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COMPOSITIONS FOR USE IN IDENTIFICATION 
OF ADVENTITIOUS VIRUSES 

RELATED APPLICATIONS 

[0001] The present application 1) claims the bene?t of 
priority to US. Provisional Application Ser. No. 60/658,248, 
?led Mar. 3, 2005; 2) claims the bene?t of priority to US. 
Provisional Application Ser. No. 60/705,631, ?led Aug. 3, 
2005; 3) claims the bene?t of priority to US. Provisional 
Application Ser. No. 60/732,539, ?led Nov. 1, 2005 and 4) 
claims the bene?t of priority to US. Provisional Application 
Ser. No. 60/740,617, ?led Nov. 28, 2005. Each of the above 
listed US. Provisional Applications is incorporated herein 
by reference in entirety. Methods disclosed in US. applica 
tion Ser. Nos. 10/156,608, 09/891,793, 10/418,514, 10/660, 
997, 10/660,122, 10,660,996, 10/660,998, 10/728,486, 
10/405,756, 11/060,135, and 11/073,362, are commonly 
oWned and incorporated herein by reference in their entirety 
for any purpose. 

STATEMENT OF GOVERNMENT SUPPORT 

[0002] This invention Was made With United States Gov 
ernment support under NIH contract N01 AI40100. The 
United States Government may have certain rights in the 
invention. 

FIELD OF THE INVENTION 

[0003] The present invention provides compositions, kits 
and methods for rapid identi?cation and quanti?cation of 
adventitious contaminant viruses by molecular mass and 
base composition analysis. 

BACKGROUND OF THE INVENTION 

A. Adventitious Viruses 

[0004] Adventitious viruses represent a major risk asso 
ciated With the use of cell-substrate derived biologicals, 
including vaccines and antibodies, for human use. The 
possibility for viral contamination exists in primary cultures 
and established cultures, as Well as Master Cell Banks, 
end-of-production cells, and bulk harvest ?uids. This is a 
major obstacle to the use of neoplastic-immortalized cells 
for Which the mechanism of transformation is unknoWn is 
that these could have a higher risk of containing oncogenic 
viruses. Extensive testing for the presence of potential 
extraneous agents is therefore required to ensure the safety 
of the vaccines. Among the methods used for this purpose 
are animal inoculations, electron microscopy and in vitro 
molecular and antibody assays that provide a screen for viral 
agents. Another critical consideration for assessing the 
safety concerns associated With viral vaccines is the detec 
tion of endogenous retroviral sequences While using avian, 
murine, non-human primate, and human cell lines. Endog 
enous retroviral sequences are an integral part of eukaryotic 
genomes, and While the majority of these sequences are 
defective, a feW can produce infectious virus, either spon 
taneously upon long-term culture. These can also be induced 
upon treatment With various chemical or other agents that 
may be part of the normal production system. The activation 
of an endogenous, infectious retrovirus in a cell substrate 
that is used for the production of biologics is an important 
safety concern, especially in the case of live, viral vaccines, 
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Where minimal puri?cation and inactivation steps are used in 
order to preserve high vaccine potency. 

[0005] The currently established methods for measuring 
RT-activity include the highly sensitive, product-enhanced 
reverse transcriptase assays (PERT) that can detect 1-10 
virions and transmission electron microscopy (TEM) to 
analyZe infective retroviruses particles. HoWever, the above 
techniques are not speci?c and do not provide any informa 
tion regarding the source of the RT activity. PCR-based 
detection of retroviruses can be used in combination With 
other assays such as reverse transcriptase, electron micros 
copy infectivity or co-cultivation to increase the sensitivity 
of detection or to identify a particular adventitious agent 
present in the test sample. Further, While some studies 
demonstrate that a loW level of RT activity is not generally 
associated With a replicating agent; major concerns remain 
regarding the consequences of the presence of such non 
productive, non-replicating defective infections in the vac 
cine, as there is the potential for integration into the host 
genome. 

[0006] Retrovirus-induced tumorigenesis can involve the 
generation of a novel pathogenic virus by recombination 
betWeen replication-competent and -defective sequences 
and/or activation of a cellular oncogene by a long terminal 
repeat (LTR) due to upstream or doWnstream insertion of 
retrovirus sequences. To address the possible integration of 
extraneous retroviral sequences in human cells by RT 
containing particles, multiple PCR strategies have been 
used. These include direct PCR of DNase-treated inoculum 
using primers from the highly conserved pol region and Alu 
PCR using LTR primers in conjunction With Alu primers that 
speci?cally amplify viral-cellular DNA junctions of inte 
grants. 

[0007] Future strategies to detect adventitious agents must 
address three fundamental problems. First, there are large 
numbers of knoWn viral agents that are potential contami 
nants, each With a large number of potential strain variants. 
Second, history has shoWn that not all adventitious agents 
fall into anticipated families of viruses, so unanticipated 
virus families must also be considered. Third, the test must 
be practical to perform on a large number of samples in a 
standardiZed, high-throughput, quality-controlled fashion. 
The premise of this proposal is that We can leverage recently 
developed and validated methods using mass spectrometry 
analysis of broad-range PCR reactions for rapid, sensitive, 
cost-effective detection of broad ranges of adventitious 
agents, including previously unknoWn/uncharacteriZed 
viruses and endogenous retroviruses. 

B. Drug Resistance 

[0008] Drug resistance in bacteria and viruses is fre 
quently mediated by point mutations in key genes Whose 
gene products interact directly or indirectly With the drug. 
While there are several methods available for identi?cation 
of single nucleotide polymorphisms (SNPs) in nucleic acid 
sequences, the functional unit that encodes each amino acid 
is the codon, Where three successive nucleotides are respon 
sible for encoding each amino acid. Mutations in any of the 
three nucleotides may or may not result in a mutation in the 
encoded amino acid, depending upon the particular amino 
acid and the rules of the genetic code. Because the genetic 
code is deciphered as a sequence, both the identity and the 
order of the nucleotides are important in determining the 
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encoded amino acid. Thus, DNA sequencing has become the 
method of choice for analysis of mutations that result in 
amino acid changes. DNA sequencing has signi?cant dis 
advantages as an analysis method for routine use a clinical 
laboratory setting. It is still relatively expensive and labor 
intensive, and thus is used only for very important analyses. 
An example of this is determination of drug resistance in 
viruses such as HIV and in bacteria such as methicillin 
resistant Staphylococcus aureus (MRSA). Drug resistance in 
HIV has noW emerged as a signi?cant problem in both 
untreated and drug-treated patient populations. The decision 
to select a particular drug-treatment regimen that the virus 
Will respond to is critical to success of therapy. Drug 
resistance testing has been shoWn to improve the clinical 
outcome in HIV-infected individuals and thus is noW rec 
ommended for neW infections or for patients infected as long 
as tWo years or more prior to initiating therapy, in the case 
of antiretroviral failures and during pregnancy. Thus, despite 
the costs, DNA sequencing is currently being used for 
determination of viral drug resistance. Typically, a serum 
sample is analyZed by PCR ampli?cation of the reverse 
transcriptase and protease genes, folloWed by sequencing of 
approximately 900 nucleotides of the reverse transcriptase 
gene and 300 nucleotides of the protease gene. The DNA 
sequence is then used to determine the optimal drug regi 
men. A draWback of sequencing is that DNA sequencing 
technology for identi?cation of drug-resistant viruses is that 
it is not easily able to identify the components present in a 
mixed sample, particularly in a scenario Where a fraction of 
the virus population has mutated. DNA sequencing Was 
developed on the assumption that the sample being analyZed 
is homogeneous. HoWever, the HIV populations that infect 
humans are not homogeneous, and RNA viruses such as HIV 
are knoWn to rapidly mutate, creating a population of mixed 
sequences in each infected individual. In the presence of 
drug selection, mutations that mediate drug resistance that 
occur at loW frequency groW With a selective advantage and 
eventually can dominate the population, causing treatment 
failure. In this scenario, the mutant virus starts out as an 
undetectable fraction of the population Which increases to a 
higher percentage over time. It Would be valuable to identify 
drug resistant virus populations early, before they have a 
chance to increase the viral load. DNA sequencing methods 
can identify mixed populations, but do so poorly. In a recent 
publication using the ABI PRISM 3100 genetic analyZer, it 
Was reported that a viral mixture containing approximately 
40% of the mutant viral population can be detected With 
95% con?dence. HoWever, 40% of a typical viral load 
(1,800 to 10,500 HIV copies/ml) means a blood burden 
(assuming 5 liters of blood) of up to 21 million drug 
resistant viral copies. Other analytical methods are capable 
of identifying mutations With more sensitivity than sequenc 
ing, but these methods are time consuming, laborious and 
not amenable to high throughput processes. 

