons 
generated by Oct4 cDNA molecules and Oct4 genomic DNA 
molecules are identical and detected by the same fluorescent 
probe, a sequence-specific molecular beacon conjugated to 
the TET fluorescent dye. The final volume of these assays is 
50 ul, according to the instruction of the One-Step RT-PCR 
kit, but the volume can be decreased to 25ul. 
0070. The RT-LATE-PCR reaction is carried out in an ABI 
Prism 7700 Sequence Detector (Applied Biosystems, CA) 
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and quantification of “total DNA (cDNA+genomic DNA) 
copy numbers for each sample is achieved by comparison 
with standard Scales prepared with serial dilutions of com 
mercially available genomic DNA. (Because the Oct4 prim 
ers are designed to amplify equally cDNA and genomic DNA, 
standard scales of genomic DNA are amplified exactly with 
the same efficiency as unknown cDNA samples, ensuring 
accurate quantification.) The total number of Oct4 templates 
in each 8-cell embryo includes 16 copies of genomic DNA 
(two copies of the gene per cell, one on each chromosome 17) 
while all the other copies are due to the presence of cDNA 
and, thus, reflect the Oct4 RNA content of the embryo. 
(0071. Several One-Step RT-PCR kits are tested using this 
assay and the efficiencies for Oct4 RNA quantification are 
compared. FIG. 10 shows the effect of temperature on Super 
Script III reverse transcriptase (Invitrogen). 
0072 The blue and orange bars in the figure are compa 
rable to the light blue"No RT bar, indicating that under these 
temperature conditions RT does not take place and only 
genomic Oct4 DNA is amplified in the samples (16 copies per 
embryo, as expected). At 55° C. (green bar), however, RT 
occurs and cDNA is efficiently generated. Considering that 
the reverse transcriptase used for these experiments is active 
in the 42-60° C. range, this narrow window of activity is 
unexpected. To clarify this point, the thermodynamics of the 
Octa primers during RT is analyzed and compared to their 
behavior during PCR. 
0073 Visual OMP 5.0 software (VOMP) is used for this 
analysis and the results are summarized in FIG. 11. The two 
primers used for a LATE-PCR assay (limiting primer, LP, and 
excess primer, XP) have different TS and concentrations. In 
the Oct4 RT-LATE-PCR assay the most abundant primer 
(XP) is also the RT primer, being antisense to Oct4 RNA. As 
shown in FIG. 11, the effective T of this primer calculated in 
the presence of double-stranded DNA during the PCR anneal 
ing step (at 55°C.) is of 66°C., very close to the calculated T. 
of 67°C. The effective T of this same primer, however, drops 
dramatically to 53° C. in the presence of single-stranded 
RNA, even if the temperature of RT is also set at 55° C. This 
change results in a much lower percent of primer hybridized 
during RT than during the PCR annealing step, although the 
temperature is the same during the two steps. Although only 
50% of the available primer is hybridized to target at 55°C., 
the primer was present at high concentration (2 uM) which 
allowed efficient RT. Additional VOMP analyses show that 
Octá XP's effective T, during RT does not change in the 
50-60° C. range, which explains why increasing RT tempera 
ture in this case led to RT failure (much less primer was bound 
to target at 60°C. than at 55° C. and, contrary to the manu 
facturer's indications, the RTase was completely denatured 
after the initial 10 minutes at 60°C., see next section). On the 
other hand, the failure of RT attemperature lower than 55° C. 
(when, based solely on T, more primer should be hybrid 
ized) is probably due to increased levels of secondary struc 
ture of the target RNA interfering with the ability of the 
reverse transcriptase to progress along the template Strand. 
0074 These results indicate that primers designed for 
PCR or LATE-PCR also should be analyzed in terms of their 
thermodynamic modification of a primer's design so that its 
T can meet the necessary requirements during both RT and 
PCR. In cases where this is not possible due to restraints 
intrinsic to the sequence, a third primer—designed to hybrid 
ize only during the RT step—could be added to the one-step 
mixture. In addition, the characteristics of LATE-PCR are 
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advantageous to promote RT priming in a one-step assay. In 
fact, by designating the XP to be also the RT primer we are 
able to use higher RT primer concentrations than those used 
understandard conditions in RT-PCR assays. 

