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COMPOSITIONS FOR USE IN IDENTIFICATION 
OF ADVENTITIOUS VIRUSES 

RELATED APPLICATIONS 

0001. The present application 1) claims the benefit of 
priority to U.S. Provisional Application Ser. No. 60/658,248, 
filed Mar. 3, 2005; 2) claims the benefit of priority to U.S. 
Provisional Application Ser. No. 60/705,631, filed Aug. 3, 
2005; 3) claims the benefit of priority to U.S. Provisional 
Application Ser. No. 60/732,539, filed Nov. 1, 2005 and 4) 
claims the benefit of priority to U.S. Provisional Application 
Ser. No. 60/740,617, filed Nov. 28, 2005. Each of the above 
listed U.S. Provisional Applications is incorporated herein 
by reference in entirety. Methods disclosed in U.S. 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 AI401.00. 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 identification and quantification 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 fluids. 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 purification 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 specific 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 
specifically 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 identification 
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 significant 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 significant 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 amplification 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 identification 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% confidence. 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 satisfies this need. The 
present invention provides, interalia, methods of identifying 
adventitious contaminant viruses. Also provided are oligo 
nucleotide primers, compositions and kits containing the 
oligonucleotide primers, which produce amplification 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 identification and quantification 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 SEQID 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 SEQID 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 SEQID 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 modified 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, 
122:275, 100:336, and 61:324. 

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

0.036 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 
identification of adventitious contaminant viruses. The prim 
ers are designed to produce amplification 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 identification of adventitious contami 
nant viruses. Nucleic acid from the virus is amplified using 
the primers described above to obtain an amplification 
product. The molecular mass of the amplification product is 
measured. Optionally, the base composition of the amplifi 
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 identifies 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 amplified using the composition 
described above to obtain an amplification product. The 
molecular mass of the amplification product is determined. 
Optionally, the base composition of the amplification prod 
uct is determined from the molecular mass. The molecular 
mass or base composition of the amplification product is 
compared with the known molecular masses or base com 
positions of one or more known adventitious contaminant 
virus identifying amplicons, wherein a match between the 
molecular mass or base composition of the amplification 
product and the molecular mass or base composition of one 
or more known 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 amplified with the composition described 
above and nucleic acid from the calibration polynucleotide 
in the sample is concurrently amplified with the composition 
described above to obtain a first amplification product 
comprising an adventitious contaminant virus identifying 
amplicon and a second amplification 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 amplification 
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 amplification product with a calibration or 
control product. Such methods can be carried out in a highly 
multiplexed and/or parallel manner allowing for the analysis 
of as many as 300 samples per 24 hours on a single mass 
measurement platform. The accuracy of the mass 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\ 
0.042 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 parainfluenza virus 5), 
Togaviridae (Western equine encephalomyelitis virus), 
Picornaviridae (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. 
0.048. As used herein, the term “amplifiable nucleic acid 

is used in reference to nucleic acids that may be amplified by 
any amplification method. It is contemplated that “amplifi 
able nucleic acid also comprises “sample template.” 
0049. As used herein the term “amplification” refers to a 
special case of nucleic acid replication involving template 
specificity. It is to be contrasted with non-specific template 
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replication (i.e., replication that is template-dependent but 
not dependent on a specific template). Template specificity 
is here distinguished from fidelity of replication (i.e., Syn 
thesis of the proper polynucleotide sequence) and nucleotide 
(ribo- or deoxyribo-) specificity. Template specificity is 
frequently described in terms of “target” specificity. Target 
sequences are “targets' in the sense that they are sought to 
be sorted out from other nucleic acid. Amplification tech 
niques have been designed primarily for this sorting out. 
Template specificity is achieved in most amplification tech 
niques by the choice of enzyme. Amplification enzymes are 
enzymes that, under conditions they are used, will process 
only specific sequences of nucleic acid in a heterogeneous 
mixture of nucleic acid. For example, in the case of QB 
replicase, MDV-1 RNA is the specific template for the 
replicase (D. L. Kacian et al., Proc. Natl. Acad. Sci. USA 
69:30381972). Other nucleic acid will not be replicated by 
this amplification enzyme. Similarly, in the case of T7 RNA 
polymerase, this amplification enzyme has a stringent speci 
ficity for its own promoters (Chamberlin et al., Nature 
228:227 1970). In the case of T4 DNA ligase, the enzyme 
will not ligate the two oligonucleotides or polynucleotides, 
where there is a mismatch between the oligonucleotide or 
polynucleotide Substrate and the template at the ligation 
junction (D. Y. Wu and R. B. Wallace, Genomics 4:560 
1989). Finally, Taq and Pfu polymerases, by virtue of their 