[0009] Thus, there is a need for rapid and cost effective 
methods that can be applied as alternatives to sequencing in 
genomic analysis for variations that mediate amino acid 
changes. The present invention satis?es this need. The 
present invention provides, inter alia, methods of identifying 
adventitious contaminant viruses. Also provided are oligo 
nucleotide primers, compositions and kits containing the 
oligonucleotide primers, Which produce ampli?cation prod 
ucts Whose molecular masses provide the means to identify 
adventitious contaminant viruses at the sub-species level. 
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SUMMARY OF THE INVENTION 

[0010] The present invention provides compositions, kits 
and methods for rapid identi?cation and quanti?cation of 
adventitious contaminant viruses by molecular mass and 
base composition analysis. 

[0011] One embodiment is an oligonucleotide primer 14 to 
35 nucleobases in length having at least 70% sequence 
identity With SEQ ID NO: 47. 

[0012] Another embodiment is an oligonucleotide primer 
14 to 35 nucleobases in length having at least 70% sequence 
identity With SEQ ID NO: 286. 

[0013] Another embodiment is a composition of 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: 47 and an oligonucle 
otide primer 14 to 35 nucleobases in length having at least 
70% sequence identity With SEQ ID NO: 286. 

[0014] One embodiment is an oligonucleotide primer 14 to 
35 nucleobases in length having at least 70% sequence 
identity With SEQ ID NO: 70. 

[0015] Another embodiment is an oligonucleotide primer 
14 to 35 nucleobases in length having at least 70% sequence 
identity With SEQ ID NO: 286. 

[0016] Another embodiment is a composition of 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: 70 and an oligonucle 
otide primer 14 to 35 nucleobases in length having at least 
70% sequence identity With SEQ ID NO: 286. 

[0017] One embodiment is an oligonucleotide primer 14 to 
35 nucleobases in length having at least 70% sequence 
identity With SEQ ID NO: 165. 

[0018] Another embodiment is an oligonucleotide primer 
14 to 35 nucleobases in length having at least 70% sequence 
identity With SEQ ID NO: 286. 

[0019] Another embodiment is a composition of 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: 165 and an oligonucle 
otide primer 14 to 35 nucleobases in length having at least 
70% sequence identity With SEQ ID NO: 286. 

[0020] One embodiment is an oligonucleotide primer 14 to 
35 nucleobases in length having at least 70% sequence 
identity With SEQ ID NO: 122. 

[0021] Another embodiment is an oligonucleotide primer 
14 to 35 nucleobases in length having at least 70% sequence 
identity With SEQ ID NO: 275. 

[0022] Another embodiment is a composition of 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: 122 and an oligonucle 
otide primer 14 to 35 nucleobases in length having at least 
70% sequence identity With SEQ ID NO: 275. 

[0023] One embodiment is an oligonucleotide primer 14 to 
35 nucleobases in length having at least 70% sequence 
identity With SEQ ID NO: 100. 
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[0024] Another embodiment is an oligonucleotide primer 
14 to 35 nucleobases in length having at least 70% sequence 
identity With SEQ ID NO: 336. 

[0025] Another embodiment is a composition of 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: 100 and an oligonucle 
otide primer 14 to 35 nucleobases in length having at least 
70% sequence identity With SEQ ID NO: 336. 

[0026] One embodiment is an oligonucleotide primer 14 to 
35 nucleobases in length having at least 70% sequence 
identity With SEQ ID NO: 61. 

[0027] Another embodiment is an oligonucleotide primer 
14 to 35 nucleobases in length having at least 70% sequence 
identity With SEQ ID NO: 324. 

[0028] Another embodiment is a composition of 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: 61 and an oligonucle 
otide primer 14 to 35 nucleobases in length having at least 
70% sequence identity With SEQ ID NO: 324. 

[0029] In some embodiments, either or both of the primers 
of the primer pair contain at least one modi?ed nucleobase 
such as 5-propynyluracil or 5-propynylcytosine for example. 

[0030] In some embodiments, either or both of the primers 
of the primer pair comprises at least one universal nucleo 
base such as inosine for example. 

[0031] 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. 

[0032] In some embodiments, either or both of the primers 
of the primer pair comprises at least one non-template tag. 

[0033] In some embodiments, either or both of the primers 
of the primer pair comprises at least one molecular mass 
modifying tag. 

[0034] Some embodiments are kits that contain 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 the group of primer 
pairs represented by SEQ ID NOs: 70:286, 165:286, 
1221275, 1001336, and 61:324. 

[0035] Some embodiments of the kits contain at least one 
calibration polynucleotide. 

[0036] Some embodiments of the kits contain at least one 
anion exchange functional group linked to a magnetic bead. 

[0037] In some embodiments, the present invention pro 
vides primers and compositions comprising pairs of primers, 
and kits containing the same, and methods for use in 
identi?cation of adventitious contaminant viruses. The prim 
ers are designed to produce ampli?cation products of DNA 
encoding genes that have conserved and variable regions 
across a given viral family. The invention further provides 
compositions comprising pairs of primers and kits contain 
ing the same, Which are designed to provide species and 
sub-species characterization of adventitious contaminant 
viruses. 
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[0038] In some embodiments, the present invention also 
provides methods for identi?cation of adventitious contami 
nant viruses. Nucleic acid from the virus is ampli?ed using 
the primers described above to obtain an ampli?cation 
product. The molecular mass of the ampli?cation product is 
measured. Optionally, the base composition of the ampli? 
cation 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 adventitious contaminant virus identifying ampli 
cons, Wherein a match betWeen the molecular mass or base 
composition and a member of the plurality of molecular 
masses or base compositions identi?es the adventitious 
contaminant virus. In some embodiments, the molecular 
mass is measured by mass spectrometry. 

[0039] In some embodiments, the present invention is also 
directed to a method for determining the presence or absence 
of an adventitious contaminant virus in a sample. Nucleic 
acid from the sample is ampli?ed using the composition 
described above to obtain an ampli?cation product. The 
molecular mass of the ampli?cation product is determined. 
Optionally, the base composition of the ampli?cation prod 
uct is determined from the molecular mass. The molecular 
mass or base composition of the ampli?cation product is 
compared With the knoWn molecular masses or base com 
positions of one or more knoWn adventitious contaminant 
virus identifying amplicons, Wherein a match betWeen the 
molecular mass or base composition of the ampli?cation 
product and the molecular mass or base composition of one 
or more knoWn adventitious contaminant virus identifying 
amplicons indicates the presence of the adventitious con 
taminant virus in the sample. In some embodiments, the 
molecular mass is measured by mass spectrometry. 

[0040] In some embodiments, the present invention also 
provides methods for determination of the quantity of an 
unknoWn adventitious contaminant virus in a sample. The 
sample is contacted With the composition described above 
and a knoWn quantity of a calibration polynucleotide com 
prising a calibration sequence. Nucleic acid from the 
unknoWn adventitious contaminant virus in the sample is 
concurrently ampli?ed With the composition described 
above and nucleic acid from the calibration polynucleotide 
in the sample is concurrently ampli?ed With the composition 
described above to obtain a ?rst ampli?cation product 
comprising an adventitious contaminant virus identifying 
amplicon and a second ampli?cation product comprising a 
calibration amplicon. The molecular mass and abundance 
for the adventitious contaminant virus identifying amplicon 
and the calibration amplicon is determined. The adventitious 
contaminant virus identifying amplicon is distinguished 
from the calibration amplicon based on molecular mass, 
Wherein comparison of adventitious contaminant virus iden 
tifying amplicon abundance and calibration amplicon abun 
dance indicates the quantity of adventitious contaminant 
virus in the sample. In some embodiments, the base com 
position of the adventitious contaminant virus identifying 
amplicon is determined. 

