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COMPOSITIONS FOR USE IN IDENTIFICATION OF BACTERIA

STATEMENT OF GOVERNMENT SUPPORT
[01] This invention was made with United States Government support under CDC contract RO1
CI000099-01. The United States Government has certain rights in the invention.

FIELD OF THE INVENTION
[02] The present invention provides compositions, kits and methods for rapid identification and

quantification of bacteria by molecular mass and base composition analysis.

BACKGROUND OF THE INVENTION

[03] A problem in determining the cause of a natural infectious outbreak or a bioterrorist attack is
the sheer variety of organisms that can cause human disease. There are over 1400 organisms infectious to
humans; many of these have the potential to emerge suddenly in a natural epidemic or to be used in a
malicious attack by bioterrorists (Taylor et al. Philos. Trans. R. Soc. London B. Biol. Sci., 2001, 356,
983-989). This number does not include numerous strain variants, bioengineered versions, or pathogens

that infect plants or animals.

[04] Much of the new technology being developed for detection of biological weapons incorporates
a polymerase chain reaction (PCR) step based upon the use of highly specific primers and probes
designed to selectively detect certain pathogenic organisms. Although this approach is appropriate for the
most obvious bioterrorist organisms, like smallpox and anthrax, experience has shown that it is very
difficult to predict which of hundreds of possible pathogenic organisms might be employed in a terrorist
attack. Likewise, naturally emerging human disease that has caused devastating consequence in public
health has come from unexpected families of bacteria, viruses, fungi, or protozoa. Plants and animals
also have their natural burden of infectious disease agents and there are equally important biosafety and

security concerns for agriculture.

[05] A major conundrum in public health protection, biodefense, and agricultural safety and
security is that these disciplines need to be able to rapidly identify and characterize infectious agents,
while there is no existing technology with the breadth of function to meet this need. Currently used

methods for identification of bacteria rely upon culturing the bacterium to effect isolation from other
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organisms and to obtain sufficient quantities of nucleic acid followed by sequencing of the nucleic acid,

both processes which are time and labor intensive.

[06] Mass spectrometry provides detailed information about the molecules being analyzed,
including high mass accuracy. It is also a process that can be easily automated. DNA chips with specific
probes can only determine the presence or absence of specifically anticipated organisms. Because there
are hundreds of thousands of species of benign bacteria, some very similar in sequence to threat

organisms, even arrays with 10,000 probes lack the breadth needed to identify a particular organism.

[07] The present invention provides oligonucleotide primers and compositions and kits containing
the oligonucleotide primers, which define bacterial bioagent identifying amplicons and, upon
amplification, produce corresponding amplification products whose molecular masses provide the means

to identify bacteria, for example, at and below the species taxonomic level.

SUMMARY OF THE INVENTION
[08] The present invention provides compositions, kits and methods for rapid identification and

quantification of bacteria by molecular mass and base composition analysis.

[09] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 456.

[10] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1261,

[11} Another embodiment is an oligonucleotide primer pair including an oligonucleotide primer 14
to 35 nucleobases in length having at least 70% sequence identity with SEQ ID NO: 456 and an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 1261.

[12] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 288.

[13] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1269.
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[14] Another embodiment is an oligonucleotide primer pair including an oligonucleotide primer 14
to 35 nucleobases in length having at least 70% sequence identity with SEQ ID NO: 288 and an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 1269.

[15] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 698.

[16] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1420.

[17] Another embodiment is an oligonucleotide primer pair including an oligonucleotide primer 14
to 35 nucleobases in length having at least 70% sequence identity with SEQ ID NO: 698 and an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 1420.

[18] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 217.

[19] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1167

[20] Another embodiment is an oligonucleotide primer pair including an oligonucleotide primer 14
to 35 nucleobases in length having at least 70% sequence identity with SEQ ID NO: 217 and an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 1167.

[21] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 399.

[22] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1041.

[23] Another embodiment is an oligonucleotide primer pair including an oligonucleotide primer 14

to 35 nucleobases in length having at least 70% sequence identity with SEQ ID NO: 399 and an
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oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 1041.

[24] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 430.

[25] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1321.

[26] Another embodiment is an oligonucleotide primer pair including an oligonucleotide primer 14
to 35 nucleobases in length having at least 70% sequence identity with SEQ ID NO: 430 and an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 1321.

[27] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 174.

[28] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 853.

[29] Another embodiment is an oligonucleotide primer pair including an oligonucleotide primer 14
to 35 nucleobases in length having at least 70% sequence identity with SEQ ID NO: 174 and an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 853.

[30] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 172.

[31] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1360.

[32] Another embodiment is an oligonucleotide primer pair including an oligonucleotide primer 14
to 35 nucleobases in length having at least 70% sequence identity with SEQ ID NO: 172 and an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 1360.
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[33] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 456 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1261.

[34] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 456 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1261 and further comprising one or more primer pairs wherein each member of
said one or more primer pairs is of a length of 14 to 35 nucleobases and has 70% to 100% sequence
identity with the corresponding member from the group of primer pairs represented by SEQ ID NOs:
288:1269, 698:1420, 217:1167, 399:1041, 430:1321, 174:853, and 172:1360.

[35] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 681.

[36] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1022.

[37] Another embodiment is an oligonucleotide primer pair including an oligonucleotide primer 14
to 35 nucleobases in length having at least 70% sequence identity with SEQ ID NO: 681 and an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 1022.

[38] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 315.

[39] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1379.

[40} Another embodiment is an oligonucleotide primer pair including an oligonucleotide primer 14
to 35 nucleobases in length having at least 70% sequence identity with SEQ ID NO: 315 and an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 1379.
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[41] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 346.

[42] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 955.

[43]1 Another embodiment is an oligonucleotide primer pair including an oligonucleotide primer 14
to 35 nucleobases in length having at least 70% sequence identity with SEQ ID NO: 346 and an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 955.

[44] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 504.

[45] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1409.

[46] Another embodiment is an oligonucleotide primer pair including an oligonucleotide primer 14
to 35 nucleobases in length having at least 70% sequence identity with SEQ ID NO: 504 and an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 1409.

47} One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 323.

[48] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1068.

[49] Another embodiment is an oligonucleotide primer pair including an oligonucleotide primer 14
to 35 nucleobases in length having at least 70% sequence identity with SEQ ID NO: 323 and an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 1068.

[50] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 479.
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[51} Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 938.

[52] Another embodiment is an oligonucleotide primer pair including an oligonucleotide primer 14
to 35 nucleobases in length having at least 70% sequence identity with SEQ ID NO: 479 and an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 938.

[53] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 681 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1022.

[54] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 681 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1022 and further comprising one or more primer pairs wherein each member of
said one or more primer pairs is of a length of 14 to 35 nucleobases and has 70% to 100% sequence
identity with the corresponding member from the group of primer pairs represented by SEQ ID NOs:
315:1379, 346:955, 504:1409, 323:1068, 479:938. ‘

[55] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 583.

[56] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 923.

[57] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 583 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence

identity with SEQ ID NO: 923.

[58] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 454.



WO 2006/116127 PCT/US2006/015160

[59] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1418.

[60] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 454 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1418.

[61] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 250.

[62] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 902.

[63] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 250 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 902,

[64] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 384.

[65] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 878.

[66] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 384 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 878.

[67} One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 694.

[68] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1215.
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[69] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQID
NO: 694 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1215.

[70] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 194.

(711 Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1173.

[72] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 194 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1173.

[73] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 375.

[74] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 890.

{75] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 375 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 890.

[76] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 656.

[77] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1224.

78] Another embodiment is a kit comprising an oligonucleotide primer pair including an

oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
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NO: 656 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence

identity with SEQ ID NO: 1224.

(791 One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 613.

[80] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1157.

[81] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 618 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1157.

[82] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 302.

[83] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 852.

[84] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 302 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence

identity with SEQ ID NO: 852.

[85] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 199.

[86] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 889.

[87] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 199 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 889.
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[88] One embodiment is an oligonucleotide primer 14 to.35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 596.

[89] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1169.

[90] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 596 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1169.

[91] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 150.

[92] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1242.

[93] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 150 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence

identity with SEQ ID NO: 1242.

[94] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 166.

[95] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1069.

{96] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 166 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1069.

[97] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 166.
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[98] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1168.

[99] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 166 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence

identity with SEQ ID NO: 1168.

[100] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 583 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 923 and further comprising one or more primer pairs wherein each member of
said one or more primer pairs is of a length of 14 to 35 nucleobases and has 70% to 100% sequence
identity with the corresponding member from the group of primer pairs represented by SEQ ID NOs:
454:1418, 250:902, 384:878, 694:1215, 194:1173, 375:890, 656:1224, 618:1157, 302:852, 199:889,
596:1169, 150:1242, 166:1069 and 166:1168.

[101] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 437,

[102] Another embodiment is an oligonucleotide primer 14 to 35 nucieobases in length having at
least 70% sequence identity with SEQ ID NO: 1137.

[103] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 437 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1137.

[104] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 530.

[105] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 891.

[106] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
12
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NO: 530 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 891.

[107] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 474.

{108] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 869.

[109] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 474 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 869.

[110] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 268.

(111} Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1284,

[112] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 268 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1284.

[113] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 418.

[114] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1301.

[115] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 418 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1301.
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[116] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 318.

[117] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1300.

[118] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 318 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1300.

[119] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 440.

[120] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1076.

[121] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 440 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1076.

[122] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 219.

[123] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1013.

[124] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 219 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1013.

[125] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 437 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
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identity with SEQ ID NO: 1137 and further comprising one or more primer pairs wherein each member of
said one or more primer pairs is of a length of 14 to 35 nucleobases and has 70% to 100% sequence
identity with the corresponding member from the group of primer pairs represented by SEQ ID NOs:
530:891, 474:869, 268:1284, 418:1301, 318:1300, 440:1076 and 219:1013.

[126] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 325.

[127] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1163.

[128] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 325 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1163.

[129] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 278.

[130] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1039.

[131] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 278 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1039.

[132] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 465.

[133] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1037.

[134] Another embodiment is a kit comprising an oligonucleotide primer pair including an

oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
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NO: 465 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1037.

[135] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 148.

[136] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1172.

(137] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 148 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence

identity with SEQ ID NO: 1172.

[138] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 190.

[139} Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1254,

[140] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 190 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1254.

[141] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 266.

[142] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1094.

[143] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 266 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence

identity with SEQ ID NO: 1094.
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[144] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 508.

[145] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1297.

[146] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 508 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1297.

[147] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 259.

[148] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1060.

[149] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 259 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1060.

[150] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 325 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1163 and further comprising one or more primer pairs wherein each member of
said one or more primer pairs is of a length of 14 to 35 nucleobases and has 70% to 100% sequence
identity with the corresponding member from the group of primer pairs represented by SEQ ID NOs:
278:1039: 465:1037, 148:1172, 190:1254, 266:1094, 508:1297 and 259:1060.

[151] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 376.

[152] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1265.
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[153] Amother embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 376 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1265.

[154] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 267.

[155] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1341.

[156] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 267 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1341.

[157] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 705.

[158] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1056.

[159] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 705 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1056.

[160] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 710.

[161] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1259.

[162] Another embodiment is a kit comprising an oligonucleotide primer pair including an

oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
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NO: 710 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1259.

[163] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 374.

[164] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1111.

[165] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQID
NO: 374 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1111.

[166] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 545.

[167] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 978.

[168] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQID
NO: 545 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 978.

[169] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 249.

[170] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1095.

[171] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 249 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1095.
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[172] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 195.

[173] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1376.

[174] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQID
NO: 195 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1376.

[175] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least

70% sequence identity with SEQ ID NO: 311.

[176] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1014.

[177] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQID
NO: 311 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence

identity with SEQ ID NO: 1014.

[178] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 365.

[179] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at
least 70% sequence identity with SEQ ID NO: 1052.

[180] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 365 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1052.

[181] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 527.
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[182] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1071.

[183] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 527 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1071.

[184] One embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at least
70% sequence identity with SEQ ID NO: 490.

[185] Another embodiment is an oligonucleotide primer 14 to 35 nucleobases in length having at

least 70% sequence identity with SEQ ID NO: 1182.

[186] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 490 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence

identity with SEQ ID NO: 1182.

[187] Another embodiment is a kit comprising an oligonucleotide primer pair including an
oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence identity with SEQ ID
NO: 376 and an oligonucleotide primer 14 to 35 nucleobases in length having at least 70% sequence
identity with SEQ ID NO: 1265 and further comprising one or more primer pairs wherein each member of
said one or more primer pairs is of a length of 14 to 35 nucleobases and has 70% to 100% sequence
identity with the corresponding member from the group of primer pairs represented by SEQ ID NOs:
267:1341, 705:1056, 710:1259, 374:1111, 545:978, 249:1095, 195:1376, 311:1014, 365:1052, 527:1071
and 490:1182.

[188] In some embodiments, either or both of the primers of a primer pair composition contain at

least one modified nucleobase such as 5-propynyluracil or 5-propynylcytosine for example.

[189] In some embodiments, either or both of the primers of the primer pair comprises at least one

universal nucleobase such as inosine for example.

[190] In some embodiments, either or both of the primers of the primer pair comprises at least one

non-templated T residue on the 5'-end.
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[191] In some embodiments, either or both of the primers of the primer pair comprises at least one

non-template tag.

[192] In some embodiments, either or both of the primers of the primer pair comprises at least one

molecular mass modifying tag.

[193] In some embodiments, the present invention provides primers and compositions comprising
pairs of primers, and kits containing the same, and methods for use in identification of bacteria. The
primers are designed to produce amplification products of DNA encoding genes that have conserved and

variable regions across different subgroups and genotypes of bacteria. '

[194] Some embodiments are kits that contain one or more of the primer pair compositions. In some
embodiments, each member of the one or more primer pairs of the kit is of a length of 14 to 35
nucleobases and has 70% to 100% sequence identity with the corresponding member from any of the

primer pairs listed in Table 2.

[195] Some embodiments of the kits contain at least one calibration polynucleotide for use in

quantitiation of bacteria in a given sample, and also for use as a positive control for amplification.

[196] Some embodiments of the kits contain at least one anion exchange functional group linked to a
magnetic bead.
[1971 In some embodiments, the present invention also provides methods for identification of

bacteria. Nucleic acid from the bacterium is amplified using the primers described above to obtain an
amplification product. The molecular mass of the amplification product is measured. Optionally, the base
composition of the amplification product is determined from the molecular mass. The molecular mass or
base composition is compared with a plurality of molecular masses or base compositions of known
analogous bacterial identifying amplicons, wherein a match between the molecular mass or base
composition and a member of the plurality of molecular masses or base compositions identifies the
bacterium. In some embodiments, the molecular mass is measured by mass spectrometry in a modality
such as electrospray ionization (ESI) time of flight (TOF) mass spectrometry or ESI Fourier transform ion
cyclotron resonance (FTICR) mass spectrometry, for example. Other mass spectrometry techniques can

also be used to measure the molecular mass of bacterial bioagent identifying amplicons.
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[198] In some embodiments, the present invention is also directed to a method for determining the
presence or absence of a bacterium in a sample. Nucleic acid from the sample is amplified using the
composition described above to obtain an amplification product. The molecular mass of the amplification
product is determined. Optionally, the base composition of the amplification product is determined from
the molecular mass. The molecular mass or base composition of the amplification product is compared
with the known molecular masses or base compositions of one or more known analogous bacterial
bioagent identifying amplicons, wherein a match between the molecular mass or base composition of the
amplification product and the molecular mass or base composition of one or more known bacterial
bioagent identifying amplicons indicates the presence of the bacterium in the sample. In some

embodiments, the molecular mass is measured by mass spectrometry.

[199] In some embodiments, the present invention also provides methods for determination of the
quantity of an unknown bacterium in a sample. The sample is contacted with the composition described
above and a known quantity of a calibration polynucleotide comprising a calibration sequence. Nucleic
acid from the unknown bacterium in the sample is concurrently amplified with the composition described
above and nucleic acid from the calibration polynucleotide in the sample is concurrently amplified with
the composition described above to obtain a first amplification product comprising a bacterial bioagent
identifying amplicon and a second amplification product comprising a calibration amplicon. The
molecular masses and abundances for the bacterial bioagent identifying amplicon and the calibration
amplicon are determined. The bacterial bioagent identifying amplicon is distinguished from the
calibration amplicon based on molecular mass and comparison of bacterial bioagent identifying amplicon
abundance and calibration amplicon abundance indicates the quantity of bacterium in the sample. In some

embodiments, the base composition of the bacterial bioagent identifying amplicon is determined.

[200] In some embodiments, the present invention provides methods for detecting or quantifying
bacteria by combining a nucleic acid amplification process with a mass determination process. In some
embodiments, such methods identify or otherwise analyze the bacterium by comparing mass information
from an amplification product with a calibration or control product. Such methods can be carried out in a
highly multiplexed and/or parallel manner allowing for the analysis of as many as 300 samples per 24
hours on a single mass measurement platform. The accuracy of the mass determination methods in some
embodiments of the present invention permits allows for the ability to discriminate between different

bacteria such as, for example, various genotypes and drug resistant strains of Staphylococcus aureus.

BRIEF DESCRIPTION OF THE DRAWINGS
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[201] The foregoing summary of the invention, as well as the following detailed description of the
invention, is better understood when read in conjunction with the accompanying drawings which are

included by way of example and not by way of limitation.
[202] Figure 1: process diagram illustrating a representative primer pair selection process.
[203) Figure 2: process diagram illustrating an embodiment of the calibration method.

[204] Figure 3: common pathogenic bacteria and primer pair coverage. The primer pair number in
the upper right hand corner of each polygon indicates that the primer pair can produce a bioagent

identifying amplicon for all species within that polygon.

[205] Figure 4: a representative 3D diagram of base composition (axes A, G and C) of
bioagent identifying amplicons obtained with primer pair number 14 (a precursor of primer pair
number 348 which targets 16S rRNA). The diagram indicates that the experimentally determined
base compositions of the clinical samples (labeled NHRC samples) closely match the base
compositions expected for Streptococcus pyogenes and are distinct from the expected base

compositions of other organisms.

[206] Figure 5: a representative mass spectrum of amplification products indicating the
presence of bioagent identifying amplicons of Streptococcus pyogenes, Neisseria meningitidis,
and Haemophilus influenzae obtained from amplification of nucleic acid from a clinical sample
with primer pair number 349 which targets 23S rRNA. Experimentally determined molecular

masses and base compositions for the sense strand of each amplification product are shown.

[207] Figure 6: a representative mass spectrum of amplification products representing a
bioagent identifying amplicon of Streptococcus pyogenes, and a calibration amplicon obtained
from amplification of nucleic acid from a clinical sample with primer pair number 356 which
targets rplB. The expertmentally determined molecular mass and base composition for the sense

strand of the Streptococcus pyogenes amplification product is shown.

[208] Figure 7: a representative mass spectrum of an amplified nucleic acid mixture which
contained the Ames strain of Bacillus anthracis, a known quantity of combination calibration

polynucleotide (SEQ ID NO: 1464), and primer pair number 350 which targets the capC gene on
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the virulence plasmid pX02 of Bacillus anthracis. Calibration amplicons produced in the
amplification reaction are visible in the mass spectrum as indicated and abundance data (peak

height) are used to calculate the quantity of the Ames strain of Bacillus anthracis.

DEFINITIONS

{209} As used herein, the term “abundance” refers to an amount. The amount may be described in
terms of concentration which are common in molecular biology such as “copy number,” “pfu or plate-
forming unit” which are well known to those with ordinary skill. Concentration may be relative to a

known standard or may be absolute.

[210] As used herein, the term "amplifiable nucleic acid" is used in reference to nucleic acids that
may be amplified by any amplification method. It is contemplated that "amplifiable nucleic acid" also

comprises "sample template.”

211} As used herein the term "amplification” refers to a special case of nucleic acid replication
involving template specificity. It is to be contrasted with non-specific template replication (i.e.,
replication that is template-dependent but not dependent on a specific template). Template specificity is
here distinguished from fidelity of replication (i.e., synthesis of the proper polynucleotide sequence) and
nucleotide (ribo- or deoxyribo-) specificity. Template specificity is frequently described in terms of
"target" specificity. Target sequences are "targets" in the sense that they are sought to be sorted out from
other nucleic acid. Amplification techniques have been designed primarily for this sorting out. Template
specificity is achieved in most amplification techniques by the choice of enzyme. Amplification enzymes
are enzymes that, under conditions they are used, will process only specific sequences of nucleic acid in a
heterogeneous mixture of nucleic acid. For example, in the case of QB replicase, MDV-1 RNA is the
specific template for the replicase (D.L. Kacian et al., Proc. Natl. Acad. Sci. USA 69:3038 [1972]). Other
nucleic acid will not be replicated by this amplification enzyme. Similarly, in the case of T7 RNA
polymerase, this amplification enzyme has a stringent specificity for its own promoters (Chamberlin et
al., Nature 228:227 [1970]). In the case of T4 DNA ligase, the enzyme will not ligate the two
oligonucleotides or polynucleotides, where there is a mismatch between the oligonucleotide or
polynucleotide substrate and the template at the ligation junction (D.Y. Wu and R. B. Wallace, Genomics
4:560 [1989]). Finally, Taq and Pfu polymerases, by virtue of their ability to function at high
temperature, are found to display high specificity for the sequences bounded and thus defined by the
primers; the high temperature results in thermodynamic conditions that favor primer hybridization with
the target sequences and not hybridization with non-target sequences (H.A. Erlich (ed.), PCR
Technology, Stockton Press [1989]).
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[212] As used herein, the term "amplification reagents” refers to those reagents (deoxyribonucleotide
triphosphates, buffer, etc.), needed for amplification, excluding primers, nucleic acid template, and the
amplification enzyme. Typically, amplification reagents along with other reaction components are placed

and contained in a reaction vessel (test tube, microwell, etc.).

[213] As used herein, the term “analogous” when used in context of comparison of bioagent
identifying amplicons indicates that the bioagent identifying amplicons being compared are produced
with the same pair of primers. For example, bioagent identifying amplicon “A” and bioagent identifying
amplicon “B”, produced with the same pair of primers are analogous with respect to each other. Bioagent
identifying amplicon “C”, produced with a different pair of primers is not analogous to either bioagent

identifying amplicon “A” or bioagent identifying amplicon “B”.

[214] As used herein, the term “anion exchange functional group” refers to a positively charged
functional group capable of binding an anion through an electrostatic interaction. The most well known
anion exchange functional groups are the amines, including primary, secondary, tertiary and quaternary

amines.

[215] The term "bacteria" or “bacterium” refers to any member of the groups of eubacteria and

archaebacteria.

[216] As used herein, a “base composition” is the exact number of each nucleobase (for example, A,
T, C and G) in a segment of nucleic acid. For example, amplification of nucleic acid of Staphylococcus
aureus strain carrying the lukS-PV gene with primer pair number 2095 (SEQ ID NOs: 456:1261)
produces an amplification product 117 nucleobases in length from nucleic acid of the lukS-PV gene that
has a base composition of A35 G17 C19 T46 (by convention - with reference to the sense strand of the
amplification product). Because the molecular masses of each of the four natural nucleotides and
chemical modifications thereof are known (if applicable), a measured molecular mass can be
deconvoluted to a list of possible base compositions. Identification of a base composition of a sense
strand which is complementary to the corresponding antisense strand in terms of base composition
provides a confirmation of the true base composition of an unknown amplification product. For example,
the base composition of the antisense strand of the 139 nucleobase amplification product described above
is A46 G19 C17 T35.

[217] As used herein, a “base composition probability cloud” is a representation of the diversity in

base composition resulting from a variation in sequence that occurs among different isolates of a given
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species. The “base composition probability cloud” represents the base composition constraints for each

species and is typically visualized using a pseudo four-dimensional plot.

[218] In the context of this invention, a “bioagent” is any organism, cell, or virus, living or dead, ora
nucleic acid derived from such an organism, cell or virus. Examples of bioagents include, but are not
limited, to cells, (including but not limited to human clinical samples, bacterial célls and other pathogens),
viruses, fungi, protists, parasites, and pathogenicity markers (including but not limited to: pathogenicity
islands, antibiotic resistance genes, virulence factors, toxin genes and other bioregulating compounds).
Samples may be alive or dead or in a vegetative state (for example, vegetative bacteria or spores) and may
be encapsulated or bioengineered. In the context of this invention, 2 “pathogen” is a bioagent which

causes a disease or disorder.

219] As used herein, 2 “bioagent division” is defined as group of bioagents above the species level
and includes but is not limited to, orders, families, classes, clades, genera or other such groupings of

bioagents above the species level.

[220] As used herein, the term “bioagent identifying amplicon” refers to a polynucleotide that is
amplified from a bioagent in an amplification reaction and which 1) provides sufficient variability to
distinguish among bioagents from whose nucleic acid the bioagent identifying amplicon is produced and
2) whose molecular mass is amenable to a rapid and convenient molecular mass determination modality

such as mass spectrometry, for example.

221} As used herein, the term “biological product” refers to any product originating from an
organism. Biological products are often products of processes of biotechnology. Examples of biological
products include, but are not limited to: cultured cell lines, cellular components, antibodies, proteins and
other cell-derived biomolecules, growth media, growth harvest fluids, natural products and bio-

pharmaceutical products.

[222] The terms "biowarfare agent" and "bioweapon" are synonymous and refer to a bacterium,
virus, fungus or protozoan that could be deployed as a weapon to cause bodily harm to individuals.

Military or terrorist groups may be implicated in deployment of biowarfare agents.

[223] Tn context of this invention, the term "broad range survey primer pair” refers to a primer pair

designed to produce bioagent identifying amplicons across different broad groupings of bioagents. For

example, the ribosomal RNA-targeted primer pairs are broad range survey primer pairs which have the

capability of producing bacterial bioagent identifying amplicons for essentially all known bacteria. With
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respect to broad range primer pairs employed for identification of bacteria, a broad range survey primer
pair for bacteria such as 16S rRNA primer pair number 346 (SEQ ID NOs: 202:1110) for example, will

produce an bacterial bioagent identifying amplicon for essentially all known bacteria.

[224] The term "calibration amplicon" refers to a nucleic acid segment representing an amplification
product obtained by amplification of a calibration sequence with a pair of primers designed to produce a

bioagent identifying amplicon.

[225] The term "calibration sequence" refers to a polynucleotide sequence to which a given pair of
primers hybridizes for the purpose of producing an internal (i.e: included in the reaction) calibration
standard amplification product for use in determining the quantity of a bioagent in a sample. The
calibration sequence may be expressly added to an amplification reaction, or may already be present in

the sample prior to analysis.

[226] The term "clade primer pair" refers to a primer pair designed to produce bioagent identifying
amplicons for species belonging to a clade group. A clade primer pair may also be considered as a

“speciating” primer pair which is useful for distinguishing among closely related species.

[227] The term "codon" refers to a set of three adjoined nucleotides (triplet) that codes for an amino

acid or a termination signal.

[228] In context of this invention, the term "codon base composition analysis," refers to
determination of the base composition of an individual codon by obtaining a bioagent identifying
amplicon that includes the codon. The bioagent identifying amplicon will at least include regions of the
target nucleic acid sequence to which the primers hybridize for generation of the bioagent identifying

amplicon as well as the codon being analyzed, located between the two primer hybridization regions.

[229] As used herein, the terms “complementary” or “complementarity” are used in reference to
polynucleotides (i.e., a sequence of nucleotides such as an oligonucleotide or a target nucleic acid) related
by the base-pairing rules. For example, for the sequence “5'-A-G-T-3',” is complementary to the sequence
“3'-T-C-A-5'.” Complementarity may be “partial,” in which only some of the nucleic acids' bases are
matched according to the base pairing rules. Or, there may be “complete” or “total” complementarity
between the nucleic acids. The degree of complementarity between nucleic acid strands has significant
effects on the efficiency and strength of hybridization between nucleic acid strands. This is of particular
importance in amplification reactions, as well as detection methods that depend upon binding between
nucleic acids. Either term may also be used in reference to individual nucleotides, especially within the
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context of polynucleotides. For example, a particular nucleotide within an oligonucleotide may be noted
for its complementarity, or lack thereof, to a nucleotide within another nucleic acid strand, in contrast or

comparison to the complementarity between the rest of the oligonucleotide and the nucleic acid strand.

[230] The term “complement of a nucleic acid sequence” as used herein refers to an oligonucleotide
which, when aligned with the nucleic acid sequence such that the 5' end of one sequence is paired with
the 3' end of the other, is in “antiparallel association.” Certain bases not commonly found in natural
nucleic acids may be included in the nucleic acids of the present invention and include, for example,
inosine and 7-deazaguanine. Complementarity need not be perfect; stable duplexes may contain
mismatched base pairs or unmatched bases. Those skilled in the art of nucleic acid technology can
determine duplex stability empirically considering a number of variables including, for example, the
length of the oligonucleotide, base composition and sequence of the oligonucleotide, ionic strength and
incidence of mismatched base pairs. Where a first oligonucleotide is complementary to a region of a
target nucleic acid and a second oligonucleotide has complementary to the same region (or a portion of
this region) a “region of overlap” exists along the target nucleic acid. The degree of overlap will vary

depending upon the extent of the complementarity.

[231] In context of this invention, the term “division-wide primer pair” refers to a primer pair
designed to produce bioagent identifying amplicons within sections of a broader spectrum of bioagents
For example, primer pair number 352 (SEQ ID NOs: 687:141 1), a division-wide primer pair, is designed
to produce bacterial bioagent identifying amplicons for members of the Bacillus group of bacteria which
comprises, for example, members of the genera Streptococci, Enterococci, and Staphylococci. Other
division-wide primer pairs may be used to produce bacterial bioagent identifying amplicons for other

groups of bacterial bioagents.

[232] As used herein, the term “concurrently amplifying” used with respect to more than one
amplification reaction refers to the act of simultaneously amplifying more than one nucleic acid in a

single reaction mixture.

[233] As used herein, the term "drill-down primer pair" refers to a primer pair designed to produce
bioagent identifying amplicons for identification of sub-species characteristics or confirmation of a
species assignment. For example, primer pair number 2146 (SEQID NOs: 437:1137), a drill-down
Staphylococcus aureus genotyping primer pair, is designed to produce Staphylococcus aureus genotyping
amplicons. Other drill-down primer pairs may be used to produce bioagent identifying amplicons for

Staphylococcus aureus and other bacterial species.
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[234]) The term "duplex" refers to the state of nucleic acids in which the base portions of the
nucleotides on one strand are bound through hydrogen bonding the their complementary bases arrayed on
a second strand. The condition of being in a duplex form reflects on the state of the bases of a nucleic
acid. By virtue of base pairing, the strands of nucleic acid also generally assume the tertiary structure of a
double helix, having a major and a minor groove. The assumption of the helical form is implicit in the act

of becoming duplexed.

[235] As used herein, the term “etiology” refers to the causes or origins, of diseases or abnormal

physiological conditions.

[236] The term "gene" refers to a DNA sequence that comprises control and coding sequences
necessary for the production of an RNA having a non-coding function (e.g., a ribosomal or tfransfer
RNA), a polypeptide or a precursor. The RNA or polypeptide can be encoded by a full length coding

sequence or by any portion of the coding sequence so long as the desired activity or function is retained.

[237] The terms "homology," "homologous” and “sequence identity” refer to a degree of identity.
There may be partial homology or complete homology. A partially homologous sequence is one that is
less than 100% identical to another sequence. Determination of sequence identity is described in the
following example: a primer 20 nucleobases in length which is otherwise identical to another 20
nucleobase primer but having two non-identical residues has 18 of 20 identical residues (18/20 = 0.9 or
90% sequence identity). In another example, a primer 15 nucleobases in length having all residues
identical to a 15 nucleobase segment of a primer 20 nucleobases in length would have 15/20 = 0.75 or
75% sequence identity with the 20 nucleobase primer. In context of the present invention, sequence
identity is meant to be properly determined when the query sequence and the subject sequence are both
described and aligned in the 5’ to 3’ direction. Sequence alignment algorithms such as BLAST, will
return results in two different alignment orientations. In the Plus/Plus orientation, both the query sequence
and the subject sequence are aligned in the 5’ to 3’ direction. On the other hand, in the Plus/Minus
orientation, the query sequence is in the 5° to 3’ direction while the subject sequence is in the 3’ to 5’
direction. It should be understood that with respect to the primers of the present invention, sequence
identity is properly determined when the alignment is designated as Plus/Plus. Sequence identity may also
encompass alternate or modified nucleobases that perform in a functionally similar manner to the regular
nucleobases adenine, thymine, guanine and cytosine with respect to hybridization and primer extension in
amplification reactions. In a non-limiting example, if the 5-propynyl pyrimidines propyne C and/or
propyne T replace one or more C or T residues in one primer which is otherwise identical to another
primer in sequence and length, the two primers will have 100% sequence identity with each other. In
another non-limiting example, Inosine (I) may be used as a replacement for G or T and effectively
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hybridize to C, A or U (uracil). Thus, if inosine replaces one or more C, A or U residues in one primer
which is otherwise identical to another primer in sequence and length, the two primers will have 100%
sequence identity with each other. Other such modified or universal bases may exist which would
perform in a functionally similar manner for hybridization and amplification reactions and will be

understood to fall within this definition of sequence identity.

[238] As used herein, “housekeeping gene” refers to a gene encoding a protein or RNA involved in
basic functions required for survival and reproduction of a bioagent. Housekeeping genes include, but are
not limited to genes encoding RNA or proteins involved in translation, replication, recombination and
repair, transcription, nucleotide metabolism, amino acid metabolism, lipid metabolism, energy generation,

uptake, secretion and the like.

[239] As used herein, the term "hybridization" is used in reference to the pairing of complementary
nucleic acids. Hybridization and the strength of hybridization (i.e., the strength of the association between
the nucleic acids) is influenced by such factors as the degree of complementary between the nucleic acids,
stringency of the conditions involved, and the Ty, of the formed hybrid. "Hybridization" methods involve
the annealing of one nucleic acid to another, complementary nucleic acid, i.e., a nucleic acid having a
complementary nucleotide sequence. The ability of two polymers of nucleic acid containing
complementary sequences to find each other and anneal through base pairing interaction is a well-
recognized phenomenon. The initial observations of the "hybridization" process by Marmur and Lane,
Proc. Natl. Acad. Sci. USA 46:453 (1960) and Doty et al., Proc. Natl. Acad. Sci. USA 46:461 (1960)

have been followed by the refinement of this process into an essential tool of modem biology.

[240] The term "in silico" refers to processes taking place via computer calculations. For example,
electronic PCR (ePCR) is a process analogous to ordinary PCR except that it is carried out using nucleic

acid sequences and primer pair sequences stored on a computer formatted medium.

[241] As used herein, “intelligent primers” are primers that are designed to bind to highly conserved
sequence regions of a bioagent identifying amplicon that flank an intervening variable region and, upon
amplification, yield amplification products which ideally provide enough variability to distinguish
individual bioagents, and which are amenable to molecular mass analysis. By the term “highly
conserved,” it is meant that the sequence regions exhibit between about 80-100%, or between about 90-
100%, or between about 95-100% identity among all, or at least 70%, at least 80%, at least 90%, at least

95%, or at least 99% of species or strains.
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[242] The “ligase chain reaction” (LCR; sometimes referred to as "Ligase Amplification Reaction"
(LAR) described by Barany, Proc. Natl. Acad. Sci., 88:189 (1991); Barany, PCR Methods and Applic.,
1:5 (1991); and Wu and Wallace, Genomics 4:560 (1989) has developed into a well-recognized
alternative method for amplifying nucleic acids. In LCR, four oligonucleotides, two adjacent
oligonucleotides which uniquely hybridize to one strand of target DNA, and a complementary set of
adjacent oligonucleotides, that hybridize to the opposite strand are mixed and DNA ligase is added to the
mixture. Provided that there is complete complementarity at the junction, ligase will covalently link each
set of hybridized molecules. Importantly, in LCR, two probes are ligated together only when they base-
pair with sequences in the target sample, without gaps or mismatches. Repeated cycles of denaturation,
hybridization and ligation amplify a short segment of DNA. LCR has also been used in combination with
PCR to achieve enhanced detection of single-base changes. However, because the four oligonucleotides
used in this assay can pair to form two short ligatable fragments, there is the potential for the generation
of target-independent background signal. The use of LCR for mutant screening is limited to the

examination of specific nucleic acid positions.

[243] The term "locked nucleic acid" or "LNA" refers to a nucleic acid analogue containing one or
more 2'-0, 4'-C-methylene-B-D-ribofuranosyl nucleotide monomers in an RNA mimicking sugar
conformation. LNA oligonucleotides display unprecedented hybridization affinity toward complementary
single-stranded RNA and complementary single- or double-stranded DNA. LNA oligonucleotides induce
A-type (RNA-like) duplex conformations. The primers of the present invention may contain LNA

modifications.

[244] As used herein, the term "mass-modifying tag" refers to any modification to a given nucleotide
which results in an increase in mass relative to the analogous non-mass modified nucleotide. Mass-
modifying tags can include heavy isotopes of one or more elements included in the nucleotide such as
carbon-13 for example. Other possible modifications include addition of substituents such as iodine or

bromine at the 5 position of the nucleobase for example.

[245] The term "mass spectrometry” refers to measurement of the mass of atoms or molecules. The
molecules are first converted to ions, which are separated using electric or magnetic fields according to
the ratio of their mass to electric charge. The measured masses are used to identity the molecules.

[246] The term "microorganism" as used herein means an organism too small to be observed with the

unaided eye and includes, but is not limited to bacteria, virus, protozoans, fungi; and ciliates.

32



WO 2006/116127 PCT/US2006/015160

[247] The term "multi-drug resistant" or multiple-drug resistant" refers to a microorganism which is
resistant to more than one of the antibiotics or antimicrobial agents used in the treatment of said

microorganism.

[248] The term "multiplex PCR" refers to a PCR reaction where more than one primer set is included
in the reaction pool allowing 2 or more different DNA targets to be amplified by PCR in a single reaction
tube.

[249] The term "non-template tag" refers to a stretch of at least three guanine or cytosine nucleobases
of a primer used to produce a bioagent identifying amplicon which are not complementary to the
template. A non-template tag is incorporated into a primer for the purpose of increasing the primer-duplex
stability of later cycles of amplification by incorporation of extra G-C pairs which each have one

additional hydrogen bond relative to an A-T pair.

[250] The term "nucleic acid sequence” as used herein refers to the linear composition of the nucleic
acid residues A, T, C or G or any modifications thereof, within an oligonucleotide, nucleotide or
polynucleotide, and fragments or portions thereof, and to DNA or RNA of genomic or synthetic origin

which may be single or double stranded, and represent the sense or antisense strand

[251] As used herein, the term “nucleobase” is synonymous with other terms in use in the art

including “nucleotide,” “deoxynucleotide,” “nucleotide residue,” “deoxynucleotide residue,” “nucleotide
triphosphate (NTP),” or deoxynucleotide triphosphate (dNTP).
[252] The term "nucleotide analog" as used herein refers to modified or non-naturally occurring

nucleotides such as 5-propynyl pyrimidines (i.e., 5-propynyl-dTTP and 5-propynyl-dTCP), 7-deaza
purines (i.e., 7-deaza-dATP and 7-deaza-dGTP). Nucleotide analogs include base analogs and comprise

modified forms of deoxyribonucleotides as well as ribonucleotides.

[253] The term "oligonucleotide” as used herein is defined as a molecule comprising two or more
deoxyribonucleotides or ribonucleotides, preferably at least 5 nucleotides, more preferably at least about
13 to 35 nucleotides. The exact size will depend on many factors, which in turn depend on the ultimate
function or use of the oligonucleotide. The oligonucleotide may be generated in any manner, including
chemical synthesis, DNA replication, reverse transcription, PCR, or a combination thereof. Because
mononucleotides are reacted to make oligonucleotides in a manner such that the 5' phosphate of one
mononucleotide pentose ring is attached to the 3' oxygen of its neighbor in one direction via a
phosphodiester linkage, an end of an oligonucleotide is referred to as the "5’-end" if its 5’ phosphate is not
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linked to the 3' oxygen of a mononucleotide pentose ring and as the "3’-end" if its 3' oxygen is not linked
to a 5' phosphate of a subsequent mononucleotide pentose ring. As used herein, a nucleic acid sequence,
even if internal to a larger oligonucleotide, also may be said to have 5' and 3' ends. A first region along a
nucleic acid strand is said to be upstream of another region if the 3' end of the first region is before the 5'
end of the second region when moving along a strand of nucleic acid in a 5' to 3' direction. All
oligonucleotide primers disclosed herein are understood to be presented in the 5’ to 3’ direction when
reading left to right. When two different, non-overlapping oligonucleotides anneal to different regions of
the same linear complementary nucleic acid sequence, and the 3' end of one oligonucleotide points
towards the 5' end of the other, the former may be called the "upstream" oligonucleotide and the latter the
"downstream" oligonucleotide. Similarly, when two overlapping oligonucleotides are hybridized to the
same linear complementary nucleic acid sequence, with the first oligonucleotide positioned such that its 5'
end is upstream of the 5' end of the second oligonucleotide, and the 3' end of the first oligonucleotide is
upstream of the 3' end of the second oligonucleotide, the first oligonucleotide may be called the
"upstream" oligonucleotide and the second oligonucleotide may be called the "downstream"

oligonucleotide.

[254] In the context of this invention, a “pathogen” is a bioagent which causes a disease or disorder.

[255] As used herein, the terms "PCR product,” "PCR fragment," and "amplification product"” refer
to the resultant mixture of compounds after two or more cycles of the PCR steps of denaturation,
annealing and extension are complete. These terms encompass the case where there has been

amplification of one or more segments of one or more target sequences.

[256] The term "peptide nucleic acid" ("PNA") as used herein refers to a molecule comprising bases
or base analogs such as would be found in natural nucleic acid, but attached to a peptide backbone rather
than the sugar-phosphate backbone typical of nucleic acids. The attachment of the bases to the peptide is
such as to allow the bases to base pair with complementary bases of nucleic acid in a manner similar to
that of an oligonucleotide. These small molecules, also designated anti gene agents, stop transcript
elongation by binding to their complementary strand of nucleic acid (Nielsen, et al. Anticancer Drug Des.

8:53 63). The primers of the present invention may comprise PNAs.

[257] The term "polymerase” refers to an enzyme having the ability to synthesize a complementary

strand of nucleic acid from a starting template nucleic acid strand and free dNTPs.

[258] As used herein, the term "polymerase chain reaction" ("PCR") refers to the method of K.B.
Mullis U.S. Patent Nos. 4,683,195, 4,683,202, and 4,965,188, hereby incorporated by reference, that
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describe a method for increasing the concentration of a segment of a target sequence in a mixture of
genomic DNA without cloning or purification. This process for amplifying the target sequence consists
of introducing a large excess of two oligonucleotide primers to the DNA mixture containing the desired
target sequence, followed by a precise sequence of thermal cycling in the presence of a DNA polymerase.
The two primers are complementary to their respective strands of the double stranded target sequence. To
effect amplification, the mixture is denatured and the primers then annealed to their complementary
sequences within the target molecule. Following annealing, the primers are extended with a polymerase
s0 as to form a new pair of complementary strands. The steps of denaturation, primer annealing, and
polymerase extension can be repeated many times (i.e., denaturation, annealing and extension constitute
one "cycle"; there can be numerous "cycles") to obtain a high concentration of an amplified segment of
the desired target sequence. The length of the amplified segment of the desired target sequence is
determined by the relative positions of the primers with respect to each other, and therefore, this length is
a controllable parameter. By virtue of the repeating aspect of the process, the method is referred to as the
"polymerase chain reaction" (hereinafter "PCR"). Because the desired amplified segments of the target
sequence become the predominant sequences (in terms of concentration) in the mixture, they are said to
be "PCR amplified." With PCR, it is possible to amplify a single copy of a specific target sequence in
genomic DNA to a level detectable by several different methodologies (e.g., hybridization with a labeled
probe; incorporation of biotinylated primers followed by avidin-enzyme conjugate detection;
incorporation of 32P-labeled deoxynucleotide triphosphates, such as dCTP or dATP, into the amplified
segment). In addition to genomic DNA, any oligonucleotide or polynucleotide sequence can be amplified
with the appropriate set of primer molecules. In particular, the amplified segments created by the PCR

process itself are, themselves, efficient templates for subsequent PCR amplifications.

[259] The term "polymerization means" or "polymerization agent" refers to any agent capable of
facilitating the addition of nucleoside triphosphates to an oligonucleotide. Preferred polymerization

means comprise DNA and RNA polymerases.

[260] As used herein, the terms “pair of primers,” or “primer pair” are synonymous. A primer pair is
used for amplification of a nucleic acid sequence. A pair of primers comprises a forward primer and a
reverse primer. The forward primer hybridizes to a sense strand of a target gene sequence to be amplified
and primes synthesis of an antisense strand (complementary to the sense strand) using the target sequence
as a template. A reverse primer hybridizes to the antisense strand of a target gene sequence to be
amplified and primes synthesis of a sense strand (complementary to the antisense strand) using the target

sequence as a template.
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[261] The primers are designed to bind to highly conserved sequence regions of a bioagent
identifying amplicon that flank an intervening variable region and yield amplification products which
ideally provide enough variability to distinguish each individual bioagent, and which are amenable to
molecular mass analysis. In some embodiments, the highly conserved sequence regions exhibit between
about 80-100%, or between about 90-100%, or between about 95-100% identity, or between about 99-
100% identity. The molecular mass of a given amplification product provides a means of identifying the
bioagent from which it was obtained, due to the variability of the variable region. Thus design of the
primers requires selection of a variable region with appropriate variability to resolve the identity of a

given bioagent. Bioagent identifying amplicons are ideally specific to the identity of the bioagent.

[262] Properties of the primers may include any number of properties related to structure including,
but not limited to: nucleobase length which may be contiguous (linked together) or non-contiguous (for
example, two or more contiguous segments which are joined by a linker or loop moiety), modified or
universal nucleobases (used for specific purposes such as for example, increasing hybridization affinity,
preventing non-templated adenylation and modifying molecular mass) percent complementarity to a

given target sequences.

[263] Properties of the primers also include functional features including, but not limited to,
orientation of hybridization (forward or reverse) relative to a nucleic acid template. The coding or sense
strand is the strand to which the forward priming primer hybridizes (forward priming orientation) while
the reverse priming primer hybridizes to the non-coding or antisense strand (reverse priming orientation).
The functional properties of a given primer pair also include the generic template nucleic acid to which
the primer pair hybridizes. For example, identification of bioagents can be accomplished at different
levels using primers suited to resolution of each individual level of identification. Broad range survey
primers are designed with the objective of identifying a bioagent as a member of a particular division
(e.g., an order, family, genus or other such grouping of bioagents above the species level of bioagents). In
some embodiments, broad range survey intelligent primers are capable of identification of bioagents at
the species or sub-species level. Other primers may have the functionality of producing bioagent
identifying amplicons for members of a given taxonomic genus, clade, species, sub-species or genotype
(including genetic variants which may include presence of virulence genes or antibiotic resistance genes
or mutations). Additional functional properties of primer pairs include the functionality of performing
amplification either singly (single primer pair per amplification reaction vessel) or in a multiplex fashion

(multiple primer pairs and multiple amplification reactions within a single reaction vessel).

[264] As used herein, the terms "purified" or "substantially purified" refer to molecules, either
nucleic or amino acid sequences, that are removed from their natural environment, isolated or separated,
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and are at least 60% free, preferably 75% free, and most preferably 90% free from other components with
which they are naturally associated. An "isolated polynucleotide” or "isolated oligonucleotide” is

therefore a substantially purified polynucleotide.

[265] The term "reverse transcriptase” refers to an enzyme having the ability to transcribe DNA from
an RNA template. This enzymatic activity is known as reverse transcriptase activity. Reverse
transcriptase activity is desirable in order to obtain DNA from RNA viruses which can then be amplified

and analyzed by the methods of the present invention.

[266] The term "ribosomal RNA” or "rRNA" refers to the primary ribonucleic acid constituent of
ribosomes. Ribosomes are the protein-manufacturing organelles of cells and exist in the cytoplasm.

Ribosomal RNAs are transcribed from the DNA genes encoding them.

[267] The term "sample" in the present specification and claims is used in its broadest sense. On the
one hand it is meant to include a specimen or culture (e.g., microbiological cultures). On the other hand, it
is meant to include both biological and environmental samples. A sample may include a specimen of
synthetic origin. Biological samples may be animal, including human, fluid, solid (e.g., stool) or tissue, as
well as liquid and solid food and feed products and ingredients such as dairy items, vegetables, meat and
meat by-products, and waste. Biological samples may be obtained from all of the various families of
domestic animals, as well as feral or wild animals, including, but not limited to, such animals as
ungulates, bear, fish, lagamorphs, rodents, etc. Environmental samples include environmental material
such as surface matter, soil, water, air and industrial samples, as well as samples obtained from food and
dairy processing instruments, apparatus, equipment, utensils, disposable and non-disposable items. These
examples are not to be construed as limiting the sample types applicable to the present invention. The
term "source of target nucleic acid" refers to any sample that contains nucleic acids (RNA or DNA).
Particularly preferred sources of target nucleic acids are biological samples including, but not limited to

blood, saliva, cerebral spinal fluid, pleural fluid, milk, lymph, sputum and semen.

[268] As used herein, the term "sample template" refers to nucleic acid originating from a sample
that is analyzed for the presence of "target" (defined below). In contrast, "background template” is used
in reference to nucleic acid other than sample template that may or may not be present in a sample.
Background template is often a contaminant. It may be the result of carryover, or it may be due to the
presence of nucleic acid contaminants sought to be purified away from the sample. For example, nucleic

acids from organisms other than those to be detected may be present as background in a test sample.