ability to function at high temperature, are found to display 
high specificity for the sequences bounded and thus defined 
by the primers; the high temperature results in 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 “amplification reagents' 
refers to those reagents (deoxyribonucleotide triphosphates, 
buffer, etc.), needed for amplification, excluding primers, 
nucleic acid template, and the amplification enzyme. Typi 
cally, amplification 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. 
0.052 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, amplification of nucleic acid of Neisseria menin 
gitidis with a primer pair that produces an amplification 
product from nucleic acid of 23S rRNA that has a molecular 
mass (sense strand) of 28480.75124, from which a base 
composition of A25 G27 C22T18 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 defined as 
group of bioagents above the species level and includes but 
is not limited to, orders, families, classes, clades, genera or 
other such groupings of bioagents above the species level. 
0057. As used herein, the term “bioagent identifying 
amplicon' refers to a polynucleotide that is amplified from 
a bioagent in an amplification reaction and which 1) pro 
vides sufficient variability to distinguish each individual 
bioagent and 2) whose molecular mass is amenable to 
molecular mass determination. 

0.058 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 fluids, 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 
pa1rs. 

0061 The term “calibration amplicon refers to a nucleic 
acid segment representing an amplification product obtained 
by amplification of a calibration sequence with a pair of 
primers designed to produce a bioagent identifying ampli 
CO. 

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 amplification product 
for use in determining the quantity of a bioagent in a sample. 
The calibration sequence may be expressly added to an 
amplification reaction, or may already be present in the 
sample prior to analysis. 

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 significant effects on the efficiency 
and strength of hybridization between nucleic acid strands. 
This is of particular importance in amplification reactions, as 
well as detection methods that depend upon binding between 
nucleic acids. Either term may also be used in reference to 
individual nucleotides, especially within the 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 first 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 amplification 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 identification 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 reflects on the state of 
the bases of a nucleic acid. By virtue of base pairing, the 
Strands of nucleic acid also generally assume the tertiary 
structure of a double helix, having a major and a minor 
groove. The assumption of the helical form is implicit in the 
act of becoming duplexed. 

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 (1%0=0.9 or 90% sequence identity). In 
another example, a primer 15 nucleobases in length having 
all residues identical to a 15 nucleobase segment of a primer 
20 nucleobases in length would have 15/20=0.75 or 75% 
sequence identity with the 20 nucleobase primer. In context 
of the present invention, sequence identity is meant to be 
properly determined when the query sequence and the 
subject sequence are both described and aligned in the 5' to 
3' direction. Sequence alignment algorithms such as BLAST, 
will return results in two different alignment orientations. In 
the Plus/Plus orientation, both the query sequence and the 
subject sequence are aligned in the 5' to 3’ direction. On the 
other hand, in the Plus/Minus orientation, the query 
sequence is in the 5' to 3’ direction while the subject 
sequence is in the 3' to 5' direction. It should be understood 
that with respect to the primers of the present invention, 
sequence identity is properly determined when the align 
ment is designated Plus/Plus. Sequence identity may also 
encompass alternate or modified nucleobases that perform in 
a functionally similar manner to the regular nucleobases 
adenine, thymine, guanine and cytosine with respect to 
hybridization and primer extension in amplification 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 
modified or universal bases may exist which would perform 
in a functionally similar manner for hybridization and ampli 
fication reactions and will be understood to fall within this 
definition 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 
influenced by Such factors as the degree of complementary 
between the nucleic acids, stringency of the conditions 
involved, and the T of the formed hybrid. “Hybridization' 
methods involve the annealing of one nucleic acid to 
another, complementary nucleic acid, i.e., a nucleic acid 
having a complementary nucleotide sequence. The ability of 
two polymers of nucleic acid containing complementary 
sequences to find each other and anneal through base pairing 
interaction is a well-recognized phenomenon. The initial 
observations of the “hybridization' process by Marmur and 
Lane, Proc. Natl. Acad. Sci. USA 46:453 (1960) and Doty et 
al., Proc. Natl. Acad. Sci. USA 46:461 (1960) have been 
followed by the refinement of this process into an essential 
tool of 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 flank an 
intervening variable region and, upon amplification, yield 
amplification 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 80-100%, or between about 90-100%, or 
between about 95-100% identity among all, or at least 70%, 
at least 80%, at least 90%, at least 95%, or at least 99% of 
species or strains. 
0079. The “ligase chain reaction” (LCR; sometimes 
referred to as “Ligase Amplification Reaction’ (LAR) 
described by Barany, Proc. Natl. Acad. Sci., 88:189 (1991); 
Barany, PCR Methods and Applic. 1:5 (1991); and Wu and 