Example 3 

0075. This example demonstrates optimization of RT 
reaction parameters. 
(0076 Satisfactory RT results are obtained for two differ 
ent genes shortening the RT step from 30 to 5 minutes, 
although a slight loss of sensitivity is observed. Further reduc 
ing RT to 2 or 3 minutes still yields acceptable results. The 
reverse transcriptase used was SensiScript by Qiagen. (Raja 
et al., 2002. Temperature-controlled Primer Limit for Multi 
plexing of Rapid, Quantitative Reverse Transcription-PCR 
Assays: Application to Intraoperative Cancer Diagnostics. 
Clinical Chemistry 48:8, 1329-1337.) 
(0077 RT also performed with SuperScript II (Invitrogen) 
for 5 minutes. (Raja et al., 2005. Technology for Automated, 
Rapid, and Quantitative PCR or Reverse Transcription-PCR 
Clinical Testing. Clinical Chemistry 51:5, 882-890. 
0078 RT is successfully carried out for just 1 minute with 
either MMLV (Moloney Murine Leukemia Virus RT) or 
SuperScript III. (Stanley and Szewczuk, 2005. Multiplexed 
tandem PCR: gene profiling from small amounts of RNA 
using SYBR Green detection. Nucleic Acids Research 33:20, 
e180.) 
(0079 Based on the above studies, a One-Step RT-PCR 
assay for detection of avian flu is designed that will encom 
pass a RT step of no more than 5 minutes and as low as 1 
minute. In doing so, we are aware that the optimal length of 
the RT reaction depends on several factors, including, but not 
limited to, efficient primer binding (see Example 2). The 
intrinsic thermostability of the RT enzyme also comes into 
play when choosing the temperature for RT. because the 
half-life of any enzyme sharply decreases at increasing tem 
peratures, although some enzymes are more stable than oth 
CS. 

0080 A clear example is provided by the following table 
posted on the web by the manufacturer Invitrogen 

Summary of RT Half Lives at 50, 55, and 60° C. 
0081 

SuperScript TM SuperScript TM 
Temperature IIRT (min) III RT (min) 

50° C. 6.1 220 
55o C. 2.2 24 
60° C. ND 2.5 

I0082 From this table it follows that, when working with 
SuperScript III at 60° C. or with SuperScript II at 55° C., the 
optimal RT step duration is no more than 5 minutes in any 
case, independently from the primer Ts, because the enzyme 
is completely denatured in this period of time. 
I0083 Newer RTases with broader thermostability ranges 
are commercially available. For example, StrataScript 5.0 
from Stratatgene, has a half-life of 35 minutes at 55°C. There 
is also a number of polymerases commercialized by Roche 
and derived from thermophilic bacteria, which have both 
RTase and DNA polymerase activity. 
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0084. We note that it is important to designing gene-spe 
cific RT primers with Ts precisely calculated for optimal 
hybridization to target at a temperature elevated enough to 
minimize the secondary structure of single-stranded, GC-rich 
RNA molecules such as those present in viral genomes, but at 
the same time allowing a sufficient half-life of the chosen 
enzyme. The importance and the Subtleties of this approach 
are not widely recognized, as shown by the Suggestion: 
“Primers for real-time RT-PCR should be designed according 
to standard PCR guidelines” (Platinum Quantitative RT-PCR 
ThermoScript One-Step System instruction sheet, included 
with product purchased in 2006). 