[269] A "segment" is defined herein as a region of nucleic acid within a target sequence.
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[270] The “self-sustained sequence replication reaction” (3SR) (Guatelli et al., Proc. Natl. Acad. Sci.,
87:1874-1878 [1990], with an erratum at Proc. Natl. Acad. Sci., 87:7797 [1990]) is a transcription-based
in vitro amplification system (Kwok et al., Proc. Natl. Acad. Sci., 86:1173-1177 [1989]) that can
exponentially amplify RNA sequences at a uniform temperature. The amplified RNA can then be utilized
for mutation detection (Fahy et al., PCR Meth. Appl., 1:25-33 [19917). In this method, an oligonucleotide
primer is used to add a phage RNA polymerase promoter to the 5' end of the sequence of interest. In a
cocktail of enzymes and substrates that includes a second primer, reverse transcriptase, RNase H, RNA
polymerase and ribo- and deoxyribonucleoside triphosphates, the target sequence undergoes repeated
rounds of transcription, cDNA synthesis and second-strand synthesis to amplify the area of interest. The
use of 3SR to detect mutations is kinetically limited to screening small segments of DNA (e.g., 200-300

base pairs).

[271] As used herein, the term ""sequence alignment"" refers to a listing of multiple DNA or amino
acid sequences and aligns them to highlight their similarities. The listings can be made using

bioinformatics computer programs.

[272] Tn context of this invention, the term "speciating primer pair" refers to a primer pair designed
to produce a bioagent identifying amplicon with the diagnostic capability of identifying species members
of a group of genera or a particular genus of bioagents. Primer pair number 2249 (SEQ ID NOs:
430:1321), for example, is a speciating primer pair used to distinguish Staphylococcus aureus from other

species of the genus Staphylococcus.

[273] As used herein, a “sub-species characteristic” is a genetic characteristic that provides the means
to distinguish two members of the same bioagent species. For example, one viral strain could be
distinguished from another viral strain of the same species by possessing a genetic change (e.g., for
example, a nucleotide deletion, addition or substitution) in one of the viral genes, such as the RNA-
dependent RNA polymerase. Sub-species characteristics such as virulence genes and drug-are responsible

for the phenotypic differences among the different strains of bacteria.

[274] As used herein, the term "target" is used in a broad sense to indicate the gene or genomic
region being amplified by the primers. Because the present invention provides a plurality of amplification
products from any given primer pair (depending on the bioagent being analyzed), multiple amplification
products from different specific nucleic acid sequences may be obtained. Thus, the term "target" is not
used to refer to a single specific nucleic acid sequence. The "target" is sought to be sorted out from other
nucleic acid sequences and contains a sequence that has at least partial complementarity with an
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oligonucleotide primer. The target nucleic acid may comprise single- or double-stranded DNA or RNA. A

"segment" is defined as a region of nucleic acid within the target sequence.

[275] The term "template” refers to a strand of nucleic acid on which a complementary copy is built
from nucleoside triphosphates through the activity of a template-dependent nucleic acid polymerase.
Within a duplex the template strand is, by convention, depicted and described as the "bottom" strand.

Similarly, the non-template strand is often depicted and described as the "top" strand.

[276] As used herein, the term "T,," is used in reference to the "melting temperature.” The melting
temperature is the temperature at which a population of double-stranded nucleic acid molecules becomes
half dissociated into single strands. Several equations for calculating the Ty, of nucleic acids are well
known in the art. As indicated by standard references, a simple estimate of the Ty, value may be
calculated by the equation: T=81.5+0.41(% G+C), when a nucleic acid is in aqueous solution at 1 M
NaCl (see e.g., Anderson and Young, Quantitative Filter Hybridization, in Nucleic Acid Hybridization
(1985). Other references (e.g., Allawi, H. T. & SantaLucia, J., Jr. Thermodynamics and NMR of internal
G.T mismatches in DNA. Biochemistry 36, 10581-94 (1997) include more sophisticated computations
which take structural and environmental, as well as sequence characteristics into account for the

calculation of Ty,

[277] The term “triangulation genotyping analysis” refers to a method of genotyping a bioagent by
measurement of molecular masses or base compositions of amplification products, corresponding to
bioagent identifying amplicons, obtained by amplification of regions of more than one gene. In this
sense, the term “triangulation” refers to a method of establishing the accuracy of information by
comparing three or more types of independent points of view bearing on the same findings. Triangulation
genotyping analysis carried out with a plurality of triangulation genotyping analysis primers yields a
plurality of base compositions that then provide a pattern or "barcode” from which a species type can be
assigned. The species type may represent a previously known sub-species or strain, or may bea
previously unknown strain having a specific and previously unobserved base composition barcode

indicating the existence of a previously unknown genotype.

[278] As used herein, the term "triangulation genotyping analysis primer pair" is a primer pair
designed to produce bioagent identifying amplicons for determining species types in a triangulation

genotyping analysis.

[279] The employment of more than one bioagent identifying amplicon for identification of a
bioagent is herein referred to as “triangulation identification.” Triangulation identification is pursued by
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analyzing a plurality of bioagent identifying amplicons produced with different primer pairs. This process
is used to reduce false negative and false positive signals, and enable reconstruction of the origin of
hybrid or otherwise engineered bioagents. For example, identification of the three part toxin genes typical
of B. anthracis (Bowen et al., J. Appl. Microbiol., 1999, 87, 270-278) in the absence of the expected

signatures from the B. anthracis genome would suggest a genetic engineering event.

[280] In the context of this invention, the term “unknown bicagent” may mean either: (i) a bioagent
whose existence is known (such as the well known bacterial species Staphylococcus aureus for example)
but which is not known to be in a sample to be analyzed, or (ii) a bioagent whose existence is not known
(for example, the SARS coronavirus was unknown prior to April 2003). For example, if the method for
identification of coronaviruses disclosed in commonly owned U.S. Patent Serial No. 10/829,826
(incorporated herein by reference in its entirety) was to be employed prior to April 2003 to identify the
SARS coronavirus in a clinical sample, both meanings of “unknown” bioagent are applicable since the
SARS coronavirus was unknown to science prior to April, 2003 and since it was not known what
bioagent (in this case a coronavirus) was present in the sample. On the other hand, if the method of U.S.
Patent Serial No. 10/829,826 was to be employed subsequent to April 2003 to identify the SARS
coronavirus in a clinical sample, only the first meaning (i) of “unknown” bioagent would apply since the
SARS coronavirus became known to science subsequent to April 2003 and since it was not known what

bioagent was present in the sample.

[281] The term "variable sequence" as used herein refers to differences in nucleic acid sequence
between two nucleic acids. For example, the genes of two different bacterial species may vary in
sequence by the presence of single base substitutions and/or deletions or insertions of one or more
nucleotides. These two forms of the structural gene are said to vary in sequence from one another. In the
context of the present invention, “viral nucleic acid” includes, but is not limited to, DNA, RNA, or DNA
that has been obtained from viral RNA, such as, for example, by performing a reverse transcription

reaction. Viral RNA can either be single-stranded (of positive or negative polarity) or double-stranded.

[282] The term "virus" refers to obligate, ultramicroscopic, parasites that are incapable of
autonomous replication (i.e., replication requires the use of the host cell's machinery). Viruses can survive

outside of a host cell but cannot replicate.

[283] The term "wild-type" refers to a gene or a gene product that has the characteristics of that gene
or gene product when isolated from a naturally occurring source. A wild-type gene is that which is most
frequently observed in a population and is thus arbitrarily designated the "normal" or "wild-type" form of
the gene. In contrast, the term "modified", "mutant" or "polymorphic" refers to a gene or gene product
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that displays modifications in sequence and or functional properties (i.e., altered characteristics) when
compared to the wild-type gene or gene product. It is noted that naturally-occurring mutants can be
isolated; these are identified by the fact that they have altered characteristics when compared to the wild-

type gene or gene product.

[284] As used herein, a “wobble base” is a variation in a codon found at the third nucleotide position
of a DNA triplet. Variations in conserved regions of sequence are often found at the third nucleotide

position due to redundancy in the amino acid code.

DETAILED DESCRIPTION OF EMBODIMENTS
A. Bioagent Identifying Amplicons

[285] The present invention provides methods for detection and identification of unknown bioagents
using bioagent identifying amplicons. Primers are selected to hybridize to conserved sequence regions of
nucleic acids derived from a bioagent, and which bracket variable sequence regions to yield a bioagent
identifying amplicon, which can be amplified and which is amenable to molecular mass determination.
The molecular mass then provides a means to uniquely identify the bioagent without a requirement for
prior knowledge of the possible identity of the bioagent. The molecular mass or corresponding base
composition signature of the amplification product is then matched against a database of molecular
masses or base composition signatures. A match is obtained when an experimentally-determined
molecular mass or base composition of an analyzed amplification product is compared with known
molecular masses or base compositions of known bioagent identifying amplicons and the experimentally
determined molecular mass or base composition is the same as the molecular mass or base composition of
one of the known bioagent identifying amplicons. Alternatively, the experimentally-determined molecular
mass or base composition may be within experimental error of the molecular mass or base composition of
a known bioagent identifying amplicon and still be classified as a match. In some cases, the match may
also be classified using a probability of match model such as the models described in U.S. Serial No.
11/073,362, which is commonly owned and incorporated herein by reference in entirety. Furthermore, the
method can be applied to rapid parallel multiplex analyses, the results of which can be employed in a
triangulation identification strategy. The present method provides rapid throughput and does not require

nucleic acid sequencing of the amplified target sequence for bioagent detection and identification.

[286] Despite enormous biological diversity, all forms of life on earth share sets of essential,
common features in their genomes. Since genetic data provide the underlying basis for identification of
bioagents by the methods of the present invention, it is necessary to select segments of nucleic acids
which ideally provide enough variability to distinguish each individual bioagent and whose molecular

mass is amenable to molecular mass determination.
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[287] Unlike bacterial genomes, which exhibit conservation of numerous genes (i.e. housekeeping
genes) across all organisms, viruses do not share a gene that is essential and conserved among all virus
families. Therefore, viral identification is achieved within smaller groups of related viruses, such as
members of a particular virus family or genus. For example, RNA-dependent RNA polymerase is present
in all single-stranded RNA viruses and can be used for broad priming as well as resolution within the

virus family.

[288] In some embodiments of the present invention, at least one bacterial nucleic acid segment is
amplified in the process of identifying the bacterial bioagent. Thus, the nucleic acid segments that can be
amplified by the primers disclosed herein and that provide enough variability to distinguish each
individual bioagent and whose molecular masses are amenable to molecular mass determination are
herein described as bioagent identifying amplicons.

[289] In some embodiments of the present invention, bioagent identifying amplicons comprise from
about 45 to about 150 nucleobases (i.e. from about 45 to about 200 linked nucleosides), although both
longer and short regions may be used. One of ordinary skill in the art will appreciate that the invention
embodies compounds of 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68,69, 70,71, 72,73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, and 150 nucleobases in length, or any

range therewithin.

[290] It is the combination of the portions of the bioagent nucleic acid segment to which the primers
hybridize (hybridization sites) and the variable region between the primer hybridization sites that
comprises the bioagent identifying amplicon. Thus, it can be said that a given bioagent identifying

amplicon is “defined by” a given pair of primers.

[291] In some embodiments, bioagent identifying amplicons amenable to molecular mass
determination which are produced by the primers described herein are either of a length, size or mass
compatible with the particular mode of molecular mass determination or compatible with a means of
providing a predictable fragmentation pattern in order to obtain predictable fragments of a length
compatible with the particular mode of molecular mass determination. Such means of providing a
predictable fragmentation pattern of an amplification product include, but are not limited to, cleavage
with chemical reagents, restriction enzymes or cleavage primers, for example. Thus, in some
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embodiments, bioagent identifying amplicons are larger than 150 nucleobases and are amenable to
molecular mass determination following restriction digestion. Methods of using restriction enzymes and

cleavage primers are well known to those with ordinary skill in the art.

[292] In some embodiments, amplification products corresponding to bioagent identifying amplicons
are obtained using the polymerase chain reaction (PCR) that is a routine method to those with ordinary

skill in the molecular biology arts. Other amplification methods may be used such as ligase chain reaction
(LCR), low-stringency single primer PCR, and multiple strand displacement amplification (MDA). These

methods are also known to those with ordinary skill.

B. Primers and Primer Pairs

[293] In some embodiments, the primers are designed to bind to conserved sequence regions of a
bioagent identifying amplicon that flank an intervening variable region and yield amplification products
which provide variability sufficient to distinguish each individual bioagent, and which are amenable to
molecular mass analysis. In some embodiments, the highly conserved sequence regions exhibit between
about 80-100%, or between about 90-100%, or between about 95-100% identity, or between about 99-
100% identity. The molecular mass of a given amplification product provides a means of identifying the
bioagent from which it was obtained, due to the variability of the variable region. Thus, design of the
primers involves selection of a variable region with sufficient variability to resolve the identity of a given
bioagent. In some embodiments, bioagent identifying amplicons are specific to the identity of the

bioagent.

[294] In some embodiments, identification of bioagents is accomplished at different levels using
primers suited to resolution of each individual level of identification. Broad range survey primers are
designed with the objective of identifying a bioagent as a member of a particular division (e.g., an order,
family, genus or other such grouping of bioagents above the species level of bioagents). In some
embodiments, broad range survey intelligent primers are capable of identification of bioagents at the
species or sub-species level. Examples of broad range survey primers include, but are not limited to:
primer pair numbers: 346 (SEQ ID NOs: 202:1110), 347 (SEQ ID NOs: 560:1278), 348 SEQ ID NOs:
706:895), and 361 (SEQ ID NOs: 697:1398) which target DNA encoding 16S rRNA, and primer pair
numbers 349 (SEQ ID NOs: 401:1156) and 360 (SEQ ID NOs: 409: 1434) which target DNA encoding
23S rRNA.

[295] In some embodiments, drill-down primers are designed with the objective of identifying a
bioagent at the sub-species level (including strains, subtypes, variants and isolates) based on sub-species
characteristics which may, for example, include single nucleotide polymorphisms (SNPs), variable
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number tandem repeats (VNTRs), deletions, drug resistance mutations or any other modification of a
nucleic acid sequence of a bioagent relative to other members of a species having different sub-species
characteristics. Drill-down intelligent primers are not always required for identification at the sub-species
level because broad range survey intelligent primers may, in some cases provide sufficient identification
resolution to accomplishing this identification objective. Examples of drill-down primers include, but are
not limited to: confirmation primer pairs such as primer pair numbers 351 (SEQ ID NOs: 355:1423) and
353 (SEQ ID NOs: 220:1394), which target the pX01 virulence plasmid of Bacillus anthracis. Other
examples of drill-down primer pairs are found in sets of triangulation genotyping primer pairs such as, for
example, the primer pair number 2146 (SEQ ID NOs: 437:1137) which targets the arcC gene (encoding
carmabate kinase) and is included in an 8 primer pair panel or kit for use in genotyping Staphylococcus
aureus, or in other panels or kits of primer pairs used for determining drug-resistant bacterial strains, such
as, for example, primer pair number 2095 (SEQ ID NOs: 456:1261) which targets the pv-luk gene
(encoding Panton-Valentine leukocidin) and is included in an 8 primer pair panel or kit for use in

identification of drug resistant strains of Staphylococcus aureus.

[296] A representative process flow diagram used for primer selection and validation process is
outlined in Figure 1. For each group of organisms, candidate target sequences are identified (200) from
which nucleotide alignments are created (210) and analyzed (220). Primers are then designed by selecting
appropriate priming regions (230) to facilitate the selection of candidate primer pairs (240). The primer
pairs are then subjected to in silico analysis by electronic PCR (ePCR) (300) wherein bioagent identifying
amplicons are obtained from sequence databases such as GenBank or other sequence collections (310)
and checked for specificity in silico (320). Bioagent identifying amplicons obtained from GenBank
sequences (310) can also be analyzed by a probability model which predicts the capability of a given
amplicon to identify unknown bioagents such that the base compositions of amplicons with favorable
probability scores are then stored in a base composition database (325). Alternatively, base compositions
of the bioagent identifying amplicons obtained from the primers and GenBank sequences can be directly
entered into the base composition database (330). Candidate primer pairs (240) are validated by testing
their ability to hybridize to target nucleic acid by an in vitro amplification by a method such as PCR
analysis (400) of nucleic acid from a collection of organisms (410). Amplification products thus obtained
are analyzed by gel electrophoresis or by mass spectrometry to confirm the sensitivity, specificity and

reproducibility of the primers used to obtain the amplification products (420).

[297] Many of the important pathogens, including the organisms of greatest concern as biowarfare
agents, have been completely sequenced. This effort has greatly facilitated the design of primers for the
detection of unknown bioagents. The combination of broad-range priming with division-wide and drill-
down priming has been used very successfully in several applications of the technology, including

44



WO 2006/116127 PCT/US2006/015160

environmental surveillance for biowarfare threat agents and clinical sample analysis for medically

important pathogens.

[298] Synthesis of primers is well known and routine in the art. The primers may be conveniently
and routinely made through the well-known technique of solid phase synthesis. Equipment for such
synthesis is sold by several vendors including, for example, Applied Biosystems (Foster City, CA). Any

other means for such synthesis known in the art may additionally or alternatively be employed.

[299] In some embodiments primers are employed as compositions for use in methods for
identification of bacterial bioagents as follows: a primer pair composition is contacted with nucleic acid
(such as, for example, bacterial DNA or DNA reverse transcribed from the rRNA) of an unknown
bacterial bioagent. The nucleic acid is then amplified by a nucleic acid amplification technique, such as
PCR for example, to obtain an amplification product that represents a bioagent identifying amplicon. The
molecular mass of each strand of the double-stranded amplification product is determined by a molecular
mass measurement technique such as mass spectrometry for example, wherein the two strands of the
double-stranded amplification product are separated during the ionization process. In some embodiments,
the mass spectrometry is electrospray Fourier transform ion cyclotron resonance mass spectrometry (ESI-
FTICR-MS) or electrospray time of flight mass spectrometry (ESI-TOF-MS). A list of possible base
compositions can be generated for the molecular mass value obtained for each strand and the choice of
the correct base composition from the list is facilitated by matching the base composition of one strand
with a complementary base composition of the other strand. The molecular mass or base composition thus
determined is then compared with a database of molecular masses or base compositions of analogous
bioagent identifying amplicons for known viral bioagents. A match between the molecular mass or base
composition of the amplification product and the molecular mass or base composition of an analogous
bioagent identifying amplicon for a known viral bioagent indicates the identity of the unknown bioagent.
In some embodiments, the primer pair used is one of the primer pairs of Table 2. In some embodiments,
the method is repeated using one or more different primer pairs to resolve possible ambiguities in the

identification process or to improve the confidence level for the identification assignment.

[300] In some embodiments, a bioagent identifying amplicon may be produced using only a single
primer (either the forward or reverse primer of any given primer pair), provided an appropriate
amplification method is chosen, such as, for example, low stringency single primer PCR (LSSP-PCR).
Adaptation of this amplification method in order to produce bioagent identifying amplicons can be

accomplished by one with ordinary skill in the art without undue experimentation.
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[301] In some embodiments, the oligonucleotide primers are broad range survey primers which
hybridize to conserved regions of nucleic acid encoding the hexon gene of all (or between 80% and
100%, between 85% and 100%, between 90% and 100% or between 95% and 100%) known bacteria and

produce bacterial bioagent identifying amplicons.

[302] In some cases, the molecular mass or base composition of a bacterial bioagent identifying
amplicon defined by a broad range survey primer pair does not provide enough resolution to
unambiguously identify a bacterial bioagent at or below the species level. These cases benefit from
further analysis of one or more bacterial bioagent identifying amplicons generated from at least one
additional broad range survey primer pair or from at least one additional division-wide primer pair. The
employment of more than one bioagent identifying amplicon for identification of a bioagent is herein

referred to as triangulation identification.

[303] In other embodiments, the oligonucleotide primers are division-wide primers which hybridize
to nucleic acid encoding genes of species within a genus of bacteria. In other embodiments, the
oligonucleotide primers are drill-down primers which enable the identification of sub-species
characteristics. Drill down primers provide the functionality of producing bioagent identifying amplicons
for drill-down analyses such as strain typing when contacted with nucleic acid under amplification
conditions. Identification of such sub-species characteristics is often critical for determining proper
clinical treatment of viral infections. In some embodiments, sub-species characteristics are identified

using only broad range survey primers and division-wide and drill-down primers are not used.

[304] In some embodiments, the primers used for amplification hybridize to and amplify genomic

DNA, and DNA of bacterial plasmids.

[305] In some embodiments, various computer software programs may be used to aid in design of
primers for amplification reactions such as Primer Premier 5 (Premier Biosoft, Palo Alto, CA) or OLIGO
Primer Analysis Software (Molecular Biology Insights, Cascade, CO). These programs allow the user to
input desired hybridization conditions such as melting temperature of a primer-template duplex for
example. In some embodiments, an in silico PCR search algorithm, such as (ePCR) is used to analyze
primer specificity across a plurality of template sequences which can be readily obtained from public
sequence databases such as GenBank for example. An existing RNA structure search algorithm (Macke et
al., Nucl. Acids Res., 2001, 29, 4724-4735, which is incorporated herein by reference in its entirety) has
been modified to include PCR parameters such as hybridization conditions, mismatches, and
thermodynamic calculations (SantaLucia, Proc. Natl. Acad. Sci. U.S.A., 1998, 95, 1460-1465, which is
incorporated herein by reference in its entirety). This also provides information on primer specificity of
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the selected primer pairs. In some embodiments, the hybridization conditions applied to the algorithm can
limit the results of primer specificity obtained from the algorithm. In some embodiments, the melting
temperature threshold for the primer template duplex is specified to be 35°C or a higher temperature. In
some embodiments the number of acceptable mismatches is specified to be seven mismatches or less. In
some embodiments, the buffer components and concentrations and primer concentrations may be
specified and incorporated into the algorithm, for example, an appropriate primer concentration is about

250 nM and appropriate buffer components are 50 mM sodium or potassium and 1.5 mM Mg

[306] One with ordinary skill in the art of design of amplification primers will recognize that a given
primer need not hybridize with 100% complementarity in order to effectively prime the synthesis of a
complementary nucleic acid strand in an amplification reaction. Moreover, a primer may hybridize over
one or more segments such that intervening or adjacent segments are not involved in the hybridization
event. (e.g., for example, a loop structure or a hairpin structure). The primers of the present invention
may comprise at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95% or at least
99% sequence identity with any of the primers listed in Table 2. Thus, in some embodiments of the
present invention, an extent of variation of 70% to 100%, or any range therewithin, of the sequence
identity is possible relative to the specific primer sequences disclosed herein. Determination of sequence
identity is described in the following example: a primer 20 nucleobases in length which is identical to
another 20 nucleobase primer having two non-identical residues has 18 of 20 identical residues (18/20 =
0.9 or 90% sequence identity). In another example, a primer 15 nucleobases in length having all residues
identical to 2 15 nucleobase segment of primer 20 nucleobases in length would have 15/20 = 0.75 or 75%

sequence identity with the 20 nucleobase primer.

[307] Percent homology, sequence identity or complementarity, can be determined by, for example,
the Gap program (Wisconsin Sequence Analysis Package, Version 8 for UNIX, Genetics Computer
Group, University Research Park, Madison W), using default settings, which uses the algorithm of Smith
and Waterman (Adv. Appl. Math., 1981, 2, 482-489). In some embodiments, complementarity of primers
with respect to the conserved priming regions of viral nucleic acid is between about 70% and about 75%
80%. In other embodiments, homology, sequence identity or complementarity, is between about 75% and
about 80%. In yet other embodiments, homology, sequence identity or complementarity, is at least 85%,
at least 90%, at least 92%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or is 100%.

[308] In some embodiments, the primers described herein comprise at least 70%, at least 75%, at

least 80%, at least 85%, at least 90%, at least 92%, at least 94%, at least 95%, at least 96%, at least 98%,
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or at least 99%, or 100% (or any range therewithin) sequence identity with the primer sequences

specifically disclosed herein.

[309] One with ordinary skill is able to calculate percent sequence identity or percent sequence
homology and able to determine, without undue experimentation, the effects of variation of primer
sequence identity on the function of the primer in its role in priming synthesis of a complementary strand
of nucleic acid for production of an amplification product of a corresponding bioagent identifying

amplicon.

[310] In one embodiment, the primers are at least 13 nucleobases in length. In another embodiment,

the primers are less than 36 nucleobases in length.

[311] In some embodiments of the present invention, the oligonucleotide primers are 13 to 35
nucleobases in length (13 to 35 linked nucleotide residues). These embodiments comprise
oligonucleotide primers 13, 14, 15, 16, 17, 18, 19, 20,21, 22,23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34
or 35 nucleobases in length, or any range therewithin. The present invention contemplates using both
longer and shorter primers. Furthermore, the primers may also be linked to one or more other desired
moieties, including, but not limited to, affinity groups, ligands, regions of nucleic acid that are not
complementary to the nucleic acid to be amplified, labels, etc. Primers may also form hairpin structures.
For example, hairpin primers may be used to amplify short target nucleic acid molecules. The presence
of the hairpin may stabilize the amplification complex (see e.g., TAQMAN MicroRNA Assays, Applied
Biosystems, Foster City, California).

[312] In some embodiments, any oligonucleotide primer pair may have one or both primers with less
then 70% sequence homology with a corresponding member of any of the primer pairs of Table 2 if the
primer pair has the capability of producing an amplification product corresponding to a bioagent
identifying amplicon. In other embodiments, any oligonucleotide primer pair may have one or both
primers with a length greater than 35 nucleobases if the primer pair has the capability of producing an

amplification product corresponding to a bioagent identifying amplicon.

[313] Tn some embodiments, the function of a given primer may be substituted by a combination of
two or more primers segments that hybridize adjacent to each other or that are linked by a nucleic acid
loop structure or linker which allows a polymerase to extend the two or more primers in an amplification

reaction.
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[314] In some embodiments, the primer pairs used for obtaining bioagent identifying amplicons are
the primer pairs of Table 2. In other embodiments, other combinations of primer pairs are possible by
combining certain members of the forward primers with certain members of the reverse primers. An
example can be seen in Table 2 for two primer pair combinations of forward primer
16S_EC_789_810_F (SEQID NO: 206), with the reverse primers 16S_EC_880_894_R (SEQ
IDNO: 796),0or 1L6S_EC_882_899_R or (SEQID NO: 818). Arriving at a favorable alternate
combination of primers in a primer pair depends upon the properties of the primer pair, most notably the
size of the bioagent identifying amplicon that would be produced by the primer pair, which preferably is
between about 45 to about 150 nucleobases in length. Alternatively, a bioagent identifying amplicon
longer than 150 nucleobases in length could be cleaved into smaller segments by cleavage reagents such

as chemical reagents, or restriction enzymes, for example.

[315] In some embodiments, the primers are configured to amplify nucleic acid of a bioagent to
produce amplification products that can be measured by mass spectrometry and from whose molecular

masses candidate base compositions can be readily calculated.

[316] In some embodiments, any given primer comprises a modification comprising the addition of a
non-templated T residue to the 5' end of the primer (i.e., the added T residue does not necessarily
hybridize to the nucleic acid being amplified). The addition of a non-templated T residue has an effect of
minimizing the addition of non-templated adenosine residues as a result of the non-specific enzyme
activity of Tag polymerase (Magnuson et al., Biotechniques, 1996, 21, 700-709), an occurrence which

may lead to ambiguous results arising from molecular mass analysis.

[317] In some embodiments of the present invention, primers may contain one or more universal
bases. Because any variation (due to codon wobble in the 3™ position) in the conserved regions among
species is likely to occur in the third position of a DNA (or RNA) triplet, oligonucleotide primers can be
designed such that the nucleotide corresponding to this position is a base which can bind to more than one
nucleotide, referred to herein as a “universal nucleobase.” For example, under this “wobble” pairing,
inosine (I) binds to U, C or A; guanine (G) binds to U or C, and uridine (U) binds to U or C. Other
examples of universal nucleobases include nitroindoles such as 5-nitroindole or 3-nitropyrrole (Loakes et
al., Nucleosides and Nucleotides, 1995, 14, 1001-1003), the degenerate nucleotides dP or dK (Hill et al.),
an acyclic nucleoside analog containing 5-nitroindazole (Van Aerschot et al., Nucleosides and
Nucleotides, 1995, 14, 1053-1056) or the purine analog 1-(2-deoxy-B-D-ribofuranosyl)-imidazole-4-
carboxamide (Sala et al., Nucl. Acids Res., 1996, 24, 3302-3306).
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[318] In some embodiments, to compensate for the somewhat weaker binding by the wobble base,
the oligonucleotide primers are designed such that the first and second positions of each triplet are
occupied by nucleotide analogs that bind with greater affinity than the unmodified nucleotide. Examples
of these analogs include, but are not limited to, 2,6-diaminopurine which binds to thymine, 5-
propynyluracil (also known as propynylated thymine) which binds to adenine and 5-propynylcytosine and
phenoxazines, including G-clamp, which binds to G. Propynylated pyrimidines are described in U.S.
Patent Nos. 5,645,985, 5,830,653 and 5,484,908, each of which is commonly owned and incorporated
herein by reference in its entirety. Propynylated primers are described in U.S Pre-Grant Publication No.
2003-0170682, which is also commonly owned and incorporated herein by reference in its entirety.
Phenoxazines are described in U.S. Patent Nos. 5,502,177, 5,763,588, and 6,005,096, each of which is
incorporated herein by reference in its entirety. G-clamps are described in U.S. Patent Nos. 6,007,992 and

6,028,183, each of which is incorporated herein by reference in its entirety.

[319] In some embodiments, primer hybridization is enhanced using primers containing 5-propynyl
deoxy-cytidine and deoxy-thymidine nucleotides. These modified primers offer increased affinity and

base pairing selectivity.

[320] In some embodiments, non-template primer tags are used to increase the melting temperature
(Ty) of a primer-template duplex in order to improve amplification efficiency. A non-template tag is at
least three consecutive A or T nucleotide residues on a primer which are not complementary to the
template. In any given non-template tag, A can be replaced by C or G and T can also be replaced by C or
G. Although Watson-Crick hybridization is not expected to occur for a non-template tag relative to the
template, the extra hydrogen bond in a G-C pair relative to an A-T pair confers increased stability of the
primer-template duplex and improves amplification efficiency for subsequent cycles of amplification

when the primers hybridize to strands synthesized in previous cycles.

[321] In other embodiments, propynylated tags may be used in a manner similar to that of the non-
template tag, wherein two or more 5-propynylcytidine or 5-propynyluridine residues replace template
matching residues on a primer. In other embodiments, a primer contains a modified internucleoside

linkage such as a phosphorothioate linkage, for example.

[322] In some embodiments, the primers contain mass-modifying tags. Reducing the total number of
possible base compositions of a nucleic acid of specific molecular weight provides a means of avoiding a
persistent source of ambiguity in determination of base composition of amplification products. Addition
of mass-modifying tags to certain nucleobases of a given primer will result in simplification of de nove
determination of base composition of a given bioagent identifying amplicon from its molecular mass.
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[323] In some embodiments of the present invention, the mass modified nucleobase comprises one or
more of the following: for example, 7-deaza-2'-deoxyadenosine-5-triphosphate, 5-iodo-2'-deoxyuridine-
5'-triphosphate, 5-bromo-2'-deoxyuridine-5'-triphosphate, 5-bromo-2'-deoxycytidine-5"-triphosphate, 5-
jodo-2'-deoxycytidine-5'-triphosphate, 5-hydroxy-2'-deoxyuridine-5'-triphosphate, 4-thiothymidine-5'-
triphosphate, 5-aza-2'-deoxyuridine-5'-triphosphate, 5-fluoro-2'-deoxyuridine-5"-triphosphate, O6-methyl-
2'-deoxyguanosine-5'-triphosphate, N2-methyl-2'-deoxyguanosine-5'-triphosphate, 8-0xo-2'-
deoxyguanosine-5'-triphosphate or thiothymidine-5'-triphosphate. In some embodiments, the mass-

modified nucleobase comprises °N or "*C or both *N and ®*C.

[324] In some embodiments, multiplex amplification is performed where multiple bioagent
identifying amplicons are amplified with a plurality of primer pairs. The advantages of multiplexing are
that fewer reaction containers (for example, wells of a 96- or 384-well plate) are needed for each
molecular mass measurement, providing time, resource and cost savings because additional bioagent
identification data can be obtained within a single analysis. Multiplex amplification methods are well
known to those with ordinary skill and can be developed without undue experimentation. However, in
some embodiments, one useful and non-obvious step in selecting a plurality candidate bioagent
identifying amplicons for multiplex amplification is to ensure that each strand of each amplification
product will be sufficiently different in molecular mass that mass spectral signals will not overlap and
lead to ambiguous analysis results. In some embodiments, a 10 Da difference in mass of two strands of

one or more amplification products is sufficient to avoid overlap of mass spectral peaks.

[325] In some embodiments, as an alternative to multiplex amplification, single amplification
reactions can be pooled before analysis by mass spectrometry. In these embodiments, as for multiplex
amplification embodiments, it is useful to select a plurality of candidate bioagent identifying amplicons to
ensure that each strand of each amplification product will be sufficiently different in molecular mass that

mass spectral signals will not overlap and lead to ambiguous analysis results.

C Determination of Molecular Mass of Bioagent Identifying Amplicons

[326] In some embodiments, the molecular mass of a given bioagent identifying amplicon is
determined by mass spectrometry. Mass spectrometry has several advantages, not the least of which is
high bandwidth characterized by the ability to separate (and isolate) many molecular peaks across a broad
range of mass to charge ratio (m/z). Thus mass spectrometry is intrinsically a parallel detection scheme
without the need for radioactive or fluorescent labels, since every amplification product is identified by its
molecular mass. The current state of the art in mass spectrometry is such that less than femtomole
quantities of material can be readily analyzed to afford information about the molecular contents of the
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sample. An accurate assessment of the molecular mass of the material can be quickly obtained,
irrespective of whether the molecular weight of the sample is several hundred, or in excess of one

hundred thousand atomic mass units (amu) or Daltons.

[327] In some embodiments, intact molecular ions are generated from amplification products using
one of a variety of ionization techniques to convert the sample to gas phase. These ionization methods
include, but are not limited to, electrospray ionization (ES), matrix-assisted laser desorption ionization
(MALDI) and fast atom bombardment (FAB). Upon ionization, several peaks are observed from one
sample due to the formation of ions with different charges. Averaging the multiple readings of molecular
mass obtained from a single mass spectrum affords an estimate of molecular mass of the bioagent
identifying amplicon. Electrospray ionization mass spectrometry (ESI-MS) is particularly useful for very
high molecular weight polymers such as proteins and nucleic acids having molecular weights greater than
10 kDa, since it yields a distribution of multiply-charged molecules of the sample without causing a

significant amount of fragmentation.

(328] The mass detectors used in the methods of the present invention include, but are not limited to,
Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR-MS), time of flight (TOF), ion
trap, quadrupole, magnetic sector, Q-TOF, and triple quadrupole.

D. Base Compositions of Bioagent Identifying Amplicons

[329] Although the molecular mass of amplification products obtained using intelligent primers
provides a means for identification of bioagents, conversion of molecular mass data to a base composition
signature is useful for certain analyses. As used herein, “base composition” is the exact number of each
nucleobase (A, T, C and G) determined from the molecular mass of a bioagent identifying amplicon. In
some embodiments, a base composition provides an index of a specific organism. Base compositions can
be calculated from known sequences of known bioagent identifying amplicons and can be experimentally
determined by measuring the molecular mass of a given bioagent identifying amplicon, followed by
determination of all possible base compositions which are consistent with the measured molecular mass
within acceptable experimental error. The following example illustrates determination of base
composition from an experimentally obtained molecular mass of a 46-mer amplification product
originating at position 1337 of the 16S rRNA of Bacillus anthracis. The forward and reverse strands of
the amplification product have measured molecular masses of 14208 and 14079 Da, respectively. The
possible base compositions derived from the molecular masses of the forward and reverse strands for the

B. anthracis products are listed in Table 1.

Table 1
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Possible Base Compositions for B. anthracis 46mer Amplification Product

Calc. Mass Mass Error Base Calc. Mass Mass Error Base
Forward Forward Composition of Reverse Reverse Composition of
Strand Strand Forward Strand Strand Strand Reverse Strand

14208.2935 0.079520 Al G17 C10 T18 14079.2624 0.080600 A0 Gl14 C13 TiS

14208.3160 0.0565980 Al G20 C15 Ti1o0 14079.2849 0.058060 A0 G17 C18 Tl11

14208.3386 0.034440 Al G23 C20 T2 14079.3075 0.035520 A0 G20 C23 T3

14208.3074 0.065560 A6 G1l1l C3 T26 14079.2538 0.089180 A5 G5 Cl1 T35

14208.3300 0.043020 A6 Gl4 C8 T18 14079.2764 0.066640 A5 G8 Cé6 T27

14208.3525 0.020480 A6 G1l7 C1l3 T10 14079.2989 0.044100 A5 G11 Cll1 T19

14208.3751 0.002060 A6 (G20 C18 T2 14079.3214 0.021560 A5 Gl4 Clé T1l

14208.3439 0.029060 All G8 C1 T26 14079.3440 0.000980 A5 G17 C21 T3

14208.3665 0.006520 All G11 Ce T18 14079.3129 0.030140 Al0 G5 C4 T27

14208.3890 0.016020 All Gl14 Cl1 T10 14079.3354 0.007600 AlQ G8 C9 T19

14208.4116 0.038560 All G17 Cle T2 14079.3579 0.014940 Al0 Gl1l Cl4 T1l

14208.4030 0.029980 Al6 G8 C4 Tis 14075.3805 0.037480 Al0 G14 Ci9 T3

14208.4255 0.052520 Al6 Gl1 CS Tio 14079.3494 0.006360 Al5 G2 C2 T27

14208.4481 0.075060 Ale Gl4 Cl4 T2 14079.3719 0.028900 Al5 G5 C7 T1i9

14208.4395 0.066480 A21 G5 C2 T18 14079.3944 0.051440 Al5 G8 Cl2 Ti1

14208.4620 0.08%020 AZ21 G8 C7 T10 14079.4170 0.073980 Al5 Gl1i C17 T3

- - - 14079.4084 0.065400 A20 G2 C5 T19
- - - 14079.4309 0.087940 A20 G5 Cl0 Ti3
[330]  Among the 16 possible base compositions for the forward strand and the 18 possible base

compositions for the reverse strand that were calculated, only one pair (shown in bold) are
complementary base compositions, which indicates the true base composition of the amplification
product. It should be recognized that this logic is applicable for determination of base compositions of
any bioagent identifying amplicon, regardless of the class of bioagent from which the corresponding’

amplification product was obtained.

[331]

“true unknown base compositions”) to a given phylogeny can be accomplished via the use of pattern

In some embodiments, assignment of previously unobserved base compositions (also known as

classifier model algorithms. Base compositions, like sequences, vary slightly from strain to strain within
species, for example. In some embodiments, the pattern classifier model is the mutational probability
model. On other embodiments, the pattern classifier is the polytope model. The mutational probability
model and polytope model are both commonly owned and described in U.S. Patent application Serial No.

11/073,362 which is incorporated herein by reference in entirety.

[332]

probability clouds” around the composition constraints for each species. This permits identification of

In one embodiment, it is possible to manage this diversity by building “base composition
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organisms in a fashion similar to sequence analysis. A “pseudo four-dimensional plot” can be used to
visualize the concept of base composition probability clouds. Optimal primer design requires optimal
choice of bioagent identifying amplicons and maximizes the separation between the base composition
signatures of individual bioagents. Areas where clouds overlap indicate regions that may result in a
misclassification, a problem which is overcome by a triangulation identification process using bioagent

identifying amplicons not affected by overlap of base composition probability clouds.

[333] In some embodiments, base composition probability clouds provide the means for screening
potential primer pairs in order to avoid potential misclassifications of base compositions. In other
embodiments, base composition probability clouds provide the means for predicting the identity of a
bioagent whose assigned base composition was not previously observed and/or indexed in a bioagent
identifying amplicon base composition database due to evolutionary transitions in its nucleic acid
sequence. Thus, in contrast to probe-based techniques, mass spectrometry determination of base
composition.does not require prior knowledge of the composition or sequence in order to make the

measurement.

[334] The present invention provides bioagent classifying information similar to DNA sequencing
and phylogenetic analysis at a level sufficient to identify a given bioagent. Furthermore, the process of
determination of a previously unknown base composition for a given bioagent (for example, in a case
where sequence information is unavailable) has downstream utility by providing additional bioagent
indexing information with which to populate base composition databases. The process of future bioagent

identification is thus greatly improved as more BCS indexes become available in base composition

databases.
E. Triangulation Identification
[335] In some cases, a molecular mass of a single bioagent identifying amplicon alone does not

provide enough resolution to unambiguously identify a given bioagent. The employment of more than one
bioagent identifying amplicon for identification of a bioagent is herein referred to as “triangulation
identification.” Triangulation identification is pursued by determining the molecular masses of a plurality
of bioagent identifying amplicons selected within a plurality of housekeeping genes. This process is used
to reduce false negative and false positive signals, and enable reconstruction of the origin of hybrid or
otherwise engineered bioagents. For example, identification of the three part toxin genes typical of B.
anthracis (Bowen et al., J. Appl. Microbiol., 1999, 87, 270-278) in the absence of the expected signatures

from the B. anthracis genome would suggest a genetic engineering event.
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[336] In some embodiments, the triangulation identification process can be pursued by
characterization of bioagent identifying amplicons in a massively parallel fashion using the polymerase
chain reaction (PCR), such as multiplex PCR where multiple primers are employed in the same
amplification reaction mixture, or PCR in multi-well plate format wherein a different and unique pair of
primers is used in multiple wells containing otherwise identical reaction mixtures. Such multiplex and
multi-well PCR methods are well known to those with ordinary skill in the arts of rapid throughput
amplification of nucleic acids. In other related embodiments, one PCR reaction per well or container may
be carried out, followed by an amplicon pooling step wherein the amplification products of different wells
are combined in a single well or container which is then subjected to molecular mass analysis. The
combination of pooled amplicons can be chosen such that the expected ranges of molecular masses of

individual amplicons are not overlapping and thus will not complicate identification of signals.

K. Codon Base Composition Analysis

[337] In some embodiments of the present invention, one or more nucleotide substitutions within a
codon of a gene of an infectious organism confer drug resistance upon an organism which can be
determined by codon base composition analysis. The organism can be a bacterium, virus, fungus or

protozoan.

[338] In some embodiments, the amplification product containing the codon being analyzed is of a
length of about 35 to about 200 nucleobases. The primers employed in obtaining the amplification
product can hybridize to upstream and downstream sequences directly adjacent to the codon, or can
hybridize to upstream and downstream sequences one or more sequence positions away from the codon.
The primers may have between about 70% to 100% sequence complementarity with the sequence of the

gene containing the codon being analyzed.

[339] In some embodiments, the codon base composition analysis is undertaken

[340] In some embodiments, the codon analysis is undertaken for the purpose of investigating genetic
disease in an individual. In other embodiments, the codon analysis is undertaken for the purpose of
investigating a drug resistance mutation or any other deleterious mutation in an infectious organism such
as a bacterium, virus, fungus or protozoan. In some embodiments, the bioagent is a bacterium identified

in a biological product.

[341] In some embodiments, the molecular mass of an amplification product containing the codon

being analyzed is measured by mass spectrometry. The mass spectrometry can be either electrospray

(ESI) mass spectrometry or matrix-assisted laser desorption ionization (MALDI) mass spectrometry.
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Time-of-flight (TOF) is an example of one mode of mass spectrometry compatible with the analyses of

the present invention.

[342] The methods of the present invention can also be employed to determine the relative
abundance of drug resistant strains of the organism being analyzed. Relative abundances can be
calculated from amplitudes of mass spectral signals with relation to internal calibrants. In some
embodiments, known quantities of internal amplification calibrants can be included in the amplification
reactions and abundances of analyte amplification product estimated in relation to the known quantities of

the calibrants.

[343] In some embodiments, upon identification of one or more drug-resistant strains of an infectious

organism infecting an individual, one or more alternative treatments can be devised to treat the individual.

G. Determination of the Quantity of a Bioagent

[344] In some embodiments, the identity and quantity of an unknown bioagent can be determined
using the process illustrated in Figure 2. Primers (500) and a known quantity of a calibration
polynucleotide (505) are added to a sample containing nucleic acid of an unknown bioagent. The total
nucleic acid in the sample is then subjected to an amplification reaction (510) to obtain amplification
products. The molecular masses of amplification products are determined (515) from which are obtained
molecular mass and abundance data. The molecular mass of the bioagent identifying amplicon (520)
provides the means for its identification (525) and the molecular mass of the calibration amplicon
obtained from the calibration polynucleotide (530) provides the means for its identification (535). The
abundance data of the bioagent identifying amplicon is recorded (540) and the abundance data for the
calibration data is recorded (545), both of which are used in a calculation (550) which determines the

quantity of unknown bioagent in the sample.

[345] A sample comprising an unknown bioagent is contacted with a pair of primers that provide the
means for amplification of nucleic acid from the bioagent, and a known quantity of a polynucleotide that
comprises a calibration sequence. The nucleic acids of the bioagent and of the calibration sequence are
amplified and the rate of amplification is reasonably assumed to be similar for the nucleic acid of the
bioagent and of the calibration sequence. The amplification reaction then produces two amplification
products: a bioagent identifying amplicon and a calibration amplicon. The bioagent identifying amplicon
and the calibration amplicon should be distinguishable by molecular mass while being amplified at
essentially the same rate. Effecting differential molecular masses can be accomplished by choosing as a
calibration sequence, a representative bioagent identifying amplicon (from a specific species of bioagent)
and performing, for example, a 2-8 nucleobase deletion or insertion within the variable region between
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the two priming sites. The amplified sample containing the bioagent identifying amplicon and the
calibration amplicon is then subjected to molecular mass analysis by mass spectrometry, for example.
The resulting molecular mass analysis of the nucleic acid of the bioagent and of the calibration sequence
provides molecular mass data and abundance data for the nucleic acid of the bioagent and of the
calibration sequence. The molecular mass data obtained for the nucleic acid of the bioagent enables
identification of the unknown bioagent and the abundance data enables calculation of the quantity of the

bioagent, based on the knowledge of the quantity of calibration polynucleotide contacted with the sample.

[346] In some embodiments, construction of a standard curve where the amount of calibration
polynucleotide spiked into the sample is varied provides additional resolution and improved confidence
for the determination of the quantity of bioagent in the sample. The use of standard curves for analytical
determination of molecular quantities is well known to one with ordinary skill and can be performed

without undue experimentation.

[347] In some embodiments, multiplex amplification is performed where multiple bioagent
identifying amplicons are amplified with multiple primer pairs which also amplify the corresponding
standard calibration sequences. In this or other embodiments, the standard calibration sequences are
optionally included within a single vector which functions as the calibration polynucleotide. Multiplex
amplification methods are well known to those with ordinary skill and can be performed without undue

experimentation.

[348] In some embodiments, the calibrant polynucleotide is used as an internal positive control to
confirm that amplification conditions and subsequent analysis steps are successful in producing a
measurable amplicon. Even in the absence of copies of the genome of a bioagent, the calibration
polynucleotide should give rise to a calibration amplicon. Failure to produce a measurable calibration
amplicon indicates a failure of amplification or subsequent analysis step such as amplicon purification or
molecular mass determination. Reaching a conclusion that such failures have occurred is in itself, a useful

event.

[349] In some embodiments, the calibration sequence is comprised of DNA. In some embodiments,

the calibration sequence is comprised of RNA.

[350] In some embodiments, the calibration sequence is inserted into a vector that itself functions as

the calibration polynucleotide. In some embodiments, more than one calibration sequence is inserted into

the vector that functions as the calibration polynucleotide. Such a calibration polynucleotide is herein

termed a “combination calibration polynucleotide.” The process of inserting polynucleotides into vectors
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is routine to those skilled in the art and can be accomplished without undue experimentation. Thus, it
should be recognized that the calibration method should not be limited to the embodiments described
herein. The calibration method can be applied for determination of the quantity of any bioagent
identifying amplicon when an appropriate standard calibrant polynucleotide sequence is designed and
used. The process of choosing an appropriate vector for insertion of a calibrant is also a routine operation

that can be accomplished by one with ordinary skill without undue experimentation.

H. Identification of Bacteria

[351] In other embodiments of the present invention, the primer pairs produce bioagent identifying
amplicons within stable and highly conserved regions of bacteria. The advantage to characterization of an
amplicon defined by priming regions that fall within a highly conserved region is that there is a low
probability that the region will evolve past the point of primer recognition, in which case, the primer
hybridization of the amplification step would fail. Such a primer set is thus useful as a broad range
survey-type primer. In another embodiment of the present invention, the intelligent primers produce
bioagent identifying amplicons including a region which evolves more quickly than the stable region
described above. The advantage of characterization bioagent identifying amplicon corresponding to an
evolving genomic region is that it is useful for distinguishing emerging strain variants or the presence of

virulence genes, drug resistance genes, or codon mutations that induce drug resistance.

[352] The present invention also has significant advantages as a platform for identification of
diseases caused by emerging bacterial strains such as, for example, drug-resistant strains of
Staphylococcus aureus. The present invention eliminates the need for prior knowledge of bioagent
sequence to generate hybridization probes. This is possible because the methods are not confounded by
naturally occurring evolutionary variations occurring in the sequence acting as the template for
production of the bioagent identifying amplicon. Measurement of molecular mass and determination of

base composition is accomplished in an unbjased manner without sequence prejudice.