US 2006/0205040 A1 

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 specific 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 affinity 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 modification to a given nucleotide which 
results in an increase in mass relative to the analogous 
non-mass modified nucleotide. Mass-modifying tags can 
include heavy isotopes of one or more elements included in 
the nucleotide such as carbon-13 for example. Other pos 
sible modifications 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 
first converted to ions, which are separated using electric or 
magnetic fields according to the ratio of their mass to electric 
charge. The measured masses are used to identity the 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 
fied by PCR in a single reaction tube. 
0.086 The term “non-template tag” refers to a stretch of 
at least three guanine or cytosine nucleobases of a primer 
used to produce a bioagent identifying amplicon which are 
not complementary to the template. A non-template tag is 
incorporated into a primer for the purpose of increasing the 
primer-duplex stability of later cycles of amplification by 
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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 modifications 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 modified 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 modified forms of deoxyribonucleotides as 
well as ribonucleotides. 

0090 The term “oligonucleotide' as used herein is 
defined 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'-end 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 first region along a nucleic acid strand is said to 
be upstream of another region if the 3' end of the first region 
is before the 5' end of the second region when moving along 
a strand of nucleic acid in a 5' to 3’ direction. All 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 first oligo 
nucleotide positioned such that its 5' end is upstream of the 
5' end of the second oligonucleotide, and the 340 end of the 
first oligonucleotide is upstream of the 3' end of the second 
oligonucleotide, the first oligonucleotide may be called the 
"upstream” oligonucleotide and the second oligonucleotide 
may be called the “downstream” oligonucleotide. 
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 “amplification product” refer to the resultant 
mixture of compounds after two or more cycles of the PCR 
steps of denaturation, annealing and extension are complete. 
These terms encompass the case where there has been 
amplification of one or more segments of one or more target 
Sequences. 

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. 

0.095 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 purification. 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 effect amplification, 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 
amplified segment of the desired target sequence. The length 
of the amplified segment of the desired target sequence is 
determined by the relative positions of the primers with 
respect to each other, and therefore, this length is a 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 
fied segments of the target sequence become the predomi 
nant sequences (in terms of concentration) in the mixture, 
they are said to be “PCR amplified.” With PCR, it is possible 
to amplify a single copy of a specific target sequence in 
genomic DNA to a level detectable by several different 
methodologies (e.g., hybridization with a labeled probe; 
incorporation of biotinylated primers followed by avidin 
enzyme conjugate detection; incorporation of 32P-labeled 
deoxynucleotide triphosphates, such as dCTP or DATP, into 
the amplified segment). In addition to genomic DNA, any 
oligonucleotide or polynucleotide sequence can be amplified 
with the appropriate set of primer molecules. In particular, 
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the amplified segments created by the PCR process itselfare, 
themselves, efficient templates for subsequent PCR ampli 
fications. 