[0041] In some embodiments, the present invention pro 
vides methods for detecting or quantifying adventitious 
contaminant virus by combining a nucleic acid ampli?cation 
process With a mass determination process. In some embodi 
ments, such methods identify or otherWise analyZe the 
adventitious contaminant virus by comparing mass informa 
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tion from an ampli?cation 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 determi 
nation methods in some embodiments of the present inven 
tion permits alloWs for the ability to discriminate betWeen 
different adventitious viruses such as members of the fol 
loWing families: p\ 

[0042] Papillomaviridae, Polyomaviridae, Retroviridae, 
Parvoviridae, Herpesviridae (Human herpesviruses 1 
through 8, Bovine herpesvirus, Canine herpesvirus and 
Simian cytomegalovirus), Hepadnaviridae (Hepatitis B 
virus), Hepeviridae (Hepatitis E virus), Deltavirus (Hepatitis 
delta virus), Adenoviridae (Human adenoviruses A-F and 
murine adenovirus), Flaviviridae (Bovine viral diarrhea 
virus, TBE, YelloW fever virus, Dengue viruses 1-4, WNV 
and hepatitis C virus), Paramyxoviridae (Pneumonia virus of 
mice, Sendai virus, and Simian parain?uenZa virus 5), 
Togaviridae (Western equine encephalomyelitis virus), 
Picomaviridae (Polio (types 1-13), Human hepatitis A, 
Human coxsackievirus, Human cardiovirus, Human rhinovi 
rus and Bovine rhinovirus), Reoviridae (Mouse rotavirus, 
reovirus type 3 and Colorado tick fever virus), and Rhab 
doviridae (vesicular stomatitis virus). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] 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 accompany 
ing draWings Which are included by Way of example and not 
by Way of limitation. 

[0044] FIG. 1: process diagram illustrating a representa 
tive primer pair selection process. 

[0045] FIG. 2 is a process diagram illustrating an embodi 
ment of the calibration method. 

DEFINITIONS 

[0046] As used herein, the term “abundance” refers to an 
amount. The amount may be described in terms of concen 
tration 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. 

[0047] As used herein an “adventitious virus” or “adven 
titious viral agent” refers to a virus contaminant present 
Within a biological product, including, for example, vac 
cines, cell lines and other cell-derived products. In some 
cases, the biological product may provide a favorable envi 
ronment for the survival of the virus. In some embodiments, 
the biological products are those useful in various experi 
mental conditions for research in biotechnology and clinical 
diagnosis or treatment in pharmacology. 

[0048] As used herein, the term “ampli?able nucleic acid” 
is used in reference to nucleic acids that may be ampli?ed by 
any ampli?cation method. It is contemplated that “ampli? 
able nucleic acid” also comprises “sample template.” 

[0049] As used herein the term “ampli?cation” refers to a 
special case of nucleic acid replication involving template 
speci?city. It is to be contrasted With non-speci?c template 
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replication (i.e., replication that is template-dependent but 
not dependent on a speci?c template). Template speci?city 
is here distinguished from ?delity of replication (i.e., syn 
thesis of the proper polynucleotide sequence) and nucleotide 
(ribo- or deoxyribo-) speci?city. Template speci?city is 
frequently described in terms of “target” speci?city. Target 
sequences are “targets” in the sense that they are sought to 
be sorted out from other nucleic acid. Ampli?cation tech 
niques have been designed primarily for this sorting out. 
Template speci?city is achieved in most ampli?cation tech 
niques by the choice of enZyme. Ampli?cation enzymes are 
enZymes that, under conditions they are used, Will process 
only speci?c sequences of nucleic acid in a heterogeneous 
mixture of nucleic acid. For example, in the case of Q6 
replicase, MDV-l RNA is the speci?c template for the 
replicase (D. L. Kacian et al., Proc. Natl. Acad. Sci. USA 
6913038 [1972]). Other nucleic acid Will not be replicated by 
this ampli?cation enZyme. Similarly, in the case of T7 RNA 
polymerase, this ampli?cation enZyme has a stringent speci 
?city 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 speci?city for the sequences bounded and thus de?ned 
by the primers; the high temperature results in thermody 
namic 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]). 

[0050] As used herein, the term “ampli?cation reagents” 
refers to those reagents (deoxyribonucleotide triphosphates, 
buffer, etc.), needed for ampli?cation, excluding primers, 
nucleic acid template, and the ampli?cation enZyme. Typi 
cally, ampli?cation reagents along With other reaction com 
ponents are placed and contained in a reaction vessel (test 
tube, microWell, etc.). 
[0051] As used herein, the term “anion exchange func 
tional group” refers to a positively charged functional group 
capable of binding an anion through an electrostatic inter 
action. The most Well knoWn anion exchange functional 
groups are the amines, including primary, secondary, tertiary 
and quaternary amines. 

[0052] The term “bacteria” or “bacterium” refers to any 
member of the groups of eubacteria and archaebacteria. 

[0053] As used herein, a “base composition” is the exact 
number of each nucleobase (for example, A, T, C and G). For 
example, ampli?cation of nucleic acid of Neisseria menin 
gilidis With a primer pair that produces an ampli?cation 
product from nucleic acid of 23S rRNA that has a molecular 
mass (sense strand) of 28480.75124, from Which a base 
composition ofA25 G27 C22 T18 is assigned from a list of 
possible base compositions calculated from the molecular 
mass using standard knoWn molecular masses of each of the 
four nucleobases. 

[0054] As used herein, a “base composition probability 
cloud” is a representation of the diversity in base composi 
tion resulting from a variation in sequence that occurs 
among different isolates of a given species. The “base 
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composition probability cloud” represents the base compo 
sition constraints for each species and is typically visualiZed 
using a pseudo four-dimensional plot. 

[0055] In the context of this invention, a “bioagent” is any 
organism, cell, or virus, living or dead, or a 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 cells and 
other pathogens), viruses, fungi, protists, parasites, and 
pathogenicity markers (including but not limited to: patho 
genicity islands, antibiotic resistance genes, virulence fac 
tors, 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 encap 
sulated or bioengineered. In the context of this invention, a 
“pathogen” is a bioagent Which causes a disease or disorder. 

[0056] As used herein, a “bioagent division” is de?ned 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. 

[0057] As used herein, the term “bioagent identifying 
amplicon” refers to a polynucleotide that is ampli?ed from 
a bioagent in an ampli?cation reaction and Which 1) pro 
vides suf?cient variability to distinguish each individual 
bioagent and 2) Whose molecular mass is amenable to 
molecular mass determination. 

[0058] As used herein, the term “biological product” 
refers to any product originating from an organism. Bio 
logical products are often products of processes of biotech 
nology. Examples of biological products include, but are not 
limited to: cultured cell lines, cellular components, antibod 
ies, proteins and other cell-derived biomolecules, groWth 
media, groWth harvest ?uids, natural products and bio 
pharmaceutical products. 

[0059] 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 by military or terrorist groups. 

[0060] In 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. 

[0061] The term “calibration amplicon” refers to a nucleic 
acid segment representing an ampli?cation product obtained 
by ampli?cation of a calibration sequence With a pair of 
primers designed to produce a bioagent identifying ampli 
con. 

[0062] The term “calibration sequence” refers to a poly 
nucleotide sequence to Which a given pair of primers hybrid 
iZes for the purpose of producing an internal (i.e: included 
in the reaction) calibration standard ampli?cation product 
for use in determining the quantity of a bioagent in a sample. 
The calibration sequence may be expressly added to an 
ampli?cation reaction, or may already be present in the 
sample prior to analysis. 

[0063] The term “clade primer pair” refers to a primer pair 
designed to produce bioagent identifying amplicons for 
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species belonging to a clade group. A clade primer pair may 
also be considered as a speciating primer pair. 

[0064] The term “codon” refers to a set of three adjoined 
nucleotides (triplet) that codes for an amino acid or a 
termination signal. 

[0065] 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. 

[0066] 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 signi?cant effects on the ef?ciency 
and strength of hybridiZation betWeen nucleic acid strands. 
This is of particular importance in ampli?cation 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 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. 

[0067] 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 con 
sidering a number of variables including, for example, the 
length of the oligonucleotide, base composition and 
sequence of the oligonucleotide, ionic strength and inci 
dence of mismatched base pairs. Where a ?rst oligonucle 
otide 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 comple 
mentarity 

[0068] 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 broad 
spectrum of bioagents For example, primer pair number 367, 
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a division-Wide primer pair, is designed to produce bioagent 
identifying amplicons for the beta-proteobacteria division of 
bacteria. 