[353] Another embodiment of the present invention also provides a means of tracking the spread of a
bacterium, such as a particular drug-resistant strain when a plurality of samples obtained from different
locations are analyzed by the methods described above in an epidemiological setting. In one embodiment,
a plurality of samples from a plurality of different locations is analyzed with primer pairs which produce
bioagent identifying amplicons, a subset of which contains a specific drug-resistant bacterial strain. The
corresponding locations of the members of the drug-resistant strain subset indicate the spread of the

specific drug-resistant strain to the corresponding locations.

| Kits
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[354] The present invention also provides kits for carrying out the methods described herein. In some
embodiments, the kit may comprise a sufficient quantity of one or more primer pairs to perform an
amplification reaction on a target polynucleotide from a bioagent to form a bioagent identifying amplicon.
In some embodiments, the kit may comprise from one to fifty primer pairs, from one to twenty primer
pairs, from one to ten primer pairs, or from two to five primer pairs. In some embodiments, the kit may

comprise one or more primer pairs recited in Table 2.

. [355] In some embodiments, the kit comprises one or more broad range survey primer(s), division
wide primer(s), or drill-down primer(s), or any combination thereof. If a given problem involves
identification of a specific bioagent, the solution to the problem may require the selection of a particular
combination of primers to provide the solution to the problem. A kit may be designed so as to comprise
particular primer pairs for identification of a particular bioagent. A drill-down kit may be used, for
example, to distinguish different genotypes or strains, drug-resistant, or otherwise. In some embodiments,
the primer pair components of any of these kits may be additionally combined to comprise additional
combinations of broad range sﬁrvey primers and division-wide primers so as to be able to identify a

bacterium.

[356] In some embodiments, the kit contains standardized calibration polynucleotides for use as
internal amplification calibrants. Internal calibrants are described in commonly owned U.S. Patent

Application Serial No: 60/545,425 which is incorporated herein by reference in its entirety.

[357] In some embodiments, the kit comprises a sufficient quantity of reverse transcriptase (if RNA
is to be analyzed for example), a DNA polymerase, suitable nucleoside triphosphates (including
alternative dN'TPs such as inosine or modified dNTPs such as the 5-propynyl pyrimidines or any dNTP
containing molecular mass-modifying tags such as those described above), a DNA ligase, and/or reaction
buffer, or any combination thereof, for the amplification processes described above. A kit may further
include instructions pertinent for the particular embodiment of the kit, such instructions describing the
primer pairs and amplification conditions for operation of the method. A kit may also comprise
amplification reaction containers such as microcentrifuge tubes and the like. A kit may also comprise
reagents or other materials for isolating bioagent nucleic acid or bioagent identifying amplicons from
amplification, including, for example, detergents, solvents, or ion exchange resins which may be linked to
magnetic beads. A kit may also comprise a table of measured or calculated molecular masses and/or base

compositions of bioagents using the primer pairs of the kit.

[358] Some embodiments are kits that contain one or more survey bacterial primer pairs represented
by primer pair compositions wherein each member of each pair of primers has 70% to 100% sequence
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identity with the corresponding member from the group of primer pairs represented by any of the primer
pairs of Table 5. The survey primer pairs may include broad range primer pairs which hybridize to
ribosomal RNA, and may also include division-wide primer pairs which hybridize to housekeeping genes

such as rplB, tufB, rpoB, 1poC, valS, and infB, for example.

[359] In some embodiments, a kit may contain one or more survey bacterial primer pairs and one or
more triangulation genotyping analysis primer pairs such as the primer pairs of Tables 8, 12, 14, 19, 21,
23, or 24. In some embodiments, the kit may represent a less expansive genotyping analysis but include
triangulation genotyping analysis primer pairs for more than one genus or species of bacteria. For
example, a kit for surveying nosocomial infections at a health care facility may include, for example, one
or more broad range survey primer pairs, one or more division wide primer pairs, one or more
Acinetobacter baumannii triangulation genotyping analysis primer pairs and one or more Staphylococcus
aureus triangulation genotyping analysis primer pairs. One with ordinary skill will be capable of
analyzing in silico amplification data to determine which primer pairs will be able to provide optimal

identification resolution for the bacterial bioagents of interest.

[360] In some embodiments, a kit may be assembled for identification of strains of bacteria involved
in contamination of food. An example of such a kit embodiment is a kit comprising one or more bacterial
survey primer pairs of Table 5 with one or more triangulation genotyping analysis primer pairs of Table
12 which provide strain resolving capabilities for identification of specific strains of Campylobacter

Jjejuni.

[361] Some embodiments of the kits are 96-well or 384-well plates with a plurality of wells
containing any or all of the following components: dNTPs, buffer salts, Mg®*, betaine, and primer pairs.
In some embodiments, a polymerase is also included in the plurality of wells of the 96-well or 384-well

plates.

[362] Some embodiments of the kit contain instructions for PCR and mass spectrometry analysis of

amplification products obtained using the primer pairs of the kits.

[363] Some embodiments of the kit include a barcode which uniquely identifies the kit and the
components contained therein according to production lots and may also include any other information
relative to the components such as concentrations, storage temperatures, etc. The barcode may also
include analysis information to be read by optical barcode readers and sent to a computer controlling
amplification, purification and mass spectrometric measurements. In some embodiments, the barcode
provides access to a subset of base compositions in a base composition database which is in digital
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communication with base composition analysis software such that a base composition measured with
primer pairs from a given kit can be compared with known base compositions of bioagent identifying

amplicons defined by the primer pairs of that kit.

[364] Tn some embodiments, the kit contains a database of base compositions of bioagent identifying
amplicons defined by the primer pairs of the kit. The database is stored on a convenient computer

readable medium such as a compact disk or USB drive, for example.

[365] In some embodiments, the kit includes a computer program stored on a computer formatted
medium (such as a compact disk or portable USB disk drive, for example) comprising instructions which
direct a processor to analyze data obtained from the use of the primer pairs of the present invention. The
instructions of the software transform data related to amplification products into a molecular mass or base
composition which is a useful concrete and tangible result used in identification and/or classification of
bioagents. In some embodiments, the kits of the present invention contain all of the reagents. sufficient to

carry out one or more of the methods described herein.

[366] While the present invention has been described with specificity in accordance with certain of
its embodiments, the following examples serve only to illustrate the invention and are not intended to
limit the same. In order that the invention disclosed herein may be more efficiently understood, examples
are provided below. It should be understood that these examples are for illustrative purposes only and are

not to be construed as limiting the invention in any manner.

EXAMPLES

Example 1: Design and Validation of Primers that Define Bioagent Identifying Amplicons for
Identification of Bacteria

[367] For design of primers that define bacterial bioagent identifying amplicons, a series of bacterial
genome segment sequences Were obtained, aligned and scanned for regions where pairs of PCR primers
would amplify products of about 45 to about 150 nucleotides in length and distinguish subgroups and/or
individual strains from each other by their molecular masses or base compositions. A typical process

shown in Figure 1 is employed for this type of analysis.

[368] A database of expected base compositions for each primer region was generated using an in
silico PCR search algorithm, such as (ePCR). An existing RNA structure search algorithm (Macke et al.,
Nucl. Acids Res., 2001, 29, 4724-4735, which is incorporated herein by reference in its entirety) has been
modified to include PCR parameters such as hybridization conditions, mismatches, and thermodynamic
calculations (SantaLucia, Proc. Natl. Acad. Sci. U.S.A., 1998, 95, 1460-1465, which is incorporated
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herein by reference in its entirety). This also provides information on primer specificity of the selected

primer pairs.

[369] Table 2 represents a collection of primers (sorted by primer pair number) designed to identify
bacteria using the methods described herein. The primer pair number is an in-house database index
number. Primer sites were identified on segments of genes, such as, for example, the 16S rRNA gene.
The forward or reverse primer name shown in Table 2 indicates the gene region of the bacterial genome
to which the primer hybridizes relative to a reference sequence. In Table 2, for example, the forward
primer name 16S_EC_1077_1106_F indicates that the forward primer (_F) hybridizes to residues
1077-1106 of the reference sequence represented by a sequence extraction of coordinates
4033120..4034661 from GenBank gi number 16127994 (as indicated in Table 3). As an
additional example: the forward primer name BONTA_X52066_450_473 indicates that the
primer hybridizes to residues 450-437 of the gene encoding Clostridium botulinum neurotoxin
type A (BoNT/A) represented by GenBank Accession No. X52066 (primer pair name codes
appearing in Table 2 are defined in Table 3. One with ordinary skill knows how to obtain individual
gene sequences or portions thereof from genomic sequences present in GenBank. In Table 2, Tp = 5-
propynyluracil; Cp = 5-propynylcytosine; * = phosphorothioate linkage; I = inosine. T. GenBank
Accession Numbers for reference sequences of bacteria are shown in Table 3 (below). In some cases, the

reference sequences are extractions from bacterial genomic sequences or complements thereof.
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[370]  Primer pair name codes and reference sequences are shown in Table 3. The primer name code
typically represents the gene to which the given primer pair is targeted. The primer pair name may
include specific coordinates with respect to a reference sequence defined by an extraction of a section of
sequence or defined by a GenBank gi number, or the corresponding complementary sequence of the
extraction, or the entire GenBank gi number as indicated by the label “no extraction.” Where “no
extraction” is indicated for a reference sequence, the coordinates of a primer pair named to the reference
sequence are with respect to the GenBank gi listing. Gene abbreviations are shown in bold type in the

“Gene Name” column.

[371]  To determine the exact primer hybridization coordinates of a given pair of primers on a given
bioagent nucleic acid sequence and to determine the sequences, molecular masses and base
compositions of an amplification product to be obtained upon amplification of nucleic acid of a known
bioagent with known sequence information in the region of interest with a given pair of primers, one
with ordinary skill in bioinformatics is capable of obtaining alignments of the primers of the present
invention with the GenBank gi number of the relevant nucleic acid sequence of the known bioagent. For
example, the reference sequence GenBank gi numbers (Table 3) provide the identities of the sequences
which can be obtained from GenBank. Alignments can be done using a bioinformatics tool such as
BLASTn provided to the public by NCBI (Bethesda, MD). Alternatively, a relevant GenBank sequence
may be downloaded and imported into custom programmed or commercially available bioinformatics
programs wherein the alignment can be carried out to determine the primer hybridization coordinates
and the sequences, molecular masses and base compositions of the amplification product. For example,
to obtain the hybridization coordinates of primer pair number 2095 (SEQ ID NOs: 456:1261), First the
forward primer (SEQ ID NO: 456) is subjected to a BLASTn search on the publicly available NCBI
BLAST website. “RefSeq_Genomic” is chosen as the BLAST database since the gi numbers refer to
genomic sequences. The BLAST query is then performed. Among the top results returned is a match to
GenBank gi number 21281729 (Accession Number NC_003923). The result shown below, indicates that
the forward primer hybridizes to positions 1530282..1530307 of the genomic sequence of
Staphylococcus aureus subsp. aureus MW2 (represented by gi number 21281729).

Staphylococcus aureus subsp. aureus MW2, complete genome
Length=2820462

Features in this part of subject sequence:
Panton-Valentine leukocidin chain F precursor

Score = 52.0 bits (26), Expect
Identities = 26/26 (100%), Gaps

2e-05
0/26 (0%)

o
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Strand=Plus/Plus

Query 1 TGAGCTGCATCAACTGTATTGGATAG 26
NARRRARARARARARRRRRRANENY
Sbjct 1530282 TGAGCTGCATCAACTGTATTGGATAG 1530307
[372]  The hybridization coordinates of the reverse primer (SEQ ID NO: 1261) can be determined in

a similar manner and thus, the bioagent identifying amplicon can be defined in terms of genomic
coordinates. The query/subject arrangement of the result would be presented in Strand = Plus/Minus
format because the reverse strand hybridizes to the reverse complement of the genomic sequence. HThe
preceding sequence analyses are well known to one with ordinary skill in bioinformatics and thus, Table
3 contains sufficient information to determine the primer hybridization coordinates of any of the primers

of Table 2 to the applicable reference sequences described therein.

Table 3: Primer Name Codes and Reference Sequence

Reference
GenBank gi
Primer name code Gene Name Organism number
16S EC 168 rRNA (16S ribosomal RNA gene) Escherichia coli 16127994
238 EC 23S rRNA (23S ribosomal RNA gene) Escherichia coli 16127994
CAPC BA capC (capsule biosynthesis gene) Bacillus anthracis 6470151
CYA BA cya (cyclic AMP gene) Bacillus anthracis 4894216
DNAK EC dnaK (chaperone dnakK gene) Escherichia coli 16127994
GROL_EC grolL (chaperonin groL) Escherichia coli 16127994
hflb (cell division protein peptidase | Escherichia coli
HFLB EC ftsH) 16127994
infB (protein chain initiation factor | Escherichia coli
INFB EC infB gene) 16127994
LEF BA lef (lethal factor) Bacillus anthracis 21392688
PAG BA pag (protective antigen) Bacillus anthracis 21392688
RPLB EC rplB (50S ribosomal protein L2) Escherichia coli 16127994
rpoB (DNA-directed RNA polymerase beta | Escherichia coli
RPOB_EC chain) 6127994
rpoC (DNA-directed RNA  polymerase | Escherichia coli
RPOC_EC beta' chain) 16127994
Artificial Sequence Concatenation
comprising: Artificial
Sequence* -
partial gene
gki (glucose kinase) sequences of
Streptococcus
SPLOLET SPET 11 gtr (glutamine transporter protein) pyogenes 15674250
murI (glutamate racemase)
mutS (DNA mismatch repair protein)
xpt (xanthine phosphoribosyl
transferase)
yqiL (acetyl-CoA-acetyl transferase)
tkt (transketolase)
sspE (small acid-soluble spore
SSPE BA protein) Bacillus anthracis 30253828
TUFB EC tufB (Elongation factor Tu) Escherichia coli 16127994
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VALS EC valS (Valyl-tRNA synthetase) Escherichia coli 16127994
ASPS EC aspS (Aspartyl-tRNA synthetase) Escherichia coli 16127994
CAF1l AF(053947 cafl (capsular protein cafl) Yersinia pestis 2996286
INV U22457 inv (invasin) Yersinia pestis 1256565
Y. pestis specific chromosomal genes - 16120353
LL NC003143 difference region Yersinia pestis
Clostridium 40381
BONTA X52066 BONT/A (neurotoxin type A) botulinum
Staphylococcus 2791983
MECA Y14051 mecA methicillin resistance gene aureus
trpE (anthranilate synthase (large | Acinetobacter 20853695
TRPE_AY094355 component) ) baumanii
Acinetobacter 9965210
RECA AF251469 recA (recombinase A) baumanii
Acinetobacter 4240540
GYRA AF100557 gyrA (DNA gyrase subunit A) baumanii
Acinetobacter 4514436
GYRB AB008700 gyrB (DNA gyrase subunit B) baumanii
waaA (3-deoxy-D-manno-octulosonic-acid | Acinetobacter 2765828
WARA 796925 transferase) baumanii
Artificial Sequence Concatenation
comprising:
15791399
tkt (transketolase)
glyA (serine hydroxymethyltransferase)
CJST_CJ Artificial
gltA (citrate synthasge) Sequence* -
partial gene
aspA (aspartate ammonia lyase) sequences of
Campylobacter
glnA (glutamine synthase) jejuni
pgm (phosphoglycerate mutase)
uncA (ATP synthetase alpha chain)
Bordetella 33591275
RNASEP BDP RNase P (ribonuclease P) pertussis
Burkholderia 53723370
RNASEP BKM RNase P (ribonuclease P) mallei
RNASEP BS RNase P (ribonuclease P) Bacillus subtilis 16077068
Clostridium 18308982
RNASEP CLB RNase P (ribonuclease P) perfringens
RNASEP EC RNase P (ribonuclease P) Egcherichia coli 16127994
Rickettsia 15603881
RNASEP RKP RNase P (ribonuclease P) prowazekii
Staphylococcus 1592299¢
RNASEP SA RNase P (ribonuclease P) aureus
RNASEP VBC RNase P (ribonuclease P) Vibrio cholerae 15640032
ICD CXB ied (isocitrate dehydrogenase) Coxiella burnetii 29732244
Acinetobacter 29732244
IS1111A multi-locus ISL11l1A insertion element baumannii
Rickettsia 40287451
OMPA AY485227 ompA (outer membrane protein A) prowazekii
Rickettsia 15603881
OMPB RKP ompB (outer membrane protein B) prowazekii
GLTA RKP gltA (citrate synthase) Vibrio cholerae 15603881
Francisella 15640032
TOXR VBC toxR (transcription regulator toxR) tularensis
asd (Aspartate semialdehyde | Francisella 56707187
ASD FRT dehydrogenase) tularensis
GALE FRT galE (UDP-glucose 4-epimerase) Shigella flexneri 56707187
Campylobacter 30061571
IPAH SGF ipaH (invasion plasmid antigen) Jejuni
Coxiella burnetii
HUPB CJ hupB (DNA-binding protein Hu-beta) 15791399
AB_MLST Artificial Sequence Concatenation Sequenced
comprising: Artificial in-house
Sequence* - {(SEQ ID
trpE (anthranilate synthase component partial gene NO: 1444)
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1))

sequences of

Acinetobacter
adk (adenylate kinase) baumannii
mutY (adenine glycosylase)
fumC {fumarate hydratase)
efp (elongation factor p)
ppa (pyrophosphate phospho-
hydratase
Staphylococcus
MUPR X75439 mupR (mupriocin resistance gene) aureus 438226
Acinetobacter
PARC X95819 parC (topoisomerase IV) baumannii 1212748
Staphylococcus
SED M28521 sed (enterotoxin D) aureus 1492109
PLA AF053945 pla (plasminogen activator) Yersinia pestis 2996216
Staphylococcus
SEJ AFQ053140 sej (enterotoxin J) aureus 3372540
Mycoplasma
GYRA NC000912 gyrA (DNA gyrase subunit A) pneumoniae 13507739
Pseudomonas
ACS NC002516 acsA (Acetyl CoA Synthase) aeruginosa 15595198
Pgeudomonas
ARO NCO002516 aroE (shikimate 5-dehydrogenase aeruginosa 15595198
Pgeudomonas
GUA NC002516 guaA (GMP synthase) aeruginosa 15595198
Pseudomonas
MUT NC002516 mutl, (DNA mismatch repair protein) aeruginosa 15595198
Pseudomonas
NUO NC0Q2516 nuoD (NADH dehydrogenase I chain C, D) aeruginosa 15595198
Pseudomonas
PPS NC002516 ppsA (Phosphoenolpyruvate synthase) aeruginosa 15595198
trpE (Anthranilate synthetase Pgseudomonas
TRP NC002516 component I) aeruginosa 15595198
Chlamydia
OMP2 NCO00117 ompB (outer membrane protein B) trachomatis 15604717
Chlamydia
OMPA NC000117 ompA (outer membrane protein B) trachomatis 15604717
Chlamydia
GYRA NC000117 gyrA (DNA gyrase subunit A) trachomatis 15604717
CTXA NC002505 ctxA (Cholera toxin A subunit) Vibrio cholerae 15640032
CTXB _NC002505 ctxB {(Cholera toxin B subunit) Vibrio cholerae 15640032
FUR NC002505 fur (ferric uptake regulator protein ) Vibrio cholerae 15640032
gapA (glyceraldehyde-3-phosphate
GAPA NC 002505 dehydrogenase) Vibrio cholerae 15640032
GYRB NC002505 gyrB (DNA gyrase subunit B) Vibrio cholerae 15640032
OMPU_NC002505 ompU (outer membrane protein) Vibrio cholerae 15640032
TCPA NC002505 tepA (toxin-coregulated pilus) Vibrio cholerae 15640032
Campylobacter
ASPA NC002163 aspA (aspartate ammonia lyase) jejuni 15791399
Campylobacter
GLNA NC002163 glna (glutamine synthetase) jejuni 15791399
Campylobacter
GLTA NC002163 gltA (glutamate synthase) jejuni 15791399
Campylobacter
GLYA NC002163 glya (serine hydroxymethyltransferase) jejuni 15791399
Campylobacter
PGM_NC002163 pgn {phosphoglyceromutase) Jjejuni 15791399
Campylobacter
TKT NCO02163 tkt (transketolase) jejuni 15791399
Campylobacter
UNCA NC002163 uncA (ATP synthetase alpha chain) jejuni 15791399
Staphylococcus
AGR-III NC003923 | agr-ITII (accessory gene regulator-III) aureus 21281729
Staphylococcus
ARCC NC003923 arcC (carbamate kinase) aureus 21281729
ARQE NC(003923 aroE (shikimate 5-dehydrogenase Staphylococcus 21281729
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aureus

Staphylococcusg

BSA-~A NC003923 bsa-a (glutathione peroxidase) aureus 21281729
bsa-b (epidermin biosynthesis protein Staphylococcus

BSA-B NC003923 EpiB) aureus 21281729
Staphylococcus

GLPF NC003923 glpF (glycerol transporter) aureus 21281729
Staphylococcus

GMK NC003923 gmk (guanylate kinase) aureus 21281729
mecRl (truncated methicillin Staphylococcus

MECI-R NC003923 resistance protein) aureus 21281729
Staphylococcus

PTA NC003923 pta (phosphate acetyltransferase) aureus 21281729
pvluk (Panton-Valentine leukocidin Staphylococcus

PVLUK NC003923 chain F precursor) aureus 21281729
Staphylococcus

SA442 NC003923 sad442 gene aureus 21281729
sea (staphylococcal enterotoxin A Staphylococcus

SEA NC003923 precursor) aureus 21281729
Staphylococcus

SEC _NC003923 sec4 (enterotoxin type C precursor) aureus 21281729
Staphylococcus

TPI NC003923 tpi (triosephosphate isomerase) aureus 21281729
vgi (acetyl-CoA C-acetyltransferase Staphylococcus

YOI NC003923 homologue) aureus 21281729

Francisella
GALE AF513299 galE (galactoge epimerase) tularensis 23506418
VVHA NC004460 vVhA (cytotoxin, cytolysin precursor) Vibrio vulnificus 27366463
Vibrio

TDH NC004605 tdh (thermostable direct hemolysin A) parahaemolyticus 28899855
Staphylococcus

AGR-II NCQ02745 agr-II (accessory gene regulator-II) aureus 29165615

PARC NC003997 parC (topoisomerase IV) Bacillus anthracis 30260195

GYRA AY291534 gyrA (DNA gyrase subunit A) Bacillus anthracis 31323274
Staphylococcus

AGR-I AJ617706 agr-I (accessory gene regulator-I) aureus 46019543
Staphylococcus

AGR~IV AJ617711 agr-IV (accessory gene regulator-III) aureus 46019563
Staphylococcus

BLAZ NC002952 blaZ (beta lactamase III) aureus 49482253
Staphylococcus

ERMA NC002952 ermA (rRNA methyltransferase A) aureus 49482253
Staphylococcus

ERMB Y13600 ermB (rRNA methyltransferase B) aureus 49482253
sea (staphylococcal enterotoxin A Staphylococcus

SEA-SEE NC002952 | precursor) aureus 49482253
sea (staphylococcal enterotoxin A Staphylococcus

SEA-SEE NC002952 | precursor) aureus 49482253
sea (staphylococcal enterotoxin A Staphylococcus

SEE NC002952 precursor) aureus 49482253
Staphylococcus

SEH NC002953 seh (staphylococcal enterotoxin H) aureus 49484912
Staphylococcus

ERMC_NC005908 ermC (rRNA methyltransferase C) aureus 49489772

MUTS AY698802 mutS (DNA mismatch repair protein) Shigella boydii 52698233
Staphylococcus

NUC NC002758 nuc (staphylococcal nuclease) aureus 57634611
Staphylococcus

SEB NC002758 seb (enterotoxin type B precursor) aureus 57634611
Staphylococcus

SEG NC002758 seg (staphylococcal enterotoxin G) aureus 57634611
Staphylococcus

SEI NC002758 sei (staphylococcal enterotoxin I) aureus 57634611
Staphylococcus

TSST NC002758 tsst (toxic shock syndrome toxin-1) aureus 57634611
Staphylococcus

TUFB NC002758 tufB (Elongation factor Tu) aureus 57634611
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[373] Note: artificial reference sequences represent concatenations of partial gene
extractions from the indicated reference gi number. Partial sequences were used to create the

concatenated sequence because complete gene sequences were not necessary for primer design.

Example 2: Sample Preparation and PCR
[374]  Genomic DNA was prepared from samples using the DNeasy Tissue Kit (Qiagen, Valencia,

CA) according to the manufacturer’s protocols.

[375] All PCR reactions were assembled in 50 pL reaction volumes in a 96-well microtiter plate
format using a Packard MPII liquid handling robotic platform and M.J. Dyad thermocyclers (MJ
research, Waltham, MA) or Eppendorf Mastercycler thermocyclers (Eppendorf, Westbury, NY). The
PCR reaction mixture consisted of 4 units of Amplitaq Gold, 1x buffer IT (Applied Biosystems, Foster
City, CA), 1.5 mM MgCl,, 0.4 M betaine, 800 pM dNTP mixture and 250 nM of each primer. The
following typical PCR conditions were used: 95°C for 10 min followed by 8 cycles of 95°C for 30
seconds, 48°C for 30 seconds, and 72°C 30 seconds with the 48°C annealing temperature increasing
0.9°C with each of the eight cycles. The PCR was then continued for 37 additional cycles of 95°C for
15 seconds, 56°C for 20 seconds, and 72°C 20 seconds.

Example 3: Purification of PCR Products for Mass Spectrometry with Ion Exchange Resin-
Magnetic Beads _

[376] For solution capture of nucleic acids with ion exchange resin linked to magnetic beads, 25 ul
of a 2.5 mg/mL suspension of BioClone amine terminated superparamagnetic beads were added to 25 to
50 pl of a PCR (or RT-PCR) reaction containing approximately 10 pM of a typical PCR amplification
product. The above suspension was mixed for approximately 5 minutes by vortexing or pipetting, after
which the liquid was removed after using a magnetic separator. The beads containing bound PCR
amplification product were then washed three times with 50mM ammonium bicarbonate/50% MeOH or
100mM ammonium bicarbonate/50% MeOH, followed by three more washes with 50% MeOH. The
bound PCR amplicon was eluted with a solution of 25mM piperidine, 25mM imidazole, 35% MeOH

which included peptide calibration standards.

Example 4: Mass Spectrometry and Base Composition Analysis
[377] The ESI-FTICR mass spectrometer is based on a Bruker Daltonics (Billerica, MA) Apex II
70e electrospray ionization Fourier transform ion cyclotron resonance mass spectrometer that employs
an actively shielded 7 Tesla superconducting magnet. The active shielding constrains the majority of the
fringing magnetic field from the superconducting magnet to a relatively small volume. Thus,
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components that might be adversely affected by stray magnetic fields, such as CRT monitors, robotic
components, and other electronics, can operate in close proximity to the FTICR spectrometer. All
aspects of pulse sequence control and data acquisition were performed on a 600 MHz Pentium II data
station running Bruker’s Xmass software under Windows NT 4.0 operating system. Sample aliquots,
typically 15 pl, were extracted directly from 96-well microtiter plates using a CTC HTS PAL
autosampler (LEAP Technologies, Carrboro, NC) triggered by the FTICR data station. Samples were
injected directly into a 10 ul sample loop integrated with a fluidics handling system that supplies the 100
pl /hr flow rate to the ESI source. Ions were formed via electrospray ionization in a modified Analytica
(Branford, CT) source employing an off axis, grounded electrospray probe positioned approximately 1.5
cm from the metalized terminus of a glass desolvation capillary. The atmospheric pressure end of the
glass capillary was biased at 6000 V relative to the ESI needle during data acquisition. A counter-
current flow of dry N, was employed to assist in the desolvation process. Ions were accumulated in an
external ion reservoir comprised of an rf-only hexapole, a skimmer cone, and an auxiliary gate electrode,
prior to injection into the trapped ion cell where they were mass analyzea. Tonization duty cycles greater
than 99% were achieved by simultaneously accumulating ions in the external ion reservoir during ion
detection. Each detection event consisted of 1M data points digitized over 2.3 s. To improve the signal-

to-noise ratio (S/N), 32 scans were co-added for a total data acquisition time of 74 s.

[378] The ESI-TOF mass spectrometer is based on a Bruker Daltonics MicroTOF™. Jons from the
ESI source undergo orthogonal ion extraction and are focused in a reflectron prior to detection. The
TOF and FTICR are equipped with the same automated sample handling and fluidics described above.
Ions are formed in the standard MicroTOF™ ESI source that is equipped with the same off-axis sprayer
and glass capillary as the FTICR ESI source. Consequently, source conditions were the same as those
described above. External ion accumulation was also employed to improve ionization duty cycle during
data acquisition. Each detection event on the TOF was comprised of 75,000 data points digitized over

75 us.

[379] The sample delivery scheme allows sample aliquots to be rapidly injected into the
electrospray source at high flow rate and subsequently be electrosprayed at a much lower flow rate for
improved ESI sensitivity. Prior to injecting a sample, a bolus of buffer was injected at a high flow rate
to rinse the transfer line and spray needle to avoid sample contamination/carryover. Following the rinse
step, the autosampler injected the next sample and the flow rate was switched to low flow. Following a
brief equilibration delay, data acquisition commenced. As spectra were co-added, the autosampler
continued rinsing the syringe and picking up buffer to rinse the injector and sample transfer line. In

general, two syringe rinses and one injector rinse were required to minimize sample carryover. During a

107



WO 2006/116127 PCT/US2006/015160

routine screening protocol a new sample mixture was injected every 106 seconds. More recently a fast
wash station for the syringe needle has been implemented which, when combined with shorter

acquisition times, facilitates the acquisition of mass spectra at a rate of just under one spectrum/minute.

[380] Raw mass spectra were post-calibrated with an internal mass standard and deconvoluted to
monoisotopic molecular masses. Unambiguous base compositions were derived from the exact mass
measurements of the complementary single-stranded oligonucleotides. Quantitative results are obtained
by comparing the peak heights with an internal PCR calibration standard present in every PCR well at
500 molecules per well. Calibration methods are commonly owned and disclosed in U.S. Provisional

Patent Application Serial No. 60/545,425 which is incorporated herein by reference in entirety.

Example 5: De Nove Determination of Base Composition of Amplification Products using
Molecular Mass Modified Deoxynucleotide Triphosphates

[381] Because the molecular masses of the four natural nucleobases have a relaﬁvely narrow
molecular mass range (A = 313.058, G =329.052, C = 289.046, T = 304.046 — See Table 4), a persistent
source of ambiguity in assignment of base composition can occur as follows: two nucleic acid strands
having different base composition may have a difference of about 1 Da when the base composition
difference between the two strands is G <> A (-15.994) combined with C « T (+15.000). For example,
one 99-mer nucleic acid strand having a base composition of A;7G3oCs; Ty has a theoretical molecular
mass of 30779.058 while another 99-mer nucleic acid strand having a base composition of AysGs;Ca; T2
has a theoretical molecular mass of 30780.052. A 1 Da difference in molecular mass may be within the
experimental error of a molecular mass measurement and thus, the relatively narrow molecular mass

range of the four natural nucleobases imposes an uncertainty factor.

[382] The present invention provides for a means for removing this theoretical 1 Da uncertainty
factor through amplification of a nucleic acid with one mass-tagged nucleobase and three natural

nucleobases. The term “nucleobase” as used herein is synonymous with other terms in use in the art

2 & Er 1)

including “nucleotide,” “deoxynucleotide,” “nucleotide residue,” “deoxynucleotide residue,” “nucleotide

triphosphate (NTP),” or deoxynucleotide triphosphate (ANTP).

[383] Addition of significant mass to one of the 4 nucleobases (dNTPs) in an amplification reaction,
or in the primers themselves, will result in a significant difference in mass of the resulting amplification
product (significantly greater than 1 Da) arising from ambiguities arising from the G <> A combined
with C < T event (Table 4). Thus, the same the G « A (-15.994) event combined with 5-Iodo-C < T

(-110.900) event would result in a molecular mass difference of 126.894. If the molecular mass of the
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base composition A7Gso5-Iodo-Cy Ty (33422.958) is compared with A,Gs;5-I0do-Cy,Thy,
(33549.852) the theoretical molecular mass difference is +126.894. The experimental error of a
molecular mass measurement is not significant with regard to this molecular mass difference.
Furthermore, the only base composition consistent with a measured molecular mass of the 99-mer
nucleic acid is Ay7G3o5-Iodo-C,; T,;. In contrast, the analogous amplification without the mass tag has

18 possible base compositions.

Table 4: Molecular Masses of Natural Nucleobases and the Mass-Modified Nucleobase 5-Iodo-C

and Molecular Mass Differences Resulting from Transitions

Nucleobase Molecular Mass Transition A Molecular Mass

A 313.058 A-->T -9.012
A 313.058 A-->C -24.012
A 313.058 A-->5-TIodo-C 101.888
A 313.058 A-->G 15.994
T 304.046 T-~->A 9.012
T 304.046 T-->C ~15.000
T 304.046 T~->5-Iodo-C 110.9200
T 304.046 T-->G 25.006
C 289.046 C-->A 24.012
C 289.046 C~->T 15.000
C 289.046 C-->G 40.006

5-TIodo-C 414.946 5-Iodo-C-~>A -101.888

5-Todo-C 414.946 5-TIodo-C--»T -110.900

5-TIodo-C 414.946 5-Iodo~-C~~->G ~85.894
G 329.052 G-->A -15.994
G 329.052 G~~>T ~25.006
G 329.052 G-->C -40.006
G 329.052 G--»5-Iodo-C 85.894

[384] Mass spectra of bioagent-identifying amplicons were analyzed independently using a
maximum-likelihood processor, such as is widely used in radar signal processing. This processor,
referred to as GenX, first makes maximum likelihood estimates of the input to the mass spectrometer for
each primer by running matched filters for each base composition aggregate on the input data. This

includes the GenX response to a calibrant for each primer.

[385] The algorithm emphasizes performance predictions culminating in probability-of-detection
versus probability-of-false-alarm plots for conditions involving complex backgrounds of naturally
occurring organisms and environmental contaminants. Matched filters consist of a priori expectations of

signal values given the set of primers used for each of the bioagents. A genomic sequence database is

109



WO 2006/116127 PCT/US2006/015160

used to define the mass base count matched filters. The database contains the sequences of known
bacterial bioagents and includes threat organisms as well as benign background organisms. The latter is
used to estimate and subtract the spectral signature produced by the background organisms. A maximum
likelihood detection of lmc;wn background organisms is implemented using matched filters and a
running-sum estimate of the noise covariance. Background signal strengths are estimated and used along
with the matched filters to form signatures which are then subtracted. The maximum likelihood process
is applied to this “cleaned up” data in a similar manner employing matched filters for the organisms and

a running-sum estimate of the noise-covariance for the cleaned up data.

[386] The amplitudes of all base compositions of bioagent-identifying amplicons for each primer
are calibrated and a final maximum likelihood amplitude estimate per organism is made based upon the
multiple single primer estimates. Models of all system noise are factored into this two-stage maximum
likelihood calculation. The processor reports the number of molecules of each base composition
contained in the spectra. The quantity of amplification product corresponding to the appropriate primer
set is reported as well as the quantities of primers remaining upon completion of the amplification

reaction.

[387] Base count blurring can be carried out as follows. “Electronic PCR” can be conducted on
nucleotide sequences of the desired bioagents to obtain the different expected base counts that could be
obtained for each primer pair. See for example, ncbinlm.nih.gov/sutils/e-per/; Schuler, Genome Res.
7:541-50, 1997. In one illustrative embodiment, one or more spreadsheets, such as Microsoft Excel
workbooks contain a plurality of worksheets. First in this example, there is a worksheet with a name
similar to the workbook name; this worksheet contains the raw electronic PCR data. Second, there is a
worksheet named “filtered bioagents base count” that contains bioagent name and base count; thereisa
separate record for each strain after removing sequences that are not identified with a genus and species
and removing all sequences for bioagents with less than 10 strains. Third, there is a worksheet, “Sheet1”
that contains the frequency of substitutions, insertions, or deletions for this primer pair. This data is
generated by first creating a pivot table from the data in the “filtered bioagents base count” worksheet
and then executing an Excel VBA macro. The macro creates a table of differences in base counts for
bioagents of the same species, but different strains. One of ordinary skill in the art may understand

additional pathways for obtaining similar table differences without undo experimentation.

[388] Application of an exemplary script, involves the user defining a threshold that specifies the
fraction of the strains that are represented by the reference set of base counts for each bioagent. The

reference set of base counts for each bioagent may contain as many different base counts as are needed
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to meet or exceed the threshold. The set of reference base counts is defined by taking the most abundant
strain’s base type composition and adding it to the reference set and then the next most abundant strain’s
base type composition is added until the threshold is met or exceeded. The current set of data was

obtained using a threshold of 55%, which was obtained empirically.

[389] For each base count not included in the reference base count set for that bioagent, the script
then proceeds to determine the manner in which the current base count differs from each of the base
counts in the reference set. This difference may be represented as a combination of substitutions, Si=Xi,
and insertions, Ii=Yi, or deletions, Di=Zi. If there is more than one reference base count, then the
reported difference is chosen using rules that aim to minimize the number of changes and, in instances
with the same number of changes, minimize the number of insertions or deletions. Therefore, the
primary rule is to identify the difference with the minimum sum (Xi+Yi) or (Xi+Zi), e.g., one insertion
rather than two substitutions. If there are two or more differences with the minimum sum, then the one

that will be reported is the one that contains the most substitutions.

[390] Differences between a base count and a reference composition are categorized as one, two, or
more substitutions, one, two, or more insertions, one, two, or more deletions, and combinations of
substitutions and insertions or deletions. The different classes of nucleobase changes and their
probabilities of occurrence have been delineated in U.S. Patent Application Publication No. 2004209260
(U.S. Application Serial No. 10/418,514) which is incorporated herein by reference in entirety.

Example 6: Use of Broad Range Survey and Division Wide Primer Pairs for Identification of
Bacteria in an Epidemic Surveillance Investigation

[391]  This investigation employed a set of 16 primer pairs which is herein designated the
“surveillance primer set” and comprises broad range survey primer pairs, division wide primer pairs and
a single Bacillus clade primer pair. The surveillance primer set is shown in Table 5 and consists of
primer pairs originally listed in Table 2. This surveillance set comprises primers with T modifications
(note TMOD designation in primer names) which constitutes a functional improvement with regard to
prevention of non-templated adenylation (vide supra) relative to originally selected primers which are
displayed below in the same row. Primer pair 449 (non-T modified) has been modified twice. Its
predecessors are primer pairs 70 and 357, displayed below in the same row. Primer pair 360 has also

been modified twice and its predecessors are primer pairs 17 and 118.

Table 5: Bacterial Primer Pairs of the Surveillance Primer Set

Primer | Forward Primer Name Forward Reverse Primer Name Reverse Target Gene
Pair Primer Primer
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No. (SEQID (SEQID

NO:) NO3)
346 16S_EC_713_732_TMOD_F 202 165_EC_789_809_TMOD_R 1110 16S xRNA
10 16S_EC_713_732_F 21 16S_EC_789_809 798 165 rRNA
347 165_EC_785_806_TMOD_F 560 16S_EC_880_897_TMOD_R 1278 16S rRNA
11 16S_EC_785_806_F 118 165 _EC_880 897 R 830 16S_rRNA
348 16S_EC_960_981_TMOD_F 706 165_EC_1054_1073_TMOD_R | 895 16S zRNA
14 165 _EC_960 981 F 672 16S_EC 1054 1073 R 735 16S_rRNA
349 23S_EC_1826_1843_TMOD_F 401 238_EC_1906_1924_TMOD_R | 1156 238 rRNA
16 23S_EC_1826_1843_F 80 23S_EC_1906_1924 R 805 23S rRNA
352 INFB_EC_1365_1393_TMOD_F | 687 INFB_EC_1439 1467 TMOD R | 1411 infB
34 INFB_EC 1365 1393 F 524 INFB_EC 1439 1467 R 1248 infB
354 RPOC_EC_2218_2241_ TMOD_F 405 RPOC_EC_2313_2337_TMOD_R 1072 rpoC
52 RPOC_EC_2218 2241 F 81 RPOC_EC_ 2313 2337 R 790 zpoC
355 SSPE_BA_115_137_TMOD_F 255 SSPE_BA_197_222_TMOD_R 1402 SSPE
58 SSPE_BA_115_137 F 45 SSPE BA 197 222 R 1201 SSpE
356 RPLB_EC_650_679_TMOD_F 232 RPLB_EC_739_762_TMOD_R 592 rplB
66 RPLB EC 650 679 F 98 RPLB EC 739 762 R 999 rplB
358 VALS_EC_1105_1124_TMOD_F | 385 VALS_EC_1195_1218_TMOD_R | 1093 vals
71 VALS_EC_1105_1124 F 77 VALS_EC_1195 1218 R 795 vals
359 RPOB_EC_1845_1866_TMOD_F | 659 RPOB_EC_1909_1929_TMOD_R | 1250 TpoB
72 RPOB_EC_1845_1866_F 233 RPOB_EC_1909_1929 R 825 rpoB
360 235_EC_2646_2667_TMOD_F 409 23S_EC_2745_2765_TMOD R | 1434 238 rRNA
118 23S_EC_2646_2667_F 84 238_EC_2745_2765_R 1389 23S ZRNA
17 23S_EC_2645_2669 F 408 238 _EC_2744 2761 R 1252 23S rRNA
361 16S_EC_1090_1111_2_TMOD_F | 697 168 _EC_1175_1196_TMOD R | 1398 165 rRNA
3 16S_EC 1090 1111 2 F 651 168 EC 1175 1196 R 1159 16S_xRNA
362 RPOB_EC_3799_3821_TMOD_F | 581 RPOB_EC_3862_3888_TMOD_R | 1325 TpoB
289 RPOB_EC_3799_3821 F 124 RPOB_EC_3862_3888_R 840 rpoB
363 RPOC_EC_2146_2174_TMOD_F 284 RPOC_EC_2227_2245_TMOD_R | 898 rpoC
290 RPOC_EC 2146 2174 F 52 RPOC_EC 2227 2245 R 736 rpoC
367 TUFB_EC_957_979_TMOD_F 308 TUFB_EC 1034_1058_TMOD_R | 1276 tufB
293 TUFB EC 957 979 F 55 TUFB EC 1034 1058 R 829 tufB
449 RPLB_EC_690_710_F 309 RPLB_EC_737_758_R 1336 rplB
3857 RPLB EC_688_710_TMOD_F 296 RPLB_EC_736_757_TMOD_R 1337 rplB
67 RPLB EC 688 710 F 54 RPLB EC 736 757 R 842 rplB
[392]  The 16 primer pairs of the surveillance set are used to produce bioagent identifying amplicons

whose base compositions are sufficiently different amongst all known bacteria at the species level to
identify, at a reasonable confidence level, any given bacterium at the species level. As shown in Tables
6A-E, common respiratory bacterial pathogens can be distinguished by the base compositions of
bioagent identifying amplicons obtained using the 16 primer pairs of the surveillance set. In some cases,
triangulation identification improves the confidence level for species assignment. For example, nucleic
acid from Streptococcus pyogenes can be amplified by nine of the sixteen surveillance primer pairs and

Streptococcus pneumoniae can be amplified by ten of the sixteen surveillance primer pairs. The base
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compositions of the bioagent identifying amplicons are identical for only one of the analogous bioagent
identifying amplicons and differ in all of the remaining analogous bioagent identifying amplicons by up
to four bases per bioagent identifying amplicon. The resolving power of the surveillance set was
confirmed by determination of base compositions for 120 isolates of respiratory pathogens representing
70 different bacterial species and the results indicated that natural variations (usually only one or two
base substitutions per bioagent identifying amplicon) amongst multiple isolates of the same species did

not prevent correct identification of major pathogenic organisms at the species level.

[393]  Bacillus anthracis is a well known biological warfare agent which has emerged in domestic
terrorism in recent years. Since it was envisioned to produce bioagent identifying amplicons for
identification of Bacillus anthracis, additional drill-down analysis primers were designed to target genes
present on virulence plasmids of Bacillus anthracis so that additional confidence could be reached in
positive identification of this pathogenic organism. Three drill-down analysis primers were designed
and are listed in Tables 2 and 6. In Table 6, the drill—down set comprises primers with T modifications
(note TMOD designation in primer names) which constitutes a functional improvement with regard to
prevention of non-templated adenylation (vide supra) relative to originally selected primers which are

displayed below in the same row.

Table 6: Drill-Down Primer Pairs for Confirmation of Identification of Bacillus anthracis

Primer | Forward Primer Name Forward | Reverse Primer Name Reverse Target Gene
Pair Primer Primer
No. (SEQID (SEQ ID
NO:) NO?)
350 CAPC_BA_274_303_TMOD_F 476 CAPC_BA 349_376_TMOD_R 1314 capC
24 CAPC BA 274 303 F 109 CAPC BA 349 376 R 837 capC
351 CYA_BA_1353_1379_TMOD_F 355 CYA_BA 1448_1467_TMOD R | 1423 cyA
30 CYA BA 1353 1379 F 64 CYA BA 1448 1467 R 1342 CyA
353 LEF_BA_756_781_TMOD_F 220 LEF_BA 843_872_TMOD R 1394 lef
37 LEF BA 756 781 F 26 LEF BA 843 872 R 1135 lef

[394]  Phylogenetic coverage of bacterial space of the sixteen surveillance primers of Table 5 and the
three Bacillus anthracis drill-down primers of Table 6 is shown in Figure 3 which lists common
pathogenic bacteria. Figure 3 is not meant to be comprehensive in illustrating all species identified by
the primers. Only pathogenic bacteria are listed as representative examples of the bacterial species that
can be identified by the primers and methods of the present invention. Nucleic acid of groups of bacteria
enclosed within the polygons of Figure 3 can be amplified to obtain bioagent identifying amplicons
using the primer pair numbers listed in the upper right hand corner of each polygon. Primer coverage for
polygons within polygons is additive. As an illustrative example, bioagent identifying amplicons can be

obtained for Chlamydia trachomatis by amplification with, for example, primer pairs 346-349, 360 and
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361, but not with any of the remaining primers of the surveillance primer set. On the other hand,
bioagent identifying amplicons can be obtained from nucleic acid originating from Bacillus anthracis
(located within 5 successive polygons) using, for example, any of the following primer pairs: 346-349,
360, 361 (base polygon), 356, 449 (second polygon), 352 (third polygon), 355 (fourth polygon), 350,
351 and 353 (fifth polygon). Multiple coverage of a given organism with multiple primers provides for
increased confidence level in identification of the organism as a result of enabling broad triangulation

identification.

[395]

shown. Two entries in a cell, represent variation in ribosomal DNA operons. The most predominant base

In Tables 7A-E, base compositions of respiratory pathogens for primer target regions are

composition is shown first and the minor (frequently a single operon) is indicated b}f an asterisk (¥).
Entries with NO DATA mean that the primer would not be expected to prime this species due to

mismatches between the primer and target region, as determined by theoretical PCR.