Example 4 

0085. This example demonstrates the use of a Smiths 
Detection Bio-Seeq II instrument as a portable, point-of-care 
assay device. The Bio-Seed II used in this example is com 
prised of four independently operating thermal cycling units, 
each encasing along thin-walled sample tubehaving a sample 
volume of 25ul. The primers and probes provided in FIG. 17 
are used. Each sample is viewed using four-color fluores 
cence optics for dyes that emit at 520 nm, 580 nm, 625 nm, 
680 nm. All colors can be viewed simultaneously without 
moving parts, a feature of the BioSeeq that reduces sampling 
time and lowers the risk of mechanical failure. To make full 
use of the broad detection temperature range available in 
LATE-PCR each unit can ramp up at 10° C.7sec between 
25-95°C., and is actively cooledata rate of at least 2.5°C./sec 
between 95-25°C. The tolerance for thermal variance at any 
chosen hold temperature is +1°C. The unit is AC or battery 
powered. 
I0086 Each of the LATE-PCR mono-multiplex assays 
described below is designed to detect and distinguish any one 
of 15 possible outcomes in a single closed-tube. See FIGS. 15 
and 16. These assays are easy to use “in the field' and provide 
rapid definitive yes/no answers as to the absence or presence 
of Influenza Virus sub-types H1N1, H3N2, Band H5N1. The 
assays also detect the presence of a Type B virus, or Type A 
influenza virus of unknown sub-type and include internal 
controls to rule out false negatives. 
0087. Each mono-multiplex reaction includes internal 
control target sequences, as shown in FIG. 17, at low copy 
number (approximately 20) to insure that all primer pairs are 
engaged in amplifying either a viral target sequence or an 
internal control. Accordingly, the reaction described below 
utilizes eight pairs of primers and eight internal controls. 
0088. Each mono-multiplex reaction is read at end-point 
by dropping the temperature to 40°C. and then to 25°C. Nine 
sequence-specific molecular beacons are used in this reaction 
to detect 7 of the possible viral targets. Three molecular 
beacons, each of a single color, form probe-target hybrids at 
Tm 45°C. Two additional molecular beacons, each of a single 
color, form probe-target hybrids at Tm 30°C. Two additional 
molecular beacons, each with two colors, form probe-target 
hybrids at Tm 45° C. 
0089. One mis-match tolerant probe is used to detect one 
of the viral targets at 40° C. and a variant of that sequence 
present in an internal control at 25°C. Seven of eight internal 
controls go undetected because they possess no targets for 
any probe. 
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0090. Each mono-multiplex reaction is designed to distin 
guish Influenza Type B and Type A viruses on the basis of 
sequences in the HA and NA genes. Within the Type A viruses 
the reaction distinguishes between subtypes H5 (with or with 
out N1 or N2), H1 (with or without N1 or N2), and H3 (with 
or without N1 or N2). The N1 target sequence used is con 
served for the H5 and H1 subtypes and therefore is useful for 
detecting H5N1 and H1N1. Detection of H3N1 would indi 
cate viral reassortment. The N2 target sequence used is char 
acteristic of the H3N2 subtype. Therefore detection of H5N2 
or H1N2 would indicate viral reassortment. The mono-mul 

tiplex reaction described here is a one-step RT-LATE-PCR 
reaction. The chemical features of this one-step process are 
described elsewhere. 

0091. One assay provides a reliable means of detecting the 
Eurasian subtype of H5. Specimens that test positive for H5 
Eurasian in the field are be sent to an analytical laboratory for 
complete multiplex analysis and sequencing. 
0092. In a second assay, the H5 amplicon produced in the 
field includes the region of the RNA known to code for high 
pathogenicity of the Eurasian Sub-type. This region is less 
conserved, but very important. Under these circumstances the 
tube that tests positive in the field for Eurasian H5 is sent to 
the laboratory for immediate sequencing of the H5 amplicon. 
There is no need to transport the specimen itself or additional 
amplification 
0093. The next step involves in-depth laboratory analysis 
of influenza genes using LATE-PCR multiplexing and 
nucleic acid sequencing. Starting with samples of purified 
RNA, the HARNA (1770 nucleotides long) and the NARNA 
(1400 nucleotides long) are both be reverse transcribed intoto 
using random hexamers in a highly efficient two step RT 
procedure. Each reaction also contains low levels of the same 
M-Gene control DNA describes for the BioSeeq POC assays 
above. The resulting control and cDNA molecules are ampli 
fied in two parallel multiplex LATE-PCR assays that each 
generate six amplicons (FIG. 15). 
0094. The possible presence of Eurasian H5N1 strain in a 
sample will be established by probing for M, N1 and two 
different H5 sequences which are likely to be crucial for 
human-to-human transmission and for virulence. Reactions 
that do not generate either signal for H5 Eurasian still produce 
a Control DNA signal, proving that they are not false nega 
tives. Reactions that do signal the presence of the H5 Eurasian 
strain from either of two independent probes (one in Multi 
plex A and one in Multiplex B) also generate a strong M-gene 
signal in both Multiplex A and Multiplex B. However, some 
samples may generate a signal for the Matrix protein and only 
one of the two possible HA signals. This is regarded as an 
indication of viral evolution. All samples that generate either 
one or two HA signals, oran N1 signal plus an M-gene signal 
will immediately be processed further for analysis. Ampli 
cons for the all portions of HA and NA are already be present 
in the LATE-PCR multiplex reactions. All 10 HA and NA 
amplicons are 300-500 by in length and are processed for 
parallel pyrosequenceing as described above. 
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< 16 Os 