[0069] As used herein, the term “concurrently amplifying” 
used With respect to more than one ampli?cation reaction 
refers to the act of simultaneously amplifying more than one 
nucleic acid in a single reaction mixture. 

[0070] As used herein, the term “drill doWn primer pair” 
refers to a primer pair designed to produce bioagent iden 
tifying amplicons for identi?cation of sub-species charac 
teristics. 

[0071] 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 re?ects 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. 

[0072] As used herein, the term “etiology” refers to the 
causes or origins, of diseases or abnormal physiological 
conditions. 

[0073] 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 transfer 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. 

[0074] 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 nucleo 
base 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 l5 nucleobases in length having 
all residues identical to a 15 nucleobase segment of a primer 
20 nucleobases in length Would have 15/2o=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 align 
ment is designated Plus/Plus. Sequence identity may also 
encompass alternate or modi?ed 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 ampli?cation reac 

Sep. 14, 2006 

tions. In a non-limiting example, if the 5-propynyl pyrim 
idines 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 replace 
ment for G or T and effectively 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 
modi?ed or universal bases may exist Which Would perform 
in a functionally similar manner for hybridization and ampli 
?cation reactions and Will be understood to fall Within this 
de?nition of sequence identity. 

[0075] 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. House 
keeping genes include, but are not limited to genes encoding 
RNA or proteins involved in translation, replication, recom 
bination and repair, transcription, nucleotide metabolism, 
amino acid metabolism, lipid metabolism, energy genera 
tion, uptake, secretion and the like. 

[0076] 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 
in?uenced by such factors as the degree of complementary 
betWeen the nucleic acids, stringency of the conditions 
involved, and the Tm 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 ?nd each other and anneal through base pairing 
interaction is a Well-recognized phenomenon. The initial 
observations of the “hybridization” process by Marrnur and 
Lane, Proc. Natl. Acad. Sci. USA 461453 (1960) and Doty et 
al., Proc. Natl. Acad. Sci. USA 46:461 (1960) have been 
folloWed by the re?nement of this process into an essential 
tool of modern biology. 

[0077] 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. 

[0078] As used herein, “intelligent primers” are primers 
that are designed to bind to highly conserved sequence 
regions of a bioagent identifying amplicon that ?ank an 
intervening variable region and, upon ampli?cation, yield 
ampli?cation products Which ideally provide enough vari 
ability 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-l00%, or betWeen about 90-l00%, 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. 

[0079] The “ligase chain reaction” (LCR; sometimes 
referred to as “Ligase Ampli?cation Reaction” (LAR) 
described by Barany, Proc. Natl. Acad. Sci., 88:189 (1991); 
Barany, PCR Methods and Applic., 1:5 (1991); and Wu and 
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Wallace, Genomics 4:560 (1989) has developed into a 
Well-recognized alternative method for amplifying nucleic 
acids. In LCR, four oligonucleotides, tWo adjacent oligo 
nucleotides Which uniquely hybridize to one strand of target 
DNA, and a complementary set of adjacent oligonucle 
otides, 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. Impor 
tantly, 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 speci?c nucleic acid positions. 

[0080] The term “locked nucleic acid” or “LNA” refers to 
a nucleic acid analogue containing one or more 2'-O, 4'-C 
methylene-[3-D-riboftiranosyl nucleotide monomers in an 
RNA mimicking sugar conformation. LNA oligonucleotides 
display unprecedented hybridization af?nity toWard comple 
mentary single-stranded RNA and complementary single- or 
double-stranded DNA. LNA oligonucleotides induce A-type 
(RNA-like) duplex conformations. 

[0081] As used herein, the term “mass-modifying tag” 
refers to any modi?cation to a given nucleotide Which 
results in an increase in mass relative to the analogous 
non-mass modi?ed nucleotide. Mass-modifying tags can 
include heavy isotopes of one or more elements included in 
the nucleotide such as carbon-l3 for example. Other pos 
sible modi?cations include addition of substituents such as 
iodine or bromine at the 5 position of the nucleobase for 
example. 
[0082] The term “mass spectrometry” refers to measure 
ment of the mass of atoms or molecules. The molecules are 
?rst converted to ions, Which are separated using electric or 
magnetic ?elds according to the ratio of their mass to electric 
charge. The measured masses are used to identity the mol 
ecules. 

[0083] 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. 

[0084] 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. 

[0085] 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 ampli 
?ed by PCR in a single reaction tube. 

[0086] 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 ampli?cation by 
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incorporation of extra G-C pairs Which each have one 
additional hydrogen bond relative to an A-T pair. 

[0087] 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 modi?cations thereof, Within an 
oligonucleotide, nucleotide or polynucleotide, and frag 
ments 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 

[0088] As used herein, the term “nucleobase” is synony 
mous With other terms in use in the art including “nucle 
otide,”“deoxynucleotide,”“nucleotide residue,”“deoxy 
nucleotide residue,”“nucleotide triphosphate (NTP),” or 
deoxynucleotide triphosphate (dNTP). 
[0089] The term “nucleotide analog” as used herein refers 
to modi?ed or non-naturally occurring nucleotides such as 
5-propynyl pyrimidines (i.e., 5-propynyl-dTTP and 5-pro 
pynyl-dTCP), 7-deaza purines (i.e., 7-deaza-dATP and 
7-deaza-dGTP). Nucleotide analogs include base analogs 
and comprise modi?ed forms of deoxyribonucleotides as 
Well as ribonucleotides. 

[0090] The term “oligonucleotide” as used herein is 
de?ned as a molecule comprising tWo or more deoxyribo 
nucleotides or ribonucleotides, preferably at least 5 nucle 
otides, 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 oligonucle 
otide. The oligonucleotide may be generated in any manner, 
including chemical synthesis, DNA replication, reverse tran 
scription, PCR, or a combination thereof. Because mono 
nucleotides are reacted to make oligonucleotides in a man 
ner 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'-en ” if its 5' phos 
phate is not 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 ?rst region along a nucleic acid strand is said to 
be upstream of another region if the 3' end of the ?rst 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 oligo 
nucleotide 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 over 
lapping oligonucleotides are hybridized to the same linear 
complementary nucleic acid sequence, With the ?rst oligo 
nucleotide positioned such that its 5' end is upstream of the 
5' end of the second oligonucleotide, and the 340 end of the 
?rst oligonucleotide is upstream of the 3' end of the second 
oligonucleotide, the ?rst oligonucleotide may be called the 
“upstream” oligonucleotide and the second oligonucleotide 
may be called the “downstream” oligonucleotide. 

[0091] In the context of this invention, a “pathogen” is a 
bioagent Which causes a disease or disorder. 
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[0092] As used herein, the terms “PCR product,”“PCR 
fragment,” and “ampli?cation 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 
ampli?cation of one or more segments of one or more target 

sequences. 

[0093] 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 back 
bone 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). 

[0094] 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. 

[0095] As used herein, the term “polymerase chain reac 
tion” (“PCR”) refers to the method of K. B. Mullis U.S. Pat. 
Nos. 4,683,195, 4,683,202, and 4,965,188, hereby incorpo 
rated by reference, that describe a method for increasing the 
concentration of a segment of a target sequence in a mixture 
of genomic DNA Without cloning or puri?cation. This 
process for amplifying the target sequence consists of intro 
ducing a large excess of tWo oligonucleotide primers to the 
DNA mixture containing the desired target sequence, fol 
loWed 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 e?fect ampli?cation, the mix 
ture is denatured and the primers then annealed to their 
complementary sequences Within the target molecule. Fol 
loWing annealing, the primers are extended With a poly 
merase so 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 
ampli?ed segment of the desired target sequence. The length 
of the ampli?ed 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 control 
lable 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 ampli 
?ed segments of the target sequence become the predomi 
nant sequences (in terms of concentration) in the mixture, 
they are said to be “PCR ampli?ed.” With PCR, it is possible 
to amplify a single copy of a speci?c 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 ampli?ed segment). In addition to genomic DNA, any 
oligonucleotide or polynucleotide sequence can be ampli?ed 
With the appropriate set of primer molecules. In particular, 
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the ampli?ed segments created by the PCR process itself are, 
themselves, ef?cient templates for subsequent PCR ampli 
?cations. 