Table 7A — Base Compositions of Common Respiratory Pathogens for Bioagent Identifying
Amplicons Corresponding to Primer Pair Nos: 346, 347 and 348

Primer 346 Primer 347 Primer 348

Organism Strain [A GCT] [A G CT] [AGCT]
Klebsiella [29 32 25 13] [23 38 28 26] [26 32 28 30]
pneumoniae MGH78578 {29 31 25 13]* [23 37 28 26]* [26 31 28 30]*

C0-92 Biovar {29 30 28 29]
Yersinia pestis Orientalis [29 32 25 13] [22 39 28 28] {30 30 27 29]%*

KIM5 P12 (Biovar
Yersinia pestis | Mediaevalis) [29 32 25 13] [22 39 28 26] [29 30 28 29]

[29 30 28 29]

Yersinia pestis | 91001 [29 32 25 13] [22 39 28 26] [30 30 27 29]*
Haemophilus
influenzae KW20 [28 31 23 17} [24 37 25 27] [29 30 28 29]
Pseudomonas [26 36 29 24]
aeruginosa PAOL [30 31 23 15] [27 36 29 23]* [26 32 29 29]
Pseudomonas
fluorescens P£0-1 [30 31 23 15] [26 35 29 25] [28 31 28 29]
Pseudomonas
putida KT2440 [30 31 23 15] [28 33 27 27] [27 32 29 28]
Legionella
pneumophila Philadelphia-1 {30 30 24 15] [33 33 23 27] [29 28 28 31]
Francisella
tularensis schu 4 {32 29 22 16] [28 38 26 26] [25 32 28 31]
Bordetella
pertussis Tohama I [30 29 24 16] [23 37 30 24] [30 32 30 26]
Burkholderia [27 36 31 24]
cepacia J2315 [29 29 27 14] [27 32 26 29] [20 42 35 19]*
Burkholderia
pseudomallei K96243 [29 29 27 14} [27 32 26 29] [27 36 31 24]
Neisseria FA 1090, ATCC
gonorrhoeae 700825 [29 28 24 18] [27 34 26 28] [24 36 29 27]
Neisseria
meningitidis MC58 (serogroup B) [29 28 26 16] [27 34 27 27] [25 35 30 26]
Neisseria
meningitidis serogroup C, FAM1S8 [29 28 26 16] [27 34 27 27] [25 35 30 26]
Neisseria
meningitidis Z2491 (serogroup A) [29 28 26 16] [27 34 27 27] [25 35 30 26]
Chlamydophila
pneumoniae TW-183 [31 27 22 19] NO DATA [32 27 27 291
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Chlamydophila

pneumoniae AR39 [31 27 22 19] NO DATA [32 27 27 29]
Chlamydophila

pneumoniae CWL029 [31 27 22 19] NO DATA [32 27 27 29]
Chlamydophila

pneumoniae J138 [31 27 22 19] NO DATA [32 27 27 29]
Corynebacterium

diphtheriae NCTCL3129 [29 34 21 15] [22 38 31 25] [22 33 25 34]
Mycobacterium

avium k10 {27 36 21 15) [22 37 30 28] [21 36 27 30]
Mycobacterium

avium 104 {27 36 21 15] [22 37 30 28] {21 36 27 30]
Mycobacterium

tuberculosis CSU#93 [27 36 21 15} [22 37 30 28] {21 36 27 30]
Mycobacterium

tuberculosis CDC 1551 [27 36 21 15] [22 37 30 28] [21 36 27 30]
Mycobacterium

tuberculosisg H37Rv (lab strain) [27 36 21 15] [22 37 30 28] [21 36 27 30]
Mycoplasma

pneumoniae M129 [31 29 19 20] NO DATA NO DATA
Staphylococcus [30 29 30 29}
aureus MRSA252 [27 30 21 21] [25 35 30 26] [29 31 30 29]*
Staphylococcus [30 29 30 29]
aureus MSSA476 [27 30 21 21] [25 35 30 26] [30 29 29 30]*
Staphylococcus [30 29 30 29]
aureus COL [27 30 21 21] [25 35 30 26] [30 29 29 30]*
Staphylococcus [30 29 30 29]
aureus Mu50 {27 30 21 21] [25 35 30 26] [30 29 29 30]*
Staphylococcus [30 29 30 29]
aureus MW2 [27 30 21 21] [25 35 30 26] [30 29 29 30]*
Staphylococcus [30 29 30 29]
aureus N315 [27 30 21 21] [25 35 30 26] [30 29 29 30]*
Staphylococcus [25 35 30 26] [30 29 30 29]
aureus NCTC 8325 [27 30 21 21] [25 35 31 26]* [30 29 29 30]
Streptococcus [24 36 31 25]

agalactiae NEM316 [26 32 23 18] [24 36 30 26]* [25 32 29 30]
Streptococcus

equi NC 002955 [26 32 23 18] [23 37 31 25] [29 30 25 32]
Streptococcus

pyogenes MGAS8232 [26 32 23 18] [24 37 30 25] [25 31 29 31]
Streptococcus

pyogenes MGAS315 [26 32 23 18] [24 37 30 25] [25 31 29 31]
Streptococcus

pyogenes SSI-1 [26 32 23 18] [24 37 30 25] [25 31 29 31]
Streptococcus

pyogenes MGAS10394 [26 32 23 18] [24 37 30 25] [25 31 29 31]
Streptococcus

pyogenes Manfredo (M5) {26 32 23 18] [24 37 30 25] [25 31 29 31]
Streptococcus

pyogenes SF370 (M1) [26 32 23 18] [24 37 30 25] [25 31 29 31]
Streptococcus

pneumoniae 670 [26 32 23 18] [25 35 28 28] [25 32 29 30]
Streptococcus

pneumoniae R6 [26 32 23 18] [25 35 28 28] [25 32 29 30]
Streptococcus

pneumoniae TIGR4 [26 32 23 18] [25 35 28 281 [25 32 30 29]
Streptococcus

gordonii NCTC7868 [25 33 23 18] [24 36 31 25] [25 31 29 31]
Streptococcus [25 32 29 30]
mitis NCTC 12261 [26 32 23 18] [25 35 30 26] [24 31 35 29]*
Streptococcus

mutans UA159 [24 32 24 19] [25 37 30 24] [28 31 26 31}

— Base Compositions of Common Respiratory Pathogens for Bioagent Identifying

Amplicons Corresponding te Primer Pair Nos: 349, 360, and 356

Organism

I Strain

| Primer 349

| Primer 360

| Primer 356

115




WO 2006/116127

PCT/US2006/015160

[AGcCT] [AaGaml [AGCT]

Klebsiella
pneumoniae MGH78578 [25 31 25 22] [33 37 25 27] NO DATA

CO0-92 Biovar [25 31 27 20]
Yersinia pestis | Orientalis [25 32 26 20]* [34 35 25 28] NO DATA

KIMS P12 (Biovar [25 31 27 20]
Yersinia pestis | Mediaevalis) [25 32 26 20]1* [34 35 25 28] NO DATA
Yersinia pestis 91001 [25 31 27 20] [34 35 25 28] NO DATA
Haemophilus
influenzae KwW20 [28 28 25 20] [32 38 25 27] NO DATA
Pseudomonas [31 36 27 27]
aeruginosa PAOL [24 31 26 20] [31 36 27 281* NO DATA
Pgeudomonas [30 37 27 28]
fluorescens Pfo-1 NO DATA [30 37 27 28] NO DATA
Pseudomonas
putida KT2440 [24 31 26 20] [30 37 27 28] NO DATA
Legionella
pneumophila Philadelphia-1 [23 30 25 23} [30 39 29 24] NO DATA
Francisella
tularensis schu 4 {26 31 25 19} [32 36 27 27] NO DATA
Bordetella
pertussis Tohama I [21 29 24 18] [33 36 26 27] NO DATA
Burkholderia
cepacia J2315 [23 27 22 20] [31 37 28 26] NO DATA
Burkholderia
pseudomallel K96243 [23 27 22 20] [31 37 28 26] NO DATA
Neisseria
gonorrhoeae FA 1090, ATCC 700825 [24 27 24 17] [34 37 25 26] NO DATA
Neisseria
meningitidis MC58 (serogroup B) [25 27 22 18] [34 37 25 26] NO DATA
Neisseria
meningitidis serogroup C, FAM18 [25 26 23 18] [34 37 25 26] NO DATA
Neisseria
meningitidis Z2491 (serogroup A) [25 26 23 18] [34 37 25 26] NO DATA
Chlamydophila
pneumoniae TW-183 [30 28 27 18] NO DATA NO DATA
Chlamydophila
pneumoniae AR39 [30 28 27 18] NO DATA NO DATA
Chlamydophila
pneumoniae CWL029 [30 28 27 18] NO DATA NO DATA
Chlamydophila
pneumoniae Ji3s [30 28 27 18] NO DATA NO DATA
Corynebacterium
diphtheriae NCTC13129 NO DATA [29 40 28 25] NO DATA
Mycobacterium
avium k10 NO DATA [33 35 32 22] NO DATA
Mycobacterium
avium 104 NO DATA [33 35 32 22] NO DATA
Mycobacterium
tuberculosis CSU#93 NO DATA [30 36 34 22] NO DATA
Mycobacterium
tuberculosis CDC 1551 NO DATA [30 36 34 22] NO DATA
Mycobacterium
tuberculosis H37Rv (lab strain) NO DATA [30 36 34 22] NO DATA
Mycoplasma
pneumoniae M129 [28 30 24 19] [34 31 29 28] NO DATA
Staphylococcus
aureus MRSA252 [26 30 25 20] [31 38 24 29] [33 30 31 27]
Staphylococcus
aureus MSSA476 [26 30 25 20] [31 38 24 29] [33 30 31 27]
Staphylococcus
aureus COL [26 30 25 20] [31 38 24 29] [33 30 31 27]
Staphylococcus
aureus Mu50 [26 30 25 20] [31 38 24 29] [33 30 31 27]
Staphylococcus
aureus MW2 [26 30 25 20] [31 38 24 29] [33 30 31 27]
Staphylococcus '
aureus N315 [26 30 25 20] [31 38 24 29] [33 30 31 27]
Staphylococcus NCTC 8325 [26 30 25 20] [31 38 24 29] [33 30 31 27]
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aureus

Streptococcus

agalactiae NEM316 [28 31 22 20} {33 37 24 28] [37 30 28 26]
Streptococcus

equi NC 002955 [28 31 23 19] {33 38 24 27] [37 31 28 25}
Streptococcus

pyogenes MGAS8232 [28 31 23 19] [33 37 24 28] {38 31 29 23]
Streptococcus

pyogenes MGAS315 [28 31 23 19} [33 37 24 28] [38 31 29 23]
Streptococcus

pyogenes SSI-1 [28 31 23 19] {33 37 24 28] [38 31 29 23]
Streptococcus

pyogenes MGAS10394 [28 31 23 19] [33 37 24 28] [38 31 29 23]
Streptococcus

pyogenes Manfredo (MS) [28 31 23 19] [33 37 24 28] [38 31 29 23]
Streptococcus [28 31 23 19]

pyogenes SF370 (M1) [28 31 22 20]* [33 37 24 28] [38 31 29 23]
Streptococcus

pneumoniae 670 [28 31 22 20] [34 36 24 28] [37 30 29 25]
Streptococcus

pneumoniae R6 [28 31 22 20] [34 36 24 28] [37 30 29 25]
Streptococcus

pneumoniae TIGR4 [28 31 22 20] [34 36 24 28] [37 30 29 25]
Streptococcus

goxrdonii NCTC7868 [28 32 23 20] [34 36 24 28] [36 31 29 25]
Streptococcus [28 31 22 20]

mitis NCTC 12261 [29 30 22 20]* [34 36 24 28] [37 30 29 25}
Streptococcus

mutans UAL159 [26 32 23 22] [34 37 24 27] NO DATA

Table 7C — Base Compositions of Common Respiratory Pathogens for Bioagent Identifying

Amplicons Corresponding to Primer Pair Nos: 449, 354, and 352

Primer 449 Primer 354 Primer 352
Organism Strain [AaGcCT] [a G CT] [a G CT]
Klebsiella
pneumoniae MGH78578 NO DATA [27 33 36 26] NO DATA
C0-92 Biovar
Yersinia pestis Orientalis NO DATA [29 31 33 29] [32 28 20 25]
KIMS P12 (Biovar
Yersinia pestis Mediaevalis) NO DATA [29 31 33 29] [32 28 20 25]
Yerginia pestis 91001 NO DATA [29 31 33 29] NO DATA
Haemophilus
influenzae KW20 NO DATA [30 29 31 32] NO DATA
Pseudomonas
aeruginosa PAOL NO DATA [26 33 39 24] NO DATA
Pseudomonas
fluorescens PEO-1 NO DATA [26 33 34 29] NO DATA
Pseudomonas
putida KT2440 NO DATA [25 34 36 27] NO DATA
Legionella
pneumophila Philadelphia-1 NO DATA NO DATA NO DATA
Francisella
tularensis schu 4 NO DATA [33 32 25 32] NO DATA
Bordetella
pertussis Tohama I NO DATA [26 33 39 24] NO DATA
Burkholderia
cepacia J2315 NO DATA [25 37 33 27] NO DATA
Burkholderia
pseudomallei K96243 NO DATA [25 37 34 28] NO DATA
Neisseria
gonorrhoeae FA 1090, ATCC 700825 [17 23 22 10} {29 31 32 30] NO DATA
Neisseria
meningitidis MC58 (serogroup B) NO DATA [29 30 32 31] NO DATA
Neisseria
meningitidis serogroup C, FAM1S8 NO DATA [29 30 32 31] NO DATA
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Neigseria

meningitidis 72491 (serogroup A) NO DATA [29 30 32 31] NO DATA
Chlamydophila

pneumoniae TW-183 NO DATA NO DATA NO DATA
Chlamydophila

pneumoniae BR39 NO DATA i NO DATA NO DATA
Chlamydophila

pneumoniae CWL029 NO DATA NO DATA NO DATA
Chlamydophila

pneumoniae J138 NO DATA NO DATA NO DATA
Corynebacterium

diphtheriae NCTC13129 NO DATA NO DATA NO DATA
Mycobacterium

avium k10 NO DATA NO DATA NO DATA
Mycobacterium

avium 104 NO DATA NO DATA NO DATA
Mycobacterium

tuberculosis Csu#93 NO DATA NO DATA NO DATA
Mycobacterium

tuberculosis CDC 1551 NO DATA NO DATA NO DATA
Mycobacterium

tuberculosis H37Rv {lab strain) NO DATA NO DATA NO DATA
Mycoplasma

pneumoniae M129 NO DATA NO DATA NO DATA
Staphylococcus

aureus - MRSA252 [17 20 21 17] [30 27 30 35} [36 24 19 26]
Staphylococcus

aureus MSSA476 {17 20 21 17] {30 27 30 35] [36 24 19 26}
Staphylococcus

aureus COL [17 20 21 17] [30 27 30 35] [35 24 19 27]
Staphylococcus

aureus Mu50 [17 20 21 17] [30 27 30 35] [36 24 19 26]
Staphylococcus

aureus MW2 [17 20 21 17] [30 27 30 35] [36 24 19 26]
Staphylococcus .

aureus N315 [17 20 21 17] [30 27 30 35] [36 24 19 26]
Staphylococcus

aureus NCTC 8325 {17 20 21 17] [30 27 30 35] [35 24 19 27]
Streptococcus

agalactiae NEM316 [22 20 19 14] [26 31 27 38] [29 26 22 28]
Streptococcus

equi NC 002955 [22 21 19 13] NO DATA NO DATA
Streptococcus

pyogenes MGAS8232 [23 21 19 12] [24 32 30 36] NO DATA
Streptococcus

pyogenes MGAS315 [23 21 19 12] [24 32 30 36] NO DATA
Streptococcus

pyogenes SSI-1 [23 21 19 12] [24 32 30 361 NO DATA
Streptococcus

pyogenes MGAS10394 [23 21 19 12] [24 32 30 36] NO DATA
Streptococcus

pyogenes Manfredo (M5) [23 21 19 12] [24 32 30 36] NO DATA
Streptococcus

pyogenes SF370 (M1) [23 21 19 12] [24 32 30 36] NO DATA
Streptococcus

pneumoniae 670 [22 20 19 14] {25 33 29 35] {30 29 21 25]
Streptococcus

pneumoniae R6 [22 20 19 14] [25 33 29 35] [30 29 21 25]
Streptococcus

pneumoniae TIGR4 [22 20 19 14] [25 33 29 35] [30 29 21 25]
Streptococcus

gordonii NCTC7868 [21 21 19 14] NO DATA [29 26 22 28]
Streptococcus

mitis NCTC 12261 [22 20 19 14] [26 30 32 34] NO DATA
Streptococcus

mutans UA159 NO DATA NO DATA NO DATA
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Table 7D — Base Compositions of Common Respiratory Pathogens for Bioagent Identifying

Amplicons Corresponding to Primer Pair Nos: 355, 358, and 359

Primer 355 Primer 358 Primer 359
Organism Strain [A G CT] [AGcCT] [AGCT]
Klebsiella
pneumoniae MGH78578 NO DATA [24 39 33 20] [25 21 24 17]
C0-92 Biovar
Yersinia pestig | Orientalis NO DATA [26 34 35 21] [23 23 19 22]
KIM5 P12 (Biovar
Yersinia pestig | Medidevalis) NO DATA [26 34 35 21] [23 23 19 22]
Yersinia pestis | 91001 NO DATA [26 34 35 21] [23 23 19 22]
Haemophilus
influenzae KW20 NO DATA NO DATA NO DATA
Pseudomonas
aeruginosa PAOL NO DATA NO DATA NO DATA
Pgeudomonas
fluorescens P£0-1 NO DATA NO DATA NO DATA
Pseudomonas
putida “KT2440 NO DATA [21 37 37 21] NO DATA
Legionella
pneumophila philadelphia-1 NO DATA NO DATA NO DATA
Francisella
tularensis schu 4 NO DATA NO DATA NO DATA
Bordetella
pertussis Tohama I NO DATA NO DATA NO DATA
Burkholderia
cepacia J2315 NO DATA NO DATA NO DATA
Burkholderia
pseudomallel K96243 NO DATA NO DATA NO DATA
Neisseria
gonorrhoeae FA 1090, ATCC 700825 NO DATA NO DATA NO DATA
Neisseria
meningitidis MC58 (serogroup B) NO DATA NO DATA NO DATA
Neisseria
meningitidis serogroup C, FAM18 NO DATA NO DATA NO DATA
Neisseria
meningitidis 72491 (serogroup A) NO DATA NO DATA NO DATA
Chlamydophila
pneumoniae TW-183 NO DATA NO DATA NO DATA
Chlamydophila
pneumoniae AR39 NO DATA NO DATA NO DATA
Chlamydophila
pneumoniae CWL029 NO DATA NO DATA NO DATA
Chlamydophila
pneumoniae Jl38 NO DATA NO DATA NO DATA
Corynebacterium
diphtheriae NCTC13129 NO DATA NO DATA NO DATA
Mycobacterium
avium k10 NO DATA NO DATA NO DATA
Mycobacterium
avium 104 NO DATA NO DATA NO DATA
Mycobacterium
tuberculosis CSU#93 NO DATA NO DATA NO DATA
Mycobacterium
tuberculosis CDC 1551 NO DATA NO DATA NO DATA
Mycobacterium
tuberculosis H37Rv (lab strain) NO DATA NO DATA NO DATA
Mycoplasma
pneumoniae M129 NO DATA NO DATA NO DATA
Staphylococcus
aureus MRSA252 NO DATA NO DATA NO DATA
Staphylococcus
aureus MSSA476 NO DATA NO DATA NO DATA
Staphylococcus
aureus COL NO DATA NO DATA NO DATA
Staphylococcus
aureus Mu50 NO DATA NO DATA NO DATA
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Staphylococcus

aureus MW2 NO DATA NO DATA NO DATA
Staphylococcus

aureus N315 NO DATA NO DATA NO DATA
Staphylococcus

aureus NCTC 8325 NO DATA NO DATA NO DATA
Streptococcus

agalactiae NEM316 NO DATA NO DATA NO DATA
Streptococcus

equi NC 002855 NO DATA NO DATA NO DATA
Streptococcus

pyogenes MGASB232 NO DATA NO DATA NO DATA
Streptococcus

pyogenes MGAS315 NO DATA NO DATA NO DATA
Streptococcug

pyogenes SSI-1 NO DATA NO DATA NO DATA
Streptococcus

pyogenes MGAS10394 NO DATA NO DATA NO DATA
Streptococcus

pyogenes Manfredo (MS) NO DATA NO DATA NO DATA
Streptococcus

pyogenes SF370 (ML) NO DATA NGO DATA NO DATA
Streptococcus

pneumoniae 670 NO DATA NO DATA NO DATA
Streptococcus

prieumoniae R6 NO DATA NO DATA NO DATA
Streptococcus

pneumoniae TIGR4 NO DATA NO DATA NO DATA
Streptococcus

gordonii NCTC7868 NO DATA NO DATA NO DATA
Streptococcus

mitis NCTC 12261 NO DATA NO DATA NO DATA
Streptococcus

mutans UAL59 NO DATA NO DATA NO DATA

Table 7E — Base Compositions of Common Respiratory Pathogens for Bioagent Identifying

Amplicons Corresponding to Primer Pair Nos: 362, 363, and 367

Primer 362 Primer 363 Primer 367

Organism Strain [AGCT] [AecTl [AGcCT]
Klebgiella
pneumoniae MGH78578 [21 33 22 18] [16 34 26 26} NO DATA

CO-92 Biovar
Yersinia pestis | Orientalis {20 34 18 20] NO DATA NO DATA

KIM5 P12 (Biovar
Yersinia pestis | Mediaevalis) [20 34 18 20] NO DATA NO DATA
Yersinia pestis 91001 [20 34 18 20] NO DATA NO DATA
Haemophilus
influenzae KW20 NO DATA NO DATA NO DATA
Pseudomonas
aeruginosa PAOL f19 35 21 17] [16 36 28 22] NO DATA
Pgeudomonas
fluorescens P£0-1 NO DATA [18 35 26 23] NO DATA
Pseudomonas
putida KT2440 NO DATA [16 35 28 23] NO DATA
Legionella
pneumophila Philadelphia-1 NO DATA NO DATA NQ DATA
Francisella
tularensis gschu 4 NO DATA NO DATA NO DATA
Bordetella
pertussis Tohama I {20 31 24 171 [15 34 32 21] [26 25 34 19]
Burkholderia
cepacia J2315 [20 33 21 18] [15 36 26 25] [25 27 32 201}
Burkholderia ]
pseudomallei K96243 [19 34 19 20] [15 37 28 22] [25 27 32 20]
Neisseria
gonorrhoeae FA 1090, ATCC 700825 NO DATA NO DATA NO DATA
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Neisseria
meningitidis MC58 (serogroup B) NO DATA NO DATA NO DATA
Neisseria
meningitidis serogroup C, FAM18 NO DATA NO DATA NO DATA
Neisseria
meningitidis 72491 (serogroup A) NO DATA NO DATA NO DATA
Chlamydophila
pneumoniae TW-183 NO DATA NO DATA NO DATA
Chlamydophila
pneumoniae AR39 NO DATA NO DATA NO DATA
Chlamydophila
pneumoniae CWL029 NO DATA NO DATA NO DATA
Chlamydophila
pneumoniae J138 NO DATA NO DATA NO DATA
Corynebacterium
diphtheriae NCTC13129 NO DATA NO DATA NO DATA
Mycobacterium
avium k1.0 {19 34 23 16] NO DATA [24 26 35 19]
Mycobacterium
avium 104 [19 34 23 16] NO DATA [24 26 35 19]
Mycobacterium
tuberculosis CSU#93 [19 31 25 17] NO DATA {25 25 34 20]
Mycobacterium
tuberculosis CDC 1551 [19 31 24 18] NO DATA [25 25 34 20]
Mycobacterium
tuberculosis H37Rv (lab strain) f19 31 24 18] NO DATA [25 25 34 20]
Mycoplasma
pneumoniae M129 NO DATA NO DATA NO DATA
Staphylococcus
aureus MRSA252 NO DATA NO DATA NO DATA
Staphylococcus
aureus MSSA476 NO DATA NO DATA NO DATA
Staphylococcus
aureus COL NO DATA NO DATA NO DATA
Staphylococcus
aureus Mu50 NO DATA NO DATA NO DATA
Staphylococcus
aureus MW2 NO DATA NO DATA NO DATA
Staphylococcus
aureus N315 NO DATA NO DATA NO DATA
Staphylococcus
aureus NCTC 8325 NO DATA NO DATA NO DATA
Streptococcus
agalactiae NEM316 NO DATA NO DATA NO DATA
Streptococcus
equi NC 002955 NO DATA NO DATA NO DATA
Streptococcus
pyogenes MGAS8232 NO DATA NO DATA NO DATA
Streptococcus
pyogenes MGAS315 NO DATA NO DATA NO DATA
Streptococcus
pyogenes SSI-1 NO DATA NO DATA NO DATA
Streptococcus
pyogenes MGAS10394 NO DATA NO DATA NO DATA
Streptococcus
pyogenes Manfredo (MS) NO DATA NO DATA NO DATA
Streptococcus
pyogenes SF370 (M1) NO DATA NO DATA NO DATA
Streptococcus
prneumoniae 670 NO DATA NO DATA NO DATA
Streptococcus
pneumoniae R6 [20 30 19 23] NO DATA NO DATA
Streptococcus
pneumoniae TIGR4 [20 30 19 23] NO DATA NO DATA
Streptococcus
gordonii NCTC7868 NO DATA NO DATA NO DATA
Streptococcus
mitis NCTC 12261 NO DATA NO DATA NO DATA
Streptococcus UAL59 NO DATA NO DATA NO DATA
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| mutans ] | | | |

[396]  Four sets of throat samples from military recruits at different military facilities taken at
different time points were analyzed using the primers of the present invention. The first set was
collected at a military training center from November 1 to December 20, 2002 during one of the most
severe outbreaks of pneumonia associated with group A Streptococcus in the United States since 1968.
During this outbreak, fifty-one throat swabs were taken from both healthy and hospitalized recruits and
plated on blood agar for selection of putative group A Streptococcus colonies. A second set of 15
original patient specimens was taken during the height of this group A Streptococcus -associated
respiratory disease outbreak. The third set were historical samples, including twenty-seven isolates of
group A Streptococcus, from disease outbreaks at this.and other military training facilities during
previous years. The fourth set of samples was collected from five geographically separated military
facilities in the continental U.S. in the winter immediately following the severe November/December

2002 outbreak.

[397]  Pure colonies isolated from group A Streptococcus-selective media from all four collection
periods were analyzed with the surveillance primer set. All samples showed base compositions that
precisely matched the four completely sequenced strains of Streptococcus pyogenes. Shown in Figure 4
is a 3D diagram of base composition (axes A, G and C) of bioagent identifying amplicons obtained with
primer pair number 14 (a precursor of primer pair number 348 which targets 16S rRNA). The diagram
indicates that the experimentally determined base compositions of the clinical samples closely match the
base compositions expected for Streptococcus pyogenes and are distinct from the expected base

compositions of other organisms.

[398]  In addition to the identification of Streptococcus pyogenes, other potentially pathogenic
organisms were identified concurrently. Mass spectral analysis of a sample whose nucleic acid was
amplified by primer pair number 349 (SEQ ID NOs: 401:1156) exhibited signals of bioagent identifying
amplicons with molecular masses that were found to correspond to analogous base compositions of
bioagent identifying amplicons of Streptococcus pyogenes (A27 G32 C24 T18), Neisseria meningitidis
(A25 G27 C22 T18), and Haemophilus influenzae (A28 G28 C25 T20) (see Figure 5 and Table 7B).
These organisms were present in a ratio of 4:5:20 as determined by comparison of peak heights with
peak height of an internal PCR calibration standard as described in commonly owned U.S. Patent

Application Serial No: 60/545,425 which is incorporated herein by reference in its entirety.
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[399]  Since certain division-wide primers that target housekeeping genes are designed to provide
coverage of specific divisions of bacteria to increase the confidence level for identification of bacterial
species, they are not expected to yield bioagent identifying amplicons for organisms outside of the
specific divisions. For example, primer pair number 356 (SEQ ID NOs: 449:1380) primarily amplifies
the nucleic acid of members of the classes Bacilli and Clostridia and is not expected to amplify
proteobacteria such as Neisseria meningitidis and Haemophilus influenzae. As expected, analysis of the
mass spectrum of amplification products obtained with primer pair number 356 does not indicate the
presence of Neisseria meningitidis and Haemophilus influenzae but does indicate the presence of
Streptococcus pyogenes (Figures 3 and 6, Table 7B). Thus, these primers or types of primers can

confirm the absence of particular bioagents from a sample.

[400]  The 15 throat swabs from military recruits were found to contain a relatively small set of
microbes in high abundance. The most common were Haemophilus influenza, Neisseria meningitides,
and Streptococcus pyogenes. Staphylococcus epidermidis, Moraxella cattarhalis, Corynebacterium
pseudodiphtheriticum, and Staphylococcus aureus were present in fewer samples. An equal number of
samples from healthy volunteers from three different geographic locations, were identically analyzed.
Results indicated that the healthy volunteers have bacterial flora dominated by multiple, commensal
non-beta-hemolytic Streptococcal species, including the viridans group streptococci (S. parasangunis, S.
vestibularis, S. mitis, S. oralis and S. pneumoniae; data not shown), and none of the organisms found in
the military recruits were found in the healthy controls at concentrations detectable by mass
spectrometry. Thus, the military recruits in the midst of a respiratory disease outbreak had a dramatically
different microbial population than that experienced by the general population in the absence of

epidemic disease.

Example 7: Triangulation Genotyping Analysis for Determination of emm-Type of Streptococcus
pyogenes in Epidemic Surveillance

[401]  As a continuation of the epidemic surveillance investigation of Example 6, determination of
sub-species characteristics (genotyping) of Streptococcus pyogenes, was carried out based on a strategy
that generates strain-specific signatures according to the rationale of Multi-Locus Sequence Typing
(MLST). In classic MLST analysis, internal fragments of several housekeeping genes are amplified and
sequenced (Enright et al. Infection and Immunity, 2001, 69, 2416-2427). In classic MLST analysis,
internal fragments of several housekeeping genes are amplified and sequenced. In the present
investigation, bioagent identifying amplicons from housekeeping genes were produced using drill-down

primers and analyzed by mass spectrometry. Since mass spectral analysis results in molecular mass,
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from which base composition can be determined, the challenge was to determine whether resolution of

emm classification of strains of Streptococcus pyogenes could be determined.

[402]

constructed of concatenated alleles of seven MLST housekeeping genes (glucose kinase (gki), glutamine

For the purpose of development of a triangulation genotyping assay, an alignment was

transporter protein (gtr), glutamate racemase (murl), DNA mismatch repair protein (mutS), xanthine
phosphoribosyl transferase (xpt), and acetyl-CoA acetyl transferase (yqiL)) from each of the 212
previously emm-typed strains of Streptococcus pyogenes. From this alignment, the number and location
of primer pairs that would maximize strain identification via base composition was determined. As a
result, 6 primer pairs were chosen as standard drill-down primers for determination of emm-type of
Streptococcus pyogenes. These six primer pairs are displayed in Table 8. This drill-down set comprises
primers with T modifications (note TMOD designation in primer names) which constitutes a functional
improvement with regard to prevention of non-templated adenylation (vide supra) relative to originally

selected primers which are displayed below in the same row.

Table 8: Triangulation Genotyping Analysis Primer Pairs for Group A Streptococcus Drill-Down

Primer Forward Primer Name Forward Primer Reverse Primer Name Reverse Primer Target Gene
Pair No. (SEQ ID NO:) (SEQ ID NO:)
SP101l_SPET11_358_387_ SP101_SPET11_448_
442 TMOD_F 588 473_TMOD_R 998 gki
80 SP101_SPET11l_358_387_ | 126 SP101_SPET11_448_ | 766 gki
F 473 TMOD R
SP101_SPET1l_600_629_ SP101_SPET11_686_
443 TMOD_F 348 714_TMOD_R 1018 gtr
81 SPL01l_SPET1l_600_629_ | 62 SP101_SPET1l_686_ 772 gtr
P 714 R
SP101_SPET11l_1314_133 SP101_SPET11_1403
426 6_TMOD_F 363 _1431_TMOD_R 849 murI
86 SP101L_SPET11_1314_ 133 68 SP101_SPET11_1403 71L murI
6 F 1431 R
SPLOLl_SPETLL_1807_183 SP101_SPET11 1901
430 5_TMOD_F 235 _1927 TMOD R 1439 mutS
90 SP101_SPET11_1807_183 33 SPL01l_SPET11_1901 1412 mutS
5 F 1927 R
SP101l_SPET11l_3075_310 SP101_SPET1l_3168
438 3_TMOD_F 473 _3196_TMOD R 875 xpt
96 SPL0L1L_SPETLL_3075_310 108 SP101_SPET1l_3168 718 xpt
3 F 3196 R
SP101l_SPET1l_3511 353 SP101_SPET11_3605
441 5_TMOD_F 531 _3629_TMOD R 1294 ygin
98 SP101l_SPET11_3511 353 116 SP101_SPET11_3605 832 vgil
5 F 3629 R
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[403]  The primers of Table 8 were used to produce bioagent identifying amplicons from nucleic acid
present in the clinical samples. The bioagent identifying amplicons which were subsequently analyzed

by mass spectrometry and base compositions corresponding to the molecular masses were calculated.

[404]  Ofthe 51 samples taken during the peak of the November/December 2002 epidemic (Table
9A-C rows 1-3), all except three samples were found to represent emm3, a Group A Streptococcus
genotype previously associated with high respiratory virulence. The three outliers were from samples
obtained from healthy individuals and probably represent non-epidemic strains. Archived samples
(Tables 9A-C rows 5-13) from historical collections showed a greater heterogeneity of base
compositions and emm types as would be expected from different epidemics occurring at different
places and dates. The results of the mass spectrometry analysis and emm gene sequencing were found to

be concordant for the epidemic and historical samples.

Table 9A: Base Composition Analysis of Bioagent Identifying Amplicons of Group A

Streptococcus samples from Six Military Installations Obtained with Primer Pair Nos. 426 and 430

# of -type by emm-Gene Location muri{. . mut? .
Instances Mass Sequencing (sample) Year (Primer Pair (Primer Pair
Spectrometry No. 426) No. 430)
48 3 3 MCRD San A39 G25 C20 T34 A38 G27 C23 T33
6 6 Diego 2002 A40 G24 C20 T34 A38 G27 C23 T33
1 28 28 A39 G25 C20 T34 A38 G27 C23 T33
{Cultured)
15 3 ND A39 G25 C20 T34 A38 G27 C23 T33
6 3 3 A39 G25 C20 T34 A38 G27 C23 T33
3 5,58 5 A40 G24 C20 T34 A38 G27 C23 T33
6 NHRC San A40 G24 C20 T34 A38 G27 C23 T33
1 11 11 Diego- A39 G25 C20 T34 | A38 G27 23 T33
3 12 12 Archive 2003 | a40 G24 C20 T34 | A38 G26 C24 T33
1 22 22 (Cultured) A39 G25 C20 T34 A38 G27 C23 T33
3 25,75 75 A39 G25 C20 T34 A38 G27 C23 T33
4 44/61,82,9 44/61 A40 G24 C20 T34 | A38 G26 C24 T33
2 -53,91 9l A39 G25 C20 T34 A38 G27 C23 T33
1 2 2 A39 G25 C20 T34 A38 G27 C24 T32
2 3 3 A39 G25 C20 T34 A38 G27 C23 T33
1 4 4 A39 G25 C20 T34 A38 G27 C23 T33
1 6 6 Ft. A40 G24 C20 T34 A38 G27 C23 T33
11 25 75 75 Leonard A39 G25 C20 T34 A38 G27 C23 T33
or Wood 2003
25,75, 33,
1 34,4,52,84 75 (Cultured) A39 G25 C20 T34 A38 G27 C23 T33
44/61 or 82
1 or 9 44/61 A40 G24 C20 T34 A38 G26 C24 T33
2 5 or 58 5 A40 G24 C20 T34 A38 G27 C23 T33
3 1 1 A40 G24 C20 T34 A38 G27 C23 T33
2 3 3 Ft. sill 2003 A39 G25 C20 T34 A38 G27 C23 T33
1 4 4 (Cultured) A39 G25 C20 T34 | A38 G27 C23 T33
1 28 28 A39 G25 C20 T34 A38 G27 C23 T33
1 3 3 Ft. 2003 | A39 G25 C20 T34 | A38 G27 C23 T33
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1 Benning A39 G25 (€20 T34 | A38 G27 C23 T33
3 6 (Cultured) A40 G24 C20 T34 | A38 G27 €23 T33
1 11 11 A39 G25 C20 T34 | A38 G27 C23 T33
1 13 94 %% A40 G24 C20 T34 | A38 G27 C23 T33
44/61 or 82
1 or 9 82 A40 G24 C20 T34 | A38 G26 C24 T33
1 5 or 58 58 A40 G24 C20 T34 | A38 G27 C23 T33
1 78 or 89 89 A39 G25 C20 T34 | A38 G27 C23 T33
2 5 or 58 A40 G24 C20 T34 | A38 G27 €23 T33
Lackland
1 2 AFB A39 G25 C20 T34 | A38 G27 C24 T32
1 81 or 90 ND 2003 | A40 G24 C20 T34 | A38 G27 C23 T33
1 78 (Throat A38 G26 C20 T34 | A38 G27 C23 T33
Swabs)
Ikkk No detection No detection No detection
7 3 ND A39 G25 C20 T34 | A38 G27 C23 T33
1 3 ND MCRD San No detection A38 G27 C23 T33
1 3 ND Diego 2002 | No detection No detection
1 3 ND (Throat No detection No detection
2 3 ND Swabs) No detection A38 G27 C23 T33
3 No detection | ND No detection No detection

Table 9B: Base Composition Analysis of Bioagent Identifying Amplicons of Group A
Streptococcus samples from Six Military Installations Obtained with Primer Pair Nos. 438 and 441

# of emm-type by emm-Gene Location *pt . yaiL \
Instances Mass Sequencing (sample) Year (Primer Pair (Primer Pair
Spectrometry No. 438) No. 441)
48 3 MCRD San A30 G36 C20 T36 | A40 G29 C19 T3l
6 Diego 2002 A30 G36 C20 T36 | A40 G29 CL9 T3l
1 28 28 A30 G36 C20 T36 | A4l G28 C18 T32
(Cultured)
15 ND A30 G36 C20 T36 | A40 G29 C1l9 T31
6 3 A30 G36 C20 T36 | A40 G29 C19 T31
3 5,58 5 A30 G36 C20 T36 | A40 G29 Cl9 T3l
6 6 NHRC San A30 G36 C20 T36 | A40 G29 CL9 T3l
1 11 11 Diego- A30 G36 C20 T36 | A40 G29 C19 T31
3 12 12 Archive 2003 | A30 G36 C19 T37 | A40 G29 CL9 T31
1 22 22 (Cultured) A30 G36 C20 T36 | A40 G29 C19 T31
3 25,75 75 A30 G36 C20 T36 | A40 G29 €19 T31
4 44/61,82,9 44/61 A30 G36 C20 T36 | A4l G28 Cl9 T31
2 53,91 91 A30 G36 €19 T37 | A40 G29 C19 T3l
1 2 2 A30 G36 €20 T36 | A40 G29 Cl9 T31
2 3 3 A30 G36 C20 T36 | A40 G29 Cl9 T3l
1 4 4 A30 G36 €19 T37 | A41 G28 €19 T31
1 6 6 Ft. A30 G36 C20 T36 | A40 G29 CLl9 T31
1l 25 75 75 Leonard A30 G36 C20 A40 G29 C19 T3
or Wood 2003 T36 4 9 9 1
25,75, 33,
1 34,4,52,84 75 (Cultured) A30 @36 C19 T37 | A40 G29 €19 T31
44/61 or 82
1 or 9 44/61 A30 G36 C20 T36 | A4l G28 CL9 T3l
2 5 oxr 58 5 A30 G36 C20 T36 | A40 G29 C19 T31
3 1 1 Ft. sill 2003 | a30 G36 C19 T37 | A40 G29 €19 T31
2 3 3 (Cultured) A30 @36 C20 T36 | A40 G29 Cl9 T31
1 4 4 A30 G36 C19 T37 | B4l G28 C19 T31
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1 28 28 A30 G36 C20 T36 | A4l G28 C18 T32
1 A30 G36 C20 T36 | A40 G29 C19 T3l
1 A30 G36 C19 T37 | A4l G28 CL9 T31
3 A30 G36 C20 T36 | A40 G29 C19 T3l
1 11 11 Fe. A30 @36 C20 T36 | A40 G29 C19 T31
Benning
1 13 94** 2003 | p30 G36 C20 T36 | A4l G28 C19 T31
44/61 or 82 (Cultured)
1 or 9 82 A30 G36 €20 T36 | A4l G28 C19 T3l
1 5 or 58 58 A30 G36 €20 T36 | A40 G29 CLl9 T3l
1 78 or 89 89 A30 G36 C20 T36 | A4l G28 C19 T3l
2 5 or 58 A30 G36 C20 T36 | A40 G29 CLl9 T31
Lackland
1 2 AFB A30 @36 C20 T36 | A40 G29 C19 T31
1 81 or 90 ND 2003 | A30 G36 C20 T36 | A40 G29 C19 T31
1 78 (Throat A30 G36 C20 T36 | A4l G28 C1l9 T31
- Swabs)

Zhkk No detection No detection No detection

7 3 ND A30 G36 C20 T36 | A40 G29 C19 T31
1 3 ND MCRD San A30 G36 C20 T36 | A40 G29 C19 T31
1 3 ND Diego 2002 | 230 G36 €20 36 | No detection

1 3 ND (Throat No detection A40 G29 Cl9 T31
2 3 ND Swabs) A30 G36 C20 T36 | A40 G29 C19 T31
3 No detection | ND No detection No detection

Table 9C: Base Composition Analysis of Bioagent Identifying Amplicons of Group A

Streptococcus samples from Six Military Installations Obtained with Primer Pair Nos. 438 and 441

# of emm-type by emm-Gene Location gki . gtr .
Instances Mass Sequencing (sample) Year (Primer Pair ((Primer Pair
Spectrometry No. 442) No. 443)
48 3 3 MCRD San A32 G35 C17 T32 | A39 G28 Cl6 T32
6 6 Diego o0z |A3L G35 C17 T33 A39 G28 C15 T33
1 28 28 A30 G36 C17 T33 | A39 G28 Cl6 T32
(Cultured)
15 3 ND A32 G35 C17 T32 | A39 G28 C16 T32
6 3 3 A32 G35 C17 T32 | A39 G28 C16 T32
3 5,58 5 A30 G36 C20 T30 | A39 G28 C15 T33
6 6 6 NHRC San A31 G35 C17 T33 | A39 G28 C15 T33
1 11 11 Diego- A30 G36 C20 T30 | A39 G28 Ccl6 T32
3 12 12 Archive 2003 | A31 G35 €17 T33 | A39 G28 Cl5 T33
1 22 22 (Cultured) A31 G35 C17 T33 | A38 G29 C15 T33
3 25,75 75 A30 G36 C17 T33 | A39 G28 C15 T33
4 44/61,82,9 44/61 A30 G36 C18 T32 | A39 G28 C15 T33
2 53,91 91 A32 G35 C17 T32 | A39 G28 €16 T32
1 2 2 A30 G36 C17 T33 | A39 G28 Cl5 T33
2 3 3 A32 G35 C17 T32 | A39 G28 Cle T32
1 4 4 A31 G35 Cl7 T33 | A39 G28 CL5 T33
1 6 6 Ft. A31 G35 C17 T33 | A39 G28 C15 T33
11 7 75 Leonard A30 G 17 T3 A39 G
25 or 75 Hood 2003 36 C 3 9 G28 Ci5 T33
25,75, 33,
1 34,4,52,84 75 (Cultured) A30 G36 C17 T33 | A39 G28 Ci5 T33
44/61 or 82
1 or 9 44/61 A30 G36 C18 T32 | A39 G28 C15 T33
2 5 or 58 5 A30 G36 C20 T30 | A39 G28 C15 T33
3 1 1 Ft. sill 2003 | A30 @36 C18 T32 | A39 G28 Cl5 T33
2 3 3 A32 G35 C17 T32 | A39 G28 C16 T32
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1 4 4 (Cultured) A31 G35 CL17 T33 | A39 G28 C15 T33

1 28 28 A30 G36 CLl7 T33 | A39 G28 C16 T32

1 A32 @35 CLl7 T32 | A39 G28 C16 T32

1 A3l @35 CL7 T33 | A39 G28 Ci5 T33

3 A31 G35 CLl7 T33 | A39 G28 C15 T33

1 11 11 Fe. 230 G36 C20 T30 | A39 G28 C16 T32
Benning

1 13 94 %% 2003 | A30 @36 C19 T31 | A39 @28 Ci5 T33

44/61 or 82 (Cultured)

1 or 9 82 A30 G36 C18 T32 | A39 G28 C15 T33

1 5 or 58 58 A30 G36 C20 T30 | A39 G28 C15 T33

1 78 or 89 89 A30 G36 C18 T32 | A39 G28 C15 T33

2 5 or 58 A30 G36 C20 T30 | A39 G28 CLl5 T33
Lackland

1 2 AFB 230 G36 C1l7 T33 | A39 G28 C15 T33

1 81 or 90 ND 2003 | A30 @36 C17 T33 | A39 G28 C15 T33

1 78 {Throat A30 G36 C18 T32 | A39 @28 C15 T33
Swabs) - -

Jxk* No detection No detection No detection

7 3 ND A32 G35 C1l7 T32 | A39 G28 Cl6 T32

1 3 ND MCRD San No detection No detection

1 3 ND Diego 2002 |A32 G35 €17 T32 | A39 G28 C16 T32

1 3 ND (Throat A32 @G35 Cl7 T32 | No detection

2 3 ND Swabs) A32 @35 Cl7 T32 | No detection

3 No detection | ND No detection No detection

Example 8: Design of Calibrant Polynucleotides based on Bioagent Identifying Amplicons for
Identification of Species of Bacteria (Bacterial Bioagent Identifying Amplicons)

[405]
bioagent identifying amplicons corresponding to the primers of the broad surveillance set (Table 5) and
the Bacillus anthracis drill-down set (Table 6).

This example describes the design of 19 calibrant polynucleotides based on bacterial

[406]

produced by the T modified primer pairs shown in Tables 5 and 6 (primer names have the designation

Calibration sequences were designed to simulate bacterial bioagent identifying amplicons

“TMOD?”). The calibration sequences were chosen as a representative member of the section of bacterial
genome from specific bacterial species which would be amplified by a given primer pair. The model
bacterial species upon which the calibration sequences are based are also shown in Table 10. For
example, the calibration sequence chosen to correspond to an amplicon produced by primer pair no. 361
is SEQ ID NO: 1445. In Table 10, the forward (_F) or reverse (_R) primer name indicates the
coordinates of an extraction representing a gene of a standard reference bacterial genome to which the
primer hybridizes e.g.: the forward primer name 16S_EC_713_732_ TMOD_F indicates that the
forward primer hybridizes to residues 713-732 of the gene encoding 16S ribosomal RNA in an E. coli
reference sequence (in this case, the reference sequence is an extraction consisting of residues 4033120-
4034661 of the genomic sequence of E. coli K12 (GenBank gi number 16127994). Additional gene
coordinate reference information is shown in Table 11. The designation “TMOD” in the primer names
indicates that the 5' end of the primer has been modified with a non-matched template T residue which
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prevents the PCR polymerase from adding non-templated adenosine residues to the 5' end of the
amplification product, an occurrence which may result in miscalculation of base composition from

molecular mass data (vide supra).

[0143] The 19 calibration sequences described in Tables 10 and 11 were combined into a single
calibration polynucleotide sequence (SEQ ID NO: 1464 - which is herein designated a “combination
calibration polynucleotide”) which was then cloned into a pCR®-Blunt vector (Invitrogen, Carlsbad,
CA). This combination calibration polynucleotide can be used in conjunction with the primers of Tables
5 or 6 as an internal standard to produce calibration amplicons for use in determination of the quantity of
any bacterial bioagent. Thus, for example, when the combination calibration polynucleotide vector is
present in an amplification reaction mixture, a calibration amplicon based on primer pair 346 (16S
rRNA) will be produced in an amplification reaction with primer pair 346 and a calibration amplicon
based on primer pair 363 (rpoC) will be produced with primer pair 363. Coordinates of each of the 19
calibration sequences within the calibration polynucleotide (SEQ ID NO: 1464) are indicated in Table
11.

Table 10: Bacterial Primer Pairs for Production of Bacterial Bioagent Identifying

Amplicons and Corresponding Representative Calibration Sequences

Primer Forward Primer Name Forward Reverse Primer Name Reverse Calibration Calibration
Pair No. Primer Primer Sequence Model Sequence
(SEQID (SEQID Species (SEQID
NO:) NO?) NO:)

361 165_EC_1090_1111_2_T 697 16S_EC_1175_1196_TMOD_R 1398 Bacillus

MOD_F anthracis 1445
346 165_EC_713_732_TMOD_ 202 16S_EC_789_809_TMOD_R 1110 Bacillus

F anthracis 1446
347 16S_EC_785_806_TMOD_ 560 16S_EC_880_897_TMOD_R 1278 Bacillus

F anthracis 1447
348 16S_EC_960_981_TMOD_ 706 16S_EC_1054_1073_TMOD_R 895 Bacillus

F anthracis 1448
349 235_EC_1826_1843_TMO 401 23S_EC_1906_1924_TMOD_R 1156 Bacillus

D_F anthracis 1449
360 23S_EC_2646_2667_TMO 409 235_EC_2745_2765_TMOD_R 1434 Bacillus

D_F anthracis 1450
350 CAPC_BA_274_303_TMOD 476 CAPC_BA_349_376_TMOD_R 1314 Bacillus

_F anthracis 1451
351 CYA_BA_1353_1379_TMO 355 CYA_BA_1448_1467_TMOD R 1423 Bacillus

D_F anthracis 1452
352 INFB_EC_1365_1393_TM 687 INFB_EC_1439_1467_TMOD_ 1411 Bacillus

OD_F R anthracis 1453
353 LEF_BA_1756_781_TMOD_ 220 LEF_BA_843_872_TMOD_R 1394 Bacillus

F anthracis 1454
356 RPLB_EC_650_679_TMOD 229 RPLB_EC_739_762_TMOD_R 1380 Clostridium

_F botulinum 1455
449 RPLB_EC_690_710_F 309 RPLB_EC_737_758_R 1336 Clostridium

botulinum 1456

359 RPOB_EC_1845_1866_TM 659 RPOB_EC_1909_1929_TMOD_ 1250 Yersinia

OD_F R Pestis 1457
362 RPOB_EC_3799_3821_TM 581 RPOB_EC_3862_3888_TMOD_ 1325 Burkholderia

oD F R mallei 1458
363 RPOC_EC_2146_2174_TM 284 RPOC_EC_2227_2245_TMOD__ 898 Burkholderia

OD_F R mallei 1459
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354 RPOC_EC 2218_2241_TM 405 RPOC_EC_2313_2337_TMOD_ 1072 Bacillus

OD_F R anthracis 1460
355 SSPE_BA_115_137_TMOD 255 SSPE_BA_197_222_TMOD_R 1402 Bacillus

_F anthracis 1461
367 TUFB_EC_957_979_TMOD 308 TUFB_EC_1034_1058_TMOD_ 1276 Burkholderia

_F R mallei 1462
358 VALS_EC_1105_1124_TM 385 VALS_EC_1195_1218_TMOD_ 1093 Yersinia

OD_F R Pestis 1463

Table 11: Primer Pair Gene Coordinate References and Calibration Polynucleotide Sequence

Coordinates within the Combination Calibration Polynucleotide

Bacterial Gene Extraction Reference GenBank GI Primexr Coordinates of
Gene and Coordinates No. of Genomic (G) or Pair No. Calibration Sequence in
Species of Genomic or Plasmid Plasmid (P) Sequence Combination Calibration
Sequence Polynucleotide (SEQ ID
NO: 1464)
165 E. coli 4033120..4034661 16127994 (G) 346 16..109
165 E. coli 4033120..4034661 16127994 (G) 347 83..190
16S E. coli 4033120..4034661 16127994 (G} 348 246..353
168 E. coli 4033120..4034661 16127994 (G) 361 368..469
238 E. coli 4166220..4169123 16127994 (G) 349 743..837
23S E. coli 4166220..4169123 16127994 {G) 360 865..981
rpoB E. 4178823..4182851 16127994 (G) 359 1591..1672
coli. (complement strand)
rpoB E. coli 4178823..4182851 16127994 (G) 362 2081..2167
{complement strand)
rpoC E. coli 4182928..4187151 16127994 (G) 354 1810..1926
rpoC E. coli 4182928..4187151 16127994 (G) 363 2183..2279
infB E. coli 3313655..3310983 16127994 (G) 352 1692..1791
(complement strand)
tufB E. coli 4173523..4174707 16127994 (G) 367 2400..2498
rplB E. coli 3449001..3448180 16127994 (G) 356 1945..2060
rplB E. coli 3449001..3448180 16127994 (G) 449 1986..2055
vals E. coli 4481405..4478550 16127994 (G) 358 1462..1572
{complement strand)
capC 56074..55628 (complement 6470151 (P) 350 2517..2616
B. anthracis strand)
cya 156626..154288 4894216 (P) 351 1338..1449
B. anthracis (complement strand)
lef 127442..129921 4894216 (P) 353 1121..1234
B. anthracis
sSpE 226496..226783 30253828 (G) 355 1007-1104
B. anthracis

Example 9: Use of a Calibration Polynucleotide for Determining the Quantity of Bacillus
Anthracis in a Sample Containing a Mixture of Microbes
[407]

involved in capsule synthesis which resides on the pX02 plasmid of Bacillus anthracis. Primer pair

The process described in this example is shown in Figure 2. The capC gene is a gene

number 350 (see Tables 10 and 11) was designed to identify Bacillus anthracis via production ofa
bacterial bioagent identifying amplicon. Known quantities of the combination calibration polynucleotide
vector described in Example 8 were added to amplification mixtures containing bacterial bioagent
nucleic acid from a mixture of microbes which included the Ames strain of Bacillus anthracis. Upon
amplification of the bacterial bioagent nucleic acid and the combination calibration polynucleotide
vector with primer pair no. 350, bacterial bioagent identifying amplicons and calibration amplicons were
obtained and characterized by mass spectrometry. A mass spectrum measured for the amplification
reaction is shown in Figure 7. The molecular masses of the bioagent identifying amplicons provided the

means for identification of the bioagent from which they were obtained (Ames strain of Bacillus
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anthracis) and the molecular masses of the calibration amplicons provided the means for their
identification as well. The relationship between the abundance (peak height) of the calibration amplicon
signals and the bacterial bioagent identifying amplicon signals provides the means of calculation of the
copies of the pX02 plasmid of the Ames strain of Bacillus anthracis. Methods of calculating quantities

of molecules based on internal calibration procedures are well known to those of ordinary skill in the art.