SEQUENCE LISTING 

NUMBER OF SEO ID NOS: 59 

SEQ ID NO 1 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 1 

ggatagacca gctaccatga ttgcc 

SEQ ID NO 2 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 2 

gtggagtaaa attggaatca at agg 

SEQ ID NO 3 
LENGTH: 30 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 3 

caccc.gtttic ctatttctitt ggcattatt c 

SEQ ID NO 4 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 4 

c catgactico aatgtgaag 

SEO ID NO 5 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 5 

Cagc accgtc. tccalagac 

SEQ ID NO 6 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 

Synthetic 

25 

Synthetic 

25 

Synthetic 

3 O 

Synthetic 

19 

Synthetic 

Synthetic 
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- Continued 

primer 

SEQUENCE: 6 

gcaataactg attggt cagg 

SEO ID NO 7 
LENGTH: 33 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 7 

cgttgtatga ccagagat ct attittagtgt cct 

SEQ ID NO 8 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 8 

c catcagatt gaaaaagaat t ct 

SEO ID NO 9 
LENGTH: 28 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 9 

Caggaggit ct at atttggitt C cattggc 

SEQ ID NO 10 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 1.O 

cggtggatta aacaaaag.ca 

SEQ ID NO 11 
LENGTH: 28 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 11 

cc caatacag giggacat cac atttcttg 

SEQ ID NO 12 
LENGTH: 17 
TYPE: DNA 

ORGANISM: Artificial Sequence 

2O 

Synthetic 

33 

Synthetic 

23 

Synthetic 

28 

Synthetic 

Synthetic 

28 
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- Continued 

FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 12 

Catgggctga cagtgat 

SEQ ID NO 13 
LENGTH: 27 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 13 

ggtgacagga ttggtcttgt Ctttagc 

SEQ ID NO 14 
LENGTH: 17 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 14 

Cta accgagg togaaac 

SEO ID NO 15 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 15 

gatgcagctt ttgcct tcaa cagag 

SEQ ID NO 16 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 16 

ggtcca accc taattic caa 

SEO ID NO 17 
LENGTH: 32 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 17 

cctic cct cita taaaacct gc tatagcticca aa 

SEQ ID NO 18 
LENGTH: 16 

Synthetic 

17 

Synthetic 

27 

Synthetic 

17 

Synthetic 

25 

Synthetic 

19 

Synthetic 

32 
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- Continued 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 18 

cgactgggct Cagaaa 

<210s, SEQ ID NO 19 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
probe 

<4 OOs, SEQUENCE: 19 

cgcgactagg galacticgctic gcg 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
probe 

< 4 OO > SEQUENCE: 2O 

cgcggattgg cittitt tact t t ct caccgcg 

<210s, SEQ ID NO 21 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
probe 

<4 OOs, SEQUENCE: 21 

ggcggatgct gct cocacta cc.gc.c 

<210s, SEQ ID NO 22 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
probe 

<4 OOs, SEQUENCE: 22 

cgctgaaagc gtttct cag gtc.ctg 

<210s, SEQ ID NO 23 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
probe 

<4 OOs, SEQUENCE: 23 

gcdagtttgc atgttct c ct gtc.tc.gc 

Synthetic 

16 

Synthetic 

23 

Synthetic 

3 O 

Synthetic 

25 

Synthetic 

26 

Synthetic 

27 
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- Continued 

SEQ ID NO 24 
LENGTH: 27 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
probe 