[0096] The term “polymerization means” or “polymeriza 
tion agent” refers to any agent capable of facilitating the 
addition of nucleoside triphosphates to an oligonucleotide. 
Preferred polymerization means comprise DNA and RNA 
polymerases. 

[0097] As used herein, the terms “pair of primers,” or 
“primer pair” are synonymous. A primer pair is used for 
ampli?cation 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 ampli?ed and primes synthesis of an anti 
sense strand (complementary to the sense strand) using the 
target sequence as a template. Areverse primer hybridizes to 
the antisense strand of a target gene sequence to be ampli?ed 
and primes synthesis of a sense strand (complementary to 
the antisense strand) using the target sequence as a template. 

[0098] The primers are designed to bind to highly con 
served sequence regions of a bioagent identifying amplicon 
that ?ank an intervening variable region and yield ampli? 
cation products Which ideally provide enough variability to 
distinguish each individual bioagent, and Which are ame 
nable to molecular mass analysis. In some embodiments, the 
highly conserved sequence regions exhibit betWeen about 
80-l00%, or betWeen about 90-l00%, or betWeen about 
95-100% identity, or betWeen about 99-100% identity. The 
molecular mass of a given ampli?cation 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 speci?c 
to the identity of the bioagent. 

[0099] 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), modi?ed or universal nucleobases (used for spe 
ci?c purposes such as for example, increasing hybridization 
af?nity, preventing non-templated adenylation and modify 
ing molecular mass) percent complementarity to a given 
target sequences. 

[0100] Properties of the primers also include functional 
features including, but not limited to, orientation of hybrid 
ization (forWard or reverse) relative to a nucleic acid tem 
plate. The coding or sense strand is the strand to Which the 
forWard priming primer hybridizes (forWard priming orien 
tation) 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, identi?cation of bioagents can be 
accomplished at different levels using primers suited to 
resolution of each individual level of identi?cation. 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 
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capable of identi?cation 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 ampli?cation either 
singly (single primer pair per ampli?cation reaction vessel) 
or in a multiplex fashion (multiple primer pairs and multiple 
ampli?cation reactions Within a single reaction vessel). 

[0101] As used herein, the terms “puri?ed” or “substan 
tially puri?ed” refer to molecules, either nucleic or amino 
acid sequences, that are removed from their natural envi 
ronment, isolated or separated, 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 puri?ed polynucleotide. 

[0102] 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 tran 
scriptase activity. Reverse transcriptase activity is desirable 
in order to obtain DNA from RNA viruses Which can then be 
ampli?ed and analyZed by the methods of the present 
invention 

[0103] The term “Ribosomal RNA” or “rRNA” refers to 
the primary ribonucleic acid constituent of ribosomes. Ribo 
somes are the protein-manufacturing organelles of cells and 
exist in the cytoplasm. Ribosomal RNAs are transcribed 
from the DNA genes encoding them. 

[0104] The term “sample” in the present speci?cation 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, ?uid, 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, ?sh, lagamorphs, rodents, etc. 
Environmental samples include environmental material such 
as surface matter, soil, Water and industrial samples, as Well 
as samples obtained from food and dairy processing instru 
nents, 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 ?uid, pleural ?uid, milk, lymph, sputum and semen. 

[0105] As used herein, the term “sample template” refers 
to nucleic acid originating from a sample that is analyZed for 
the presence of “target” (de?ned beloW). In contrast, “back 
ground 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 
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of nucleic acid contaminants sought to be puri?ed aWay 
from the sample. For example, nucleic acids from organisms 
other than those to be detected may be present as back 
ground in a test sample. 

[0106] A “segment” is de?ned herein as a region of 
nucleic acid Within a target sequence. 

[0107] 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 ampli?cation system 
(KWok et al., Proc. Natl. Acad. Sci., 86:1173-1177 [1989]) 
that can exponentially amplify RNA sequences at a uniform 
temperature. The ampli?ed RNA can then be utiliZed for 
mutation detection (Fahy et al., PCR Meth. Appl., 1:25-33 
[1991]). 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). 

[0108] 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. 

[0109] In 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 2922, for 
example, is a speciating primer pair used to identify species 
members of the bacterial genus Acinetobacter. Primer pair 
number 352 is a speciating primer pair used to identify 
species members of the bacterial genera Streptococcus, 
Enterococcus, Staphylococcus and Bacillus. 

[0110] In context of this invention, the term “species 
con?rmation primer pair” refers to a primer pair designed to 
produce a bioagent identifying amplicon With the diagnostic 
capability to unambiguously produce a unique base compo 
sition to identify a particular species of bioagent. 

a”, 

[0111] 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 substi 
tution) in one of the viral genes, such as the RNA-dependent 
RNA polymerase. 

[0112] As used herein, the term “target,” refers to a nucleic 
acid sequence or structure to be detected or characteriZed. 
Thus, 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 oligonucleotide 
primer. The target nucleic acid may comprise single- or 
double-stranded DNA or RNA. A “segment” is de?ned as a 
region of nucleic acid Within the target sequence. 

[0113] The term “template” refers to a strand of nucleic 
acid on Which a complementary copy is built from nucleo 
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side triphosphates through the activity of a templatedepen 
dent 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. 

[0114] As used herein, the term “Tm” 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 Tm of nucleic 
acids are well known in the art. As indicated by standard 
references, a simple estimate of the Tm value may be 
calculated by the equation: Tm=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, 1., 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 Tm. 

[0115] The term “triangulation genotyping analysis” refers 
to a method of genotyping a bioagent by measurement of 
molecular masses or base compositions of ampli?cation 
products, corresponding to bioagent identifying amplicons, 
obtained by ampli?cation 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 ?ndings. 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 be a previously 
unknown strain having a speci?c and previously unobserved 
base composition barcode indicating the existence of a 
previously unknown genotype. 

[0116] 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. 

[0117] The employment of more than one bioagent iden 
tifying amplicon for identi?cation of a bioagent is herein 
referred to as “triangulation identi?cation.” Triangulation 
identi?cation is pursued by analyZing a plurality of bioagent 
identifying amplicons selected within multiple core 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, 
identi?cation of the three part toxin genes typical of B. 
anlhracis (Bowen et al., J. Appl. Microbiol., 1999, 87, 
270-278) in the absence of the expected signatures from the 
B. anlhracis genome would suggest a genetic engineering 
event. 

[0118] In the context of this invention, the term “unknown 
bioagent” may mean either: (i) a bioagent whose existence 
is known (such as the well known bacterial species Staphy 
lococcus 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 Apr. 2003). For example, if the method for 
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identi?cation of coronaviruses disclosed in commonly 
owned US. patent Ser. 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 appli 
cable 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 US. patent Ser. 
No. 10/829,826 was to be employed subsequent to April 
2003 to identify the SARS coronavirus in a clinical sample, 
only the ?rst 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. 

[0119] 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. 

[0120] The term “virus” refers to obligate, ultramicro 
scopic, parasites 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 cannon 
replicate. 

[0121] 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 
“modi?ed”, “mutant” or “polymorphic” refers to a gene or 
gene product that displays modi?cations 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 
identi?ed by the fact that they have altered characteristics 
when compared to the wild-type gene or gene product. 

[0122] 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 

[0123] The present invention provides methods for detec 
tion and identi?cation 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 ampli 
?ed and which is amenable to molecular mass determina 
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tion. The molecular mass then provides a means to uniquely 
identify the bioagent Without a requirement for prior knoWl 
edge of the possible identity of the bioagent. The molecular 
mass or corresponding base composition signature of the 
ampli?cation 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 ampli?cation 
product is compared With knoWn molecular masses or base 
compositions of knoWn bioagent identifying amplicons and 
the experimentally determined molecular mass or base com 
position is the same as the molecular mass or base compo 
sition 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 classi?ed as a 
match. In some cases, the match may also be classi?ed using 
a probability of match model such as the models described 
in Us. Ser. 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 analy 
ses, the results of Which can be employed in a triangulation 
identi?cation strategy. The present method provides rapid 
throughput and does not require nucleic acid sequencing of 
the ampli?ed target sequence for bioagent detection and 
identi?cation. 

[0124] 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 
identi?cation 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. 

[0125] Unlike bacterial genomes, Which exhibit conversa 
tion 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 identi 
?cation 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. 