[408] Averaging the results of 10 repetitions of the experiment described above, enabled a
calculation that indicated that the quantity of Ames strain of Bacillus anthracis present in the sample

corresponds to approximately 10 copies of pX02 plasmid.

Example 10: Triangulation Genotyping Analysis of Campylobacter Species

[409] A series of triangulation genotyping analysis primers were designed as described in Example 1
with the objective of identification of different strains of Campylobacter jejuni. The primers are listed in
Table 12 with the designation “CJST_CJ.” Housekeeping genes to which the primers hybridize and
produce bioagent identifying amplicons include: tkt (transketolase), glyA (serine
hydroxymethyltransferase), gltA (citrate synthase), aspA (aspartate ammonia lyase), glnA (glutamine
synthase), pgm (phosphoglycerate mutase), and uncA (ATP synthetase alpha chain).

Table 12: Campylobacter Genotyping Primer Pairs

Primer | Forward Primer Name Forward Primer | Reverse Primer Name Reverse Primer | Target Gene
Pair (SEQ ID NO2) (SEQ ID NO:)

No.

1053 CJsST CJ 1080 1110 F 681 CJST CJ 1166 1198 R 1022 glta
1047 CJST CJ 584 616 F 315 CJST CJ 663 692 R 1379 glnA
1048 CJST CJ 360 394 F 346 CJST CJ 442 476 R 955 aspA
1049 CJIST CJ 2636 2668 F 504 CJST CJ 2753 2777 R 1409 tkt
1054 CJST CJ 2060 2090 F 323 CJST CJ 2148 2174 R 1068 pom
1064 CJsST CJ 1680 1713 F 479 CJST CJ 1795 1822 R 938 glyA

[410]  The primers were used to amplify nucleic acid from 50 food product samples provided by the
USDA, 25 of which contained Campylobacter jejuni and 25 of which contained Campylobacter coli.
Primers used in this study were developed primarily for the discrimination of Campylobacter jejuni
clonal complexes and for distinguishing Campylobacter jejuni from Campylobacter coli. Finer
discrimination between Campylobacter coli types is also possible by using specific primers targeted to
loci where closely-related Campylobacter coli isolates demonstrate polymorphisms between strains. The
conclusions of the comparison of base composition analysis with sequence analysis are shown in Tables
13A-C.
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Table 13A — Results of Base Composition Analysis of 50 Campylobacter Samples with Drill-dewn

PCT/US2006/015160

MLST Primer Pair Nos: 1048 and 1047

Base Base
MLST type or Composition of Composition of
Clonal MLST Type Bioagent Bioagent
Isolate Complex by oxr Clonal Identifying Identifying
Group Species st Complex by | Strain : N
origin Base Sequence Amplicon Amplicon
Composition an:; sig Obtained with Obtained with
analysis ¥ Primer Pair No: Primer Pair
1048 (asph) No: 1047 (glnA)

J-1 c. Goose ST 630 ST 991 RM3673 A30 G25 Cl6 T46 A47 G21 Clé T25
Jjejuni /692/707/991
C Complex ST 356,

J-2 . Human complex RM4192 A30 G25 Clé T4é6 A48 G21 C17 T23
jejuni 206/48/353 353

J-3 e, Human Complex ST 436 RM4194 | A30 G25 C15 T47 | A48 G21 C18 T22
jejuni 354/179
c ST 257,

J-4 . Human Complex 257 complex RM4197 A30 G25 Clé6 T46 A48 G21 Cl8 T22
jejuni 267

J-5 ¢ Human Complex 52 ST 52, RM4277 A30 G25 Clé6 T46 A48 G21 C17 T23
jejuni i complex 52
c ST 51, RM4275 A30 G25 Cl5 T47 A48 G21 C17 T23

J-6 'f'e'uni Human Complex 443 complex
Jej 443 RM4279 A30 G25 Cl15 T47 A48 G21 C17 T23
C. ST 604,

J-7 e e Human Complex 42 RM1864 A30 G25 Cl15 T47 A48 G21 Cl8 T22
Jjejuni complex 42
c Complex ST 362,

J-8 s Human D complex RM3193 A30 G25 C15 T47 A48 G21 C18 T22
jejuni 42/49/362 362
C. Complex ST 147,

F-9 Jejuni Human 45/283 Complex 45 RM3203 A30 G25 C15 T47 A47 G21 C18 T23
C". . s ST 828 RM4183 A3l G27 C20 T39 A48 G21 Cl6 T24
jejuni

Human ST 832 RM1169 A3l G27 C20 T39 A48 G21 Cls T24
ST 1056 RM1857 A31 G27 C20 T39 A48 G21 Cle T24
ST 889 RM1166 A31 G27 C20 T39 A48 G21 Cle T24
ST 829 RM1182 A3l G27 C20 T39 A48 G21 Clé T24
ST 1050 RM1518 A31 G27 C20 T39 A48 G21 Ci6 T24
ST 1051 RM1521 A3l G27 C20 T39 A48 G21 Cle6 T24
ST 1053 RM1523 A3l G27 C20 T39 A48 G21 Cle T24
Consistent
with 74 ST 1055 RM1527 A3l G27 C20 T39 | A48 G21 C16 T24
Poultry closely
related ST 1017 RM1529 A3l G27 C20 T39 A48 G21 Cle T24
sequence
c-1 C. coli types (none ST 860 RM1840 A3l G27 C20 T39 A48 G21 Cl6 T24
belong to a
clonal ST 1063 RM2219 A3l G27 C20 T39 A48 G21 Cl6 T24
complex)
ST 1066 RM2241 A3l G27 C20 T39 A48 G21 Cle T24
ST 1067 RM2243 A3l G27 C20 T39 A48 G21 Cl16 T24
ST 1068 RM2439 A3l G27 C20 T39 A48 G21 C16 T24
ST 1016 RM3230 A3l G27 C20 T39 A48 G21 Cl6 T24
Swine ST 1069 RM3231 A3l G27 C20 T39 A48 G21 C16 T24
ST 1061 RM1904 A31 G27 C20 T39 248 G21 Cl6 T24
ST 825 RM1534 A3l G27 C20 T39 A48 G21 Clé T24
Unknown
ST 901 RM1505 A3l G27 C20 T3¢9 A48 G21 Cle T24
c-2 C. coli Human ST 895 ST 895 RM1532 A31 G27 C19 T40 A48 G21 Cle T24
c-3 C. coli Poultry Consistent ST 1064 RM2223 A31 G27 C20 T39 A48 G21 Cle T24
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with 63 ST 1082 RM1178 | A31 G27 C20 T39 | A48 G21 Cl6 T24
closely
related ST 1054 RML525 | A31 G27 C20 T39 | A48 G21 Cl6 T24
sequence
types (none ST 1049 RM1517 A3l G27 C20 T39 | A48 G21 Cle T24
belong to a

Marmoset clonal ST 891 RM1531 A3l G27 C20 T39 | A48 G21 Cl6 T24
complex)

Table 13B — Results of Base Composition Analysis of 50 Campylobacter Samples with
Drill-down MLST Primer Pair Nos: 1053 and 1064

Base Base
MLST type or MLST Type Composition of Composition of
Clonal or Clonal Bioagent Bioagent
Group Species Isolate Complex by Complex by | Strain Ident::.fy:.ng Ident'::.fying
origin Base Sequence Amplicon Amplicon
Composition quenc Obtained with Obtained with
A analysis s . s s
analysis Primer Paixr Primer Pair
No: 1053 (glta) No: 1064 (glyd)
A24 G25 C23 T47 A40 G29 C29 T45
g-1 e Goose T 690 sT 991 RM3673
jejuni /692/707/991
c ¢ 1 ST 356, A24 G25 C23 T47 A40 G29 C29 T45
- . omplex
J-2 Fejuni Human 206/48/353 ggranplex RM4192
C. Complex A24 G25 C23 T47 A40 G29 C29 T45
J-3 Jejuni Human 354/179 ST 436 RM4194
c ST 257, A24 G25 C23 T47 A40 G29 C29 T45
J-4 IR Human Complex 257 complex RM4197
Jjejuni P 25‘?
-5 C . Human Complex 52 ST 52, RM4277 A24 (25 C23 T47 A39 G30 C26 T48
jejuni complex 52
c ST 51, RM4275 A24 G25 C23 T47 A3% G30 C28 T46
J-6 . Human Compl 4
jejuni omplex 443 er;plex RM4279 A24 G25 C23 T47 A39 G30 C28 T46
A24 G25 C23 T47 A39 G30 C26 T48
C. ST 604,
J-7 it Human Complex 42 RM1864
jejuni complex 42
c Complex ST 362, A24 G25 C23 T47 A38 G31 C28 T46
J-8 jejuni Human 42/49/362 gzrznplex RM3193
. c. Suman Complex ST 147, 3203 A24 G25 C23 T47 A38 G31 C28 T46
jejuni 45/283 Complex 45
C. Consistent A23 G24 C26 T46 A39 G30 C27 T47
jejuni with 74 ST 828 RM4183
c-1 C. coli | Human closely ST 832 RM1169 | P23 G24 C26 T46 | A39 G30 C27 T47
related
sequence ST 1056 RM1857 A23 G24 C26 T46 A39 G30 C27 T47
types (none
belong to a ST 889 RM1166 A23 G24 C26 T46 A39 G30 C27 T47
clonal
complex) ST 829 RM1182 A23 G24 C26 T46 A39 G30 C27 Ta7
ST 1050 RM1518 A23 G24 C26 T46 A39 G30 C27 T47
ST 1051 RM1521 A23 G24 C26 T46 A39 G30 C27 T47
ST 1053 RM1523 A23 G24 C26 T46 A39 G30 C27 Ta7
ST 1055 RM1527 A23 G24 C26 T46 A39 G30 C27 T47
Poultry
ST 1017 RM1529 A23 G24 C26 T46 A39 G30 C27 Ta7
ST 860 RM1840 A23 G24 C26 T46 A39 G30 C27 Ta7
ST 1063 RM2219 A23 (24 C26 T46 A39 G30 C27 T47
ST 1066 RM2241 A23 G24 C26 T46 A39 G30 C27 T47
ST 1067 RM2243 A23 G24 C26 T46 A39 G30 C27 T47
ST 1068 RM2439 A23 G24 C26 T46 A39 G30 C27 T47
Swine ST 1016 RM3230 A23 G24 C26 T46 A39 G30 C27 T47
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T 1069 rM3za1 | A23 G24 C26 T46 | NO DATA
T 1061 aviooa | A23 G24 Cz26 T46 | A39 G30 C27 T47
T 825 avisaa | A23 G24 C26 T46 | A39 G30 C27 TA7
Unknown ST 01 aMis0s | A23 G24 C26 T46 | A39 G30 C27 T47
c-2 C. coli | Human ST 895 ST 895 RM153z | 23 G24 C26 T46 | A3 G30 €27 T47
Consistent o7 1064 aazs | A23 G24 C26 T46 | A3 G30 C27 T47
with 63
closely T 1082 1176 | A23 G24 C26 T46 | A3D G30 Ca7 T47
c-3 c. coli FowlERy Z?;ﬁiﬁge ST 1084 RM1525 | A23 G24 C25 T47 | A39 G30 C27 T47
;giig(zg“: ST 1049 visis | A23 G24 C26 T46 | A3D G30 C27 TA7
Marmoset g})rongiix) ST 891 RM1531 | P23 G24 C26 T46 | A3 G30 €27 T47

Table 13C — Results of Base Composition Analysis of 50 Campylobacter Samples with
Drill-down MLST Primer Pair Nos: 1054 and 1049

Base Base
MLST type oxr Composition of Composition of
Clonal ?:;sglon) Ia: Bioagent Bioagent
Group Species Is?la.\te Complex by Complex by | Strain Ident.:z.fy:.ng Identifying
origin Base Sequence Amplicon Amplicon
Composition ancap]-f sis Obtained with Obtained with
analysis o4 Primer Pair No: Primer Pair
1054 (pgm) No: 1049 (tkt)
A26 G33 C18 T38 A4l G28 C35 T38
J-1 ¢ Goose ST 690 ST 991 RM3673
jejuni /692/707/991
e compl ST 356, A26 G33 C19 T37 | A4l G28 C36 T37
. mplex
-2
J Jejuni Human 206/48/353 ggr;plex RM4192
c. Complex A27 G32 Cl19 T37 A42 G28 C36 T36
J-3 jejuni Human 354/179 ST 436 RM4194
c ST 257, A27 G32 Ci19 T37 A4l G29 C35 T37
J-4 S Human Complex 257 complex RM4197
jejuni
257
C. ST 52, A26 G33 Cl8 T38 A41 G28 C36 T37
J-5 Jejuni Human Complex 52 complex 52 RM4277
c ST 51, RM4275 A27 G31 C19 T38 A4l G28 C36 T37
J-6 . Human Complex 443 complex
jejuni 443 RM4279 A27 G31 Ci9 T38 A4l G28 C36 T37
A27 G32 C19 T37 A42 G28 C35 T37
J-7 e Human Complex 42 ST 604, RM1864
jejuni D complex 42
c Complex ST 362, A26 G33 C19 T37 A42 G28 C35 T37
J-8 -
jejuni Human 42/49/362 gzr;plex RM3193
. c. suman Complex ST 147, 3203 A28 G31 Cl9 T37 A43 G28 C36 T35
jejuni 45/283 Complex 45
C:'. . Cc:ms:.stent ST 828 RM4183 A27 G30 Cl9 T3¢9 Ad6 G28 C32 T36
jejuni with 74
-1 C. coli Human closely ST 832 RM1169 A27 G30 C1l9 T39 A46 G28 C32 T36
related
sequence ST 1056 RM1857 A27 G30 C19 T39 A46 G28 C32 T36
types (none
Poultry belong to a ST 889 RM1166 A27 G30 C19 T3¢9 A46 G28 C32 T36
clonal
complex) ST 829 RM1182 A27 G30 C19 T39 AA6 G28 C32 T36
ST 1050 RM1518 A27 G30 C19 T39 A46 G28 C32 T36
ST 1051 RM1521 A27 G30 C1l9 T39 A46 G28 C32 T36
ST 1053 RM1523 A27 G30 Cl9 T39 Ad46 G28 C32 T36
ST 1055 RM1527 A27 G30 C19 T39 Ad6 G28 C32 T36
ST 1017 RM1529 A27 G30 Cl19 T3¢9 A46 G28 C32 T36
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A27 G30 Cl9 T39 A46 G28 C32 T36

ST 860 RM1840

ST 1063 vzaio | A27 G30 C19 T3s | A46 G28 C32 T36
ST 1066 zaai | 27 G30 C19 T39 | A46 G28 C32 T36
ST 1067 mzods | A27 G30 C19 739 | A46 G28 C32 T36
ST 1068 zass | P27 G30 Ci9 T39 | AdG G28 C32 T36
ST 1016 vaza0 | A27 G30 C19 T39 | AdG G28 C32 T36
Swine oT 1069 maal | A27 G30 C19 T35 | Ad6 G28 C32 T36
ST 1061 misoa | A27 G30 C19 T39 | Ad6 G28 C32 T36
ST 825 missa | A27 G30 C19 T39 [ Ad6 G28 C32 T36
Unknown sT 901 visos | A27 G30 CI9 T39 [ AdG G28 C32 T36
c-2 C. coli | Human ST 895 ST 895 oz | A27 630 C19 T39 [ AdS G29 C32 T36
Consistent ST 1064 aas | P27 G30 C19 T39 [ A4S G29 C32 T36

with 63
closely ST 1082 vii7e | P27 G30 C19 T39 | Ad5 G29 C32 T36
c-3 €. coli FoutEry ’;Z};ﬁﬁia ST 1054 msas | A27 G30 C19 T39 | Ad5 G29 C32 T36
;ﬁiig(ign: ST 1045 ws1s | A27 G30 C19 T39 | A4S G29 C32 T36
Marmoset gi;;iix) ST 891 mwmsa1 | B27 G30 C19 T33 | Ad5 G29 C32 T36

[411]  The base composition analysis method was successful in identification of 12 different strain
groups. Campylobacter jejuni and Campylobacter coli are generally differentiated by all loci. Ten
clearly differentiated Campylobacter jejuni isolates and 2 major Campylobacter coli groups were
identified even though the primers were designed for strain typing of Campylobacter jejuni. One isolate
(RM4183) which was designated as Campylobacter jejuni was found to group with Campylobacter coli
and also appears to actually be Campylobacter coli by full MLST sequencing.

Example 11: Identification of Acinetobacter baumannii Using Broad Range Survey and Division-
Wide Primers in Epidemiological Surveillance

[412] To test the capability of the broad range survey and division-wide primer sets of Table 5 in
identification of Acinetobacter species, 183 clinical samples were obtained from individuals
participating in, or in contact with individuals participating in Operation Iragi Freedom (including US
service personnel, US civilian patients at the Walter Reed Army Institute of Research (WRAIR),
medical staff, Iraqi civilians and enemy prisoners. In addition, 34 environmental samples were obtained

from hospitals in Iraq, Kuwait, Germany, the United States and the USNS Comfort, a hospital ship.

[413] Upon amplification of nucleic acid obtained from the clinical samples, primer pairs 346-349,
360, 361, 354, 362 and 363 (Table 5) all produced bacterial bioagent amplicons which identified
Acinetobacter baumannii in 215 of 217 samples. The organism Klebsiella pneumoniae was identified in
the remaining two samples. In addition, 14 different strain types (containing single nucleotide

polymorphisms relative to a reference strain of Acinetobacter baumannii) were identified and assigned
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arbitrary numbers from 1 to 14. Strain type 1 was found in 134 of the sample isolates and strains 3 and 7

were found in 46 and 9 of the isolates respectively.

[414] The epidemiology of strain type 7 of Acinetobacter baumannii was investigated. Strain 7 was
found in 4 patients and 5 environmental samples (from field hospitals in Iraq and Kuwait). The index
patient infected with strain 7 was a pre-war patient who had a traumatic amputation in March of 2003
and was treated at a Kuwaiti hospital. The patient was subsequently transferred to a hospital in Germany
and then to WRAIR. Two other patients from Kuwait infected with strain 7 were found to be non-
infectious and were not further monitored. The fourth patient was diagnosed with a strain 7 infection in
September of 2003 at WRAIR. Since the fourth patient was not related involved in Operation Iraqi
Freedom, it was inferred that the fourth patient was the subject of a nosocomial infection acquired at

WRAIR as a result of the spread of strain 7 from the index patient.

[415] The epidemiology of strain type 3 of Acinetobacter baumannii was also investigated. Strain
type 3 was found in 46 samples, all of which were from patients (US service members, Iraqi civilians
and enemy prisoners) who were treated on the USNS Comfort hospital ship and subsequently returned
to Iraq or Kuwait. The occurrence of strain type 3 in a single locale may provide evidence that at least

some of the infections at that locale were a result of nosocomial infections.

[416] This example thus illustrates an embodiment of the present invention wherein the methods of

analysis of bacterial bioagent identifying amplicons provide the means for epidemiological surveillance.

Example 12: Selection and Use of Triangulation Genotyping Analysis Primer Pairs for
Acinetobacter baumanii

[417] To combine the power of high-throughput mass spectrometric analysis of bioagent
identifying amplicons with the sub-species characteristic resolving power provided by triangulation
genotyping analysis, an additional 21 primer pairs were selected based on analysis of housekeeping
genes of the genus Acinetobacter. Genes to which the drill-down triangulation genotyping analysis
primers hybridize for production of bacterial bidagent identifying amplicons include anthranilate
synthase component I (frpE), adenylate kinase (adk), adenine glycosylase (mutY), fumarate hydratase
(fumC), and pyrophosphate phospho-hydratase (ppa). These 21 primer pairs are indicated with reference
to sequence listings in Table 14. Primer pair numbers 1151-1154 hybridize to and amplify segments of
trpE. Primer pair numbers 1155-1157 hybridize to and amplify segments of adk. Primer pair numbers
1158-1164 hybridize to and amplify segments of mutY. Primer pair numbers 1165-1170 hybridize to
and amplify segments of fumC. Primer pair number 1171 hybridizes to and amplifies a segment of ppa.
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Primer pair numbers: 2846-2848 hybridize to and amplify segments of the parC gene of DNA
topoisomerase which include a codon known to confer quinolone drug resistance upon sub-types of
Acinetobacter baumannii. Primer pair numbers 2852-2854 hybridize to and amplify segments of the
gyrA gene of DNA gyrase which include a codon known to confer quinolone drug resistance upon sub-
types of Acinetobacter baumannii. Primer pair numbers 2922 and 2972 are speciating primers which are
useful for identifying different species members of the genus Acinetobacter. The primer names given in
Table 14A (with the exception of primer pair numbers 2846-2848, 2852-2854) indicate the coordinates
to which the primers hybridize to a reference sequence which comprises a concatenation of the genes
TrpE, efp (elongation factor p), adk, mutT, fumC, and ppa. For example, the forward primer of primer
pair 1151 is named AB_MLST-11-OIF007_62_91_F because it hybridizes to the Acinetobacter
primer reference sequence of strain type 11 in sample 007 of Operation Iraqi Freedom (OIF) at positions
62 to 91. DNA was sequenced from strain type 11 and from this sequence data and an artificial
concatenated sequence of partial gene extractions was assembled for use in design of the triangulation
genotyping analysis primers. The stretches of arbitrary residues “N”s in the concatenated sequence were
added for the convenience of separation of the partial gene extractions (40N for AB_MLST (SEQ ID
NO: 1444)).

[418] The hybridization coordinates of primer pair numbers 2846-2848 are with respect to
GenBank Accession number X95819. The hybridization coordinates of primer pair numbers 2852-2854
are with respect to GenBank Accession number AY642140. Sequence residue “I” appearing in the

forward and reverse primers of primer pair number 2972 represents inosine.

Table 14A: Triangulation Genotyping Analysis Primer Pairs for Identification of Sub-species

characteristics (Strain Type) of Members of the Bacterial Genus Acinetobacter

Primer Forward Primer Name Forward Primer Reverse Primer Name Reverse Primer
Pair No. (SEQ ID NO:) (SEQ ID NO3)
1151 AB MLST-11-OIF007 62 91 F 454 AB MLST-11-0IF007 169 203 R 1418
1152 AB MLST-11-0IF007 185 214 F 243 AB MLST-11-0IF007 291 324 R 969
1153 AB MLST-11-OIF007 260 289 F 541 AB MLST-11-0IF007_ 364 393 R 1400
1154 AB MLST-11-OIF007 206 239 F 436 AB MLST-11-OIF007 318 344 R 1036
1155 AB MLST-11-OIF007 522 552 F 378 AB MLST-11-OIF007 587 610 R 1392
1156 AB MLST-11-O0IF007 547 571 F 250 AB MLST-11-OIF007 656 686 R 902
1157 AB MLST-11-0IF007 601 627 F 256 AB MLST-11-OIF007 710 736 R 881
1158 AB MLST-11-0OIF007_ 1202 1225 F 384 AB MLST-11-0IF007 1266 1296 R 878
1159 AB MLST-11-0IF007 1202 1225 F 384 AB MLST-11-OIF007 1299 1316 R 1199
1160 AB MLST-11-QTF007 1234 1264 F 694 AB MLST-11-OIF007 1335 1362 R 1215
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1161 AB MLST-11-0IF007 1327 1356 225 AB MLST-11-~-0IF007 1422 1448 R 1212
1162 AB MLST-11-0IF007 1345 1369 383 AB MLST-11-0IF007 1470 1494 R 1083
1163 AB MLST-11-0IF007 1351 1375 662 AB MLST-11-OIF007 1470 1454 R 1083
1164 AB MLST-11-OIF007 1387 1412 422 AB MLST-11-OIF007 1470 1494 R 1083
1165 AB MLST-11-OIF007 1542 1569 194 AB_MLST-11-QIF007 1656 1680 R 1173
1166 AB MLST-11-OIF007_ 1566 1593 684 AB MLST-11-OIF007 1656 1680 R 1173
1167 AB MLST-11-OIF007 1611 1638 375 AB MLST-11-0IF007 1731 1757 R 890
1168 AB MLST-11-OIF007 1726 1752 182 AB MLST-11-OIF007 1790 1821 R 1195
1169 AB MLST-11-OIF007_1792 1826 656 AB MLST-11-OIF007 1876 1909 R 1151
1170 AB MLST-11-OIF007_ 1792 1826 656 AB MLST-11-0IF007 1835 1927 R 1224
1171 AB MLST-11-0IF007_ 1970 2002 618 AB MLST-11-OIF007 2097 2118 R 1157
2846 PARC X95819 33 58 F 302 PARC X95819 121 153 R 852
2847 PARC X95819 33 58_F 199 PARC X95819 157 178 R 889
2848 PARC X95819 33 58 F 596 PARC X95819 97 128 R 1169
2852 GYRA AY642140 -1 24 F 150 GYRA AY642140 71 100 R 1242
2853 GYRA AY642140 26 54 F 166 GYRA AY642140 121 146 R 1069
2854 GYRA AY642140 26 54 F 166 GYRA AY642140_ 58 89 R 1168
2922 AB MLST-11-OIF007 951 1018 F 583 AB MLST-11-0IF007°1110 1137 R 923
2972 AB MLST-11-OIF007 1007 1034 F 592 AB MLST-11-0OIF007 1126 1153 R 924

Table 14B: Triangulation Genotyping Analysis Primer Pairs for Identification of Sub-species

characteristics (Strain Type) of Members of the Bacterial Genus Acinetobacter

Primer Forward Primer Reverse Primer

Pair No. (SEQ ID NO:) SEQUENCE (SEQ ID NO3) SEQUENCE
1151 454 TGAGATTGCTGAACATTTAATGCTGATTGA 1418 TTGTACATTTGAAACAATATGCATGACATGTGAAT
1152 243 TATTGTTTCARATGTACAAGGTGAAGTGCG 969 TCACAGGTTCTACTTCATCAATAATTTCCATTGC
1153 541 TGGAACGTTATCAGGTGCCCCAAAAATTCG 1400 TTGCAATCGACATATCCATTTCACCATGCC
1154 436 TGAAGTGCGTGATGATATCGATGCACTTGATGTA 1036 TCCGCCAARAACTCCCCTTTTCACAGG
1155 378 TCGGTTTAGTAAAAGAACGTATTGCTCAACC 1392 TTCTGCTTGAGGAATAGTGCGTGG
1156 250 TCAACCTGACTGCGTGAATGGTTGT 902 TACGTTCTACGATTTCTTCATCAGGTACATC
1157 256 TCAAGCAGAAGCTTTGGAAGAAGAAGG 881 TACAACGTGATAARACACGACCAGAAGC
1158 384 TCGTGCCCGCAATTTGCATARAGC 878 TAATGCCGGGTAGTGCAATCCATTCTTCTAG
1159 384 TCGTGCCCGCAATTTGCATAAAGC 1199 TGCACCTGCGGTCGAGCG
1160 694 TTGTAGCACAGCAAGGCAAATTTCCTGAAAC 1215 TGCCATCCATAATCACGCCATACTGACG
1161 225 TAGGTTTACGTCAGTATGCGCGTGATTATGG 1212 TGCCAGTTTCCACATTTCACGTTCGTG
1162 383 TCGTGATTATGGATGGCAACGTGAA 1083 TCGCTTGAGTGTAGTCATGATTGCG

138




WO 2006/116127 PCT/US2006/015160

1163 662 TTATGGATGGCAACGTGAAACGCGT 1083 TCGCTTGAGTGTAGTCATGATTGCG

1164 422 TCTTTGCCATTGAAGATGACTTAAGC 1083 TCGCTTGAGTGTAGTCATGATTGCG

1165 194 TACTAGCGGTAAGCTTAAACAAGATTGC 1173 TGAGTCGGGTTCACTTTACCTGGCA

1166 684 TTGCCAATGATATTCGTTGGTTAGCAAG 1173 TGAGTCGGGTTCACTTTACCTGGCA

1167 375 TCGGCGAAATCCGTATTCCTGAAAATGA 890 TACCGGAAGCACCAGCGACATTAATAG

1168 182 TACCACTATTAATGTCGCTGGTGCTTC - 1195 TGCAACTGAATAGATTGCAGTAAGTTATAAGC
1169 656 TTATAACTTACTGCAATCTATTCAGTTGCTTGGTG 1151 TGAATTATGCAAGAAGTGATCAATTTTCTCACGA
1170 656 TTATAACTTACTGCAATCTATTCAGTTGCTTGGTG 1224 TGCCGTAACTAACATAAGAGAATTATGCAAGAA
1171 618 TGGTTATGTACCAAATACTTTGTCTGAAGATGG 1157 TGACGGCATCGATACCACCGTC

2846 302 TCCAAARAARAATCAGCGCGTACAGTGG 852 TAAAGGATAGCGGTAACTAAATCGCTGAGCCAT
2847 199 TACTTGGTAAATACCACCCACATGGTGA 889 TACCCCAGTTCCCCTGACCTTC

2848 596 TGGTAAATACCACCCACATGGTGAC 1169 TGAGCCATGAGTACCATGGCTTCATAACATGC
2852 150 TARATCTGCCCGTGTCGTTGGTGAC 1242 TGCTAAAGTCTTGAGCCATACGAACAATGG
2853 166 TAATCGGTAAATATCACCCGCATGGTGAC 1069 TCGATCGAACCGAAGTTACCCTGACC

2854 166 TAATCGGTAAATATCACCCGCATGGTGAC 1168 TGAGCCATACGAACAATGGTTTCATARACAGC
2922 583 TGCGCGATGCTGCGAAATGGTTAAAAGA 923 TAGTATCACCACGTACACCCGGATCAGT

2972 592 TGCGIGATGCTGCIAAATGGTTAAAAGA 924 TAGTATCACCACGTACICCIGGATCAGT

[419] Analysis of bioagent identifying amplicons obtained using the primers of Table 14B for over
200 samples from Operation Iragi Freedom resulted in the identification of 50 distinct strain type
clusters. The largest cluster, designated strain type 11 (ST11) includes 42 sample isolates, all of which
were obtained from US service personnel and Traqi civilians treated at the 28" Combat Support Hospital
in Baghdad. Several of these individuals were also treated on the hospital ship USNS Comfort. These

observations are indicative of significant epidemiological correlation/linkage.

[420] All of the sample isolates were tested against a broad panei of antibiotics to characterize their
antibiotic resistance profiles. As an example of a representative result from antibiotic susceptibility
testing, ST11 was found to consist of four different clusters of isolates, each with a varying degree of
sensitivity/resistance to the various antibiotics tested which included penicillins, extended spectrum
penicillins, cephalosporins, carbepenem, protein synthesis inhibitors, nucleic acid synthesis inhibitors,
anti-metabolites, and anti-cell membrane antibiotics. Thus, the genotyping power of bacterial bioagent
identifying amplicons, particularly drill-down bacterial bioagent identifying amplicons, has the potential
to increase the understanding of the transmission of infections in combat casualties, to identify the

source of infection in the environment, to track hospital transmission of nosocomial infections, and to
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rapidly characterize drug-resistance profiles which enable development of effective infection control

measures on a time-scale previously not achievable.

Example 13: Triangulation Genotyping Analysis and Codon Analysis of Acinetobacter baumannii
Samples from Two Health Care Facilities
[421]

clinical samples were obtained from Northwestern Medical Center. All samples from both healthcare

In this investigation, 88 clinical samples were obtained from Walter Reed Hospital and 95

facilities were suspected of containing sub-types of Acinetobacter baumannii, at least some of which
were expected to be resistant to quinolone drugs. Each of the 183 samples was analyzed by the method
of the present invention. DNA was extracted from each of the samples and amplified with eight
triangulation genotyping analysis primer pairs represented by primer pair numbers: 1151, 1156, 1158,
1160, 1165, 1167, 1170, and 1171. The DNA was also amplified with speciating primer pair number
2922 and codon analysis primer pair numbers 2846-2848 which interrogate a codon present in the parC
gene, and primer pair numbers 2852-2854 which bracket a codon present in the gyrA gene. The parC
and gyrA codon mutations are both responsible for causing drug resistance in Acinetobacter baumannii.
During evolution of drug resistant strains, the gyrA mutation usually occurs before the parC mutation.
Amplification products were measured by ESI-TOF mass spectrometry as indicated in Example 4. The
base compositions of the amplification products were calculated from the average molecular masses of
the amplification products and are shown in Tables 15-18. The entries in each of the tables are grouped
according to strain type number, which is an arbitrary number assigned to Acinetobacter baumannii
strains in the order of observance beginning from the triangulation genotyping analysis OIF genotyping
study described in Example 12. For example, strain type 11 which appears in samples from the Walter
Reed Hospital is the same strain as the strain type 11 mentioned in Example 12. Tbis# refers to the order
in which each sample was analyzed. Isolate refers to the original sample isolate numbering system used
at the location from which the samples were obtained (either Walter Reed Hospital or Northwestern
Medical Center). ST = strain type. ND = not detected. Base compositions highlighted with bold type
indicate that the base composition is a unique base composition for the amplification product obtained

with the pair of primers indicated.

Table 15A: Base Compositions of Amplification Products of 88 A. baumannii Samples Obtained
from Walter Reed Hospital and Amplified with Codon Analysis Primer Pairs Targeting the gyrA

Gene
PP No: 2852 PP No: 2853 PP No: 2854
Species Ibis# | Isolate ST gyrA gyrA gyrA
A. baumannii 20 1082 1 A25G23C22T31 A29G28C22T42 A17G13C14T20
A. baumannii 13 854 10 A25G23C21T32 A29G28C21T43 Al7G1l3CLl3T21
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A. baumannii 22 1162 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 27 1230 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 31 1367 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 37 1459 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 55 1700 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 64 1777 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 73 1861 10 A25G23C21T32 A29G28C21T43 | A17G13C1l3T21
A. baumannii 74 1877 10 ND A29G28C21T43 | A17G13C13T21
A. baumannii 86 1972 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 3 684 11 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 6 720 11 A25G23C21T32 A29G28C21T43 | Al7G13C13T21
A. baumannii 7 726 11 A25G23C21T32 A29G28C21T43 | Al7G13C13T21
A. baumannii 19 1079 11 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 21 1123 11 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 23 1188 11 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 33 1417 11 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 34 1431 11 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 38 1496 11 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 40 1523 11 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 42 1640 11 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 50 1666 11 A25G23C21T32 A29G28C21T43 | A17G1L3C13T21
A. baumannii 51 1668 11 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 52 1695 11 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 65 1781 11 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 44 1649 12 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 49A 1658.1 12 A25G23C22T31 A29G28C21T43 | A17G13C13T21
A. baumannii 49B 1658.2 12 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 56 1707 12 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 80 1893 12 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 5 693 14 A25G23C21T32 A29G28C21T43 | A17G13C1i3T21
A. baumannii 8 749 14 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 10 839 14 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 14 865 14 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 16 888 14 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 29 1326 14 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 35 1440 14 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 41 1524 14 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 46 1652 14 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 47 1653 14 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 48 1657 14 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 57 1709 14 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 61 1727 14 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 63 1762 14 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 67 1806 14 A25G@23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 75 1881 14 A25G@23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 77 1886 14 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 1 649 46 A25G23C21T32 A29G28C21T43 | A17G13C13T21
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A. baumannii 2 653 46 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 39 1497 16 A25G23C21T32 A29G28C21T43 | Al7G13C1l3T21
A. baumannii 24 1198 15 A25G23C21T32 A29G28C21T43 | A17G13C1l3T21
A. baumannii 28 1243 15 A25G23C21T32 A29G28C21T43 | Al7G13C1l3T21
A. baumannii 43 1648 15 A25G23C21T32 A29G28C21T43 | A17G1l3Cl3T21
A. baumannii 62 1746 15 A25G23C21T32 A29G28C21T43 | A17G13C1l3T21
A. baumannii 4 689 15 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 68 1822 3 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 69 1823A 3 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 70 1823B 3 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 71 1826 3 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 72 1860 3 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 81 1924 3 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 82 1929 3 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 85 1966 3 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 11 841 3 A25G23C22T31 A29G28C22T42 | A17G13C14T20
A. baumannii 32 1415 24 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 45 1651 24 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 54 1697 24 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 58 1712 24 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 60 1725 24 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 66 1802 24 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 76 1883 24 A25G23C21T32 A29G28C21T43 | Al7G13C13T21
A. baumannii 78 1891 24 A25G23C21T32 A29G28C21T43 | A17G13C1L3T21
A. baumannii 79 1892 24 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 83 1947 24 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 84 1964 24 A25G23C217T32 A293G28C21T43 | A1l7G13C13T21
A. baumannii 53 1696 24 A25G23C22T31 A29G28C22T42 | A17G13C14T20
A. baumannii 36 1458 49 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 59 1716 9 A25G23C22T31 A29G28C22T42 | A17G13C14T20
A. baumannii 9 805 30 A25G23C22T31 A29G28C22T42 | A17G13C14T20
A. baumannii 18 967 39 A25G23C22T31 A29G28C22T42 | A17G13C14T20
A. baumannii 30 1322 48 A25G23C22T31 A29G28C22T42 | A17G13C14T20
A. baumannii 26 1218 50 A25G23C22T31 A29G28C22T42 | A17G13C14T20
A. sp. 13TU 15 875 Al A25G23C22T31 A29G28C22T42 | A17G13C14T20
A. sp. 13TU 17 895 Al A25G23C22T31 A293G28C22T42 | A17G13C14T20
A. sp. 3 12 853 B7 A25G22C22T32 A30G29C22T40 | A17G13C14T20
A. johnsonii 25 1202 NEW1 | A25G22C22T32 A30G29C22T40 | A17G13C14T20
A. sp. 2082 87 2082 NEW2 { A25G22C22T32 A31628C22T40 | A17G13C14T20

Table 15B: Base Compositions Determined from A. baumannii DNA Samples Obtained from

Walter Reed Hospital and Amplified with Codon Analysis Primer Pairs Targeting the parC Gene

PP No: 2846 PP No: 2847 PP No: 2848

Species Ibis# | Isolate ST parC parC parcC
A. baumannii 20 1082 1 A33G26C29T33 A29G28C26T31 A16G14C15T15
A. baumannii 13 854 10 A33G26C28T34 A29G28C25T32 A16G14C14T16
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A. baumannii 22 1162 10 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 27 1230 10 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 31 1367 10 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 37 1459 10 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 55 1700 10 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 64 1777 10 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 73 1861 10 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 74 1877 10 A33G26C28T34 A29G28C25T32 | A1l6G14C14T16
A. baumannii 86 1972 10 A33G26C28T34 A29G28C25T32 | Al6G14C1l4T16
A. baumannii 3 684 11 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 6 720 11 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 726 11 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 19 1079 11 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 21 1123 11 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 23 1188 11 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 33 1417 11 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 34 1431 11 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 38 1496 11 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 40 1523 11 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 42 1640 11 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 50 1666 11 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 51 1668 11 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 52 1695 11 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 65 1781 11 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 44 1649 12 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 49A 1658.1 12 A33G26C28T34 A29@28C25T32 | A16G14C14T16
A. baumannii 49B 1658.2 12 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 56 1707 12 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 80 1893 12 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 5 693 14 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 8 749 14 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 10 839 14 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 14 865 14 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 16 888 14 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 29 1326 14 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 35 1440 14 A33G26C28T34 A29G28C25T32 | Al6G1l4C14T16
A. baumannii 41 1524 14 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 46 1652 14 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 47 1653 14 A33G26C28T34 A29G28C25T32 | A16G14C14T1L6
A. baumannii 48 1657 14 A33G26C28T34 A295G28C25T32 | Al6G14C14T16
A. baumannii 57 1709 14 A33G26C28T34 A29G28C25T32 | A16G14C14Tle
A. baumannii 61 1727 14 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 63 1762 14 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 67 1806 14 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 75 1881 14 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 77 1886 14 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 1 649 46 A33G26C28T34 A29G28C25T32 | A16G14C14T16
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A. baumannii 2 653 46 A33G26C28T34 A29G28C25T32 | A16G14C14Tle
A. baumannii 39 1497 16 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 24 1198 15 A33G26C28T34 A29G29C23T33 | A16G14C1l4T1le
A. baumannii 28 1243 15 A33G26C28T34 A29G29C23T33 | A16G14C14T1le
A. baumannii 43 1648 15 A33G26C28T34 A29G29C23T33 | A16GL4C14T16
A. baumannii 62 1746 15 A33G26C28T34 A29G29C23T33 | A16G14C14T16
A. baumannii 4 689 15 A34G25C29T33 A30G27C26T31 | A16G14C15T15
A. baumannii 68 1822 3 A33G26C28T34 A29G28C25T32 | A16G14C14T1l6
A. baumannii 692 1823A 3 A33G26C28T34 A29G28C25T32 | A16G14C14T1l6
A. baumannii 70 1823B 3 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 71 1826 3 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 72 1860 3 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 81 1524 3 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 82 1929 3 A33G26C28T34 A29G28C25T32 | A16G14C1l4T1l6
A. baumannii 85 1966 3 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 11 841 3 A33G26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 32 1415 24 A33G26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 45 1651 24 A33G26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 54 1697 24 A33G26C29T33 A29G28C26T31 | A16G1L4C15T15
A. baumannii 58 1712 24 A33G26C29T33 A29G28C26T31 | A16G14C1l5T15
A. baumannii 60 1725 24 A33G26C29T33 A29G28C26T31 | A16G1L4C15T15
A. baumannii 66 1802 24 A33G26C29T33 A29G28C26T31 | A16G14C1l5T15
A. baumannii 76 1883 24 A33G26C29T33 A295G28C26T31 | A16G1L4C15TLS
A. baumannii 78 1891 24 | A34G25C29T33 A30G27C26T31 | A16G14C15T15
A. baumannii 79 1892 24 A33G26C29T33 A29G28C26T31 | Al6G14C1L5T15
A. baumannii 83 1947 24 A34G25C29T33 A30G27C26T31 | A16G14C15T15
A. baumannii 84 1964 24 A33G26C29T33 A295G28C26T31 | A16G1L4C15T15
A. baumannii 53 1696 24 A33G26C29T33 A29G28C26T31 | A16G14C1l5T15
A. baumannii 36 1458 49 A34G26C29T32 A30G28C24T32 | A16G14C15T15
A. baumannii 59 1716 9 A33G26C29T33 A29G28C26T31 | A16GL4C15T15
A. baumannii 9 805 30 A33G26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 18 967 39 A33G26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 30 1322 48 A33G26C29T33 A29G28C26T31 | A16G14C15T1S
A. baumannii 26 1218 50 A33G26C29T33 A29G28C26T31 | Al6G1l4C15T15
A. sp. 13TU 15 875 Al A32G26C28T35 A28G28C24T34 | A16G14C15T15
A. sp. 13TU 17 895 Al A32G26C28T35 A28G28C24T34 | A16G14C15T15
A. sp. 3 12 853 B7 A29G26C27T39 A26G32C21T35 | A16GL4C1l5T15
A. johnsonii 25 1202 NEW1l | A32G28C26T35 A29G29C22T34 | A16G14C1l5T15
A. sp. 2082 87 2082 NEW2 | A33G27C26T35 A31G28C20T35 | A16G14C15T15

Table 16A: Base Compositions Determined from A. baumannii DNA Samples Obtained from

Northwestern Medical Center and Amplified with Codon Analysis Primer Pairs Targeting the

gyrA Gene

Species

Ibis#

Isolate

PP No: 2852
ST gyTrA

PP No: 2853
gyrA

PP No: 2854
gyrA
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A. baumannii 54 536 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 87 665 3 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 80 10 A25G23C21T32 A295G28C21T43 | A17G13C13T21
A. baumannii S 91 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 10 92 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 11 131 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 12 137 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 21 218 10 A25G23C21T32 A29G28C21T43 ( A17G13C13T21
A. baumannii 26 242 10 A25G23C21T32 A29@28C21T43 | A17G13C13T21
A. baumannii 94 678 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 1 9 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 2 13 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 3 19 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 4 24 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 5 36 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 6 39 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 13 139 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 15 165 10 A25G23C21T32 A29G28C21T43 | A17G13C1L3T21
A. baumannii 16 170 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 17 186 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 20 202 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 22 221 10 A25G23C21T32 A29G28C21T43 | A1L7G1l3C13T21
A. baumannii 24 234 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 25 239 10 A25G23C21T32 A29G28C21T43 (| A17G13C13T21
A. baumannii 33 370 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 34 389 10 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 19 201 14 A25G23C21T32 A25G28C21T43 | A17G13C13T21
A. baumannii 27 257 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 29 301 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 31 354 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 36 422 51 A25G23C21T32 A29G28C21T43 | AL7G13C13T21
A. baumannii 37 424 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 38 434 51 A25G23C21T32 A29G28C21T43 Al17G13C13T21
A. baumannii 39 473 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 40 482 51 A25G23C21T32 A29G28C21T43 | A17G13C1L3T21
A. baumannii 44 512 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 45 516 51 A25G23C21T32 A29G28C21T43 | AL7G13C13T21
A. baumannii 47 522 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 48 526 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 50 528 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 52 531 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 53 533 51 A25@G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 56 542 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 59 550 51 A25@23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 62 556 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 64 557 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 70 588 51 A25G23C21T32 A29G28C21T43 | AL7G13C13T21
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A. baumannii 73 603 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 74 605 51 D25G23C21T32 A29G28C21T43 | A17G1l3CL3T21
A. baumannii 75 606 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 77 611 51 A25G@23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 79 622 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 83 643 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 85 653 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 89 669 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 93 674 51 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 23 228 51 A25@23C21T32 A29@28C21T43 | A17G13C13T21
A. baumannii 32 369 52 A25G23C21T32 A29G28C21T43 | AL7G13C13T21
A. baumannii 35 393 52 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 30 339 53 A25G23C21T32 A29G28C21T43 | A17GL3C13T21
A. baumannii 41 485 53 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 42 493 53 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 43 502 53 A25G23C21T32 A29@E28C21T43 | A17G13C13T21
A. baumannii 46 520 53 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 49 527 53 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 51 529 53 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 65 562 53 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 68 579 53 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 57 546 54 A25@23C21T32 A29G28C21T43 | A17GL3C13T21
A. baumannii 58 548 54 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 60 552 54 A25G23C21T32 A20@28C21T43 | A17GL3C13T21
A. baumannii 61 555 54 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 63 557 54 A25@23C21T32 A29G28C21T43 | A17G1l3C13T21
A. baumannii 66 570 54 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 67 578 54 A25G23C21T32 A29G28C21T43 | A17G1l3C13T21
A. baumannii 69 584 54 A25G23C21T32 A29G28C21T43 | A17G13C1i3T21
A. baumannii 71 593 54 A25323C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 72 602 54 A25@23C21T32 A29@28C21T43 | A17G13C13T21
A. baumannii 76 609 54 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 78 621 54 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 80 625 54 A25G23C21T32 A29G28C21T43 | A17G13Ci3T21
A. baumannii 81 628 54 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 82 632 54 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 84 649 54 A25@23C21T32 A29G28C21T43 | A1l7G13C13T21
A. baumannii 86 655 54 A25@23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 88 668 54 A25@23C21T32 D29G28C21T43 | A17G13C13T21
A. baumannii 90 671 54 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 91 672 54 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 92 673 54 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 18 196 55 A25G23C22T31 A29G28C21T43 | A17G13C1l3T21
A. baumannii 55 537 27 A25G23C21T32 A29G28C21T43 | A17G13C13T21
A. baumannii 28 263 27 A25G23C22T31 A29G28C22T42 | A17G13C14T20

A. sp. 3 14 164 B7 A25G@22C22T32 A30G29C22T40 | A17G13C14T20

mixture 7 71 - ND ND A17@13C1l5T19
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Table 16B: Base Compositions Determined from 4. baumannii DNA Samples Obtained from