SEQUENCE: 24 

gcc.gct coat taalaccatt acgcggc 

SEO ID NO 25 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
probe 

SEQUENCE: 25 

gcgctataga gagaac agcg C 

SEQ ID NO 26 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
probe 

SEQUENCE: 26 

ggcc.gc.ct at tacct citcgg cc 

SEO ID NO 27 
LENGTH: 15 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 27 

Caggaact ct agaaa 

SEQ ID NO 28 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
probe 

SEQUENCE: 28 

toototottt titt cittct to tot 

< 4 OOs 

SEQ ID NO 29 
LENGTH: 989 
TYPE: DNA 
ORGANISM: Influenza virus 

SEQUENCE: 29 

Synthetic 

27 

Synthetic 

21 

Synthetic 

22 

Synthetic 

15 

Synthetic 

23 

tagatattga aagatgagcc ttcta accoa ggit cqaaacg tatgttct ct citat cqttcc 6 O 

at Caggcc cc ct caaag.ccg aaatcgc.gca gagacittgaa gatgtctttg Ctgggaaaaa 12 O 
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22 

- Continued 

acagcaaaaa gaccctttgt caaattaaac gtggagactg atacagcaga aataagattg 96.O 

atgtgcacag agacittattt gga caccc.cc agaccagatg atggaag cat aac agggcct O2O 

tgtgaatcta atggggacaa agggagtgga ggcatcaagg gaggatttgt C catcaaaga O8O 

atggcatcca agattggaag gtggtact ct caacgatgt Ctaaaactala aaggatgggg 14 O 

atggggctgt atgtcaagta tatggagac C catgggctg acagtgatgc ccttgcttitt 2OO 

agtggagtaa tigtttcaat ggaagaacct ggttggtact cct ttggctt Caaataaaa 26 O 

gacaagaaat gtgatgtc.cc ctgtattggg atagagatgg tacatgatgg toggaaaagag 32O 

acttgg cact cagcagctac agc catttac ttittaatgg gct caggaca gctgctgtgg 38O 

gacactgtca caggtgttaa tatggctctg. taatggagga atggttgagt ctgttctaaa 44 O 

c cctttgttc ctattttgtt toga 463 

<210s, SEQ ID NO 41 
&211s LENGTH: 101 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 41 

gtggagtaaa attggaatca ataggaattt accaaatact gtcaattitat tctacagtgg 6 O 

cgagttcc ct agcactggca at catggtag Ctggit ct atc C 1O1 

<210s, SEQ ID NO 42 
&211s LENGTH: 88 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 42 

gtggagtaaa attggaatca ataggaattt accaaatact gtcaattitat tctacagtgc 6 O 

actggcaatc atggtagctg gtctatcc 88 

<210s, SEQ ID NO 43 
&211s LENGTH: 81 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 43 

c catgactico aatgtgaaga atctg tatga gaaagtaaaa agccaattaa agaataatgc 6 O 

caaagaaata ggaaacgggt g 81 

<210s, SEQ ID NO 44 
&211s LENGTH: 61 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

SEQUENCE: 44 
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- Continued 

c catgactico aatgtgaaga atctgtataa agaataatgc caaagaaata ggaaacgggt 6 O 

9 61 

<210s, SEQ ID NO 45 
&211s LENGTH: 2O2 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 45 

gcaataactg attggt cagg atataggggg agttttgtcc agcatccaga actgacagga 6 O 

Ctagattgca taalgaccttgtttctgggitt gagttgatca gagggcggcc caaagagagc 12 O 

acaatttgga ctagtgggag cagcatat ct ttttgttggtg taaat agtga cactgtgggt 18O 

tggit CttggC Cagacggtgc tig 2O2 

<210s, SEQ ID NO 46 
&211s LENGTH: 1.87 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