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 
amplification of a nucleic acid sequence. A pair of primers 
comprises a forward primer and a reverse primer. The 
forward primer hybridizes to a sense Strand of a target gene 
sequence to be amplified and primes synthesis of an anti 
sense strand (complementary to the sense Strand) using the 
target sequence as a template. A reverse primer hybridizes to 
the antisense strand of a target gene sequence to be amplified 
and primes synthesis of a sense Strand (complementary to 
the antisense strand) using the target sequence as a template. 
0098. The primers are designed to bind to highly con 
served sequence regions of a bioagent identifying amplicon 
that flank an intervening variable region and yield amplifi 
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 
80-100%, or between about 90-100%, or between about 
95-100% identity, or between about 99-100% identity. The 
molecular mass of a given amplification product provides a 
means of identifying the bioagent from which it was 
obtained, due to the variability of the variable region. Thus 
design of the primers requires selection of a variable region 
with appropriate variability to resolve the identity of a given 
bioagent. Bioagent identifying amplicons are ideally specific 
to the identity of the bioagent. 
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), modified or universal nucleobases (used for spe 
cific purposes such as for example, increasing hybridization 
affinity, preventing non-templated adenylation and modify 
ing molecular mass) percent complementarity to a given 
target Sequences. 

0.100 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, identification of bioagents can be 
accomplished at different levels using primers Suited to 
resolution of each individual level of identification. Broad 
range Survey primers are designed with the objective of 
identifying a bioagent as a member of a particular division 
(e.g., an order, family, genus or other such grouping of 
bioagents above the species level of bioagents). In some 
embodiments, broad range Survey intelligent primers are 



US 2006/0205040 A1 

capable of identification of bioagents at the species or 
sub-species level. Other primers may have the functionality 
of producing bioagent identifying amplicons for members of 
a given taxonomic genus, clade, species, Sub-species or 
genotype (including genetic variants which may include 
presence of virulence genes or antibiotic resistance genes or 
mutations). Additional functional properties of primer pairs 
include the functionality of performing amplification either 
singly (single primer pair per amplification reaction vessel) 
or in a multiplex fashion (multiple primer pairs and multiple 
amplification reactions within a single reaction vessel). 
0101. As used herein, the terms “purified’ or “substan 

tially purified’ 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 purified 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 
amplified 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 specification and 
claims is used in its broadest sense. On the one hand it is 
meant to include a specimen or culture (e.g., microbiological 
cultures). On the other hand, it is meant to include both 
biological and environmental samples. A sample may 
include a specimen of synthetic origin. Biological samples 
may be animal, including human, fluid, Solid (e.g., stool) or 
tissue, as well as liquid and solid food and feed products and 
ingredients such as dairy items, vegetables, meat and meat 
by-products, and waste. Biological samples may be obtained 
from all of the various families of domestic animals, as well 
as feral or wild animals, including, but not limited to. Such 
animals as ungulates, bear, fish, lagamorphs, rodents, etc. 
Environmental samples include environmental material Such 
as Surface matter, soil, water 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 fluid, pleural fluid, 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' (defined 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 purified 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 defined herein as a region of 
nucleic acid within a target sequence. 
0.107 The “self-sustained sequence replication reaction' 
(3SR) (Guatelli et al., Proc. Natl. Acad. Sci., 87: 1874-1878 
1990), with an erratum at Proc. Natl. Acad. Sci., 87:7797 
1990) is a transcription-based in vitro amplification system 
(Kwok et al., Proc. Natl. Acad. Sci., 86:1173-1177 1989) 
that can exponentially amplify RNA sequences at a uniform 
temperature. The amplified RNA can then be utilized for 
mutation detection (Fahy et al., PCR Meth. Appl. 1:25-33 
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. 
0.109. 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 
confirmation 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. 