Northwestern Medical Center and Amplified with Codon Analysis Primer Pairs Targeting the

parC Gene
PP No: 2846 PP No: 2847 | PP No: 2848
Species Ibis# | Isolate ST parC parC parC

A. baumannii 54 536 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 87 665 3 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 8 80 10 A33G26C28T34 A29G28C25T32 A16G14C14T16
A. baumannii S 91 10 A33G26C28T34 A29G28C25T32 A16G14C14T16
A. baumannii 10 92 10 A33G26C28T34 A29G28C25T32 ND
A. baumannii 11 131 10 A33G26C28T34 A25G28C25T32 | A16G14C14T1l6
A. baumannii 12 137 10 A33G26C28T34 A29G28C25T32 | A1l6G14C14T16
A. baumannii 21 218 10 A33G26C28T34 A295G28C25T32 | A16G14C14T16
A. baumannii 26 242 10 A33G26C28T34 A29G28C25T32 | A16(314C14T16
A. baumannii 94 678 10 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 1 S 10 A33G26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 2 13 10 A33G26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 3 19 10 A33G26C29T33 A29G28C26T31 | A16G14CL5T15
A. baumannii 4 24 10 A33G26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 5 36 10 A33G26C29T33 A29G28C26T31 | Al6G14C15T15
A. baumannii 6 39 10 A33G26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 13 139 10 A33@26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 15 165 10 A33G26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 16 170 10 A33G26C297T33 A29G28C26T31 | A16G@14C15T15
A. baumannii 17 186 10 A33G26C29T33 A29G28C26T31 Al16G14C15T15
A. baumannii 20 202 10 A33G26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 22 221 10 A33G26C29T33 A29G28C26T31 A16G14C15T15
A. baumannii 24 234 10 A33G26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 25 239 10 A33G26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 33 370 10 A33G26C29T33 A29G28C26T31 | A16G14C15T15
A. baumannii 34 389 10 A33G26C29T33 A29G28C26T31 | A1l6G14C15T15
A. baumannii 19 201 14 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 27 257 51 A333G26C28T34 A29G28C25T32 Al6G14C14T16
A. baumannii 29 301 51 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 31 354 51 A333G26C28T34 A295G28C25T32 Al6G14C14T16
A. baumannii 36 422 51 A33G26C28T34 A29G28C25T32 | A16314C14T16
A. baumannii 37 424 51 A33326C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 38 434 51 A33G26C28T34 A29G28C25T32 | A16G14C14T1l6
A. baumannii 39 473 51 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 40 482 51 A33G26C28T34 A29G28C25T32 | A16G314C14Tle6
A. baumannii 44 512 51 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 45 516 51 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 47 522 51 A33G26C28T34 A29G28C25T32 | A16G14C14T16
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A. baumannii 48 526 51 A33G26C28T34 A29G28C25T32 | A16G14C14TLl6
A. baumannii 50 528 51 A33G26C28T34 A29G28C25T32 | Al16G14Cli4T16
A. baumannii 52 531 51 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 53 533 51 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 56 542 51 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 59 550 51 A33G26C28T34 A29G28C25T32 | A1l6G14C1l4T16
A. baumannii 62 556 51 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 64 557 51 A33G26C28T34 A29G28C25T32 | AL6G14C14T16
A. baumannii 70 588 51 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 73 603 51 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 74 605 51 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 75 606 51 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 77 611 51 A33G26C28T34 A29G28C25T32 | A16G14Cl4T1i6
A. baumannii 79 622 51 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 83 643 51 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 85 653 51 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 89 669 51 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 93 674 51 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 23 228 51 A34G25C29T33 A30G@27C26T31 | A16G14C1l5T15
A. baumannii 32 369 52 A34(G25C28T34 A30G27C25T32 | A16G14C1l4T16
A. baumannii 35 393 52 A34G25C28T34 A30G27C25T32 | A16G14C14T16
A. baumannii 30 339 53 A34G25C29T33 A30G27C26T31 | A16G14C15T15
A. baumannii 41 485 53 A34G25C29T33 A30G27C26T31 | A16G14C15T15
A. baumannii 42 493 53 A34G25C29T33 A30G27C26T31 | A16G14C1l5T15
A. baumannii 43 502 53 A34G25C29T33 A30G27C26T31 | A16G14C15T15
A. baumannii 46 520 53 A34G25C29T33 A30G27C26T31 | A16G14C15T15
A. baumannii 49 527 53 A34G25C29T33 A30G27C26T31 | A16G14C15T15
A. baumannii 51 529 53 A34G25C29T33 A30G27C26T31 | A16G14C15T15
A. baumannii 65 562 53 A34G25C29T33 A30G27C26T31 | Al6G14C15T15
A. baumannii 68 579 53 A34G25C29T33 A30G27C26T31 | A16G14C15T15
A. baumannii 57 546 54 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 58 548 54 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 60 552 54 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 61 555 54 A33G26C28T34 A29(G28C25T32 | Al6G14C14T16
A. baumannii 63 557 54 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 66 570 54 A33G26C28T34 A29G28C25T32 | A16G14C14T1l6
A. baumannii 67 578 54 A33G26C28T34 A29G28C25T32 | A16G14CLl4T16
A. baumannii 69 584 54 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 71 593 54 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 72 602 54 A33G26C28T34 A29G28C25T32 | A16G14C1l4T16
A. baumannii 76 609 54 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 78 621 54 A33G26C28T34 A29G28C25T32 | Al6G14C14T16
A. baumannii 80 625 54 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 81 628 54 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 82 632 54 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 84 649 54 A33G26C28T34 A29G28C25T32 | A16G14C14T1l6
A. baumannii B6 655 54 A33G26C28T34 A29G28C25T32 | A16G14C14T16
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A. baumannii 88 668 54 A33G26C28T34 A29G28C25T32 | AL6G1l4C14Tl6
A. baumannii 90 671 54 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii o1 672 54 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 92 673 54 A33G26C28T34 A29G28C25T32 | A16G14C14T16
A. baumannii 18 196 55 A33G27C28T33 A295G28C25T31 | Al5G14C15T16
A. baumannii 55 537 27 A33G26C29T33 A29G28C26T31 | A16G314C15T15
A. baumannii 28 263 27 A33G26C29T33 A29G28C26T31 | A16G14C15T15

A. sp. 3 14 164 B7 A35G25C29T32 A30G28C1l7T39 | Al6G14C15T15

mixture 7 71 - ND ND Al7G1l4Cl1l5T14

Table 17A: Base Compositions Determined from A. baumannii DNA Samples Obtained from

Walter Reed Hospital and Amplified with Speciating Primer Pair No. 2922 and Triangulation
Genotyping Analysis Primer Pair Nos. 1151 and 1156

PP No: 2922 PP No: 1151 | PP No: 1156
Species Ibis# | Isolate ST efp trpE Adk

A. baumannii 20 1082 1 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 13 854 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 22 1162 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 27 1230 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 31 1367 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 37 1459 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 55 1700 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 64 1777 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 73 1861 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 74 1877 10 A45G34C25T43 A44G35C21T42 | D44G32C26T38
A. baumannii 86 1972 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 3 684 11 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 6 720 11 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 7 726 11 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 19 1079 11 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 21 1123 11 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 23 1188 11 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 33 1417 11 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 34 1431 11 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 38 1496 11 A45G34C25T43 A44G35C21T42 | R44G32C26T38
A. baumannii 40 1523 11 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 42 1640 11 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 50 1666 11 A45G34C25T43 A44G35C21T42 | R44G32C26T38
A. baumannii 51 1668 11 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 52 1695 11 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 65 1781 11 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 44 1649 12 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 49A 1658.1 12 A45@34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 49B 1658.2 12 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 56 1707 12 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 80 1893 12 A45G34C25T43 A44G35C21T42 | A44G32C26T38
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A. baumannii 5 693 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 8 749 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 10 839 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 14 865 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 16 888 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 29 1326 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 35 1440 14 A44G35C25T43 ND A44G32C27T37
A. baumannii 41 1524 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 46 1652 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 47 1653 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 48 1657 14 A44G35C25T43 D44G35C22T41 | A44G32C27T37
A. baumannii 57 1709 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 61 1727 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 63 1762 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 67 1806 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 75 1881 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 77 1886 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii’ 1 649 46 A44G35C25T43 A44G35C22T41 | A44G32C26T38
A. baumannii 2 653 46 A44G35C25T43 A44G35C22T41 | A44G32C26T38
A. baumannii 39 1497 16 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 24 1198 15 A44G35C25T43 A44G35C22T41 | A44G32C26T38
A. baumannii 28 1243 15 A44G35C25T43 A44G35C22T41 | A44G32C26T38
A. baumannii 43 1648 15 A44G35C25T43 A44G35C22T41 | A44G32C26T38
A. baumannii 62 1746 15 A44G35C25T43 A44G35C22T41 | A44G32C26T38
A. baumannii 4 689 15 A44G35C25T43 A44G35C22T41 | A44G32C26T38
A. baumannii 68 1822 3 A44G35C24T44 DA44G35C22T41 | A44G32C26T38
A. baumannii 69 1823A 3 RA44G35C24T44 A44G35C22T41 | A44G32C26T38
A. baumannii 70 1823B 3 A44G35C24T44 A44G35C22T41 | A44G32C26T38
A. baumannii 71 1826 3 RA44G35C24T44 A44G35C22T41 | A44G32C26T38
A. baumannii 72 1860 3 A44G35C24T44 A44G35C22T41 | A44G32C26T38
A. baumannii 81 1924 3 A44G35C24T44 A44G35C22T41 | A44G32C26T38
A. baumannii 82 1929 3 A44G35C24T44 A44G35C22T41 | A44G32C26T38
A. baumannii 85 1966 3 A44G35C24T44 RA44G35C22T41 | A44G32C26T38
A. baumannii 11 841 3 A44G35C24T44 A44G35C22T41 | A44G32C26T38
A. baumannii 32 1415 24 A44G35C25T43 A43G36C20T43 | A44G32C27T37
A. baumannii 45 1651 24 A44G35C25T43 A43G36C20T43 | A44G32C27T37
A. baumannii 54 1697 24 A44G35C25T43 A43G36C20T43 | A44G32C27T37
A. baumannii 58 1712 24 A44G35C25T43 A43G36C20T43 | A44G32C27T37
A. baumannii 60 1725 24 A44G35C25T43 A43G36C20T43 | A44G32C27T37
A. baumannii 66 1802 24 A44G35C25T43 A43G36C20T43 | A44G32C27T37
A. baumannii 76 1883 24 ND A43@36C20T43 | A44G32C27T37
A. baumannii 78 1891 24 A44G35C25T43 A43G36C20T43 | A44G32C27T37
A. baumannii 79 1892 24 A44G35C25T43 A43G36C20T43 | A44G32C27T37
A. baumannii 83 1947 24 A44G35C25T43 A43G36C20T43 | A44G32C27T37
A. baumannii 84 1964 24 A44G35C25T43 A43G36C20T43 | A44G32C27T37
A. baumannii 53 1696 24 A44G35C25T43 A43336C20T43 | A44G32C27T37
A. baumannii 36 1458 49 A44G35C25T43 A44G335C22T41 | A44G32C27T37
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A. baumannii 59 1716 S A44G35C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 9 805 30 A44G35C25T43 A44G35C19T44 | A44G32C27T37
A. baumannii 18 967 39 A45G34C25T43 A44G35C22T41 | A44G32C26T38
A. baumannii 30 1322 48 A44G35C25T43 A43G36C20T43 | A44G32C27T37
A. baumannii 26 1218 50 A44G35C25T43 A44G35C21T42 | A44G32C26T38
A. sp. 13TU 15 875 Al A47G33C24T43 A46G32C20T44 | A44G33C27T36
A. sp. 13TU 17 895 Al A47G33C24T43 A46G32C20T44 | A44G33C27T36
A. sp. 3 12 853 B7 A46G35C24T42 A42G34C20T46 | A43G33C24T40
A. johnsonii 25 1202 NEW1l | A46G35C23T43 A42G35C21T44 | A43G33C23T41
A. sp. 2082 87 2082 NEW2 | A46G36C22T43 A42G32C20T48 | A42G34C23T41

Table 17B: Base Compositions Determined from 4. baumannii DNA Samples Obtained from

Walter Reed Hospital and Amplified with Triangulation Genotyping Analysis Primer Pair Nos.

1158 and 1160 and 1165
PP No: 1158 PP No: 1160 | PP No: 1165
Species Ibis# | Isolate ST mutyY mutyY fumC

A. baumannii 20 1082 1 A27G21C25T22 A32G35C29T33 A40G33C30T36
A. baumannii 13 854 10 A27G21C26T21 A32G35C28T34 A40G33C30T36
A. baumannii 22 1162 10 A27G21C26T21 A32G35C28T34 A40G33C30T36
A. baumannii 27 1230 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannili 31 1367 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 37 1459 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 55 1700 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 64 1777 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 73 1861 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 74 1877 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 86 1972 10 A27G21C26T21 A32G35C28T34 A40G33C30T36
A. baumannii 3 684 11 A27G21C25T22 A32G34C28T35 | A40G33C30T36
A. baumannii 6 720 11 A27G21C25T22 A32G34C28T35 | A40G33C30T36
A. baumannii 7 726 11 A27G21C25T22 A32G34C28T35 | A40G33C30T36
A. baumannii 19 1079 11 A27G21C25T22 A32G34C28T35 A40G33C30T36
A. baumannii 21 1123 11 A27G21C25T22 A32G34C28T35 A40G33C30T36
A. baumannii 23 1188 11 A27G21C25T22 A32G34C28T35 | A40G33C30T36
A. baumannii 33 1417 11 A27G21C25T22 A32G34C28T35 A40G33C30T36
A. baumannii 34 1431 11 A27G21C25T22 A32G34C28T35 | A40G33C30T36
A. baumannii 38 1496 11 A27G21C25T22 A32G34C28T35 | A40G33C30T36
A. baumannii 40 1523 11 A27G21C25T22 A32G34C28T35 A40G33C30T36
A. baumannii 42 1640 11 A27G21C25T22 A32@34C28T35 | A40G33C30T36
A. baumannii 50 1666 11 A27G21C25T22 A32G34C28T35 | A40G33C30T36
A. baumannii 51 1668 11 A27G21C25T22 A32G34C28T35 | A40G33C30T36
A. baumannii 52 1695 11 A27G21C25T22 A32G34C28T35 | A40G33C30T36
A. baumannii 65 1781 11 A27G21C25T22 A32G34C28T35 | A40G33C30T36
A. baumannii 44 1649 12 A27G21C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 49A 1658.1 12 A27G21C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 49B 1658.2 12 A27G21C26T21 A32G34C29T34 | A40G33C30T36
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A. baumannii 56 1707 12 A27G21C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 80 1893 12 A27G21C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 5 693 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 8 749 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 10 839 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 14 865 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 16 888 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 29 1326 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 35 1440 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 41 1524 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 46 1652 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 47 1653 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 48 1657 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 57 1709 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 61 1727 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 63 1762 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 67 1806 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 75 1881 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 77 1886 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 1 649 46 A29G19C26T21 A31G35C29T34 | A40G33C29T37
A. baumannii 2 653 46 A29G19C26T21 A31G35C29T34 | A40G33C29T37
A. baumannii 39 1497 16 A29G19C26T21 A31G35C29T34 | A40G34C29T36
A. baumannii 24 1198 15 A29G19C26T21 A31G35C29T34 | A40G33C29T37
A. baumannii 28 1243 15 A29G19C26T21 A31G35C29T34 | A40G33C29T37
A. baumannii 43 1648 15 A29G19C26T21 A31G35C29T34 | A40G33C29T37
A. baumannii 62 1746 15 A29G19C26T21 A31G35C29T34 | A40G33C29T37
A. baumannii 4 689 15 A29G19C26T21 A31G35C29T34 | A40G33C29T37
A. baumannii 68 1822 3 A27G20C27T21 A32G35C28T34 | A40G33C30T36
A. baumannii 69 1823A 3 A27G20C27T21 A32G35C28T34 | A40G33C30T36
A. baumannii 70 1823B 3 A27G20C27T21 A32G35C28T34 | A40G33C30T36
A. baumannii 71 1826 3 A27G20C27T21 A32G35C28T34 | A40G33C30T36
A. baumannii 72 1860 3 A27G20C27T21 A32G35C28T34 | A40G33C30T36
A. baumannii 81 1924 3 A27G20C27T21 A32G35C28T34 | A40G33C30T36
A. baumannii 82 1929 3 A27G20C27T21 A32@35C28T34 | A40G33C30T36
A. baumannii 85 1966 3 A27G20C27T21 A32@35C28T34 | A40G33C30T36
A. baumannii 11 841 3 A27G20C27T21 A32@35C28T34 | A40G33C30T36
A. baumannii 32 1415 24 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 45 1651 24 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 54 1697 24 A27G21C26T21 A323GE35C28T34 | A40G33C30T36
A. baumannii 58 1712 24 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 60 1725 24 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 66 1802 24 A27G21C26T21 A32@35C28T34 | A40G33C30T36
A. baumannii 76 1883 24 A27G21C26T21 BA32G35C28T34 | A40G33C30T36
A. baumannii 78 1891 24 A27G21C26T21 A32@35C28T34 | A40G33C30T36
A. baumannii 79 1892 24 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 83 1947 24 A27G21C26T21 A32(G35C28T34 | A40G33C30T36
A. baumannii 84 1964 24 A27G21C26T21 A32G35C28T34 | A40G33C30T36
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A. baumannii 53 1696 24 A27G21C26T21 A32G35C28T34 | A40G33C307T36
A. baumannii 36 1458 49 A27G20C27T21 A32G35C28T34 | A40G33C30T36
A. baumannii 59 1716 9 A27G21C25T22 A32G35C28T34 | A39G33C30T37
A. baumannii 9 805 30 A27G21C25T22 A32G35C28T34 | A39G33(C30T37
A. baumannii 18 967 39 A27G21C26T21 A32G35C28T34 | A39G33C30T37
A. baumannii 30 1322 48 A28G21C24T22 A32G35C29T33 | A40G33C30T36
A. baumannii 26 1218 50 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. sp. 13TU 15 875 Al A27G21C25T22 A30G36C26T37 | A41G34C28T36
A. sp. 13TU 17 895 Al A27G21C25T22 A30G36C26T37 | A41G34C28T36

A. sp. 3 12 853 B7 A26G23C23T23 A30G36C27T36 | A39G37C26T37
A. johnsonii 25 1202 NEW1l | A25G623C24T23 A30G35C30T34 | A38G37C26T38
A. sp. 2082 87 2082 NEW2 | A26G22C24T23 A31G35C28T35 | A42G34C27T36

Table 17C: Base Compositions Determined from A. baumannii DNA Samples Obtained from

Walter Reed Hospital and Amplified with Triangulation Genotyping Analysis Primer Pair Nos.

1167 and 1170 and 1171
PP No: 1167 PP No: 1170 | PP No: 1171
Species Ibis# | Isolate ST fumC fumC ppa

A. baumannii 20 1082 1 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 13 854 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 22 1162 10 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 27 1230 10 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 31 1367 10 A41G34C34T38 A38G27C21T50 A35G37C33T44
A. baumannii 37 1459 10 A41G34C34T38 A38G27C21T50 A35G37C33T44
A. baumannii 55 1700 10 A41G34C34T38 A38G27C21T50 A35G37C33T44
A. baumannii 64 1777 10 A41G34C34T38 A38G27C21T50 A35G37C33T44
A. baumannii 73 1861 10 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 74 1877 10 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 86 1972 10 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 3 684 11 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 6 720 11 A41G34C34T38 A38G27C21T50 | A35G@37C33T44
A. baumannii 7 726 11 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 19 1079 11 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 21 1123 11 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 23 1188 11 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 33 1417 11 A41G34C34T38 A38G27C21T50 | A35@37C337T44
A. baumannii 34 1431 11 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 38 1496 11 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 40 1523 11 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 42 1640 11 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 50 1666 11 A41G34C34T38 A38G27C21T50 | A35@37C33T44
A. baumannii 51 1668 11 A41G34C34T38 A38G27C21T50 A35G37C33T44
A. baumannii 52 1695 11 A41G34C34T38 A38G27C21T50 A35G37C33T44
A. baumannii 65 1781 11 A41G34C34T38 A38G27C21T50 A35@37C33T44
A. baumannii 44 1649 12 A41G34C34T38 A38G27C21T50 A35G37C33T44
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A. baumannii 494 1658.1 12 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 49B 1658.2 12 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 56 1707 12 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 80 1893 12 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 5 693 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 8 749 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 10 839 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 14 865 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 16 888 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 29 1326 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 35 1440 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 41 1524 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 46 1652 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 47 1653 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 48 1657 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 57 1709 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 61 1727 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 63 1762 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 67 1806 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 75 1881 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 77 1886 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 649 46 A41G35C32T39 A37G28C20T51 | A35G37C32T45
A. baumannii 2 653 46 A41G35C32T39 A37G28C20T51 | A35G37C32T45
A. baumannii 39 1497 16 A41G35C32T39 A37G28C20T51 | A35G37C30T47
A. baumannii 24 1198 15 A41G35C32T39 A37G28C20T51 | A35G37C30T47
A. baumannii 28 1243 15 A41G35C32T39 A37G28C20T51 | A35G37C30T47
A. baumannii 43 1648 15 A41G35C32T39 A37G28C20T51 | A35G37C30T47
A. baumannii 62 1746 15 A41G35C32T39 A37G28C20T51 | A35G37C30T47
A. baumannii 4 689 15 A41G35C32T39 A37G28C20T51 | A35G37C30T47
A. baumannii 68 1822 3 A41G34C35T37 A38G27C20T51 | A35G37C31T46
A. baumannii 69 1823A 3 A41G34C35T37 A38G27C20T51 | A35G37C31T46
A. baumannii 70 1823B 3 A41G34C35T37 A38G27C20T51 | A35G37C31T46
A. baumannii 71 1826 3 A41G34C35T37 A38G27C20T51 | A35G37C31T46
A. baumannii 72 1860 3 A41G34C35T37 A38G27C20T51 | A35G37C31T46
A. baumannii 81 1924 3 A41G34C35T37 A38G27C20T51 | A35G37C31T46
A. baumannii 82 1929 3 A41G34C35T37 A38G27C20T51 | A35G37C31T46
A. baumannii 85 1966 3 A41G34C35T37 A38G27C20T51 | A35G37C31T46
A. baumannii 11 841 3 A41G34C35T37 A38G27C20T51 | A35G37C31T46
A. baumannii 32 1415 24 A40G35C34T38 A39G26C22T49 | A35G37C33T44
A. baumannii 45 1651 24 A40G35C34T38 A39G26C22T49 | A35G37C33T44
A. baumannii 54 1697 24 A40G35C34T38 A39G26C22T49 | A35G37C33T44
A. baumannii 58 1712 24 A40G35C34T38 A39G26C22T49 | A35G37C33T44
A. baumannii 60 1725 24 A40G35C34T38 A39G26C22T49 | A35G37C33T44
A. baumannii 66 1802 24 A40G35C34T38 A39G26C22T49 | A35G37C33T44
A. baumannii 76 1883 24 A40G35C34T38 A39G26C22T49 | A35G37C33T44
A. baumannii 78 1891 24 A40G35C34T38 A39G26C22T49 | A35G37C33T44
A. baumannii 79 1892 24 A40G35C34T38 A39G26C22T49 | A35G37C33T44
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A. baumannii 83 1947 24 A40G35C34T38 A39G26C22T49 | A35G37C33T44
A. baumannii 84 1964 24 A40G35C34T38 A39G26C22T49 | A35G37C33T44
A. baumannii 53 1696 24 A40G35C34T38 A39G26C22T49 | A35G37C33T44
A. baumannii 36 1458 49 A40G35C34T38 A39G26C22T49 | A35G37C30T47
A. baumannii 59 1716 9 A40G35C32T40 A38G27C20T51 | A36G35C31T47
A. baumannii 9 805 30 A40G35C32T40 A38G27C21T50 | A35G36C29T49
A. baumannii 18 967 39 A40G35C33T39 A38G27C20T51 | A35G37C30T47
A. baumannii 30 1322 48 A40G35C35T37 A38G27C21T50 | A35G37C30T47
A. baumannii 26 1218 50 A40G35C34T38 A38G27C21T50 | A35G37C33T44
A. sp. 13TU 15 875 Al A41G39C31T36 A37G26C24T49 | A34G38C31T46
A. sp. 13TU 17 895 Al A41G39C31T36 A37G26C24T49 | A34G38C31T46
A. sp. 3 12 853 B7 A43G37C30T37 A36G27C24T49 | A34G37C31T47
A. johnsonii 25 1202 NEW1l | A42G38C31T36 A40G27CL9T50 | A35G37C32T45
A. sp. 2082 87 2082 NEW2 | A43G37C32T35 A37G26C21T52 | A35G38C31T45

Table 18A: Base Compositions Determined from A. baumannii DNA Samples Obtained from
Northwestern Medical Center and Amplified with Speciating Primer Pair No. 2922 and

Triangulation Genotyping Analysis Primer Pair Nos. 1151 and 1156

PP No: 2922 PP No: 1151 | PP No: 1156
Species Ibis# | Isolate ST efp trpE adk

A. baumannii 54 536 A44G35C24T44 A44G35C22T41 A44G32C26T38
A. baumannii 87 665 A44G35C24T44 A44G35C22T41 | A44G32C26T38
A. baumannii 8 80 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii o1 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 10 92 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 11 131 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 12 137 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 21 218 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 26 242 10 A45334C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 94 678 10 D4A5G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 1 9 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 2 13 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 3 19 10 A45G34C25T43 A44G35C21T42 A44G32C267T38
A. baumannii 4 24 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 5 36 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 6 39 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 13 139 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 15 165 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 16 170 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 17 186 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 20 202 10 A45G34C25T43 A44G35C21T42 A44G32C26T38
A. baumannii 22 221 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 24 234 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 25 239 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 33 370 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
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A. baumannii 34 389 10 A45G34C25T43 A44G35C21T42 | A44G32C26T38
A. baumannii 19 201 14 A44G35C25T43 A44G35C22T41 | A44G32C27T37
A. baumannii 27 257 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 29 301 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 31 354 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 36 422 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 37 424 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 38 434 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 39 473 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 40 482 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 44 512 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 45 516 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 47 522 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 48 526 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 50 528 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 52 531 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 53 533 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 56 542 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 59 550 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 62 556 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 64 557 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 70 588 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 73 603 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 74 605 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 75 606 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 77 611 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 79 622 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 83 643 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 85 653 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 89 669 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 93 674 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 23 228 51 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 32 369 52 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 35 393 52 A44G35C25T43 A43G36C20T43 | A44G32C26T38
A. baumannii 30 339 53 A44G35C25T43 A44G35C19T44 | A44G32C27T37
A. baumannii 41 485 53 A44G35C25T43 A44G35C19T44 | A44G32C27T37
A. baumannii 42 493 53 A44G35C25T43 A44G35C19T44 | A44G32C27T37
A. baumannii 43 502 53 A44G35C25T43 A44G35C19T44 | A44G32C27T37
A. baumannii 46 520 53 A44G35C25T43 A44G35C19T44 | A44G32C27T37
A. baumannii 49 527 53 A44G35C25T43 A44G35C19T44 | A44G32C27T37
A. baumannii 51 529 53 A44G35C25T43 A44G35C19T44 | A44G32C27T37
A. baumannii 65 562 53 A44G35C25T43 A44G35C19T44 | A44G32C27T37
A. baumannii 68 579 53 A44G35C25T43 A44G35C19T44 | A44G32C27T37
A. baumannii 57 546 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 58 548 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 60 552 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 61 555 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
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A. baumannii 63 557 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 66 570 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 67 578 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 69 584 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 71 593 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 72 602 54 A44G35C25T43 A44G35C20T43 A44G32C26T38
A. baumannii 76 609 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 78 621 54 A44G35C25T43 A44G35C20T43 A44G32C26T38
A. baumannili 80 625 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 81 628 54 A44G35C25T43 A44G35C20T43 A44G32C26T38
A. baumannii 82 632 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 84 649 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 86 655 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
. A. baumannii 88 668 54 A44G35C25T43 A44G35C20T43 .| A44G32C26T38
A. baumannii 90 671 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 91 672 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 92 673 54 A44G35C25T43 A44G35C20T43 | A44G32C26T38
A. baumannii 18 196 55 A44G35C25T43 A44G35C20T43 | A44G32C27T37
A. baumannii 55 537 27 A44G35C25T43 A44G35C1L9T44 | A44G32C27T37
A. baumannii 28 263 27 A44G35C25T43 A44G35C19T44 | A44G32C27T37

A. sp. 3 14 164 B7 246G35C24T42 A42G34C20T46 | A43G33C24T40

mixture 7 71 ? mixture ND ND

Table 18B: Base Compositions Determined from A. baumannii DNA Samples Obtained from

Northwestern Medical Center and Amplified with Triangulation Genotyping Analysis Primer Pair

Nos. 1158, 1160 and 1165
PP No: 1158 PP No: 1160 PP No: 1165
Species Ibis# | Isolate ST mutY muty¥Y fumC

A. baumannii 54 536 3 A27G20C27T21 A32G35C28T34 | A40G33C30T36
A. baumannii 87 665 3 A27G20C27T21 A32G35C28T34 A40G33C30T36
A. baumannii 80 10 A27G21C26T21 A32G35C28T34 A40G33C30T36
A. baumannii 9 91 10 A27G21C26T21 A32G35C28T34 A40G33C30T36
A. baumannii 10 92 10 A27G21C26T21 A32G35C28T34 A40G33C30T36
A. baumannii 11 131 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 12 137 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 21 218 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 26 242 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 94 678 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 1 9 10 A27@21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 2 13 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 3 19 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 4 24 10 A27G21C26T21 A323@35C28T34 | A40GB33C30T36
A. baumannii 5 36 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 6 39 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 13 139 10 A27G21C26T21 A32G35C28T34 A40G33C30T36
A. baumannii 15 165 10 A27G21C26T21 A32G35C28T34 A40G33C30T36
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A. baumannii 16 170 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 17 186 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 20 202 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 22 221 10 A27G@21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 24 234 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 25 239 10 A27G21C26T21 A32(G35C28T34 | A40G33C30T36
A. baumannii 33 370 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 34 389 10 A27G21C26T21 A32G35C28T34 | A40G33C30T36
A. baumannii 19 201 14 A27G21C25T22 A31G36C28T34 | A40G33C29T37
A. baumannii 27 257 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 29 301 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 31 354 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 36 422 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 37 424 51 A27G21C25T22 A32G@35C28T34 | A40G33C29T37
A. baumannii 38 434 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 39 473 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 40 482 51 A27G21C25T22 A32@35C28T34 | A40G33C29T37
A. baumannii 44 512 51 A27G21C25T22 A32@35C28T34 | A40G33C29T37
A. baumannii 45 516 51 A27G21C25T22 A32@335C28T34 | A40G33C29T37
A. baumannii 47 522 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 48 526 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 50 528 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 52 531 51 A27G21C25T22 A32@35C28T34 | A40G33C29T37
A. baumannii 53 533 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
' A. baumannii 56 542 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 59 550 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 62 556 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 64 557 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 70 588 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 73 603 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 74 605 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 75 606 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 77 611 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 79 622 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 83 643 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 85 653 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 89 669 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 93 674 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 23 228 51 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 32 369 52 A27G21C25T22 A32G35C28T34 | A40G33C29T37
A. baumannii 35 393 52 A27G21C25T22 A32G@35C28T34 | A40G33C29T37
A. paumannii 30 339 53 A28G20C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 41 485 53 A28G20C26T21 A323G34C29T34 | A40G33C30T36
A. baumannii 42 493 53 A28G20C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 43 502 53 A28G20C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 46 520 53 A28@20C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 49 527 53 A28G20C26T21 A32G34C29T34 | A40G33C30T36
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A. baumannii 51 529 53 A28G20C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 65 562 53 A28G20C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 68 579 53 A28G20C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 57 546 54 A27G21C26T21 A32G34C29T34 A40G33C30T36
A. baumannii 58 548 54 A27G21C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 60 552 54 A27G21C26T21 A32G34C29T34 A40G33C30T36
A. baumannii 61 555 54 A27G21C26T21 A32G34C29T734 A40G33C30T36
A. baumannii 63 557 54 A27G21C26T21 A32G34C29T34 A40G33C30T36
A. baumannii 66 570 54 A27G21C26T21 A32G34C29T34 A40G33C30T36
A. baumannii 67 578 54 A27G21C26T21 A32G34C29T34 A40G33C30T36
A. baumannii 69 584 54 A27G21C26T21 A32G34C29T34 A40G33C30T36
A. baumannii 71 593 54 A27G21C26T21 A32G34C29T34 A40G33C30T36
A. baumannii 72 602 54 A27G21C26T21 A32G34C29T34 A40G33C30T36
A. baumannii .76 609 54 A27G21C26T21 A32G34C29T34 A40G33C30T36
A. baumannii 78 621 54 A27G21C26T21 A32G34C29T34 A40G33C30T36
A. baumannii 80 625 54 A27G21C26T21 A32G34C29T34 A40G33C30T36
A. baumannii 81 628 54 A27G21C26T21 A323G34C29T34 A40G33C30T36
A. baumannii 82 632 54 A27G21C26T21 A32G34C29T34 A40G33C30T36
A. baumannii 84 649 54 A27G21C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 86 655 54 A27G21C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 88 668 54 A27G321C26T21 A32G34C29T34 A40G33C30T36
A. baumannii 90 671 54 A27G21C26T21 A32G34C29T34 A40G33C30T36
A. baumannii 91 672 54 A27G21C26T21 A32G34C29T34 A40G33C30T36
A. baumannii 22 673 54 A27G21C26T21 A32G34C29T34 | A40G33C30T36
A. baumannii 18 196 55 A27G21C25T22 A31G36C27T35 | A40G33C29T37
A. baumannii 55 537 27 A27G21C25T22 A32G35C28T34 | A40G33C30T36
A. baumannii 28 263 27 A27G21C25T22 A32G35C28T34 | A40G33C30T36

A. sp. 3 14 164 B7 A26G23C23T23 A30G36C27T36 | A39G37C26T37

mixture 7 71 ? ND ND ND

Table 18C: Base Compositions Determined from A. baumannii DNA Samples Obtained from

Northwestern Medical Center and Amplified with Triangulation Genotyping Analysis Primer Pair
Nos. 1167, 1170 and 1171

PP No: 1167 PP No: 1170 | PP No: 1171
Species Ibis# | Isolate ST fumC fumC ppa

A. baumannii 54 536 3 A41G34C35T37 A38G27C20T51 | A35G37C31T46
A. baumannii 87 665 3 A41G34C35T37 A38G27C20T51 | A35G37C31T46
A. baumannii 8 80 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 91 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 10 92 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 11 131 10 241G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 12 137 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 21 218 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 26 242 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 24 678 10 A38G27C21T50 A35G37C33T44

A41G34C34T38
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A. baumannii 1 9 10 RA41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 2 13 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 3 19 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 4 24 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumamnii 5 36 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 6 39 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 13 139 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 15 165 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 16 170 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 17 186 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 20 202 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 22 221 10 A41G34C34T38 A3B8G27C21T50 | A35G37C33T44
A. baumannii 24 234 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 25 239 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 33 370 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 34 389 10 A41G34C34T38 A38G27C21T50 | A35G37C33T44
A. baumannii 19 201 14 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 27 257 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 29 301 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 31 354 51 A40G35C34T38 A38G27C21T50 [ A35G37C30T47
A. baumannii 36 422 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 37 424 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 38 434 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 39 473 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
' A. baumannii 40 482 51 A40G35C34T38 A38@27C21T50 | A35G37C30T47
A. baumannii 44 512 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 45 516 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 47 522 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 48 526 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 50 528 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 52 531 51 A40G35C34T38 A38G@27C21T50 | A35G37C30T47
A. baumannii 53 533 51 A40G35C34T38 A38G27C21T50 | A35@37C30T47
A. baumannii 56 542 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 59 550 51 A40G35C34T38 A38@27C21T50 | A35G37C30T47
A. baumannii 62 556 51 A40G35C34T38 A38@27C21T50 | A35G37C30T47
A. baumannii 64 557 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 70 588 51 A40G35C34T38 A38@27C21T50 | A35G37C30T47
A. baumannii 73 603 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 74 605 51 A40G35C34T38 A38@27C21T50 | A35G37C30T47
A. baumannii 75 606 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 77 611 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 79 622 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 83 643 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 85 653 51 A40G35C34T38 A38@27C21T50 | A35G37C30T47
A. baumannii 89 669 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 23 674 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
A. baumannii 23 228 51 A40G35C34T38 A38G27C21T50 | A35G37C30T47
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A. baumannii 32 369 52 A40G35C34T38 A38G27C21T50 | A35G37C31T46
A. baumannii 35 393 52 A40G35C34T38 A38G27C21T50 | A35G37C31T46
A. baumannii 30 339 53 A40G35C35T37 A38G27C21T50 | A35G37C31T46
A. baumannii 41 485 53 A40G35C35T37 A38G27C21T50 | A35G37C31T46
A. baumannii 42 493 53 A40G35C35T37 A38G27C21T50 | A35G37C31T46
A. baumannii 43 502 53 A40G35C35T37 A38G27C21T50 | A35G37C31T46
A. baumannii 46 520 53 A40G35C35T37 A38G27C21T50 | A35G37C31T46
A. baumannii 49 527 53 A40G35C35T37 A38G27C21T50 | A35G37C31T46
A. baumannii 51 529 53 A40G35C35T37 A38G27C21T50 | A35G37C31T46
A. baumannii 65 562 53 A40G35C35T37 A38G27C21T50 | A35G37C31T46
A. baumannii 68 579 53 A40G35C35T37 A38G27C21T50 | A35G37C31T46
A. baumannii 57 546 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 58 548 54 A40G35C34T38 A39G26C22T4S | A35G37C31T46
A. baumannii 60 552 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 61 555 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 63 557 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 66 570 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 67 578 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 69 584 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 71 593 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 72 602 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 76 609 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 78 621 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 80 625 54 A40G35C34T38 A39G26C22T49 A35G37C31T46
A. baumannii 81 628 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 82 632 54 A40G35C34T38 A39G26C22T49 A35G37C31T46
A. baumannii 84 649 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 86 655 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 88 668 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 90 671 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii o1 672 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 92 673 54 A40G35C34T38 A39G26C22T49 | A35G37C31T46
A. baumannii 18 196 55 A42G34C33T38 A38G27C20T51 | A35G37C31T46
A. baumannii 55 537 27 A40G35C33T39 A38G27C20T51 | A35G37C33T44
A. baumannii 28 263 27 A40G35C33T39 A38G27C20T51 | A35G37C33T44
A. sp. 3 14 164 B7 A43G37C30T37 A36G27C24T49 | A34G37C31T47
mixture 7 71 - ND ND ND

[422] Base composition analysis of the samples obtained from Walter Reed hospital indicated that
a majority of the strain types identified were the same strain types already characterized by the OIF
study of Example 12. This is not surprising since at least some patients from which clinical samples
were obtained in OIF were transferred to the Walter Reed Hospital (WRAIR). Examples of these
common strain types include: ST10, ST11, ST12, ST14, ST15, ST16 and ST46. A strong correlation
was noted between these strain types and the presence of mutations in the gyrA and parC which confer

quinolone drug resistance. ’ .
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[423] In contrast, the results of base composition analysis of samples obtained from Northwestemn
Medical Center indicate the presence of 4 major strain types: ST10, ST51, ST53 and ST54. All of these
strain types have the gyrA quinolone resistance mutation and most also have the parC quinolone
resistance mutation, with the exception of ST35. This observation is consistent with the current
understanding that the gyrA mutation generally appears before the parC mutation and suggests that the
acquisition of these drug resistance mutations is rather recent and that resistant isolates are taking over
the wild-type isolates. Another interesting observation was that a single isolate of ST3 (isolate 841)
displays a triangulation genotyping analysis pattern similar to other isolates of ST3, but the codon
analysis amplification product base compositions indicate that this isolate has not yet undergone the

quinolone resistance mutations in gyrA and parC.

[424] The six isolates that represent species other than Acinetobacter baumannii in the samples

obtained from the Walter Reed Hospital were each found to not carry the drug resistance mutations.

[425] The results described above involved analysis of 183 samples using the methods and
compositions of the present invention. Results were provided to collaborators at the Walter Reed
hospital and Northwestern Medical center within a week of obtaining samples. This example highlights
the rapid throughput characteristics of the analysis platform and the resolving power of triangulation
genotyping analysis and codon analysis for identification of and determination of drug resistance in

bacteria.

Example 14: Identification of Drug Resistance Genes and Virulence Factors in Staphylococcus
aureus

[426]  An eight primer pair panel was designed for identification of drug resistance genes and
virulence factors of Staphylococcus aureus and is shown in Table 19. The primer sequences are found in
Table 2 and are cross-referenced by the primer pair numbers, primer pair names or SEQ ID NOs listed
in Table 19.

Table 19: Primer Pairs for Identification of Drug Resistance Genes and Virulence Factors in

Staphylococcus aureus

Primer Forward Primexr Name Forward | Reverse Primer Name Reverse Target
Pair Primer Primer Gene
No. (SEQ ID f (SEQ ID

NO:) NO:)
879 MECA ¥14051 4507 4530 F 288 MECA Y14051 4555 4581 R 1269 mecA
2056 MECI-R _NC003923-41798~ 698 MECI-R_NC003923-41798- 1420 MecI-R
41609 33 60 F 41609 86 113 R
2081 ERMA NC002952-55890- 217 ERMA NC002952-55890- 1167 exrmA
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56621 366 395 F 56621 438 465 R

2086 ERMC_NC005908-2004- 399 ERMC_NC005908-2004~ 1041 exrmC
2738 85 116 F 2738 173 206 R

2095 PVLUK_NC003923-1529595~ 456 PVLUK_NC003923-1529595~ 1261 Pv-luk
1531285 688 713 F 1531285 775 804 R

2249 TUFB_NC002758-615038- 430 TUFB_NC002758-615038- 1321 tufB
616222 696 725 F 616222 793 820 R

2256 NUC_NC002758-894288~ 174 NUC_NC002758-894288~- 853 Nuc
894974 316 345 F 894974 396 421 R

2313 MUPR_X75439 2486 2516 F 172 MUPR _X75439 2548 2574 R 1360 mupR

[427]  Primer pair numbers 2256 and 2249 are confirmation primers designed with the aim of high
level identification of Staphylococcus aureus. The nuc gene is a Staphylococcus aureus-specific marker
gene. The tufB gene is a universal housekeeping gene but the bioagent identifying amplicon defined by
primer pair number 2249 provides a unique base composition (A43 G28 C19 T35) which distinguishes

Staphylococcus aureus from other members of the genus Staphylococcus.

[428]  High level methicillin resistance in a given strain of Staphylococcus aureus is indicated by
bioagent identifying amplicons defined by primer pair numbers 879 and 2056. Analyses have indicated
that primer pair number 879 is not expected to prime S. sciuri homolog or Enterococcus faecalis/faciem

ampicillin-resistant PBP5 homologs.

[429] Macrolide and erythromycin resistance in a given strain of Staphylococcus aureus is indicated

by bioagent identifying amplicons defined by primer pair numbers 2081 and 2086.

[430]  Resistance to mupriocin in a given strain of Staphylococcus aureus is indicated by bioagent

identifying amplicons defined by primer pair number 2313.

[431]  Virulence in a given strain of Staphylococcus aureus is indicated by bioagent identifying
amplicons defined by primer pair number 2095. This primer pair can simultaneously and identify the pvl
(lukS-PV) gene and the IukD gene which encodes a homologous enterotoxin. A bioagent identifying
amplicon of the IukD gene has a six nucleobase length difference relative to the lukS-PV gene.

[432] A total of 32 blinded samples of different strains of Staphylococcus aureus were provided by
the Center for Disease Control (CDC). Each sample was analyzed by PCR amplification with the eight
primer pair panel, followed by purification and measurement of molecular masses of the amplification
products by mass spectrometry. Base compositions for the amplification products were calculated. The
base compositions provide the information summarized above for each primer pair. The results are
shown in Tables 20A and B. One result noted upon un-blinding of the samples is that each of the PVL+
identifications agreed with PVL+ identified in the same samples by standard PCR assays. These results
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indicate that the panel of eight primer pairs is useful for identification of drug resistance and virulence
sub-species characteristics for Staphylococcus aureus. It is expected that a kit comprising one or more of

the members of this panel will be a useful embodiment of the present invention.

Table 20A: Drug Resistance and Virulence Identified in Blinded Samples of Various Strains of
Staphylococcus aureus with Primer Pair Nos. 2081, 2086, 2095 and 2256

Sample Index No. Primer Pair No. Primer Pair No. Primer Pair No. Primer Pair No.
2081 (exma) 2086 (ermC) 2095 (pv-1luk) 2256 (nuc)
CDC0010 - - PVL~/1lukD+ +
- - PVL+/lukD+ +
CDC0015
- + PVL-/1lukD+ +
CDC0019
+ PVL~/1lukD+ +
CDC0026 -
+ PVL-/lukD+ +
CDC0030 -
- PVL+/1lukD+ +
CDC004 -
- + PVL+/lukD+ +
CDC0014
- - PVL-/1lukD+ +
CDCO008
+ - PVL-/lukD+ +
CDCOO01L
+ - PVL~/lukD+ +
CDC0022
+ - PVL-/lukD+ +
CDC006
- - PVL-/lukD+ +
CDC007
+ - PVL-/1lukD+ +
CDCVRSAL
+ + PVL-/1lukD+ +
CDCVRSA2
+ - PVL-~/1lukD+ +
CDC0011
- - PVL+/lukD- +
CDCO0012
+* - PVL~/lukD+ +
CDC0021
+ - PVL-/1ukD+ +
CDC0023
+ - PVL-/1lukD+ +
CDC0025
- - PVL~-/1lukD+ +
CDCO005
+ - PVL+/1lukD- +
CDC0018
- - PVL-/lukD+ +
CDC002
+ - PVL-/lukD+ +
CDC0028
- - PVL-/lukD+ +
CDC003
- - PVL+/1ukD+ +
CDC0013
- - PVL-~/1lukD+ +
CDC0016
+ - PVL-/lukD+ +
CDC0027
- - PVL+/lukD+ +
CDC0029
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- + PVL~-/lukD+ +
CDC0020
- - PVL-/1lukD+ +
CDC0024
- - PVL-/lukD+ +
CDC0031

Table 20B: Drug Resistance and Virulence Identified in Blinded Samples of Various Strains of

Staphylococcus aureus with Primer Pair Nos. 2249, 879, 2056, and 2313

Sample Primer Pair No. 2249 Primer Pair No. Primer Pair No. Primer Pair No.
Index No. (tufs) 879 (mecd) 2056 (mecI-R) 2313 (mupR)
CDC0010 Staphylococcus aureus + + -
Staphylococcus aureus - - -
CDCO0015
Staphylococcus aureus o+ + -
CDC0019
Staphylococcus aureus + + -
CDC0026
Staphylococcus aureus + + -
CDC0030
Staphylococcus aureus + + -
CDC004
Staphylococcus aureus + + -
CDC0014
Staphylococcus aureus + + -
CDC008
Staphylococcus aureus + + -
CDCOOL
Staphylococcus aureus + + -
CDC0022
Staphylococcus aureus + + +
CDC006
Staphylococcus aureus + + -
CDCO007
Staphylococcus aureus + + -
CDCVRSAL
Staphylococcus aureus + + -
CDCVRSA2
Staphylococcus aureus - - -
CDCo011
Staphylococcus aureus + + -
CDC0012
Staphylococcus aureus + + -
CDC0021
Staphylococcus aureus + + -
CDC0023
Staphylococcus aureus + + -
CDC0025
Staphylococcus aureus + + -
CDC005
Staphylococcus aureus + + -
CDC0018
Staphylococcus aureus + + -
CDC002
Staphylococcus aureus + + -
CDC0028
Staphylococcus aureus *+ + -
CDCO003
Staphylococcus aureus + + -
CDC0013
Staphylococcus aureus + + -
CDC0016
Staphylococcus aureus + + -
CDC0027
Staphylococcus aureus + + -
CDC0029
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Staphylococcus aureus - - -

CDC0020
Staphylococcus aureus + + -

CDC0024
Staphylococcus scleiferi - - -

CDC0031

Example 15: Selection and Use of Triangulation Genotyping Analysis Primer Pairs for
Staphylococcus aureus
[433]

amplicons with the sub-species characteristic resolving power provided by triangulation genotyping

To combine the power of high-throughput mass spectrometric analysis of bioagent identifying

analysis, a panel of eight triangulation genotyping analysis primer pairs was selected. The primer pairs
are designed to produce bioagent identifying amplicons within six different housekeeping genes which
are listed in Table 21. The primer sequences are found in Table 2 and are cross-referenced by the primer

pair numbers, primer pair names or SEQ ID NOs listed in Table 21.

Table 21: Primer Pairs for Triangulation Genotyping Analysis of Staphylococcus aureus

Primer Forward Primer Name Forward | Reverse Primer Name Reverse Target
Pair Primer Primer Gene
No. (SEQ ID (SEQ ID

NO:) NO:)

2146 ARCC_NC003923-2725050- 437 ARCC_NC003923-2725050- 1137 arcC
2724595 131 161 F 2724595 214 245 R

2149 AROE_NC003923-1674726- 530 AROE_NC003923-1674726- 891 arok
1674277 30 62 F 1674277 155 181 R

2150 AROE_NC003923-1674726~ 474 AROE_NC003923-1674726~ 869 arok
1674277 204 232 F 1674277 308 335 R

2156 GMK_NC003923-1190906- 268 GMK_NC003923-1190906- 1284 gmk
1151334 301 329 F 1191334 403 432 R

2157 PTA_NC003923-628885-~ 418 PTA_NC003923-628885- 1301 pta
629355 237 263 F 629355 314 345 R

2161 TPI_NC003923-830671- 318 TPI_NC003923-830671- 1300 tpi
831072 1 34 F 831072 97 129 R

2163 YQI _NC003923-378916- 440 YQI_NC003923-378916- 1076 ygi
379431 142 167 F 379431 259 284 R

2166 YQI_NCO0039223-378916- 219 YQI_NC003923-378916~ 1013 yai
379431 275 300 F 379431 364 396 R

[434] The same samples analyzed for drug resistance and virulence in Example 14 were subjected

to triangulation genotyping analysis. The primer pairs of Table 21 were used to produce amplification
products by PCR, which were subsequently purified and measured by mass spectrometry. Base

compositions were calculated from the molecular masses and are shown in Tables 22A and 22B.