< 4 OO > SEQUENCE: 46 

gcaataactg attggt cagg atataggggg agttttgtcc agcatccaga actgacagga 6 O 

Ctagattgca taalgaccttgtttctgggitt gagttgatca gagggcggcc caaagagagc 12 O 

acaatttgga Catcttitttgttgttgtaaat agtgacactg tdggttggit C ttggc.ca.gac 18O 

ggtgctg 187 

<210s, SEQ ID NO 47 
&211s LENGTH: 98 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 47 

c cat Cagatt gaaaaagaat it ct cagaagt agaagggaga attcaggacc ticgagaaata 6 O 

tgttgaggac actaaaatag atctotggtc. atacaacg 98 

<210s, SEQ ID NO 48 
&211s LENGTH: 83 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 48 

c cat Cagatt gaaaaagaat it ct cagaagt agaagggaga atttatgttg aggacactaa 6 O 

aatagat citc tdgtoataca acg 83 

<210s, SEQ ID NO 49 
&211s LENGTH: 122 
&212s. TYPE: DNA 
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- Continued 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 49 

cggtggatta aacaaaag.ca agcct tact a cacaggggaa catgcaaagg C cataggaaa 6 O 

ttgcc.caata tdggtgaaaa caccc.ttgaa gotggccaat ggaac caaat atagacct c c 12 O 

tg 122 

<210s, SEQ ID NO 50 
&211s LENGTH: 105 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 50 

cggtggatta aacaaaag.ca agcct tacta C9gcc at agg aaattgcc.ca atatgggtga 6 O 

aaac accctt gaagctggcc aatggaacca aatatagacic ticcitg 105 

<210s, SEQ ID NO 51 
&211s LENGTH: 119 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 51 

Catgggctga cagtgatgcc Cttgcttitta gtggagtaat ggtttcaatig gaagaac Ctg 6 O 

gttgg tactic Ctttggct tc gaaataaaag acaagaaatg tatgtc.ccc titattggg 119 

<210s, SEQ ID NO 52 
&211s LENGTH: 102 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 52 

Catgggctga cagtgatgcc Cttgcttitta gtggaagaac Ctggttggta CtcCtttggc 6 O 

titcgaaataa aagacaagaa atgtgatgtc. ccctgtattggg 1O2 

<210s, SEQ ID NO 53 
&211s LENGTH: 152 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 53 

ctaaccagg togaaacgta cqttct ct ct atcatc.ccgt caggcc.ccct caaag.ccgag 6 O 

atcgc.gcaga aacttgaaga tigt ctittgca ggaaagaaca cc.gatctica ggctctgatg 12 O 

gagtggctaa agacaagacic aatcCt9tica CC 152 
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<210s, SEQ ID NO 54 
&211s LENGTH: 141 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 54 

Ctalaccgagg togaaacgta C catc.ccgt.c aggcc.ccctic aaa.gc.cgaga t cqcgcagaa 6 O 

acttgaagat gtctttgcag gaaagaacac Catct cag gct ct catgg agtggctaaa 12 O 

gacaagacca atcctgtcac c 141 

<210s, SEQ ID NO 55 
&211s LENGTH: 107 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OO > SEQUENCE: 55 

ggtcca accc taattic caaa ttgcagataa at aggcaagt catagttgac agagg taata 6 O 

ggtc.cggitta ttctgg tatt ttct ctgttg aaggcaaaag Ctgcatc 1. Of 

<210 SEQ ID NO 56 
&211s LENGTH: 87 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 56 

ggtcca accc taattic caaa ttgcagataa at aggcaagt catagittitta ttctgg tatt 6 O 

ttct ctdttg aaggcaaaag ctgcatc 87 

<210s, SEQ ID NO 57 
&211s LENGTH: 98 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OO > SEQUENCE: 57 

c cat Cagatt gaaaaagaat it ct cagaagt agaagggaga attcaggaac totagaaata 6 O 

tgttgaggac actaaaatag atctotggtc. atacaacg 98 

<210s, SEQ ID NO 58 
&211s LENGTH: 88 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 58 

cgactgggct Cagaaatagc cct caaagag agagaagaag aaaaaagaga ggattatttg 6 O 

gaggtatagc aggttittata gagggagg 88 
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<210s, SEQ ID NO 59 
&211s LENGTH: 65 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OO > SEQUENCE: 59 