99.99 

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. 
0.112. 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 defined 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 “T” is used in reference 
to the “melting temperature.” The melting temperature is the 
temperature at which a population of double-stranded 
nucleic acid molecules becomes half dissociated into single 
Strands. Several equations for calculating the T of nucleic 
acids are well known in the art. As indicated by standard 
references, a simple estimate of the T value may be 
calculated by the equation: T=81.5+0.41 (% G+C), when a 
nucleic acid is in aqueous Solution at 1 M NaCl (see e.g., 
Anderson and Young, Quantitative Filter Hybridization, in 
Nucleic Acid Hybridization (1985). Other references (e.g., 
Allawi, H. T. & SantaLucia, J., Jr. Thermodynamics and 
NMR of internal G.T mismatches in DNA. Biochemistry 36, 
10581-94 (1997) include more sophisticated computations 
which take structural and environmental, as well as sequence 
characteristics into account for the calculation of T. 
0115 The term “triangulation genotyping analysis” refers 
to a method of genotyping a bioagent by measurement of 
molecular masses or base compositions of amplification 
products, corresponding to bioagent identifying amplicons, 
obtained by amplification of regions of more than one gene. 
In this sense, the term “triangulation” refers to a method of 
establishing the accuracy of information by comparing three 
or more types of independent points of view bearing on the 
same findings. Triangulation genotyping analysis carried out 
with a plurality of triangulation genotyping analysis primers 
yields a plurality of base compositions that then provide a 
pattern or “barcode” from which a species type can be 
assigned. The species type may represent a previously 
known Sub-species or strain, or may be a previously 
unknown strain having a specific 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 identification of a bioagent is herein 
referred to as “triangulation identification.” Triangulation 
identification 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, 
identification of the three part toxin genes typical of B. 
anthracis (Bowen et al., J. Appl. Microbiol., 1999, 87, 
270-278) in the absence of the expected signatures from the 
B. anthracis genome would suggest a genetic engineering 
event. 

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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identification of coronaviruses disclosed in commonly 
owned U.S. 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 U.S. 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 first meaning (i) of “unknown bioagent would 
apply since the SARS coronavirus became known to science 
subsequent to April 2003 and since it was not known what 
bioagent was present in the sample. 

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. 

0.120. The term “virus' refers to obligate, ultramicro 
scopic, parasites incapable of autonomous replication (i.e., 
replication requires the use of the host cells 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 
“modified, “mutant” or “polymorphic' refers to a gene or 
gene product that displays modifications in sequence and or 
functional properties (i.e., altered characteristics) when 
compared to the wild-type gene or gene product. It is noted 
that naturally-occurring mutants can be isolated; these are 
identified by the fact that they have altered characteristics 
when compared to the wild-type gene or gene product. 

0.122. 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 identification of unknown bioagents using bioagent 
identifying amplicons. Primers are selected to hybridize to 
conserved sequence regions of nucleic acids derived from a 
bioagent, and which bracket variable sequence regions to 
yield a bioagent identifying amplicon, which can be ampli 
fied 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 
amplification product is then matched against a database of 
molecular masses or base composition signatures. A match 
is obtained when an experimentally-determined molecular 
mass or base composition of an analyzed amplification 
product is compared with known molecular masses or base 
compositions of known bioagent identifying amplicons and 
the experimentally determined molecular mass or base 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 classified as a 
match. In some cases, the match may also be classified using 
a probability of match model such as the models described 
in U.S. 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 
identification strategy. The present method provides rapid 
throughput and does not require nucleic acid sequencing of 
the amplified target sequence for bioagent detection and 
identification. 

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 
identification of bioagents by the methods of the present 
invention, it is necessary to select segments of nucleic acids 
which ideally provide enough variability to distinguish each 
individual bioagent and whose molecular mass is amenable 
to molecular mass determination. 

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 
fication 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 amplified in the 
process of identifying the bioagent. Thus, the nucleic acid 
segments that can be amplified by the primers disclosed 
herein and that provide enough variability to distinguish 
each individual bioagent and whose molecular masses are 
amenable to molecular mass determination are herein 
described as bioagent identifying amplicons. 

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 
amplification 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. 
0.130. In some embodiments, amplification 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 amplification methods may be used Such as ligase 
chain reaction (LCR), low-stringency single primer PCR, 
and multiple strand displacement amplification (MDA). 
These methods are also known to those with ordinary skill. 
B. Primers and Primer Pairs 

0.131. In some embodiments the primers are designed to 
bind to conserved sequence regions of a bioagent identifying 
amplicon that flank an intervening variable region and yield 
amplification products which provide variability sufficient to 
distinguish each individual bioagent, and which are 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 amplification product provides a 
means of identifying the bioagent from which it was 
obtained, due to the variability of the variable region. Thus, 
design of the primers involves selection of a variable region 
with sufficient variability to resolve the identity of a given 
bioagent. In some embodiments, bioagent identifying ampli 
cons are specific to the identity of the bioagent. 