Table 22A: Triangulation Genotyping Analysis of Blinded Samples of Various Strains of
Staphylococcus aureus with Primer Pair Nos. 2146, 2149, 2150 and 2156

Sample Primer Pair No. Primer Pair No. Primer Pair No. Primer Pair No.
Index No. Strain 2146 (arcC) 2149(aroE) 2150 (aroE) 2156 (gmk)
CDC0010 COL Ad44 G24 C18 T29 A59 G24 C18 T51 A40 G36 Cl3 T43 A50 G30 C20 T32
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Ad4 G24 C18 T29

A59 G24 Cl8 T51

A40 G36 Cl3 T43

A50 G30 C20 T32

Ad44 G24 Cl18 T29

A59 G24 C18 TS1

240 G36 C13 T43

A50 G30 C20 T32

Ad4 G24 C1l8 T29

A59 G24 Cl8 TSl

A40 G36 C13 T43

AS50 G30 C20 T32

Ad4 G24 C1l8 T29

A59 G24 Cl18 TS1

A40 G36 C13 T43

AS0 G30 C20 T32

Ad4 G24 C18 T29

A59 G24 Cl8 T51

A40 G36 Cl13 T43

AS50 G30 C20 T32

A44 G24 C18 T29

AS9 G24 C18 T51

A40 G36 Cl3 T43

A50 G30 C20 T32

A44 G24 Cl8 T29

AS59 G24 C18 TS51

A40 G36 Cl3 T43

A50 G30 C20 T32

A45 G23 C20 T27

A58 G24 Cls T52

A40 G36 C13 T43

A51 G29 C21 T3l

A45 G23 C20 T27

A58 G24 C18 TS2

A40 G36 C13 T43

A5l G295 C21 T3l

A45 G23 C20 T27

A58 G24 Ci8 T52

A40 G36 Cl3 T43

AS1 G29 C21 T31

A45 G24 Cl18 T28

A58 G24 Cl9 TS51

A4l G36 Cl2 T43

A51 G2% C21 T31

A45 G24 Cl8 T28

A58 G24 Ci9 TS51

A4l G36 Cl2 T43

A51 G295 C21 T3l

A45 G24 Cl18 T28

A58 G24 Cl8 T51

A4l G36 Cl2 T43

A5l G29 C21 T3l

A45 G24 C18 T28

A59 G24 Cl8 T51

A40 G36 C13 T43

A50 G30 C20 T32

A45 G24 Cl18 T28

A59 G24 C18 T51

A40 G36 C13 T43

A50 G30 C20 T32

A44 G24 Cl8 T29

A59 G23 ClS T51

A40 G36 Cl4 T42

A51 G29 C21 T31

Ad4 G24 C18 T29

A59 G23 C15 T51

A40 G36 Cl4 T42

A51 G238 C21 T31

Ad6 G23 C20 T26

A58 G24 C1l9 T51

A42 G36 Cl2 T42

A51 G292 C20 T32

A46 G23 C20 T26

A58 G24 Cl9 T51

A42 G36 Cl2 T42

A51 G29 C20 T32

A45 G23 C20 T27

A58 G24 Cl8 T52

A40 G36 C13 T43

AS1l G28 C21 T31

ND

A59 G24 Ci8 T51

A40 G36 C13 T43

AS51 G29 C21 T31

A45 G23 C18 T29

A58 G24 C19 TS1

A40 G37 C13 T42

A51 G29 C21 T31

A45 G23 C20 T27

A58 G24 Cl18 T52

A40 G36 C13 T43

A5l G29 C21 T31

A45 G23 C20 T27

A58 G24 C19 TS51

A40 G36 C13 T43

AS50 G30 C20 T32

Ad44 G23 C21 T27

A59 G23 Cl18 T52

A40 G36 Cl3 T43

AS50 G30 C20 T32

A45 G23 C20 T27

AS57 G25 C19 T51

A40 G36 C13 T43

A5l G29 C22 T30

CDC001S COL
CDCO019 CoLn
CDC0026 COL
CDC0030 CoL
CDC004 COoL
CDC0014 COoL
CDCO0C8 22?2
CDC001 Mus0
CDC0022 Mu50
CDC006 Mu50
CDC0011 MRSA252
CDC0012 MRSA252
CDC0021 MRSA252
CDC0023 ST:110
CDC0025 ST:110
CDC005 ST:338
CDCO0018 ST:338
CDC002 ST:108
CDC0028 ST:108
CDC003 ST:107
CDC0013 ST:12
CDC0016 ST:120
CDC0027 ST:105
CDC0029 MSSA476
CDC0020 ST:15
CDC0024 ST:137
CDC0031 kol

No product

No product

No product

No product

Table 22B: Triangulation Genotyping Analysis of Blinded Samples of Various Strains of

Staphylococcus aureus with Primer Pair Nos. 2146, 2149, 2150 and 2156

Primer Pair No.

2157 (pta)

Primer Pair No.
2161 (tpi)

Primer Pair No.
2163 (yqi)

Primer Pair No.
2166 (yqi)

A32 G25 C23 T29

AS51 G28 C22 T28

A4l G37 C22 T43

A37 G30 Cl8 T37

A32 G25 C23 T29

A51 G28 C22 T28

A4l G37 C22 T43

A37 G30 Cl8 T37

A32 G25 C23 T29

A5l G28 C22 T28

A4l G37 C22 T43

A37 G30 Ci8 T37

Sample
Index No. Strain
CDC0010 COL
CDC0015 COL
CDCO0019 COL
CpC0026 COL:

A32 G25 C23 T29

A5l G28 C22 T28

A4l G37 C22 T43

A37 G30 C18 T37
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CDC0030 coL A32 G25 C23 T29 A5l G28 C22 T28 A4l G37 C22 T43 A37 G30 Cl8 T37
CbC004 coLn A32 G25 C23 T29 A51 G28 C22 T28 A4l G37 C22 T43 A37 G30 Clg T37
CDCo014 COL A32 G25 C23 T29 A5l G28 C22 T28 A4l G37 C22 T43 A37 G30 Cl8 T37
CDC008 unknown A32 G25 C23 T29 AS51 G28 C22 T28 A4l G37 C22 T43 A37 G30 _Cl8 T37
CDC001 Mu50 A33 G25 C22 T29 A50 G28 C22 T29 A42 G36 C22 T43 A36 G31 Cl9 T36
CDC0022 Mu50 A33 G25 C22 T29 AS50 G28 C22 T29 A42 G36 C22 T43 A36 G31 Cl9 T36
CDCQ06 Mu50 A33 G25 C22 T29 AS50 G28 C22 T29 A42 G36 C22 T43 A36 G31 C19 T36
CDCOO011 MRSA252 A32 G25 C23 T29 A50 G28 C22 T29 A42 G36 C22 T43 A37 G30 C18 T37
CDCo012 MRSA252 A32 G25 C23 T29 A50 G28 C22 T29 A42 G36 C22 T43 A37 G30 C18 T37
CDCo021 MRSA252 A2 G25 C23 T29 AS0 G28 C22 T29 A42 G36 C22 T43 A37 G30 C18 T37
CDC0023 ST:110 A32 G25 C23 T29 AS1 G28 C22 T28 A4l G37 C22 T43 A37 G30 C18 T37
CDC0025 ST:110 A32 G25 C23 T29 A5l G628 C22 T28 A4l G37 C22 T43 A37 G30 Cl8 T37
CDC005 ST:338 A32 G25 C24 T28 AS51 G27 C21 T30 A42 G36 C22 T43 A37 G30 Cl18 T37
CDC0018 ST:338 A32 G25 C24 T28 A5l G27 C21 T30 A42 G36 C22 T43 A37 G30 Cl18 T37
CDCO02 ST:108 A33 G25 C23 T28 A50 G628 C22 T29 A42 G36 C22 T43 A37 G30 C18 T37
CDC0028 ST:108 A33 G25 C23 T28 A50 G28 C22 T29 A42 G36 C22 T43 A37 G30 Cls T37
CDC003 ST:107 A32 G25 C23 T29 AS51 G28 C22 T28 A4l G37 C22 T43 A37 G30 Cl18 T37
CDC0013 ST:12 A32 G25 C23 T2% A51 G28 C22 T28 A42 G36 C22 T43 A37 G30 Cl8 T37
CDCO016 ST:120 A32 G25 C24 T28 A50 G28 C21 T30 A42 G36 C22 T43 A37 G30 Cl8 T37
CDC0027 ST:105 A33 G25 C22 T29 AS0 G28 C22 T29 A43 G36 C21 T43 A36 G31 Cl9 T36
CDC0029 MSSA476 A33 G25 C22 T29 A50 G28 C22 T29 Ad2 G36 C22 T43 A36 G31 Cl19 T36
CDC0020 ST:15 A33 G25 C22 T29 AS50 G28 C21 T30 A42 G36 C22 T43 A36 G31 Cl8 T37
CDC0024 ST:137 A33 G25 C22 T29 A5l G28 C22 T28 A42 G36 C22 T43 A37 G30 Cl8 T37
CDC0031 bl A34 G25 C25 T25 A51 G27 C24 T27 No product No product

[435] Note: *** The sample CDC0031 was identified as Staphylococcus scleiferi as indicated in
Example 14. Thus, the triangulation genotyping primers designed for Staphylococcus aureus would
generally not be expected to prime and produce amplification products of this organism. Tables 22A and
22B indicate that amplification products are obtained for this organism only with primer pair numbers
2157 and 2161.

[436] A total of thirteen different genotypes of Staphylococcus aureus were identified according to
the unique combinations of base compositions across the eight different bioagent identifying amplicons
obtained with the eight primer pairs. These results indicate that this eight primer pair panel is useful for

analysis of unknown or newly emerging strains of Staphylococcus aureus. It is expected that a kit
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comprising one or more of the members of this panel will be a useful embodiment of the present

invention.

Example 16: Selection and Use of Triangulation Genotyping Analysis Primer Pairs for Members
of the Bacterial Genus Vibrio

[437]  To combine the power of high-throughput mass spectrometric analysis of bioagent identifying
amplicons with the sub-species characteristic resolving power provided by triangulation genotyping
analysis, a panel of eight triangulation genotyping analysis primer pairs was selected. The primer pairs
are designed to produce bioagent identifying amplicons within seven different housekeeping genes
which are listed in Table 23. The primer sequences are found in Table 2 and are cross-referenced by the

primer pair numbers, primer pair names or SEQ ID NOs listed in Table 23.

Table 23: Primer Pairs for Triangulation Genotyping Analysis of Members of the Bacterial Genus

Vibrio
Primer Forward Primer Name Forward | Reverse Primer Name Reverse Target
Pair Primer Primer Gene
No. (SEQ ID (SEQ ID
NO:) NO:)
1098 RNASEP VBC 331 349 F 325 RNASEP VBC 388 414 R 1163 RNAse P
2000 CTXB NC002505 46 70 F 278 CTXB NC002505 132 162 R 1039 ctxB
2001 FUR NC002505 87 113 F 465 FUR NC002505 205 228 R 1037 fur
2011 GYRB_NC002505_1161_1190 148 1172 gyrB
F GYRB NC002505 1255 1284 R
2012 OMPU NCO002505 85 110 F 190 OMPU NC002505 154 180 R 1254 ompU
2014 OMPU NC002505 431 455 F 266 OMPU NC002505 544 567 R 1094 ompU
2323 CTXA NC002505-1568114- 508 CTXA NC002505-1568114- 1297 ctxA
1567341 122 149 F 1567341 186 214 R
2927 GAPA NC002505 694 721 F 259 GAPA NC 002505 29 58 R 1060 gapA
[438] A group of 50 bacterial isolates containing multiple strains of both environmental and

clinical isolates of Vibrio cholerae, 9 other Vibrio species, and 3 species of Photobacteria were tested
using this panel of primer pairs. Base compositions of amplification products obtained with these 8
primer pairs were used to distinguish amongst various species tested, including sub-species
differentiation within Vibrio cholerae isolates. For instance, the non-O1/non-0139 isolates were clearly
resolved from the O1 and the 0139 isolates, as were several of the environmental isolates of Vibrio

cholerae from the clinical isolates.

[439] It is expected that a kit comprising one or more of the members of this panel will be a useful

embodiment of the present invention.

Example 17: Selection and Use of Triangulation Genotyping Analysis Primer Pairs for Members

of the Bacterial Genus Pseudomonas
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[440]  To combine the power of high-throughput mass spectrometric analysis of bioagent identifying
amplicons with the sub-species characteristic resolving power provided by triangulation genotyping
analysis, a panel of twelve triangulation genotyping analysis primer pairs was selected. The primer pairs
are designed to produce bioagent identifying amplicons within seven different housekeeping genes
which are listed in Table 24. The primer sequences are found in Table 2 and are cross-referenced by the

primer pair numbers, primer pair names or SEQ ID NOs listed in Table 24.

Table 24: Primer Pairs for Triangulation Genotyping Analysis of Members of the Bacterial Genus

Pseudomonas
Primer Forward Primer Name Forward | Reverse Primer Name Reverse Target
Pair Primer Primer Gene
No. (SEQ ID ‘ (SEQ ID
NO:) NO:)
ACS_NC002516-970624-~ 376 ACS_NC002516-970624- 1265 acsA
2949 | 971013 299 316 _F 971013 364 383 R
ARO_NC002516-26883- 267 BRO_NC002516-26883- 1341 aroE
2950 | 27380 4 26 F 27380 111 128 R
BRO_NC002516-26883- 705 ARO_NC002516-26883~ 1056 arok
2951 | 27380_356_377 F 27380 459 484 R
GUA_NC002516-4226546- 710 GUA_NCO002516-4226546-~ 1259 guaa
2954 | 4226174 155 178 F 4226174 265 287 R
GUA_NCO002516-4226546- 374 GUA_NCO002516-4226546- 1111 guah
2956 | 4226174 242 263 F 4226174 355 371 R
MUT_NC002516-5551158- 545 MUT_NCO002516-5551158~ 978 muth
2957 | 5550717 5 26 F 5550717 99 116 R
NUO_NC002516-2984589- 249 NUO_NC002516-2984589- 1095 oD
2959 | 2984954 8 26 _F 2984954 97 117 R
NUO_NC002516-2984589- 195 NUO_NC002516-2984589- 1376 )
2960 | 2984954 218 239 F 2984954 301 326 R
PPS_NC002516-1915014- 311 PPS_NC002516-1915014- 1014 joiel)
2961 | 1915383_44 63 F 1915383 140_165 R
PPS_NC002516-1915014- 365 PPS_NC002516-1915014- 1052 PpSs
2962 | 1915383 240 258 F 1915383 341 360 R
TRP_NC002516-671831- 527 TRP_NC002516-671831- 1071 trpE
2963 | 672273 24 42 F : 672273 131 150 R
TRP_NC002516-671831- 450 TRP_NC002516-671831- 1182 trpE
2964 | 672273_261 282 F 672273 _362 383 R
[441] 1t is expected that a kit comprising one or more of the members of this panel will be a useful
embodiment of the present invention.
[442] The present invention includes any combination of the various species and subgeneric

groupings falling within the generic disclosure. This invention therefore includes the generic description
of the invention with a proviso or negative limitation removing any subject matter from the genus,

regardless of whether or not the excised material is specifically recited herein.

[443] While in accordance with the patent statutes, description of the various embodiments and

examples have been provided, the scope of the invention is not to be limited thereto or thereby.
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Modifications and alterations of the present invention will be apparent to those skilled in the art without

departing from the scope and spirit of the present invention.

[444] Therefore, it will be appreciated that the scope of this invention is to be defined by the

appended claims, rather than by the specific examples which have been presented by way of example.

[445] Each reference (including, but not limited to, journal articles, U.S. and non-U.S. patents,
patent application publications, international patent application publications, gene bank gi or accession
numbers, internet web sites, and the like) cited in the present application is incorporated herein by

reference in its entirety.
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CLAIMS
What is claimed is:
L. An oligonucleotide primer 14 to 35 nucleobases in length comprising at least 70% sequence

identity with SEQ ID NO: 456.

2, An oligonucleotide primer 14 to 35 nucleobases in length comprising at least 70% sequence
identity with SEQ ID NO: 1261.

3. A composition comprising the primer of claim 1.

4. The composition of claim 3 further comprising an oligonucleotide primer 14 to 35
nucleobases in length comprising at least 70% sequence identity with SEQ ID NO: 1261.

5. The composition of claim 4 wherein either or both of said primers comprises at least one
modified nucleobase.

6. The composition of claim 5 wherein said modified nucleobase is 5-propynyluracil or 5-
propynylcytosine.

7. The composition of claim 4 wherein either or both of said primers comprises at least one
universal nucleobase.

8. The composition of claim 7 wherein said universal nucleobase is inosine.

9. The composition of claim 4 wherein either or both of said primers further comprises a non-

templated T residue on the 5-end.

10. The composition of claim 4 wherein either or both of said primers comprises at least one non-
template tag.
I1. The composition of claim 4 wherein either or both of said primers comprises at least one

molecular mass modifying tag.

12. A kit comprising the composition of claim 4.
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13. The kit of claim 12 further comprising one or more primer pairs wherein each member of said
one or more primer pairs is of a length of 14 to 35 nucleobases and has 70% to 100% sequence identity
with the corresponding member from the group of primer pairs represented by SEQ ID NOs: 288:1269,
698:1420, 217:1167, 399:1041, 430:1321, 174:853, and 172:1360.

14. The kit of claim 12 further comprising one or more calibration polynucleotides.

15. The kit of claim 12 further comprising at least one anion exchange functional group linked to

a magnetic bead.

16. A method for identification of a strain of Staphylococcus aureus in a sample comprising:

amplifying nucleic acid from said strain of Staphylococcus aureus using the composition of
claim 4 to obtain an amplification product;

determining the molecular mass of said amplification product;

optionally, determining the base composition of said amplification product from said
molecular mass; and

comparing said molecular mass or said base composition with a plurality of molecular masses
or base compositions of known amplification products of strains of Staphylococcus aureus defined by
the composition of claim 4, wherein a match between said molecular mass or base composition and a
member of said plurality of molecular masses or base compositions identifies said strain of

Staphylococcus aureus.

17. The method of claim 16 further comprising repeating said amplifying, determining, optionally
determining, and comparing steps using at least one additional primer pair, wherein each member of said
at least one additional primer pair is of a length of 14 to 35 nucleobases and has 70% to 100% sequence
identity with the corresponding member from the group of primer pairs represented by SEQ ID NOs:
288:1269, 698:1420, 217:1167, 399:1041, 430:1321, 174:853, and 172:1360.

18. The method of claim 16 wherein said strain of Staphylococcus aureus is a virulent strain.

19. The method of claim 18 wherein said strain of Staphylococcus aureus is a virulent strain.

20. A method for determination of the quantity of a strain of Staphylococcus aureus in a sample
comprising:
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contacting said sample with the composition of claim 4 and a known quantity of a calibration
polynucleotide comprising a calibration sequence;

concurrently amplifying nucleic acid from said a strain of Staphylococcus aureus and nucleic
acid from said calibration polynucleotide in said sample with the composition of claim 4 to obtain a first
amplification product comprising a bacterial bioagent identifying amplicon and a second amplification
product comprising a calibration amplicon;

determining the molecular mass and abundance for said bacterial bioagent identifying
amplicon and said calibration amplicon; and

distinguishing said bacterial bioagent identifying amplicon from said calibration amplicon
based on molecular mass, wherein comparison of bacterial bioagent identifying amplicon abundance and
calibration amplicon abundance indicates the quantity of said strain of Staphylococcus aureus in said

sample.
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<110>

<120>

<130>

<150>
<151>

<150>
<151>

<150>
<151>

<150>
<1l51>

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

<220>
<223>

<400>

SEQUENCE LISTING
Sampath, Rangarajan
Hall, Thomas A.
Eshoo, Mark W.

COMPOSITIONS FOR IDENTIFICATION OF
BACTERIA

DIBIS-0083WO

60/674,118
2005-04-21

60/705,631
2005-08-03

60/732,539
2005-11-01

60/773,124
2006-02-13

1464

FastSEQ for Windows Version 4.0
1

24

DNA

Artificial Sequence

Primer

1

aaactagata acagtagaca tcac

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

<220>
<223>

<400>

2

29

DNA

Artificial Sequence

Primer

2

aaccttaatt ggaaagaaac ccaagaagt

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

<220>
<223>

<400>

3

17

DNA

Artificial Sequence

Primer

3

aacgcacaat cagaagc

1/271
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<210> 4

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 4
aactaccgtc cgcagttcta cttcee

<210> 5

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 5
aactaccgtc ctcagttcta cttec

<210> 6

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 6
aagacgacct gcacgggc

<210> 7

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 7
aagcggtgga geatgtgg

<210> 8

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 8

aaggaaggcg tgatcaccgt tgaaga

<210> 9

<211> 23

<212> DNA

<213> Artificial Sequence

<220>

2/271
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<223> Primer

<400> 9
aaggtactcc ggggataaca ggc

<210> 10

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 10
aagtcggaat cgctagtaat cg

<210> 11

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 11
aatctgctat ttggtcagg

<210> 12

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 12
acaacgaagt acaatacaag ac

<210> 13

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 13
acaatacaag acaaaadgaag d

<210> 14

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 14
accacgccgt aaacgatga

<210> 15

PCT/US2006/015160

23

22

19

22

21

19
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<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 15
accatgacag aaggcatttt gaca

<210> 16

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 16
acccagtget getgaaccgt gc

<210> 17

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 17
accgagcaag gagaccagce

<210> 18

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 18
acctgcccag tgctggaag

<210> 19

<211> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 19
acgcgaagaa ccttacc

<210> 20

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

PCT/US2006/015160

24

22

19

19

17
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<400> 20
actcgttttt aatcagcccyg

<210> 21

<211l> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 21
agaacaccga tggcgaadggce

<210> 22

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 22
agaatcaagt tcccaggggt tac

<210> 23

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 23
agagtttgat catggctcag

<210> 24

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 24
agcaggtggt gaaatcggcc acatgatt

<210> 25

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 25
agcgtaaagg tgaacctt

<210> 26
«<211> 26

PCT/US2006/015160

20

20

23
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28

18
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 26
agettttgeca tattatatcg agccac 26

<210> 27

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 27 .
aggacagagt gagtactttg accgaggt 28

<210> 28

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 28
agtctcaaga gtgaacacgt aa 22

<210> 29

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 29
agttataaac acggctttece tatggettat cc 32

<210> 30

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 30
atactcctga ctgaccgata g 21

<210> 31

<211l> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 31
atatcgacgg cggtgtttgg

<210> 32

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 32
atcaatttgg tggccaagaa cctgg

<210> 33

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 33
atgattacaa ttcaagaagg tcgtcacgc

<210> 34

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 34
atggacaagg ttggcaagga agg

<210> 35

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 35
atggccatgg cagaagctca

<210> 36

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 36
atgtcgattg caatccgtac ttgtg

<210> 37
<211> 19
<212> DNA

PCT/US2006/015160
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<213> Artificial Sequence

<220>
<223> Primer

<400> 37
atgttgggtt aagtccege

<210> 38

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 38
atgttgggtt aagtccegea acgag

<210> 39

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 39
caaaacttat taggtaagcg tgttgact

<210> 40

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 40
caaaggtaag caaggacgtt tccgtca

<210> 41

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 41
caaaggtaag caaggtcgtt tccgtca

<210> 42

<211> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

PCT/US2006/015160
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27

27
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<400> 42
caacgagcgc aaccctt 17

<210> 43

<211> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 43
caacggatge tggcaag 17

<210> 44

<211l> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 44
caagaagaaa aagagcttct aaaaagaata c 31

<210> 45

<211l> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 45
caagcaaacg cacaatcaga agc 23

<210> 46

<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 46
caagtcatca tggccctta 19

<210> 47

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 47
caataccgeca acagcggtgg cttggg 26

<210> 48
<211> 19

9/271
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 48
cactggaact gagacacgg

<210> 49

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 49
cagaatcaag ttcccagggg

<210> 50

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 50
cagagaccgt tttatectat cagc

<210> 51

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 51
cagcegtttcecg gecgaaatgga

<210> 52

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 52
caggagtcgt tcaactcgat ctacatgat

<210> 53

<211l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

PCT/US2006/015160

19

20
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<400> 53
caggtttagt accagaacat gcag

<210> 54

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 54
catccacacg gtggtggtga agg

<210> 55

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 55
ccacacgccg ttcttcaaca act

<210> 56

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 56

ccacagttct acttccgtac tactgacg

<210> 57

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 57
ccagcagcceg cggtaatac

<210> 58

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 58
ccgtaacttc gggagaagg

<210> 59
<211> 20
<212> DNA

PCT/US2006/015160
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19
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<213> Artificial Sequence

<220>
<223> Primer

<400> 59
ccgtggtatt ggagttattg 20

<210> 60

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 60
cctatattaa tegtttacag aaactggcet 29

<210> 61

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 61
cctgataagg gtgaggtcg 19

<210> 62

<211l> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 62
ccttactteg aactatgaat cttttggaag 30

<210> 63

<211l> 14

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 63
cgaagaacct tacc 14

<210> 64

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

12/271
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<400> 64
cgaagtacaa tacaagacaa aagaagg

<210> 65

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 65
cgacgegetg cgetteac

<210> 66

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 66
cgagagggaa acaacccaga cc

<210> 67

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 67
cgagtatagc taaaaaaata gtttatgaca

<210> 68

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 68
cgcaaaaaaa tccagetatt agce

<210> 69

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 69
cgcegactte gacggtgacce

<210> 70
<211> 20

PCT/US2006/015160
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20

13/271



WO 2006/116127

<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 70
cggaattact gggcgtaaag

<210> 71

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 71
cggattggag tctgcaacte g

<210> 72

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 72
cggcgtactt caacgacage ca

<210> 73

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 73
cgtaactata acggtcctaa ggta

<210> 74

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 74
cgtcagggta aattccgtga agttaa

<210> 75

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

PCT/US2006/015160
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<400> 75
cgtegggtga ttaaccgtaa caaccg

<210> 76

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 76
cgtcgtgtaa ttaaccgtaa caaccg

<210> 77

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 77
cgtggeggeg tggttatega

<210> 78

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 78
cgtgttgact attcggggeg ttcag

<210> 79

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 79
ctagtacgag aggaccgg

<210> 80

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 80
ctgacacctg cceggtge

<210> 81
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<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 81
ctggcaggta tgcgtggtet gatg

<210> 82

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 82
ctggctaaaa ctttggcaac ggt

<210> 83

<211l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 83
ctgteccectag tacgagagga ccgg

<210> 84

<211> 22

<212> DNA

<213> Artificial Segquence

<220>
<223> Primer

<400> 84
ctgttettag tacgagagga cc

<210> 85

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 85
cttctgcaac aagctgtgga acge

<210> 86

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

PCT/US2006/015160
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24
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<400> 86
cttgctggta tgegtggtet gatg

<210> 87

<211l> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 87
cttggaggta agtctcattt tggtgggca

<210> 88

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 88
cttgtacaca ccgccecegte

<210> 89

<211l> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 89

cttgtacttg tggctcacac ggetgtttgg

<210> 90

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 90
cttttgcata ttatatcgag c

<210> 91

<211l> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 91
gaatagcaat taatccaaat

<210> 92
<211> 18

PCT/US2006/015160
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 92
gaaagagttc ggattggg

<210> 93

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 93
gaaggatata cggttgatgt c

<210> 94

<211> 20

<212> DNA

'<213> Artificial Sequence

<220>
<223> Primer

<400> 94
gaatagcaat taatccaaat

<210> 95

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 95
gacacggteec agactcectac

<210> 96

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 96
gacagttcgg tccctate

<210> 97

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 97
gaccacctecg gcaaccgt

<210> 98

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 98
gacctacagt aagaggttct gtaatgaacc

<210> 99

<211l> 16

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 99
gacgcetgec cggtge

<210> 100

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 100
gacttaccaa cccgatgcaa

<210> 101

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 101
gagagcaagc ggacctcata

<210> 102

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 102
gagagtttga tcctggctca gaacgaa

<210> 103

PCT/US2006/015160
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<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 103
gaggaaagtc catgctcac

<210> 104

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 104
gaggaaagtc catgctcgce

<210> 105

<211l> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 105
gaggaaagtc cgggctce

<210> 106

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 106
gataccectgg tagtccacac cg

<210> 107

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 107
gatctggagg aataccggtg

<210> 108

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 108
gatgactttt tagctaatgg tcaggcage

<210> 109

<211l> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 109
gattattgtt atcctgttat geecatttgag

<210> 110

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 110
gcacaacctg cggcectgeg

<210> 111

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 111
gcactatgca cacgtagatt gtcctgg

<210> 112

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 112
gccttgtaca caccteccegt c

<210> 113

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 113
gcgaagaacc ttaccaggtc

<210> 114
<211> 20

PCT/US2006/015160
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 114
gctacacacg tgctacaatg

<210> 115

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 115

gctggtgaaa ataacccaga tgtcgtctte

<210> 116

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 116
gcttcaggaa tcaatgatgg agcag

<210> 117

<211l> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 117
ggacggagaa ggctatgtt

<210> 118

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 118
ggattagaga ccctggtagt cc

<210> 119

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

PCT/US2006/015160
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<400> 119
ggattagata ccctggtagt ccacgc

<210> 120

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 120
ggctcagcca tttagttacc gctat

<210> 121

<211l> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 121
gggaactgaa acatctaagt a

<210> 122

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 122
gggagcaaac aggattagat ac

<210> 123

<211l> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 123

gggcaacagc agcggattge gattgecgeg

<210> 124

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 124
gggcagcgtt tcecggcgaaat gga

<210> 125
<211> 26
<212> DNA

PCT/US2006/015160
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<213> Artificial Sequence

<220>
<223> Primer

<400> 125
ggggagtgaa agagatcectg aaaccg

<210> 126

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 126
ggggattcag ccatcaaagc agctattgac

<210> 127

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 127
ggggattgat atcaccgata agaagaa

<210> 128

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 128
ggtgaaagaa gttgcctcta aage

<210> 129

<211> 15

<212> DNA

<213> Artificilal Sequence

<220>
<223> Primer

<400> 129
ggtggatgee ttggc

<210> 130

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
«223> Primer

PCT/US2006/015160
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<400> 130
ggtgttaaat agcctggcag

<210> 131

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 131
ggtttagtac cagaacatgc

<210> 132

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 132
gtcaaagtgg cacgtttact ggc

<210> 133

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 133 .
gtcgtgaaaa cgagctggaa ga

<210> 134

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 134

gtgagatgtt gggttaagtc ccgtaacgag

<210> 135

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 135
gtgcatgcgg atacagagca gag

<210> 136
<211> 26
<212> DNA

PCT/US2006/015160
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<213> Artificial Sequence

<220>
<223> Primer

<400> 136
gtggcatgce taatacatge aagtcg

<210> 137

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 137
gtgtagecggt gaaatgeg

<210> 138

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 138
gttatcctgt tatgccattt g

<210> 139

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 139
gttatttagec actegttttt aatcagcce

<210> 140

<211> 22

<212> DNA

<2135 Artificial Sequence

<220>
<223> Primer

<400> 140
gttgtgaggt taagcgacta ag

<210> 141

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 141

PCT/US2006/015160
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gttgtgaggt taagcgacta ag

<210> 142

<211l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 142
tctagtaata ataggaccct cagce

<210> 143

<211> 15

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 143
tatggctcta ctcaa

<210> 144

<211l> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 144
taaaacaaac tacggtaaca ttgatcgca

<210> 145

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 145
taaaactttt gccgtaatga tgggtgaaga tat

<210> 146

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 146
taaacacggce tttcctatgg cttatccaaa t

<210> 147

<211> 28

<212> DNA

<213> Artificial Sequence

27/271
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<220>
<223> Primer

<400> 147
taaaccccat cgggagcaag accgaata

<210> 148

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 148

taaagccegt gaaatgactc gtcgtaaagg

<210> 149

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 149
taaagttggt tttattggtt ggcgcgga

<210> 150

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 150
taaatctgce cgtgtegttg gtgac

<210> 151

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 151
taacaactcg ccttatgaaa cgggatata

<210> 152

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 152
taacacatgc aagtcgaacg

PCT/US2006/015160
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<210> 153

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 153
taaccattca agaactagat cttcaggca

<210> 154

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 154
taaccttaat tggaaagaaa cccaagaagt

<210> 155

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 155
taacggttat catggcccag atggg

<210> 156

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 156
taactctgat gtttttgatg ggaaggt

<210> 157

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 157
taactgcatg gaacccttet ttactag

<210> 158

<211> 27

<212> DNA

<213> Artificial Sequence

PCT/US2006/015160
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<220>
<223> Primer

<400> 158
taagaagccg gaaaccatca actaccg 27

<210> 159

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 159
taagagcgca ccggtaagtt gg 22

<210> 160

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 160

taagcatget gtggettatc gtgaaatg 28
<210> 161

<211> 23

<212> DNA <

<213> Artificial Sequence

<220>
<223> Primer

<400> 161
taagctgecca gecggaatget ttce 23

<210> 162

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 162
taaggatagt gcaacagaga tataccgcce 29

<210> 163

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 163
taaggtatga caccggataa atcatataaa 30

30/271
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<210> 164

<211l> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 164

PCT/US2006/015160

taaggtttat tgtctttgtg gagatgggga ttt . 33

<210> 165

<211l> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 165

taatcaagca ttggaagatg aaatgcatac c

<210> 166

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 166
taatcggtaa atatcacccg catggtgac

<210> 167

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 167
taatcggtaa gtatcaccct catggtgat

<210> 168

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 168
taatcgtgga atacgggttt gcta

<210> 169

<211> 30

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 169
taatgaaccc taatgaccat ccacacggtg 30

<210> 170

<211l> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 170
taatgatgaa ttaggtgcgg gttettt 27

<210> 171

<211l> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 171
taatgggtaa atatcaccct catggtgac 29

<210> 172

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 172
taattgggcet ctttctegect taaacacctt a 31

<210> 173

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 173
tacaaagcaa gacactggct cacta 25

<210> 174

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 174
tacaaaggtc aaccaatgac attcagacta 30

32/271
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<210> 175

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 175
tacaacatat tattaaagag acgggtttga atcc

<210> 176

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 176
tacaagcact cccagctgca

<210> 177

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 177
tacaatgett gtttatgetg gtaaagcag

<210> 178

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 178
tacacaacaa tggcggtaaa gatgg

<210> 179

<211> 15

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 179
tacagagttt gcgac

<210> 180

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
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<223> Primer

<400> 180
tacaggccgt gttgaacgtg g

<210> 181

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 181
tacatgctag ccgcgtctta c

<210> 182

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 182
taccactatt aatgtegetg gtgette

<210> 183

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 183
taccatgaca gaaggcattt tgaca

<210> 184

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 184
taccccaaac cgacacagg

<210> 185

<211l> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 185
taccccaggg aaagtgccac aga

<210> 186

PCT/US2006/015160
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<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 186
taccggegca aaaagtcgag attgg 25

<210> 187

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 187
tacctatatg cgccagaccg c 21

<210> 188

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 188
tacgatttca cttccgecage cagatt 26

<210> 189

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 189
tacgegtcett gaagcegttte gttatga 27

<210> 190

<211l> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 190
tacgctgacg gaatcaacca aagcgg 26

<210> 191

<211l> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 191
tacggtgaat acgttccecgg g

<210> 192

<211> 15

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 192
tacagagttt gcgac

<210> 193

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 193
tactacttca agccgaactt ccg

<210> 194

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 194

tactagcggt aagcttaaac aagattge

<210> 195

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 195
tacteteggt ggagaagctc ge

<210> 196

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 196
tactggaaca aagtctgcga cc

<210> 197
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<211> 27
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 197
tacttactac ttcaagccga acttcceg

<210> 198

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 198
tacttacttg agaatccaca agctgcaa

<210> 199

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 199
tacttggtaa ataccaccca catggtga

<210> 200

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 200
tactttttta aaactaggga tgcgtttgaa gc

<210> 201

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 201
tagaaatcaa ggtgatagtg gcaatga

<210> 202

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 202
tagaacaccg atggcgaagg c

<210> 203

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 203
tagaacgteg cgagacagtt cg

<210> 204

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 204
tagactgccc aggacacgcet g

<210> 205

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 205
tagataattg ggctctttct cgcttaaac

<210> 206

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 206
tagataccct ggtagtccac gc

<210> 207

<211l> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 207
tagatgaaaa aggcgaagtg gctaatgg

<210> 208
<211> 28
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 208
tagatgaaaa gggcgaagtg gctaatgg

<210> 209

<211l> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 209

tagcaacaaa tatatctgaa gcagcgtact

<210> 210

<211l> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 210
tagcaggtgg tgaaatcggc cacatgatt

<210> 211

<211l> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 211
tagcatcaga actgttgttc cgctag

<210> 212

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 212
tagcccagea caatttgtga ttca

<210> 213

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 213

PCT/US2006/015160

tagecetttaa cgaaaatgta aaaatgcegtt ttga 34

<210> 214

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 214
tagcgaatgt ggctttactt cacaatt

<210> 215

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 215
tagecgtaaag gtgaacctt

<210> 216

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 216
tagctaatgg tecaggcagcc

<210> 217

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 217
tagctatcett atcgttgaga agggatttgce

<210> 218

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 218
tagctggecge gaaattaggt gt

<210> 219
<211> 26
<212> DNA
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<213> Artificial Sequence

<220>
<223> Primer

<400> 219
tagctggegg tatggagaat atgtct

<210> 220

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 220
tagettttge atattatatc gagecac

<210> 221

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 221
taggaattac ggctgataaa gcgtataaa

<210> 222

<211> 35

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 222

taggcgaaga tatacaaaga gtattagaag ctaga

<210> 223

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 223
taggcgtgaa agcaagctac cgttt

<210> 224

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 224
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taggtgctgg ttacgcagat caaga

<210> 225

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 225

taggtttacg tcagtatggc gtgattatgg

<210> 226

<211l> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 226
tagtaccgaa gctggtcata cga

<210> 227

<211l> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 227
tagtacgaga ggaccgg

<210> 228

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 228
tagtcccgea acgagcgce

<210> 229

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 229
tagtgataga actgtaggca caatcgt

<210> 230
<211l> 22
<212> DNA
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<213> Artificial Sequence

<220>
<223> Primer

<400> 230
tagttgctca aacagctggg ct

<210> 231

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 231
tataagtggg taaaccgtga atatcgtgt

<210> 232

<211l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 232
tatacttcaa cgecectgectge ttte

<210> 233

<211l> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 233
tatcgctecag gegaactcca ac

<210> 234

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 234
tatgaccaaa ctcatcagac gag

<210> 235

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 235
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tatgattaca attcaagaag gtcgtcacgc 30

<210> 236

<211l> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 236
tatgcagtgg aacgatggtt tccaaga 27

<210> 237

<211l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 237
tatgctgacc gaccagtggt acgt 24

<210> 238

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 238
tatggccatg gcagaagctc a 21

<210> 239

<211> 15

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 239
tatggctcta ctcaa 15

<210> 240

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 240
tatgtccaag aagcatagca aaaaaagcaa t 31

<210> 241

<211> 27

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 241
tattcaaggt ggtcctttga tgcatgt

<210> 242

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 242
tattggacaa cggtcgtcege gg

<210> 243

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 243
tattgtttca aatgtacaag gtgaagtgceg

<210> 244

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 244
tatttcacat gtaattttga tattcgcact

<210> 245

<211l> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 245
tcaaaaagcc ctaggtaaag agattccata tc

<210> 246

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 246
tcaaactggg caatcggaac tggtaaatc
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<210> 247

<211l> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 247
tcaaatgtac aaggtgaagt gegtga

<210> 248

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 248
tcaacaacct cttggaggta aagctcagt

<210> 249

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 249
tcaacctecgg cccgaacca

<210> 250

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 250
tcaacctgac tgcgtgaatg gttgt

<210> 251

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 251
tcaacgaagyg taaaaaccat ctcaacg

<210> 252

<211> 27

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 252
tcaacggtaa cttctatgtt acttectg

<210> 253

<211l> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 253
tcaactcgaa ttttcaacag gtacca

<210> 254

<211> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 254
tcaagaagaa aaagagc

<210> 255

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 255
tcaagcaaac gcacaatcag aagc

<210> 256

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 256
tcaagcagaa gctttggaag aagaagg

<210> 257

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 257
tcaagccgta cgtattatta ggtgetg
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<210> 258

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 258
tcaataccge aacageggtg gettggg

<210> 259

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 259
tcaatgaacg accaacaagt gattgatg

<210> 260

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 260
tcaatgaacg atcaacaagt gattgatg

<210> 261

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 261
tcacatatcg tgagcaatga actg

<210> 262

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 262

tcaccaggtt caactcaaaa aatattaaca

<210> 263

<211> 25

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 263
tcaccagttt gccacgtatc ttcaa

<210> 264

<211l> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 264
tcaccctecat ggtgactcat ctatttat

<210> 265

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 265
tcaccctecat ggtgattcag ctgtttat

<210> 266

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 266
tcaccgatat catggcttac cacgg

<210> 267

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 267
tcaccgtgece gttcaaggaa gag

<210> 268

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 268
tcacctccaa gtttagatca cttgagaga
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<210> 269

<211l> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 269
tcacgataag aaaaccggtc aagagg

<210> 270

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 270
tcactcttac atataaggaa ggcgctce

<210> 271

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 271
tcagaccatg ctcgcagaga aactt

<210> 272

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 272
tcagagaccg ttttatccta tcagc

<210> 273

<211l> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 273
tcagcaaatg catcacaaac agataa

<210> 274

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
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<223> Primer

<400> 274
tcagcatatg cacatggaac acctc

<210> 275

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 275
tcagcatatyg cacatggaac acctca

<210> 276

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 276
tcagccatca aagcagctat tg

<210> 277

<211l> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 277
tcagegegta cagtgggtga t

<210> 278

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 278
tcagcgtatg cacatggaac tccte

<210> 279

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 279
tcagctacat cgactatgcg atg

<210> 280
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<211> 30
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 280
tcagectagac cttttaggta aagctaagcet

<210> 281

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 281
tecagectattt ttcecaggtat ccaaggtgg

<210> 282

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 282
tcagctgteg cagttcatgg acc

<210> 283

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 283
tcaggaaaag ggcattttac ccttg

<210> 284

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 284
tcaggagtcg ttcaactcga tctacatgat

<210> 285

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 285
tcaggagteg ttcaactega tctacatgat g 31

<210> 286

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 286
tcaggatgga aataaccacc aattcactac 30

<210> 287

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 287
tecaggcattg cggttgggat ggc 23

<210> 288

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 288
tcaggtactg ctatccaccc tcaa 24

<210> 289

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 289
tecaggtggct tacacggcgt ag 22

<210> 290

<211l> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 290
tcagtatgta tccaccgtag ccagtc 26

<210> 291
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<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 291
tcagtteegt tatcgecatt gea

<210> 292

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 292
tcagttcecgt tatcgecatt geat

<210> 293

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 293
tcagttecegt tatcgccatt geatt

<210> 294

<211l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 294
tcagttegge ggtcageget tegg

<210> 295

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 295

tcagttttaa tgtctcgtat gatcgaatca aaag

<210> 296

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 296
tecatccacac ggtggtggtg aagg

<210> 297

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 297
tcatectaag ccaagtgtag actctgta

<210> 298

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 298
tcatgataat atctttgaaa tcggctcagg a

<210> 299

<211> 33

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 299
tcatgttgag cttaaaccta tagaagtaaa agc

<210> 300

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 300
tcattatcat gcgccaatga gtgcaga

<210> 301

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 301
tcattcaaga actagatctt caggcaag

<210> 302
<211> 26

55/271

PCT/US2006/015160

24

28

31

33

27

28



WO 2006/116127

<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 302
tccaaaaaaa tcagcgcegta cagtgg

<210> 303

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 303
tccaaaccag gtgtatcaag aacatcagg

<210> 304

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 304
tccaaataag tggecgttaca aatactgaa

<210> 305

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 305
tccaacgaag tacaatacaa gacaaaagaa gg

<210> 306

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 306
tccaaggtac actaaactta cttgagctaa tg

<210> 307

<211> 24

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer
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<400> 307
tccaatgcca caaactcegtg aaca

<210> 308

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 308
tccacacgec gttcttcaac aact

<210> 309

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 309
tccacacggt ggtggtgaag g

<210> 310

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 310
tccaccaaga gcaagatcaa ataggc

<210> 311

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 311
teccacggtca tggagcgcta

<210> 312

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 312
tccacttatc gcaaatggaa aattaagcaa

<210> 313
<211l> 33
<212> DNA
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<213> Artificial Sequence

<220>
<223> Primer

<400> 313 :
tccagatgga caaattttct tagaaactga ttt 33

<210> 314

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primexr

<400> 314
tccagcacga attgetgeta tgaaag 26

<210> 315

<211l> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 315
tccaggacaa atgtatgaaa aatgtccaag aag 33

<210> 316

<211> 25

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 316
tccattgttc gtatggctca agact 25

<210> 317

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primexr

<400> 317
tcccaattaa ttctgecatt tttccaggta t 31

<210> 318

<211> 34

<212> DNA

«213> Artificial Sequence

<220>
<223> Primer

<400> 318
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tcecacgaaa cagatgaaga aattaacaaa aaag

<210> 319

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 319
tcccagetag accttttagg taaagctaag

<210> 320

<211l> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 320
tceccaggtga cgatgtacct gtaatc

<210> 321

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 321
tcecccaggac accctgaaat ttcaac

<210> 322

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 322
tceecccacge tttaattgtt tatgatgatt tgag

<210> 323

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 323
tcceggactt aatatcaatg aaaattgtgg a

<210> 324
<211> 28
<212> DNA
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<213> Artificial Sequence

<220>
<223> Primer

<400> 324
tccecggaget tttatgacta aagecagat

<210> 325

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 325
tcegeggagt tgactgggt

<210> 326

<211l> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 326
tccgetgaat ctgtegecge

<210> 327

<211l> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 327
teceggetcac gttattatgg tac

<210> 328

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 328
tcegtacgta ttattaggtg ctggtca

<210> 329

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 329
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tcegttateg ccattgeatt atttggaact

<210> 330

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 330
tcegttetta caaatagcaa tagaacttga agce

<210> 331

<211> 36

<212> DNA

<213> Artificial Seqguence

<220>
<223> Primer

<400> 331

teegttgatt attgttatcc tgttatgeca tttgag

<210> 332

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 332
tcctaatgga cttaatatca atgaaaattg tgga

<210> 333

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

 <400> 333
tcctagagga atggctgeca cg

<210> 334

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 334
tecctatatta atcgtttaca gaaactggct

<210> 335

<211l> 31

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<220>

<221> modified_base
<222> (15)...(15)
<223> I

<400> 335
tecctecaatga acgatcaaca agtgattgat g 31

<210> 336

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 336
tectcaatga atgatcaaca agtgattgat g 31

<210> 337

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<220>

<221> modified base
<222> (15)...(15)
<223> I

<220>

<221> modified_base
<222> (24)...(24)
<223> I

<400> 337
tcctegatga acgatcaaca agtgattgat g 31

<210> 338

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<220>

<221> modified base
«222> (15)...(15)
<223> I

<220>

<221> modified_base
<222> (24)...(24)
<223> I
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<400> 338
tcetcgatga atgatcaaca agtgattgat g 31

<210> 339

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

220>

<221> modified_base
<222> (6)...(6)
<223> I

<220>

<221> modified_base
<222> (15)...(15)
<223> I

<400> 339
tectecgatga acgatcaaca agtgattgat g 31

<210> 340

<211l> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<220>

<221> modified_base
<222> (6)...(6)
<223> I

<220>

<221> modified_base
<222> (12)...(12)
<223> T

220>

<221> modified_base
<222> (15)...(15)
<223> I

<220>

<221> modified_base
<222> (24)...(24)
<223> I

<400> 340

tecctcgatga acgatcaaca agtgattgat g 31
<210> 341

<211> 20
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 341
tcctgaaaaa tggagcacgg

<210> 342

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 342
tcctgaageca agtgcattta cga

<210> 343

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 343
tcctgaccga cccattatte cctttate

<210> 344

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 344
tcctgatget caaagtgett ttttagatce ttt

<210> 345

<211l> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 345
tcectgttate cctgaagtag ttaatcaagt ttgt

<210> 346

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 346
tcetgttate cctgaagtag ttaatcaagt ttgtt

<210> 347

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 347
tcectgttatt cctgaagtag ttaatcaagt ttgtta

<210> 348

<211l> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 348
tccttactte gaactatgaa tcttttggaa g

<210> 349

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 349
tcecttatagg gatggctate agtaatgtt

<210> 350

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 350
tececttgaccg cctttecgat ac

<210> 351

<211> 33

<212> DNA ‘

<213> Artificial Sequence

<220>
<223> Primer

<400> 351
tcettgettt agttttaagt gcatgtaatt caa

<210> 352
<211> 32
<212> DNA
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<213> Artificial Sequence

<220>
<223> Primer

<400> 352
tcctttgata tattatgega tggaaggttg gt

<210> 353

<211l> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primexr

<400> 353
tcctttgatg catgtaattg ctgcaaaagc

<210> 354

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 354
tcgaaagett ttgcatatta tatcgagcca ¢