cgactgggct Cagaaatagc cct caaagag ttatttggag ctatagc agg ttittatagag 6 O 

ggagg 

1. (canceled) 
2. A reverse transcription-polymerase chain reaction 

(PCR) method comprising: 
a) adding to a reaction vessela reaction mixture comprising 

at least one RNA comprising a target sequence, reverse 
transcriptase, DNA amplification reagents that include 
an excess primer and a limiting primer for the target 
sequence, and DNA polymerase, wherein the concentra 
tion of the excess primer is 500-2000 nM and at least five 
times higher than the concentration of the limiting 
primer, and wherein the concentration-adjusted melting 
temperature of the limiting primer to the target sequence 
is equal to or greater than the concentration-adjusted 
melting temperature of the excess primer to the target 
Sequence; 

b) incubating the reaction mixture at a first temperature to 
reverse transcribe the target sequence from the RNA 
utilizing the excess primer and the reverse transcriptase 
to create a cDNA template for LATE-PCR amplifica 
tion, said first temperature being Sufficiently high to 
disrupt secondary structure of the RNA but sufficiently 
low to provide a reverse-transcriptase half-life of at least 
2.2 minutes, wherein the effective melting temperature 
of the excess primer to the RNA is not lower than 2°C. 
below said first temperature; and 

c) thermally cycling the reaction mixture to amplify the 
cDNA template using the excess primer, the limiting 
primer and the DNA polymerase to produce both 
double-stranded amplification product and single 
stranded amplification product. 

3. The method of claim 2 wherein the concentration of the 
excess primer is at least ten times higher than the concentra 
tion of the limiting primer. 

4. The method of claim 2 wherein the concentration of the 
excess primer is at least twenty times higher than the concen 
tration of the limiting primer. 

5. The method of claim 1 wherein the RNA is added to the 
reaction mixture as at least one lysed cell or at least one lysed 
virus. 

6. The method of claim 1 wherein the reverse transcriptase 
and the DNA polymerase are a single enzyme that has both 
reverse transcription activity and DNA polymerase activity. 

65 

7. The method of claim 1 wherein the reaction mixture 
includes a fluorescently-labeled hybridization probe for 
detection of the single-stranded amplification product. 

8. The method of claim 1 wherein said at least one RNA 
comprises at least two target sequences, and the DNA ampli 
fication reagents include an excess primer and a Limiting 
primer for each target sequence. 

9. The method of claim 1 wherein said first temperature is 
in the range of 50° C. to 60° C. 

10. A reaction mixture comprising: 
(a) at least one RNA, wherein said RNA comprises a target 

Sequence; 
(b) reverse transcriptase; 
(c) DNA amplification reagents including an excess primer 

and a limiting primer for the target sequence, wherein 
the concentration of the excess primer is 500-2000 nM 
and at least five times higher than the concentration of 
the limiting primer, and wherein the concentration-ad 
justed melting temperature of the limiting primer to the 
target sequence is equal to or greater than the concen 
tration-adjusted melting temperature of the excess 
primer to the target sequence; and 

(d) DNA polymerase. 
11. The reaction mixture of claim 10 wherein the concen 

tration of the excess primer is at least tentimes higher than the 
concentration of the limiting primer. 

12. The reaction mixture of claim 11 wherein the concen 
tration of the excess primer is at least twenty times higher than 
the concentration of the limiting primer. 

13. The reaction mixture of claim 10 wherein the RNA is 
added to the reaction mixture as at least one lysed cell or at 
least one lysed virus. 

14. The reaction mixture of claim 10 wherein the reverse 
transcriptase and the DNA polymerase are a single enzyme 
that has both reverse transcription activity and DNA poly 
merase activity. 

15. The reaction mixture of claim 10 further comprising a 
fluorescently-labeled hybridization probe for detection of the 
single-stranded amplification product. 

16. The reaction mixture of claim 10 wherein said at least 
one RNA comprises at least two target sequences, and the 
DNA amplification reagents include an excess primer and a 
Limiting primer for each target sequence. 
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