[0126] In some embodiments of the present invention, at 
least one viral nucleic acid segment is ampli?ed in the 
process of identifying the bioagent. Thus, the nucleic acid 
segments that can be ampli?ed 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. 

[0127] In some embodiments of the present invention, 
bioagent identifying amplicons comprise from about 45 to 
about 200 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, 
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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, 
146,147,148,149,150,151,152,153,154,155,156,157, 
158,159,160,161,162,163,164,165,166,167,168,169, 
170,171,172,173,174,175,176,177,178,179,180,181, 
182,183,184,185,186,187,188,189,190,191,192,193, 
194, 195, 196, 197, 198, 199, and 200 nucleobases in length, 
or any range thereWithin. 

[0128] 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 iden 
tifying amplicon. 

[0129] In some embodiments, bioagent identifying ampli 
cons 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 
ampli?cation product include, but are not limited to, cleav 
age With restriction enZymes or cleavage primers, for 
example. Thus, in some embodiments, bioagent identifying 
amplicons are larger than 200 nucleobases and are amenable 
to molecular mass determination folloWing restriction diges 
tion. Methods of using restriction enZymes and cleavage 
primers are Well knoWn to those With ordinary skill in the art. 

[0130] In some embodiments, ampli?cation products cor 
responding 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 ampli?cation methods may be used such as ligase 
chain reaction (LCR), loW-stringency single primer PCR, 
and multiple strand displacement ampli?cation (MDA). 
These methods are also knoWn to those With ordinary skill. 

B. Primers and Primer Pairs 

[0131] In some embodiments the primers are designed to 
bind to conserved sequence regions of a bioagent identifying 
amplicon that ?ank an intervening variable region and yield 
ampli?cation products Which provide variability suf?cient to 
distinguish each individual bioagent, and Which are ame 
nable 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 ampli?cation 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 su?icient variability to resolve the identity of a given 
bioagent. In some embodiments, bioagent identifying ampli 
cons are speci?c to the identity of the bioagent. 

[0132] In some embodiments, identi?cation of bioagents 
is accomplished at different levels using primers suited to 
resolution of each individual level of identi?cation. 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 
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bioagents above the species level of bioagents). In some 
embodiments, broad range survey intelligent primers are 
capable of identi?cation of bioagents at the species or 
sub-species level. 

[0133] 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. Drill-doWn 
intelligent primers are not alWays required for identi?cation 
at the sub-species level because broad range survey intelli 
gent primers may, in some cases provide suf?cient identi? 
cation resolution to accomplishing this identi?cation objec 
tive. 

[0134] A representative process How diagram used for 
primer selection and validation process is outlined in FIG. 
1. For each group of organisms, candidate target sequences 
are identi?ed (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 speci?city 
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). Alter 
natively, 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 ampli?cation by a method such as PCR analysis 
(400) of nucleic acid from a collection of organisms (410). 
Ampli?cation products thus obtained are analyZed by gel 
electrophoresis or by mass spectrometry to con?rm the 
sensitivity, speci?city and reproducibility of the primers 
used to obtain the ampli?cation products (420). 

[0135] Many of the important pathogens, including the 
organisms of greatest concern as bioWarfare agents, have 
been completely sequenced. This effort has greatly facili 
tated 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 environmental surveillance for bioWarfare threat 
agents and clinical sample analysis for medically important 
pathogens. 

[0136] 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, 
Calif.). Any other means for such synthesis knoWn in the art 
may additionally or alternatively be employed. 

[0137] In some embodiments primers are employed as 
compositions for use in methods for identi?cation of viral 
bioagents as folloWs: a primer pair composition is contacted 
With nucleic acid (such as, for example, DNA from a DNA 
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virus, or DNA reverse transcribed from the RNA of an RNA 
virus) of an unknoWn viral bioagent. The nucleic acid is then 
ampli?ed by a nucleic acid ampli?cation technique, such as 
PCR for example, to obtain an ampli?cation product that 
represents a bioagent identifying amplicon. The molecular 
mass of each strand of the double-stranded ampli?cation 
product is determined by a molecular mass measurement 
technique such as mass spectrometry for example, Wherein 
the tWo strands of the double-stranded ampli?cation product 
are separated during the ioniZation process. In some embodi 
ments, the mass spectrometry is electrospray Fourier trans 
form ion cyclotron resonance mass spectrometry (ESI 
FTICR-MS) or electrospray time of ?ight 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 identi 
fying amplicons for knoWn viral bioagents. A match 
betWeen the molecular mass or base composition of the 
ampli?cation product and the molecular mass or base com 
position 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 3. In some embodiments, the 
method is repeated using a different primer pair to resolve 
possible ambiguities in the identi?cation process or to 
improve the con?dence level for the identi?cation assign 
ment. 

[0138] 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 ampli?cation method is chosen, 
such as, for example, loW stringency single primer PCR 
(LSSP-PCR). Adaptation of this ampli?cation method in 
order to produce bioagent identifying amplicons can be 
accomplished by one With ordinary skill in the art Without 
undue experimentation. 

[0139] In some embodiments, the oligonucleotide primers 
are broad range survey primers Which hybridiZe to con 
served regions of nucleic acid encoding the PB 1 gene or the 
NUC gene, gene of all (or betWeen 80% and 100%, betWeen 
85% and 100%, betWeen 90% and 100% or betWeen 95% 
and 100%) knoWn adventitious contaminant viruses and 
produce bioagent identifying amplicons. 

[0140] In some cases, the molecular mass or base com 
position of a viral bioagent identifying amplicon de?ned by 
a broad range survey primer pair does not provide enough 
resolution to unambiguously identify a viral bioagent at or 
beloW the species level. These cases bene?t from further 
analysis of one or more viral 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 identi?cation of a bioagent is 
herein referred to as triangulation identi?cation. 

[0141] In other embodiments, the oligonucleotide primers 
are division-Wide primers Which hybridiZe to nucleic acid 
encoding genes of species Within a genus of viruses. In other 
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embodiments, the oligonucleotide primers are drill-doWn 
primers Which enable the identi?cation of sub-species char 
acteristics. 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 ampli?cation conditions. Identi?cation of such 
sub-species characteristics is often critical for determining 
proper clinical treatment of viral infections. In some 
embodiments, sub-species characteristics are identi?ed 
using only broad range survey primers and division-Wide 
and drill-doWn primers are not used. 

[0142] In some embodiments, the primers used for ampli 
?cation hybridiZe to and amplify genomic DNA, DNA of 
bacterial plasmids, DNA of DNA viruses or DNA reverse 
transcribed from RNA of an RNA virus. 

[0143] In some embodiments, the primers used for ampli 
?cation hybridiZe directly to viral RNA and act as reverse 
transcription primers for obtaining DNA from direct ampli 
?cation of viral RNA. Methods of amplifying RNA to 
produce cDNA using reverse transcriptase are Well knoWn to 
those With ordinary skill in the art and can be routinely 
established Without undue experimentation. [1431 In some 
embodiments, various computer softWare programs may be 
used to aid in design of primers for ampli?cation reactions 
such as Primer Premier 5 (Premier Biosoft, Palo Alto, Calif.) 
or OLIGO Primer Analysis SoftWare (Molecular Biology 
Insights, Cascade, Colo.). These programs alloW the user to 
input desired hybridization conditions such as melting tem 
perature of a primer-template duplex for example. In some 
embodiments, an in silico PCR search algorithm, such as 
(ePCR) is used to analyZe primer speci?city across a plu 
rality 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 
modi?ed 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 speci 
?city of the selected primer pairs. In some embodiments, the 
hybridiZation conditions applied to the algorithm can limit 
the results of primer speci?city obtained from the algorithm. 
In some embodiments, the melting temperature threshold for 
the primer template duplex is speci?ed to be 350 C. or a 
higher temperature. In some embodiments the number of 
acceptable mismatches is speci?ed to be seven mismatches 
or less. In some embodiments, the buffer components and 
concentrations and primer concentrations may be speci?ed 
and incorporated into the algorithm, for example, an appro 
priate primer concentration is about 250 nM and appropriate 
buffer components are 50 mM sodium or potassium and 1.5 
mM Mg2+. 