<210> 355

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 355
tcgaagtaca atacaagaca aaagaagg

<210> 356

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 356
tcgacaacac cattatctat ggtgtgaa

<210> 357

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 357
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tegacctttg gcaggaacta gac 23

<210> 358

<211> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 358
tcgagecagge gectgecg 17

<210> 359

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 359
tcgagtatag ctaaaaaaat agtttatgac a 31

<210> 360

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 360
tecgatetggt ttecatgetgt ttcagt 26

<210> 361

<211> 28

<212> DNA

<213> Artificial Sequernce

<220>
<223> Primer

<400> 361
tcgatgaacg accaacaagt gattgatg 28

<210> 362

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 362
tcgattaggce agcaacgaaa gccg 24

<210> 363

<211l> 24

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 363
tegcaaaaaa atccagctat tagce

<210> 364

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 364
tcgccaatca aaactaaggg aatggc

<210> 365

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 365
tcgeccategt caccaacceg

<210> 366

<211> 16

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 366
tcgececgega ggacgt

<210> 367

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 367
tecgecegactt cgacggtgac c

<210> 368

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 368
tcgeccggcaa tgccattgga ta
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<210> 369

<211l> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 369
tegececgtgga aaaatcctac get

<210> 370

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 370

tcgcgttgea acaaaacttt ctaaagtatg t

<210> 371

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 371
tecgectacagg cecctttagga caag

<210> 372

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 372
tcgetatett atcgttgaga agggatt

<210> 373

<211l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 373
tcggaatetg atgttgcagt tgtt

<210> 374

<211> 22

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 374
teggecgeac cttcatcgaa gt 22

<210> 375

<211> 28

<212> DNA

<213> Artificial Segquence

<220>
<223> Primer

<400> 375
tcggegaaat ccgtattceet gaaaatga 28

<210> 376

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primexr

<400> 376
tcggegectg cetgatga 18

<210> 377

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 377
tegggtgatg atgegegtga agg 23

<210> 378

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 378
tcggtttagt aaaagaacgt attgctcaac c 31

<210> 379

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 379
tcgtacgtat tattaggtgc tggtcact 28
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<210> 380

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 380
tcgtatgget caatggtgga g

<210> 381

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 381
tegtettttt gattetttee ctgataatge

<210> 382

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 382
tcgtettttt gattctttee ctgataatge tc

<210> 383

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 383
tcgtgattat ggatggcaac gtgaa

<210> 384

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 384
tcgtgececge aatttgcata aagce

<210> 385

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
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<223> Primer

<400> 385
tegtggegge gtggttateg a

<210> 386

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 386
tegtgttgaa cgtggtcaaa tcaaagt

<210> 387

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 387
tcgttectgg aacacgatga cge

<210> 388

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 388
tegtttggtg gtggtagatg aaaaagg

<210> 389

<211> 11

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 389
tcecaccctea a

<210> 390

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 390
tctaaaacac caggtcaccc agaag

<210> 391
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<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 391
tctaaatggt cgtgecagttg cgtg 24

<210> 392

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 392
tctactgatt ttggtaatct tgcagcacag 30

<210> 393

<211l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 393
tctagtaata ataggaccct cagce 24

<210> 394

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 394
tetcaaggtg atattggtgt aggtaactta a 31

<210> 395

<211l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 395
tctecattacg ttgecatcgga aaca 24

<210> 396

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 396
tectegatgaa cgaccaacaa gtgattgatg 30

<210> 397

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 397
tctegtggtg cacaagtaac ggatatta 28

<210> 398

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 398
tctgaaatga atagtgatag aactgtagge ac 32

<210> 399

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 399
tctgaacatg ataatatctt tgaaatcgge tc 32

<210> 400

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 400
tctgaatgtc tatatggagg tacaacacta 30

<210> 401

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 401
tctgacacct gceceggtge 19

<210> 402
<211> 20
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 402
tetgeecegtg tegttggtga

<210> 403

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 403
tctggaggca caccaaataa aaca

<210> 404

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 404
tctggataac ggtegtegeg g

<210> 405

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 405
tctggcaggt atgcgtggtc tgatg

<210> 406

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 406
tctggctaaa actttggcaa cggt

<210> 407

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 407
tctggtccaa caaaaggaac gattacagg 29

<210> 408

'<21l> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 408
tetgteccta gtacgagagg accgg 25

<210> 409

<211l> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 409
tetgttetta gtacgagagg acc 23

<210> 410

<211l> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 410
tcttatgecca agaggacaga gtgagt 26

<210> 411

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 411
tettatgeca agaggacaga gtgagtact 29

<210> 412

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 412
tcttattcca acttcaaacc gaactatgac g 31

<210> 413

<211> 29
<212> DNA
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<213> Artificial Sequence

<220>
<223> Primer

<400> 413
tcttctcatec ctatggctat tatgcttge

<210> 414

<211l> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 414
tcttgatact tgtaatgtgg gcgataaata tgt

<210> 415

<211l> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 415
tcttgcagca gtttatttga tgaacctaaa gt

<210> 416

<211l> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 416
tettgetett tegtgagttce agtaaatg

<210> 417

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 417
tecttgtactt gtggectcaca cggectgtttg g

<210> 418

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 418
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tettgtttat gctggtaaag cagatgg

<210> 419

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 419
tctttatggt ggagatgact gaaaccga

<210> 420

<211l> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 420
tetttcttga atgetggtgt acgtatcg

<210> 421

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primerxr

<400> 421
tctttgaaat cggctcagga aaagg

<210> 422

<211l> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 422
tctttgecat tgaagatgac ttaagce

<210> 423

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 423
tcttttacaa aaggggaaaa agttgactt

<210> 424

<211> 34

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 424
tgaaaaatgt ccaagaagca tagcaaaaaa agca

<210> 425

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 425
tgaaaagggt gaagtagcaa atggagatag

<210> 426

<211> 32

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 426
tgaaaagtat ggatttgaac aactcgtgaa ta

<210> 427

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 427
tgaaatctca ttacgttgca tcggaaa

<210> 428

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 428
tgaaattget acaggccett taggacaagg

<210> 429

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 429
tgaacgctgg tggcatgcectt aacac
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<210> 430

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 430
tgaacgtggt caaatcaaag ttggtgaaga

<210> 431

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 431
tgaacgtggt caaatcaaag ttggtgaaga a

<210> 432

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 432
tgaagcttgt tctttagcag gacttca

<210> 433

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 433
tgaaggtgga cgtcacactc cattctte

<210> 434

<211> 26

<212> DNA

<213> Artificial Seqguence

<220>
<223> Primer

<400> 434
tgaagtagaa atgactgaac gtccga

<210> 435

<211> 28

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 435
tgaagtagaa ggtgcaaagc aagttaga 28

<210> 436

<211l> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 436
tgaagtgcegt gatgatatcg atgcacttga tgta 34

<210> 437

<211l> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 437
tgaatagtga tagaactgta ggcacaatcg t 31

<210> 438

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 438
tgaatgctta tttacctgeca ctcccacaac € 31

<210> 43°

<211> 31

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 439
tgaattagtt caatcatttg ttgaacgacg t 31

<210> 440

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 440
tgaattgctg ctatgaaagg tggctt 26
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<210> 441

<211l> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 441
tgacagecgaa gaaggttaga cttgtcce

<210> 442

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 442
tgacatcegg ctcacgttat tatggt

<210> 443

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 443
tgacatcegg ctcacgttat tatggta

<210> 444

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 444
tgacatcegg ctcacgttat tatggtac

<210> 445

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 445
tgacatgata ataaccgatt gaccgaaga

<210> 446

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
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<223> Primer

<400> 446
tgacatgctt gtccgttcag ge 22

<210> 447

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 447
tgacatggac tccccctata taactcttga g 31

<210> 448

<211l> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 448
tgaccaggtg atggccatgt tcg 23

<210> 449

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 449
tgacctacag taagaggttc tgtaatgaac c 31

<210> 450

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 450
tgacgatctt cgeggtgact agt 23

<210> 451

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 451
tgacggccta tacggtgttg gtttet 26

<21Q0> 452
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<211l> 24
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 452
tgacgtcatc ggtaagtace acce

<210> 453

<211l> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 453
tgagatggat ttaaacctgt tcaccge

<210> 454

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 454
tgagattgct gaacatttaa tgctgattga

<210> 455

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 455
tgagcaatgg ggctttgaaa gaatttttaa at

<210> 456

<211> 26

<212> DNA

<213> Artificial Segquence

<220>
<223> Primerx

<400> 456
tgagctgcat caactgtatt ggatag

<210> 457

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

PCT/US2006/015160
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<400> 457
tgagctttta gttgactttt tcaacage

<210> 458

<211l> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 458
tgaggaccgt gtcgegetca

<210> 459

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 459
tgagggtttt atgcttaaag ttggttttat tggtt

<210> 460

<21l> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 460
tgaggtggtg gataactcaa ttgatgaagc

<210> 461

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 461
tgagtaacat ccatatttct gccatacgt

<210> 462

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primexr

<400> 462
tgagtaagtt ccacccgcac gg

<210> 463
<211> 30
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 463
tgagtcactt gaagttgata caaatcctet

<210> 464

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 464
tgagtgatga aggccttagg gttgtaaa

<210> 465

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 465
tgagtgccaa catatcagtg ctgaaga

<210> 466

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 466
tgagtttaac agttcaccat atgaaacagg

<210> 467

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 467
tgatacttea acgectgetg cttte

<210> 468

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

PCT/US2006/015160
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<400> 468
tgatcactgg tgctgctcag atgga

<210> 469

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 469
tgatcatceg tggtataacg atttattagt

<210> 470

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 470
tgatcgttga gaagggattt gcgaaaaga

<210> 471

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 471
tgatctcaga atctaataat tgggacgaa

<210> 472

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 472
tgatcttaaa aatttccgcc aacttcatte

<210> 473

<211> 30

<212> DNA

«213> Artificial Sequence

«220>
<223> Primer

<400> 473
tgatgacttt ttagctaatg gtcaggcagc

<210> 474
<211l> 28
<212> DNA

PCT/US2006/015160
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<213> Artificial Sequence

<220>
<223> Primer

<400> 474
tgatggcaag tggatagggt ataatacag

<210> 475

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 475
tgattaccat gagtggcaag caag

<210> 476

<211> 31

<212> DNA

<213> Artificial Sequence

<220> \
<223> Primer

<400> 476

tgattattgt tatcctgtta tgccatttga g

<210> 477

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 477
tgattceggt geecegtggt

<210> 478

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 478
tgattctggt gccegtggt

<210> 479

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 479

PCT/US2006/015160
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tgattttgcet aaatttagag aaattgcgga tgaa 34

<210> 480

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 480
tgcaaaatct gcaacgaget ttgg 24

<210> 481

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 481
tgcaaaggag gtactcagac cat 23

<210> 482

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 482
tgcaagcaaa cgcacaatca gaagc 25

<210> 483

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 483
tgcaagecgeg accacatacg 20

<210> 484

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 484
tgcaagctte tggtgectage att 23

<210> 485

<211> 24

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 485
tgcaagtggt acttcaacat gggg 24

<210> 486

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 486
tgcaagttaa gaaagctgtt gcaggtttat 30

<210> 487

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Priwer

<400> 487
tgcaattget ttagttttaa gtgcatgtaa ttc 33

<210> 488

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 488
tgcacaatca gaagctaaga aagcgcaage t 31

<210> 489

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 489
tgcacacgce gttettcaac aact 24

<210> 490

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 490
tgcacatcgt gtccaacgte ac 22
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<210> 491

<211> 32

<212> DNA

<2135 Artificial Sequence

<220>
<223> Primer

<400> 491

tgcaccgget attaagaatt actttgecaa ct

<210> 492

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 492
tgcacgatge ggaatggttc aca

<210> 493

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 493
tgcacgcecga ctatgttaag aacatgat

<210> 494

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 494
tgcacttatc gcaaatggaa aattaagcaa

<210> 495

<211> 21

<212> DNA

<213> Artificial Segquence

<220>
<223> Primer

<400> 495
tgcagggaac agctttagge a

<210> 496

<211> 22

<212> DNA

<213> Artificial Sequence

PCT/US2006/015160
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<220>
<223> Primer

<400> 496
tgcatacaaa cagtecggage ct

<210> 497

<211l> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 497
tgcataccgg taagttggca aca

<210> 498

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 498
tgcatattat atcgagccac ageatcg

<210> 499

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 499

tgcattattt ggaactattg caactgctaa tgc

<210> 500

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 500
tgccaagagg acagagtgag tactttga

<210> 501

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 501

tgcecggacaa ttacgattca tcgagtatta a
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

WO 2006/116127

502

33

DNA

Artificial Sequence

Primer

502

tgccgtaatg ataggtgaag atatacaaag agt

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

<220>
<223>

<400>

503

23

DNA

Artificial Sequence

Primer

503

tgcegtgttyg aacgtggteca aat

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

<220>
<223>

<400>

504

33

DNA

Artificial Sequence

Primexr

504

tgcctagaag atcttaaaaa tttccgeccaa ctt

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

<220>
<223>

<400>

505

33

DNA

Artificial Sequence

Primexr

505

tgcctatett tttgetgata tagcacatat tgc

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

<220>
<223>

<400>

506

27

DNA

Artificial Sequence

Primexr

506

tgcctegaag ctgaatataa ccaagtt

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

<220>

507

22

DNA

Artificial Sequence
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<223> Primer

<400> 507
tgecctgtagg gaatcctget ga

<210> 508

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 508
tgectgttct tagtacgaga ggacce

<210> 509

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 509
tgcgeagete ttggtatcga gtt

<210> 510

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 510
tgcgeggaag atgtaacggg

<210> 511

<211> 30

<212> DNA

«213> Artificial Sequence

<220>
<223> Primer

<400> 511
tgeggategt ttggtggttg tagatgaaaa

<210> 512

<211l> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 512
tgcgggtagg gagettgage

<210> 513
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<211> 31
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 513
tgcgtacaat acgctttatg aaattttaac a 31

<210> 514

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 514
tgcgtataaa aaacacagat ggcagca : 27

<210> 515

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 515
tgegtttacc gcaatgegtg c 21

<210> 516

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 516
tgctacggta ggatctectt atectattg 29

<210> 517

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 517
tgctagtcaa tctatcattc cggttgatac 30

<210> 518

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 518
tgctagttat ggtacagagt ttgcgac

<210> 519

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 519
tgctatggtg ttaccttcec tatgca

<210> 520

<211l> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 520
tgctcaacce gatcctaaat tagacgda

.

<210> 521

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 521
tgctcaatct aaacctaaag tcgaaga

<210> 522

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primexr

<400> 522
tgctcgagtg attgactttg ctaaatttag aga

<210> 523

<211> 24

<212> DNA

«213> Artificial Sequence

<220>
<223> Primer

<400> 523
tgctcgtaag ggtctggegg atac

<210> 524
<2131> 29
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 524
tgctegtggt gcacaagtaa cggatatta 29

<210> 525

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 525
tgctgaggec tggaccgatt atttac 26

<210> 526

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 526
tgctggtaac agagcecttat aggcgca 27

<210> 527

<211l> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 527
tgctggtacg ggtcgagga 19

<210> 528

<211l> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 528
tgctggtgaa aataacccag atgtcgtett c 31

<210> 529

<211> 32

<212> DNA

«213> Artificial Sequence

<220>
<223> Primer
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<400> 529
tgctgtaget tatcgegaaa tgtetttgat tt

<210> 530

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 530
tgettattta cctgcactce cacaactg

<210> 531

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 531
tgcttcagga atcaatgatg gagcag

<210> 532

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 532
tgetteggat ccagcagcac ttcaata

<210> 533

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 533
tgcttetggt getageatt

<210> 534

<211l> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 534
tgetttecta tggettatcc aaatttagat cg

<210> 535
<211> 29
<212> DNA
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<213> Artificial Sequence

<220>
<223> Primer

<400> 535
tgcttttgat ggtgatgcag atcgtttgg

<210> 536

<211l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 536
tggaaagcca tgcgtctgac atct

<210> 537

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
«223> Primer

<400> 537
tggaaaggtg ttgcagctac tca

<210> 538

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 538
tggaaatggce agctagaata gtagctaaaa t

<210> 539

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 539
tggaacaaaa tagtctctecg gattttgact

<210> 540

<211l> 33

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 540

PCT/US2006/015160
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tggaacagga attaattcte atcctgatta tcc

<210> 541

<211l> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 541
tggaacgtta tcaggtgccce caaaaattcg

<210> 542

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 542
tggaactatt gcaactgcta atg

<210> 543

<211> 30

<212> DNA

<213> Artificial Seqguence

<220>
<223> Primer

<400> 543
tggaacttga agctcteget cttaaagatg

<210> 544

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 544
tggaagatct gggtcaggdc

<210> 545

<211> 22

<212> DNA

<213> Artificial Sedquence

<220>
<223> Primer

<400> 545
tggaagtcat caagcgectg gc

<210> 546

<211> 30

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 546
tggaataaca aaacatgaag gaaaccactt 30

<210> 547

<211l> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 547
tggaatgatg ataaagattt cgcagatagc ta 32

<210> 548

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 548
tggacaatag acaatcactt ggatttaca 29

<210> 549

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 549
tggacacata tcgtgagcaa tgaactga 28

<210> 550

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 550
tggacggcat cacgattctc tac 23

<210> 551

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 551
tggactcctc ggtggtcege 19
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<210> 552

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Priwmer

<400> 552
tggagcacgg cttectgatce 19

<210> 553

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 553
tggagettga agctatcget cttaaagatg 30

<210> 554

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 554
tggaggtgtc actccacacg aa 22

<210> 555

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 555
tggaggttgt tgtatgtatg gtggt 25

<210> 556

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 556
tggatattca ccgaacacta gggttg 26

<210> 557

<211> 27

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 557
tggatggcat ggtgaaatgg atatgtc

<210> 558

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 558
tggatgggga ttageggtta caatg

<210> 559

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 559
tggatgttaa gggtgatttt ccegaa

<210> 560

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 560
tggattagag accctggtag tcc

<210> 561

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 561
tggcacggee atcteegtg

<210> 562

<211l> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 562
tggcactett gectttaata ttagtaaact atca
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<210> 563

<211> 31

<212> DNA

<213> Artificial Segquence

<220>
<223> Primer

<400> 563

tggcagctag aatagtagct aaaatcccta ¢

<210> 564

<211l> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 564

tggcagtttt acaaggtgct gtttcatc

<210> 565

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 565

tggecatttect tatgaagcett gttetttage a

<210> 566

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 566
tggccagege ttcggtgaaa tgga

<210> 567

<211l> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 567
tggccegaaa gaagetgage g

<210> 568

<211> 32

<212> DNA

<213> Artificial Seguence

<220>
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<223> Primer

<400> 568
tggcctaatg ggettaatat caatgaaaat tg

<210> 569

<211l> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 569
tggcgaacct ggtgaacgaa ge

<210> 570

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 570
tggcgagtgg atagggtata atacag

<210> 571

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 571
tggcgtagta gagctattta cagacac

<210> 572

<211l> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 572
tggcaagtgg atagggtata atacag

<210> 573

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 573
tggcteettg gtatgactct gette

<210> 574
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<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 574
tggctgacat cctacatgac tgtga

<210> 575

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 575
tggettatce aaatttagat cgtggtttta c

<210> 576

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 576
tgggacttga agctatcgcet cttaaagatg

<210> 577

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 577
tgggatgaaa aagcgttett ttatccatga

<210> 578

<211> 34

<212> DNA

<213> Artificial Segquence

<220>
<223> Primer

<400> 578
tgggattatt gttatcctgt tatgccattt gaga

<210> 579

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 579
tgggatttta aaaaacattg gtaacatcgc ag 32

<210> 580

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 580
tgggcaacag cagcggattg cgattgcgeg 30

<210> 581

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 581
tgggcagegt ttcecggcgaaa tgga 24

<210> 582

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 582
tgggcctaat gggcttaata tcaatgaaaa ttg 33

<210> 583

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 583
tgggcgatge tgcgaaatgg ttaaaaga 28

<210> 584

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 584
tgggegtgag caatgaactg attatac 27

<210> 585
<211> 18
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primexr

<400> 585
tgggcgtgga acgtccac

<210> 586

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 586
tgggctettt ctecgettaaa cace

<210> 587

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 587
tgggctettt ctegettaaa cacct

<210> 588

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 588

tggggattca gccatcaaag cagctattga c

<210> 589

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 589
tggggattga tatcaccgat aagaagaa

<210> 590

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 590
tggggcttta aatattccaa ttgaagattt tca 33

<210> 591

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 591
tggggctttg ctttatagtt ttttacattt aag 33

<210> 592

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primerxr

220>

<221> modified_base
<222> (5)...(5)
<223> I

<220>

<221> modified_base
<222> (14)...(14)
<223> I

<400> 592
tgggtgatgc tgctaaatgg ttaaaaga 28

<210> 593

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 593
tgggtegtgg ttttacagaa aatttettat atatg 35

<210> 594

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 594
tgggtgacat tcatcaattt catecgtte 28

<210> 595

<211> 32
<212> DNA
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<213> Artificial Sedquence

<220>
<223> Primer

<400> 595

tgggtttaca catatcgtga gcaatgaact ga

<210> 596

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primexr

<400> 596
tggtaaatac cacccacatg gtgac

<210> 597 .

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 597
tggtaacaga gccttatagg cgca

<210> 598

<211l> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 598
tggtaacaga gccttatagg cgcatatg

<210> 589

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 599
tggtaagagce gcaccggtaa gttggtaaca

<210> 600

<211l> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 600
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tggtacagag tttgcgac

<210> 601

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 601

tggtacatgt gccttcattg atgetg

<210> 602

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 602
tggtacagag tttgcgac

<210> 603

<211l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 603
tggtactcac ttagecgggtt tcecg

<210> 604

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 604
tggtatgata tgatgcctgc acca

<210> 605
<211l> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 605
tggtatgegt ggtctgatgg c

<210> 606

<211> 31

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 606
tggtattcta ttttgctgat aatgaccteg c 31

<210> 607

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 607
tggtcaaatc aaagttggtg aagaa 25

<210> 608

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 608
tggtcttatg ccaagaggac agagtgagt 29

<210> 609

<211> 24

<212> DNA

«<213> Artificial Sequence

<220>
<223> Primer

<400> 609
tggtgactcg gcatgttatg aagc 24

<210> 610

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 610
tggtgacttc ataatggatg aagttgaagt 30

<210> 611

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 611
tggtgcgagt gcttatgete gtattat 27
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<210> 612

<211> 13

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 612
tggtgectage att 13

<210> 613

<211> 24

<212> DNA

<213> Artificial Seqguence

<220>
<223 Primer

<400> 613
tggtgcttte tggegettaa acga 24

<210> 614

<21l> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primexr

<400> 614
tggtggacat ttaacacatg gtgcaaa 27

<210> 615

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 615 .
tggtggtgaa atagatagga ctgctt 26

<210> 616

<211> 13

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 616
tggtgctage att 13

<210> 617

<211> 26

<212> DNA

<213> Artificial Sequence
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<220>
<223>

<400>

tggttatcge tcaggcgaac tccaac

<210>
<211>
<212>

<213> Artificial Sequence

<220>
<223>

<400>

Primer
617
618

33
DNA

Primer

618

tggttatgta ccaaatactt tgtctgaaga tgg

<210>
<211>
<212>

<213> Artificial Sequence

<220>
<223>

<400>

tggtttagat aattccttag gatctatgeg t

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

619
31
DNA

Primer

619

620

31

DNA
Artificial Sequence
Primer
modified base
(3)...(3)

I

modified base
() ...(6)

I
modified_base
(9) ... (9)

I
modified_base
(12) ...(13)

I

modified base
(15) ... (15)

I
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<400> 620
tgtectactg tttgtggtte tgtaatgaac c 31

<210> 621

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 621
tgtaactatc acccgecacgg tgat 24

<210> 622

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 622
tgtaagctct acaacccaca aaaccttacg 30

<210> 623

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 623
tgtaatgaac cctaatgacc atccacacgg 30

<210> 624

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 624
tgtacccget gaattaacga atttatacga ¢ 31

<210> 625

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 625
tgtactcggt aagtatcacc cgca 24

<210> 626

<211> 21
<212> DNA
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<213> Artificial Sequence

<220>
<223> Primer

<400> 626
tgtactgcta tccacccteca a

<210> 627

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 627
tgtagccget aagcactacce atcece

<210> 628

<211l> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 628
tgtagcttat cgcgaaatgt ctttgatttt

<210> 629

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 629
tgtatggtgg tgtaacgtta catgataata atc

<210> 630

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 630
tgtattaggg gcatacagtc ctcatcce

<210> 631

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 631

116/271

PCT/US2006/015160

21

24

30

33

27



WO 2006/116127

tgtcaaagtg gcacgtttac tgge

<210> 632

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 632
tgtcatgggt aaatatcacec ctca

<210> 633

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 633

tgtccaagaa gcatagcaaa aaaagcaa

<210> 634

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 634
tgtecgatgca acgcgaagaa cct

<210> 635

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 635
tgtcggtaca cgatattcett cacga

<210> 636

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 636

tgtgaataaa tcacgattga ttgagca

<210> 637

<211> 26

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 637
tgtggagtaa cactgcatga aaacaa

<210> 638

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 638
tgtggtcaaa tcaaagttgg tgaagaa

<210> 639

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 639
tgttcaagag ctagatctte aggca

<210> 640

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 640
tgttcaagag ctagatctte aggcaa

<210> 641

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 641
tgttcgectgt ttcacaaaca acattcca

<210> 642

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 642

tgttctttag caggacttca caaacttgat aa
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<210> 643

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 643
tgttgaacgt ggtcaaatca aagttggtg

<210> 644

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 644
tgttgggagt attccttace atttaagcac a

<210> 645

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 645
tgttggtgct ttetggeget taa

<210> 646

<211> 38

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 646
tecttgttgt cctactgttte gtggttctgt aatgaacc

<210> 647

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<220>

<221> modified base
<222> (7)...(7)
<223> I

<220>
<221> modified_base
<222> (10)...(10)
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<223> I

<220>

<221> modified_base
<222> (13)...(13)
<223> I

<220>

<221> modified_base
<222> (16)...(16)
<223> I

<220>

<221> modified_base
<222> (19)...(20)
<223> I

<220>

<221> modified_base
<222> (22)...(22)
<223> I

<400> 647
ttaaagttgg ttttattggt tggcgegga

<210> 648

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 648
ttaacatgaa ggaaaccact ttgataatgg

<210> 649

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 649
ttaacggtta tcatggccca gatggg

<210> 650

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 650
ttaagtcceg caacgagege aa

<210> 651
<211> 22
<212> DNA
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<213> Artificial Sequence

<220>
<223> Primer

<400> 651
ttaagtccecg caacgatcge aa 22

<210> 652

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 652
ttaatttgee aaaaatgcaa ccaggtag 28

<210> 653

<211l> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 653
ttacacatat cgtgagcaat gaactga 27

<210> 654

<21l> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 654
ttacaggaag tttaggtggt aatctaaaag g 31

<210> 655

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 655
ttactcecatt attgcttggt tacactttcce 30

<210> 656

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 656
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ttataactta ctgcaatcta ttcagttgct tggtg 35

<210> 657

<211l> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 657
ttataccgga aacttcccga aaggag

<210> 658

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Priwmer

<400> 658

26

ttatcagcta gaccttttag gtaaagctaa gc 32

<210> 659

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 659
ttatcgctca ggcgaactce aac

<210> 660

<211> 28

<212> DNA

«213> Artificial Sequence

<220>
<223> Primer

<400> 660
ttatcgtttg tggagetagt gettatge

<210> 661

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 661
ttatgaagcg tgttctttag caggacttca

<210> 662

<211> 25

<212> DNA

<213> Artificial Sequence

23

28

30
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<220>
<223> Primer

<400> 662
ttatggatgg caacgtgaaa cgcgt

<210> 663

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 663
ttattgttat cctgttatge ¢

<210> 664

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 664
ttatttacct gcactcccac aactg

<210> 665

<211l> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 665

ttcaaaaact ccaggccate ctgaaatttc aac

<210> 666

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 666
ttcaacaggt accaatgatt tgatctca

<210> 667

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primerxr

<400> 667
tteceecacega tatcatgget taccacgg
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<210> 668

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 668
tteccgtaagt cggctaaaac agtceg

<210> 669

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 669
tteectecttt tgaaagcgac ggtt

<210> 670

<211> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 670
ttecteggee gectgge

<210> 671

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 671
ttcctgaccg acccattatt cecctttatce

<210> 672

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 672
ttcgatgcaa cgcgaagaac ct

<210> 673

<211> 27

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 673
ttegecaatc aaaactaagg gaatgge

<210> 674

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 674
tteggeggte agegettegg

<210> 675

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 675
ttctaaaaca ccaggtcacc cagaag

<210> 676

<211l> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 676
ttetatcteg ttggtttatt cggagtt

<210> 677

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 677
ttctgaatgt ctatatggag gtacaacact

<210> 678

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 678
ttgactgcce aggtcacget g
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<210> 679

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 679
ttgactgcgg cacaacacgg at

<210> 680

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 680

ttgagaagac atcecggctca cgttattatg gta

<210> 681

<211l> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 681

ttgagggtat gcaccgtett tttgattett t

<210> 682

<211l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 682
ttgcaactgce tgatttagect caga

<210> 683

<211l> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 683
ttgcacaagc aaggegetat tt

<210> 684

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
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<223> Primer

<400> 684
ttgccaatga tattegttgg ttagcaag

<210> 685

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 685

ttgccegegg tgeggaagta accgatatta c

<210> 686

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 686
ttgcgaatag aacgatgget cgt

<210> 687

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 687
ttgctegtgg tgcacaagta acggatatta

<210> 688

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 688

ttgctegtgg tgcacaagta acggatatta c

<210> 689

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<220>

<221> modified base
<222> (15)...(15)
<223> T
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<220>

<221> modified base
<222> (29)...(29)
<223> T

<400> 689

ttgctegtgg tgcacaagta acggatatta c

<210> 690

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 690
ttgcttaaag ttggttttat tggttggeg

<210> 691

<211l> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 691
ttggtcecttt ttatacgaaa gaagaagttg aa

<210> 692

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 692
ttgtaaatge cggtgettea gatcce

<210> 693

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 693
ttgtacacac cgcccgtecat ac

<210> 654

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 694
ttgtagcaca gcaaggcaaa tttectgaaa € 31

<210> 695

<211> 30

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 695
ttgtatgtat ggtggtgtaa cgttacatga 30

<210> 696

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 696
ttgtatgtat ggtggtgtaa ctgagca 27

<210> 697

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 697
tttaagtcce gcaacgagcg caa 23

<210> 698

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 698
tttacacata tcgtgagcaa tgaactga 28

<210> 699

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 699
tttacactac ttttattcat tgccctaacg 30

<210> 700
<211> 19
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 700
tttacagett tatgcaccg

<210> 701

<211l> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 701
tttcacacag cgtgtttata gttctacca

<210> 702

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 702
tttcacatgt aattttgata ttecgcactga

<210> 703

<211l> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 703
tttcatctta tcgaggaccce gaaatcga

<210> 704

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 704
tttecctcett ttgaaagcga cggtt

<210> 705

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 705
tttecgaaggg cctttegace tg 22

<210> 706

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 706
tttcgatgeca acgcgaagaa cct 23

<210> 707

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 707
tttgatttta cgecgtecte caggteg 27

<210> 708

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 708
tttgcggatg aagtaggtge ctatcttttt ge 32

<210> 709

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 709
ttttatgett aaagttggtt ttattggttg ge 32

<210> 710

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 710
ttttgaaggt gatccgtgee aacg 24

<210> 711

<211> 29
<212> DNA
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<213> Artificial Sequence

<220>
<223> Primer

<400> 711
aaactatttt tttagctata ctcgaacac

<210> 712

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 712
aacatagect tctecgtee

<210> 713

<211s> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 713
aacttcgect tcggteatgt t

<210> 714

<211> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 714
aaggaggtga tccagec

<210> 715

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 715
aatcgacgac catcttggaa agatttete

<210> 716

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 716
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acaaaaggca cgccatcace ¢

<210> 717

<211s> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 717
acaaaaggta cgccgtcace ¢

<210> 718

<211l> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<220>

<221> modified_base
<222> (12)...(12)
<223> I

<400> 718
acaacacgag ctgacgac

<210> 719

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 719
acaacacgag ctgacgac

<210> 720

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<220>

<221> modified base
<222> (16)...(16)
<223> I

<400> 720
acaacacgag ctgacgac

<210> 721

<211> 18

<212> DNA

<213> Artificial Sequence
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<220>
<223>

<220>
<221>
<222>
<223>

<400>

Primer

modified base
(14) ... (14)
I

721

acaacacgag ctgacgac

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

722

18

DNA

Artificial Sequence

Primer

modified base
(11)...(11)
I

722

acaacacgag ctgacgac

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

723

18

DNA

Artificial Sequence

Primer

modified base
(10) ... (10)
I

modified base
(13)...(13)
I

723

acaacacgag ctgacgac

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

<220>
<223>

<220>
<221>
<222>
<223>

724

18

DNA

Artificial Sequence

Primer

modified base
(8)...(8)
I
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

modified_base
(10) ... (10)
I

modified base
(13)...(13)
I

724

acaacacgag ctgacgac

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

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

725

18

DNA

Artificial Sequence

Primer

modified base
(8)...(8)
I

modified base

(10) ... (10)
I
modified base

(13)...(13)
I

modified base
(16) ... (16)
I

725

acaacacgag ctgacgac

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

<220>
<223>

<400>

726

20

DNA

Artificial Sequence

Primer

726

acaaccatge accacctgte

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

727

12

DNA

Artificial Sequence
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<220>
<223> Primer

<400> 727
acacgagctg ac

<210> 728

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 728
accactttta ataaggtttg tagctaac

<210> 729

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 729
acctgcaata tctaatgcac tcttacg

<210> 730

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 730
acctgcatce ctaaacgtac ttgce

<210> 731

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 731
accttgttac gacttcacce ca

<210> 732

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 732
acgaactgga tgtegccegtt

136/271

PCT/US2006/015160

12

28

27

24

22

20



WO 2006/116127

<210> 733

<211l> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 733
acgacacgag ctgacgac

<210> 734

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 734
acgacacgag ctgacgac

<210> 735

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 735
acgagctgac gacagccatg

<210> 736

<211l> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 736
acgccatcag gccacgeat

<210> 737

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 737
acgcgggcat gcagagatge c

<210> 738

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
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<223> Primer

<400> 738
acggcacgag gtagtecge

<210> 739

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 739
acggttacct tgttacgact

<210> 740

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 740
acgtcettca tegectetga

<210> 741

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 741

acgttttteg ttttgaacga taatgcet

<210> 742

<211> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 742
actgctgcet ccegtag

<210> 743

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 743
acttagatgc tttcageggt

<210> 744
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<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 744
agaccteectg cgtgcaaage

<210> 745

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 745

agataaagaa tcacgaatat caatttgtag c

<210> 746

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 746
agccgacatce gaggtgccaa ac

<210> 747

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 747
agctgctaga tgagcettctg ceatggece

<210> 748

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 748
aggatagatt tatttcttgt teg

<210> 749

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 749
agtccatccce ggtecctcteg

<210> 750

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 750
ataagccatg ttctgtteca tc

<210> 751

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 751
ataagccggg ttetgteg

<210> 752

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 752
atatgattat cattgaactg cggeceg

<210> 753

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 753
atceccetget tectgetgec

<210> 754

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 754

attcaagagc catttctttt ggtaaaccac

<210> 755
<211l> 22
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 755
attgcccaga aatcaaatca te 22

<210> 756

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 756
attgcttett acttgettag cataaatttt cca 33

<210> 757

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 757
attgtagcac gtgtgtagcc c 21

<210> 758

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 758
caagcggttt gecctcaaata gtca 24

<210> 759

<211l> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 759
caatctgetg acggatctga ge 22

<210> 760

<211> 15

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 760
caccgggecag gcgte

<210> 761

<211l> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 761
cacggctace ttgttacgac

<210> 762

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 762
cagataaaga atcgectccag

<210> 763

<211s> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 763

catgacagcc aagacctcac ccace

<210> 764

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 764
catgatggte acaaccgg

<210> 765

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 765
ccaaacaccg ccgtegatat

<210> 766
<211> 26
<212> DNA
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<213> Artificial Sequence

<220>
<223> Primer

<400> 766
Cccaacctttt ccacaacaga atcagc

<210> 767

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 767
ccaagtgctg gtttaccccea tggagta

<210> 768

<211> 23

<212> DNA

<213> Artificial Sequence

1

<220>
<223> Primer

<400> 768
ccacttttaa taaggtttgt agce

<210> 769

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 769
ccagcagtta ctgteccete atctttg

<210> 770

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 770
ccataaggtc accgtcacca ttcaaagc

<210> 771

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 771

PCT/US2006/015160
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ccatgcageca cctgtcetce

<210> 772

<211ls> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 772
ccecatttttt cacgcatget gaaaatatc

<210> 773

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 773
cccecegteaa ttectttgag t

<210> 774

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 774
ccctgtagta gaagaggtaa ccac

<210> 775

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 775
Cccgacaagga atttcgctac c

<210> 776

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 776
ccgeggtega attgcatgece tte

<210> 777

<211> 17

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 777
ccggtectet cgtacta

<210> 778

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 778
cegtgeteca ttttteag

<210> 779

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 779
cctacccaac gttcaccaag ggcag

<210> 780

<211> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 780
ccteetgegt gcaaage

<210> 781

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 781
cctgtagtag aagaggtaac

<210> 782

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 782
ccttecteeceg aagttacg
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<210> 783

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 783
ccttgttacg acttcaccce

<210> 784

<211l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 784
¢gaacggcca gagtagtcaa cacg

<210> 785

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 785
cgaacggcct gagtagtcaa cacg

<210> 786

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 786
cgacttgacg gttaacattt cctg

<210> 787

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 787
cgagttgcag actgcgatce g

<210> 788

<211> 21

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 788
cgagttgcag actgecgatcc g

<210> 789

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 789
cgcaccatge gtagagatga agtac

<210> 790

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 790
cgcaccgtgg gttgagatga agtac

<210> 791

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 791
cgcatttcac cgctacac

<210> 792

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 792
cgcggtegge tcegttgatga

<210> 793

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 793
cggctgctgg cacgaagtta g
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<210> 794

<211> 15

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 794
cggcttcaag acccc

<210> 795

<21l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 795
cggtacgaac tggatgtcge cgtt

<210> 796

<211l> 15

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 796
cgtacteccece aggceg

<210> 797

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 797

cgtataaget gcaccataag cttgtaatge

<210> 798

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 798
cgtggactac cagggtatct a

<210> 799

<211l> 21

<212> DNA

<213> Artificial Sequence

<220>
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<223> Primer

<400> 799
ctatcggtea gtcaggagta t

<210> 800

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 800
cttctacatt tttageccate ac

<210> 801

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 801
ctttacgecee agtaattceg

<210> 802

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 802

ctttegettt ctegaactca accat

<210> 803

<211> 17

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 803
gaatatcaat ttgtage

<210> 804

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 804

gaccccaacc tggecttttg tegttga

<210> 805
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<211l> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 805
gaccgttata gttacggec

<210> 806

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 806
gacgggcggt gtgtacaag

<210> 807

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 807
gacgggceggt gtgtacaag

<210> 808

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 808
gacgggcggt gtgtacaag

<210> 809

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 809
gacgtcatce ccacctteet ¢

<210> 810

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 810
gacgtcatcc ccaccttect cc

<210> 811

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 811
gagcatcage gtgegtget

<210> 812

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 812
gagctgcgee aacgaataaa tegte

<210> 813

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 813

gattggcgat aaagtgatat tttctaaaa

<210> 814

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 814
gcccaccaga aagactagca ggataa

<210> 815

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 815
gcegtecate tgagcageac c

<210> 816
<211> 21

PCT/US2006/015160

22

19

25

29

26

21

151/271



WO 2006/116127

<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 816
gcegtecatt tgagcagcac c

<210> 817

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 817
gccttgegac cgtactecece

<210> 818

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 818
gcgaccgtac tccccagg

<210> 819

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 819
gcgctccacg tctteacge

<210> 820

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 820
gcgtgacagg caggtatte

<210> 821

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223>. Primer

PCT/US2006/015160
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<400> 821
gcgtgacgac cttettgaat tgtaatca

<210> 822

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 822
gcgttecaca gettgttgea gaag

<210> 823

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 823
gctgetggea cggagtta

<210> 824

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 824
getgetttga tggetgaate cectte

<210> 825

<211l> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 825
gectggatteg cetttgctac g

<210> 826

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 826
gcttacacac ccggcctate

<210> 827
<211> 23
<212> DNA
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<213> Artificial Sequence

<220>
<223> Primer

<400> 827
ggaatttacc agcgatagac acc

<210> 828

<211l> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 828
ggataattgg tcgtaacaag ggatagtgag

<210> 829

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 829
ggcatcacca ttteccttgte ctteg

<210> 830

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 830
ggccegtacte cceaggeg

<210> 831

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 831
ggcgettgta cttaccgeac

<210> 832

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 832
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gggtctacac ctgcacttge ataac

<210> 833

<211> 16

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 833
gggtttccee attegg

<210> 834

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 834
ggtaaccctt gtetttgaat

<210> 835

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 835
ggtaaggtte ttegegttg

<210> 836

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 836
ggtataacgc atcgcagcaa aagattta

<210> 837

<211l> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 837
gtaacccttg tetttgaatt gtatttge

<210> 838

<211> 22

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 838
gtaagccatg ttttgttceca tc

<210> 839

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 839
gtatctaatc ctgtttgctc cc

<210> 840

<211l> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 840
gtccgacttyg acggtcaaca tttectg

<210> 841

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 841
gtgcgeecett tctaactt

<210> 842

<211l> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 842
gtgctggttt accccatgga gt

<210> 843

<211> 21

<212> DNA ,
<213> Artificial Sequence

<220>
<223> Primer

<400> 843
gttcaaatgc ctggataccc a
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<210> 844

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 844
gttgtcacca ggecattacca ttte

<210> 845

<211l> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 845
gttgtegeca ggcataacca ttte

<210> 846

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 846
gtttcatgect tagatgettt cage

<210> 847

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 847
gtttttegtt gegtacgatg atgtc

<210> 848

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 848

taaacgtccg ataccaatgg ttegete

<210> 849

<211> 30

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 849
taaactattt ttttagctat actcgaacac

<210> 850

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 850
taaagacacc gctgggttta aatgtgca

<210> 851

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 851
taaagagacg tttggtagtt catttgce

<210> 852

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 852
taaaggatag cggtaactaa atggctgage cat

<210> 853

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 853
taaatgcact tgcttcaggg ccatat

<210> 854

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 854
taaattccge aaagactttg gcattaggtg t
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<210> 855

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 855
taacaaatcc cgtetgagtt cctettgea

<210> 856

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 856
taacaacgtt accttegecga tccactaa

<210> 857

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 857
taaccatttc gegtaagatt caa

<210> 858

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 858
taaccaccce aagatttatc tttttgcca

<210> 859

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 859
taaccatttc gegtaagatt caa

<210> 860

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
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<223> Primer

<400> 860
taacccttgt ctttgaattg tatttgcaat taatcctgg

<210> 861

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 861
taacecgtttce caaaggtact gtattttgt

<210> 862

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 862
taaccgtttc caaaggtact gtattttgtt tacce

<210> 863

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 863
taactcctct tecttcaaca ggtgga

<210> 864

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 864
taactgaccc aaagctgaaa gctttactg

<210> 865

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 865
taagacaagg ttttgtggat tttttagctt gtt

<210> 866
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<211s> 26
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 866
taagagtgat gegggctggt tcaaca 26

<210> 867

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 867
taagcaatac ctttacttge accac 25

<210> 868

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 868
taagcaatac ctttacttgc accacct 27

<210> 869

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 869
taagcaatac ctttacttge accacctg 28

<210> 870

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 870
taagcaccat ataagtctac tttttteecct t 31

<210> 871

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 871
taagcecagca agagctgtat agttcca

<210> 872

<21l1l> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 872
taagetcceg tatettgagt cgccete

<210> 873

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 873
taagttacct tgccegtecaa cca

<210> 874

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 874
taagttectt cgctagtatg ttggett

<210> 875

<211> 30

<212> DNA .
<213> Artificial Sequence

<220>
<223> Primer

<400> 875
taatcgacga ccatcttgga aagatttcte

<210> 876

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 876
taatctgget gcggaagtga aat

<210> 877
<211l> 25
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 877
taatctggct gecggaagtga aatcg 25

<210> 878

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<4Q00> 878
taatgcecggg tagtgcaatc cattctteta g 31

<210> 879

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 879
taatgcgata ctggectgea agtc 24

<210> 880

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 880
tacaacctte ggataatcag gatgagaatt aat 33

<210> 881

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 881
tacaacgtga taaacacgac cagaagc 27

<210> 882

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 882
tacaactggt tcaaaaacat taagctgtaa ttgte 35

<210> 883

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 883
tacagcttta aagccagcaa aatgaattac ag 32

<210> 884

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 884
tacaggagca gcaggctteca ag 22

<210> 885

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 885
tacatcgttt cgcccaagat caatca 26

<210> 886

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 886
tacatctcct tcgatagaaa ttteattget atc 33

<210> 887

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 887
taccaaagcg tgcacgatag ttgag 25

<210> 888

<211> 27
<212> DNA
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<213> Artificial Sequence

<220>
<223> Primer

<400> 888
taccatctac ccaaacatta gcaccaa

<210> 889

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 889
taccccagtt ccectgaccet te

<210> 890

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 890
taccggaage accagcgaca ttaatag

<210> 891

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 891
tacctgcatt aatcgettgt teatcaa

<210> 892

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 892
taccttaccg ccaaagctgt ct

<210> 893

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 893
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taccttagga cegttatagt tacg

<210> 894

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 894
taccttttece acaacagaat cage

<210> 895

<211l> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 895
tacgagctga cgacagccat g

<210> 896

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 896
tacgagctga cgacagccat gca

<210> 897

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 897
tacgcattac tcaccegtce gc

<210> 898

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 898
tacgceatcea ggccacgcat

<210> 899

<211l> 27

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 899
tacgctaagc cacgtccata tttatea 27

<210> 900

<211l> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 9200
tacgtatgta aattccgcaa agactttgge attag 35

<210> 901

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 901
tacgtcgeet ttaacttggt tatattcage 30

<210> 9202

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 902
tacgttctac gatttcttca tcaggtacat c 31

<210> 903

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 903
tacgtttgta tcttctgcag aacce 24

<210> 904

<211l> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 904
tacacctggt ttegttttga tgatttgta 29

167/271



WO 2006/116127

<210> 905

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 905
tactagacga cgggtcaggt aacc

<210> 906

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 906
tacttcagct tcgtccaata aaaaatcaca at

<210> 907

<211> 31

<212> DNA

<213> Artificial Seqguence

<220>
<223> Primer

<400> 907
tactttaagg ggctatcttt accatgaacc t

<210> 908

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 908
tagagagtag ccatcttcac cgttgte

<210> 909

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 909
tagcaccaat caccctttece tgt

<210> 910

<211l> 28

<212> DNA

<213> Artificial Sequence
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<220>
<223> Primer

<400> 910
tagcagcaaa agttatcaca cctgcagt

<210> 911

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 911
tagcagctag ctcgtaacca gtgta

<210> 912

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 912
tagccatacg taccattgcet tcataaatag a

<210> 913

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 913
tagcccaget gtttgageaa ct

<210> 914

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 914
tagcegeggt cgaattgeat

<210> 915

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 915
tagccttggce aacatcagca aaact
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<210> 916

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 916
tagcctttte tccggegtag atcet

<210> 917

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 917
tagcgattte tactcctaga gttgaaattt cagg

<210> 918

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 918
tagetgetag atgagettet gecatggec

<210> 919

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 919
taggatgaaa gcattccget ggce

<210> 920

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 920
taggatgagc attatcaggg aaagaatc

<210> 921

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
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<223> Primer

<400> 921
taggattttt ccacggcgge ate 23

<210> 922

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 922
taggcataac catttcagta ccttetggta a 31

<210> 923

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 923
tagtatcacc acgtacaccc ggatcagt 28

<210> 924

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<220>

<221> modified_base
<222> (17)...(17)
<223> I

<220>

<221> modified base
<222> (20)...(20)
<223> T

<400> 924
tagtatcacc acgtacaccc ggatcagt 28

<210> 925
<211> 32

<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 925
tagtccttte tgaattttac catcaaaggt ac 32

<210> 926
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<211> 32
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 926
tagtcttttyg gaacaccgtc tttaattaaa gt 32

<210> 927

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 927
tagtgttgta cctecatata gacattcaga 30

<210> 928

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 928
tagttgaagt tgcactatat actgttgga 29

<210> 929

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 929
tataacgcac atcgtecaggg tga 23

<210> 930

<211l> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 9230
tatagcacca tcecatctgag cggeac 26

<210> 931

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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<400> 931
tatatgaaca ataccagttc cttctgagt

<210> 932

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 932
tatatgatta tcattgaact geggcceg

<210> 933

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 933
tatccattga accaaagtta ccttggce

<210> 934

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 934
tatccectge ttetgetgec

<210> 935

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 935
tatcgacaga tccaaagtta ccatgcce

<210> 936

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 936
tatggtctat ttcaatggca gttacga

<210> 937
<211> 24
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 937
tatgtgcteca cgagtttgcg gcat

<210> 938

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 938
tatgtgtagt tgagcttact acatgagc

<210> 939

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 939
tattcttcgt tactcatgce ataca

<210> 940

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 940
tattgcccag aaatcaaate atc

<210> 941

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 941
tattgcggat caccatgatg atattcttge

<210> 942

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer
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