[0144] One With ordinary skill in the art of design of 
ampli?cation 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 ampli?cation reaction. Moreover, a primer 
may hybridiZe over one or more segments such that inter 
vening or adjacent segments are not involved in the hybrid 
iZation event. (e.g., for example, a loop structure or a hairpin 
structure). The primers of the present invention may com 
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prise 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 3. 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 speci?c 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 a 15 nucleobase segment of primer 20 
nucleobases in length Would have l5/2o=0.75 or 75% 
sequence identity With the 20 nucleobase primer. 

[0145] Percent homology, sequence identity or comple 
mentarity, can be determined by, for example, the Gap 
program (Wisconsin Sequence Analysis Package, Version 8 
for UNIX, Genetics Computer Group, University Research 
Park, Madison Wis.), 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%. 

[0146] 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%, or at least 99%, or 100% (or 
any range thereWithin) sequence identity With the primer 
sequences speci?cally disclosed herein. 

[0147] 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 ?mction of the 
primer in its role in priming synthesis of a complementary 
strand of nucleic acid for production of an ampli?cation 
product of a corresponding bioagent identifying amplicon. 

[0148] In one embodiment, the primers are at least 13 
nucleobases in length. In another embodiment, the primers 
are less than 36 nucleobases in length. 

[0149] 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 ampli 
?ed, 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 ampli?cation complex (see e. g., TAQMAN 
MicroRNAAssays, Applied Biosystems, Foster City, Calif.). 
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[0150] 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 3 if the primer pair has the 
capability of producing an ampli?cation product corre 
sponding 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 ampli? 
cation product corresponding to a bioagent identifying 
amplicon. 
[0151] In 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 ampli?cation reaction. 

[0152] In some embodiments, the primer pairs used for 
obtaining bioagent identifying amplicons are the primer 
pairs of Table 3. 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 3 for three primer 
pair combinations of forWard primer POL_NC003461i 
2253i2279_F (SEQ ID NO: 45), With the reverse primers 
POL_NC003461i2302i2329_R (SEQ ID NO: 315), 
POL_NC003461i2320i2349_R, or (SEQ ID NO: 200), 
POL_NC003461i2320i2352_R (SEQ ID NO: 326). 
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 should be 
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. 

[0153] In some embodiments, the primers are con?gured 
to amplify nucleic acid of a bioagent to produce ampli?ca 
tion products that can be measured by mass spectrometry 
and from Whose molecular masses candidate base compo 
sitions can be readily calculated. 

[0154] In some embodiments, any given primer comprises 
a modi?cation 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 
ampli?ed). The addition of a non-templated T residue has an 
effect of minimizing the addition of non-templated adenos 
ine residues as a result of the non-speci?c enzyme activity 
of Taq polymerase (Magnuson et al., Biotechniques, 1996, 
21, 700-709), an occurrence Which may lead to ambiguous 
results arising from molecular mass analysis. 

[0155] In some embodiments of the present invention, 
primers may contain one or more universal bases. Because 
any variation (due to codon Wobble in the 3rd 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 corre 
sponding 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, 
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1995, 14, 1001-1003), the degenerate nucleotides dP or dK 
(Hill et al.), an acyclic nucleoside analog containing 5-ni 
troindazole (Van Aerschot et al., Nucleosides and Nucle 
otides, 1995, 14, 1053-1056) or the purine analog 1-(2 
deoxy-[3-D-ribofuranosyl)-imidazole-4-carboxamide (Sala 
et al., Nucl. Acids Res., 1996, 24, 3302-3306). 

[0156] In some embodiments, to compensate for the some 
What Weaker binding by the Wobble base, the oligonucle 
otide primers are designed such that the ?rst and second 
positions of each triplet are occupied by nucleotide analogs 
that bind With greater a?inity than the unmodi?ed nucle 
otide. Examples of these analogs include, but are not limited 
to, 2,6-diaminopurine Which binds to thymine, 5-propyny 
luracil Which binds to adenine and 5-propynylcytosine and 
phenoxazines, including G-clamp, Which binds to G. Pro 
pynylated pyrimidines are described in US. Pat. 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 US Pre-Grant Pub 
lication No. 2003-0170682, Which is also commonly oWned 
and incorporated herein by reference in its entirety. Phenox 
azines are described in US. Pat. 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 US. Pat. 
Nos. 6,007,992 and 6,028,183, each ofWhich is incorporated 
herein by reference in its entirety. 

[0157] In some embodiments, for broad priming of rapidly 
evolving RNA viruses, primer hybridization is enhanced 
using primers containing 5-propynyl deoxy-cytidine and 
deoxy-thymidine nucleotides. These modi?ed primers offer 
increased a?inity and base pairing selectivity. 

[0158] In some embodiments, non-template primer tags 
are used to increase the melting temperature (Tm) of a 
primer-template duplex in order to improve ampli?cation 
ef?ciency. A non-template tag is at least three consecutive A 
or T nucleotide residues on a primer Which are not comple 
mentary 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 ampli?cation ef?ciency for subsequent cycles of 
ampli?cation When the primers hybridize to strands synthe 
sized in previous cycles. 

[0159] 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-propynyluri 
dine residues replace template matching residues on a 
primer. In other embodiments, a primer contains a modi?ed 
internucleoside linkage such as a phosphorothioate linkage, 
for example. 

[0160] In some embodiments, the primers contain mass 
modifying tags. Reducing the total number of possible base 
compositions of a nucleic acid of speci?c molecular Weight 
provides a means of avoiding a persistent source of ambi 
guity in determination of base composition of ampli?cation 
products. Addition of mass-modifying tags to certain 
nucleobases of a given primer Will result in simpli?cation of 
de novo determination of base composition of a given 
bioagent identifying amplicon from its molecular mass. 

[0161] In some embodiments of the present invention, the 
mass modi?ed nucleobase comprises one or more of the 
folloWing: for example, 7-deaza-2'-deoxyadenosine-5-triph 
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osphate, 5-iodo-2'-deoxyuridine-5'-triphosphate, 5-bromo 
2'-deoxyuridine-5'-triphosphate, 5-bromo-2'-deoxycytidine 
5'-triphosphate, 5-iodo-2'-deoxycytidine-5'-triphosphate, 
5-hydroxy-2'-deoxyuridine-5'-triphosphate, 4-thiothymi 
dine-5'-triphosphate, 5-aZa-2'-deoxyuridine-5'-triphosphate, 
5-?uoro-2'-deoxyuridine-5'-triphosphate, O6-methyl-2' 
deoxyguanosine-5'-triphosphate, N2-methyl-2'-deoxygua 
nosine-5'-triphosphate, 8-oxo-2'-deoxyguanosine-5'-triphos 
phate or thiothymidine-50t-triphosphate. In some 
embodiments, the mass-modi?ed nucleobase comprises 15N 
or 13C or both 15N and 13C. 

[0162] In some embodiments, multiplex ampli?cation is 
performed Where multiple bioagent identifying amplicons 
are ampli?ed With a plurality of primer pairs. The advan 
tages 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 identi?cation 
data can be obtained Within a single analysis. Multiplex 
ampli?cation methods are Well knoWn to those With ordinary 
skill and can be developed Without undue experimentation. 
HoWever, in some embodiments, one useful and non-obvi 
ous step in selecting a plurality candidate bioagent identi 
fying amplicons for multiplex ampli?cation is to ensure that 
each strand of each ampli?cation product Will be suf?ciently 
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 ampli?cation products is suf?cient to avoid 
overlap of mass spectral peaks. 

[0163] In some embodiments, as an alternative to multi 
plex ampli?cation, single ampli?cation reactions can be 
pooled before analysis by mass spectrometry. In these 
embodiments, as for multiplex ampli?cation embodiments, 
it is useful to select a plurality of candidate bioagent 
identifying amplicons to ensure that each strand of each 
ampli?cation product Will be suf?ciently 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 
[0164] 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 ?uorescent labels, since 
every ampli?cation product is identi?ed 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 
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contents of the 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. 

[0165] In some embodiments, intact molecular ions are 
generated from ampli?cation 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 desorp 
tion 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. Elec 
trospray ioniZation mass spectrometry (ESI-MS) is particu 
larly 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 signi? 
cant amount of fragmentation. 

[0166] 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 ?ight (TOF), ion trap, quadrupole, mag 
netic sector, Q-TOF, and triple quadrupole. 

D. Base Compositions of Bioagent Identifying Amplicons 

[0167] Although the molecular mass of ampli?cation 
products obtained using intelligent primers provides a means 
for identi?cation 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 speci?c organism. Base compositions can be calculated 
from knoWn sequences of knoWn bioagent identifying 
amplicons and can be experimentally determined by mea 
suring 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 compo 
sition from an experimentally obtained molecular mass of a 
46-mer ampli?cation product originating at position 1337 of 
the 16S rRNA of Bacillus anlhracis. The forWard and 
reverse strands of the ampli?cation 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. anthra 
cis products are listed in Table 1. 

TABLE 1 

Possible Base Compositions for B. anlhracis 46mer Ampli?cation 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 A1 G17 C10 T18 14079.2624 0.080600 A0 G14 C13 T19 

14208.3160 0.056980 A1 G20 C15 T10 14079.2849 0.058060 A0 G17 C18 T11 

14208.3386 0.034440 A1 G23 C20 T2 14079.3075 0.035520 A0 G20 C23 T3 
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TABLE l-continued 

Possible Base Compositions for B. anlhracis 46mer Ampli?cation 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 

14208.3074 0.065560 A6 G11 C3 T26 14079.2538 0.089180 A5 G5 C1 T35 
14208.3300 0.043020 A6 G14 C8 T18 14079.2764 0.066640 A5 G8 C6 T27 
14208.3525 0.020480 A6 G17 C13 T10 14079.2989 0.044100 A5 G11 C11 T19 
14208.3751 0.002060 A6 G20 C18 T2 14079.3214 0.021560 A5 G14 C16 T11 
14208.3439 0.029060 A11 G8 C1 T26 14079.3440 0.000980 A5 G17 C21 T3 
14208.3665 0.006520 A11 G11 C6 T18 14079.3129 0.030140 A10 G5 C4 T27 
14208.3890 0.016020 A11 G14 C11 T10 14079.3354 0.007600 A10 G8 C9 T19 
14208.4116 0.038560 A11 G17 C16 T2 14079.3579 0.014940 A10 G11 C14 T11 
14208.4030 0.029980 A16 G8 C4 T18 14079.3805 0.037480 A10 G14 C19 T3 
14208.4255 0.052520 A16 G11 C9 T10 14079.3494 0.006360 A15 G2 C2 T27 
14208.4481 0.075060 A16 G14 C14 T2 14079.3719 0.028900 A15 G5 C7 T19 
14208.4395 0.066480 A21 G5 C2 T18 14079.3944 0.051440 A15 G8 C12 T11 
14208.4620 0.089020 A21 G8 C7 T10 14079.4170 0.073980 A15 G11 C17 T3 
4 i i 14079.4084 0.065400 A20 G2 C5 T19 

i i i 14079.4309 0.087940 A20 G5 C10 T13 

[0168] 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 indi 
cates the true base composition of the ampli?cation product. 
It should be recognized that this logic is applicable for 
determination of base compositions of any bioagent identi 
fying amplicon, regardless of the class of bioagent from 
which the corresponding ampli?cation product was 
obtained. 

[0169] In some embodiments, assignment of previously 
unobserved base compositions (also known as “true 
unknown base compositions”) to a given phylogeny can be 
accomplished via the use of pattern classi?er model algo 
rithms. Base compositions, like sequences, vary slightly 
from strain to strain within species, for example. In some 
embodiments, the pattern classi?er model is the mutational 
probability model. On other embodiments, the pattern clas 
si?er is the polytope model. The mutational probability 
model and polytope model are both commonly owned and 
described in US. patent application Ser. No. 11/073,362 
which is incorporated herein by reference in entirety. 

[0170] In one embodiment, it is possible to manage this 
diversity by building “base composition probability clouds” 
around the composition constraints for each species. This 
permits identi?cation of organisms in a fashion similar to 
sequence analysis. A “pseudo four-dimensional plot” can be 
used to visualize the concept of base composition probabil 
ity clouds. Optimal primer design requires optimal choice of 
bioagent identifying amplicons and maximizes the separa 
tion between the base composition signatures of individual 
bioagents. Areas where clouds overlap indicate regions that 
may result in a misclassi?cation, a problem which is over 
come by a triangulation identi?cation process using bioagent 
identifying amplicons not affected by overlap of base com 
position probability clouds. 

[0171] In some embodiments, base composition probabil 
ity clouds provide the means for screening potential primer 
pairs in order to avoid potential misclassi?cations 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 iden 
tifying amplicon base composition database due to evolu 
tionary 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. 

[0172] The present invention provides bioagent classify 
ing information similar to DNA sequencing and phyloge 
netic analysis at a level su?icient to identify a given bioag 
ent. 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 iden 
ti?cation is thus greatly improved as more BCS indexes 
become available in base composition databases. 

E. Triangulation Identi?cation 

[0173] In some cases, a molecular mass of a single bio 
agent identifying amplicon alone does not provide enough 
resolution to unambiguously identify a given bioagent. The 
employment of more than one bioagent identifying amplicon 
for identi?cation of a bioagent is herein referred to as 
“triangulation identi?cation.” Triangulation identi?cation 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 reconstruc 
tion of the origin of hybrid or otherwise engineered bioag 
ents. For example, identi?cation of the three part toxin genes 
typical of B. anlhracis (Bowen et al., J. Appl. Microbiol., 
1999, 87, 270-278) in the absence of the expected signatures 
from the B. anlhracis genome would suggest a genetic 
engineering event. 

[0174] In some embodiments, the triangulation identi?ca 
tion process can be pursued by characterization of bioagent 
identifying amplicons in a massively parallel fashion using 
the polymerase chain reaction (PCR), such as multiplex 
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PCR Where multiple primers are employed in the same 
ampli?cation 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 ampli?cation 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 ampli?cation 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 identi?cation of 
signals. 

F. Codon Base Composition Analysis 

[0175] 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 compo 
sition analysis. The organism can be a bacterium, virus, 
fungus or protozoan. 

[0176] In some embodiments, the ampli?cation product 
containing the codon being analyZed is of a length of about 
35 to about 150 nucleobases. The primers employed in 
obtaining the ampli?cation 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. 

[0177] In some embodiments, the codon base composition 
analysis is undertaken 

[0178] In some embodiments, the codon analysis is under 
taken 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 virus is an adventitious virus iden 
ti?ed in a biological product. 

[0179] In some embodiments, the molecular mass of an 
ampli?cation 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. Time-of-?ight (TOF) is an example of one 
mode of mass spectrometry compatible With the analyses of 
the present invention. 

[0180] 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 ampli?cation 
calibrants can be included in the ampli?cation reactions and 
abundances of analyte ampli?cation product estimated in 
relation to the knoWn quantities of the calibrants. 
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[0181] In some embodiments, upon identi?cation 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 

[0182] In some embodiments, the identity and quantity of 
an unknoWn bioagent can be determined using the process 
illustrated in FIG. 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 ampli? 
cation reaction (510) to obtain ampli?cation products. The 
molecular masses of ampli?cation products are determined 
(515) from Which are obtained molecular mass and abun 
dance data. The molecular mass of the bioagent identifying 
amplicon (520) provides the means for its identi?cation 
(525) and the molecular mass of the calibration amplicon 
obtained from the calibration polynucleotide (530) provides 
the means for its identi?cation (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 deter 
mines the quantity of unknoWn bioagent in the sample. 

[0183] A sample comprising an unknoWn bioagent is 
contacted With a pair of primers that provide the means for 
ampli?cation 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 ampli?ed and the rate of ampli? 
cation is reasonably assumed to be similar for the nucleic 
acid of the bioagent and of the calibration sequence. The 
ampli?cation reaction then produces tWo ampli?cation prod 
ucts: a bioagent identifying amplicon and a calibration 
amplicon. The bioagent identifying amplicon and the cali 
bration amplicon should be distinguishable by molecular 
mass While being ampli?ed at essentially the same rate. 
Elfecting differential molecular masses can be accomplished 
by choosing as a calibration sequence, a representative 
bioagent identifying amplicon (from a speci?c species of 
bioagent) and performing, for example, a 2-8 nucleobase 
deletion or insertion Within the variable region betWeen the 
tWo priming sites. The ampli?ed sample containing the 
bioagent identifying amplicon and the calibration amplicon 
is then subjected to molecular mass analysis by mass spec 
trometry, for example. The resulting molecular mass analy 
sis 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 identi?cation 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. 

[0184] 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 con?dence 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. 












































































































































