0.132. In some embodiments, identification of bioagents 
is accomplished at different levels using primers Suited to 
resolution of each individual level of identification. Broad 
range Survey primers are designed with the objective of 
identifying a bioagent as a member of a particular division 
(e.g., an order, family, genus or other such grouping of 
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bioagents above the species level of bioagents). In some 
embodiments, broad range Survey intelligent primers are 
capable of identification of bioagents at the species or 
Sub-species level. 
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 identification 
at the Sub-species level because broad range Survey intelli 
gent primers may, in some cases provide Sufficient identifi 
cation resolution to accomplishing this identification objec 
tive. 

0134) A representative process flow diagram used for 
primer selection and validation process is outlined in FIG. 
1. For each group of organisms, candidate target sequences 
are identified (200) from which nucleotide alignments are 
created (210) and analyzed (220). Primers are then designed 
by selecting appropriate priming regions (230) to facilitate 
the selection of candidate primer pairs (240). The primer 
pairs are then Subjected to in silico analysis by electronic 
PCR (ePCR) (300) wherein bioagent identifying amplicons 
are obtained from sequence databases such as GenBank or 
other sequence collections (310) and checked for specificity 
in silico (320). Bioagent identifying amplicons obtained 
from GenBank sequences (310) can also be analyzed by a 
probability model which predicts the capability of a given 
amplicon to identify unknown bioagents such that the base 
compositions of amplicons with favorable probability scores 
are then stored in a base composition database (325). 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 amplification by a method such as PCR analysis 
(400) of nucleic acid from a collection of organisms (410). 
Amplification products thus obtained are analyzed by gel 
electrophoresis or by mass spectrometry to confirm the 
sensitivity, specificity and reproducibility of the primers 
used to obtain the amplification products (420). 
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 identification 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 
amplified by a nucleic acid amplification technique, such as 
PCR for example, to obtain an amplification product that 
represents a bioagent identifying amplicon. The molecular 
mass of each strand of the double-stranded amplification 
product is determined by a molecular mass measurement 
technique such as mass spectrometry for example, wherein 
the two strands of the double-stranded amplification product 
are separated during the ionization process. In some embodi 
ments, the mass spectrometry is electrospray Fourier trans 
form ion cyclotron resonance mass spectrometry (ESI 
FTICR-MS) or electrospray time of flight mass spectrometry 
(ESI-TOF-MS). A list of possible base compositions can be 
generated for the molecular mass value obtained for each 
Strand and the choice of the correct base composition from 
the list is facilitated by matching the base composition of 
one strand with a complementary base composition of the 
other Strand. The molecular mass or base composition thus 
determined is then compared with a database of molecular 
masses or base compositions of analogous bioagent identi 
fying amplicons for known viral bioagents. A match 
between the molecular mass or base composition of the 
amplification 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 identification process or to 
improve the confidence level for the identification assign 
ment. 

0.138. In some embodiments, a bioagent identifying 
amplicon may be produced using only a single primer (either 
the forward or reverse primer of any given primer pair), 
provided an appropriate amplification method is chosen, 
Such as, for example, low stringency single primer PCR 
(LSSP-PCR). Adaptation of this amplification method in 
order to produce bioagent identifying amplicons can be 
accomplished by one with ordinary skill in the art without 
undue experimentation. 

0.139. 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 defined 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 benefit 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 identification of a bioagent is 
herein referred to as triangulation identification. 
0.141. 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 identification 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 amplification conditions. Identification of Such 
Sub-species characteristics is often critical for determining 
proper clinical treatment of viral infections. In some 
embodiments, Sub-species characteristics are identified 
using only broad range Survey primers and division-wide 
and drill-down primers are not used. 
0142. In some embodiments, the primers used for ampli 
fication 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 
fication hybridize directly to viral RNA and act as reverse 
transcription primers for obtaining DNA from direct ampli 
fication 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 amplification 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 specificity 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 
modified to include PCR parameters such as hybridization 
conditions, mismatches, and thermodynamic calculations 
(SantaLucia, Proc. Natl. Acad. Sci. U.S.A., 1998, 95, 1460 
1465, which is incorporated herein by reference in its 
entirety). This also provides information on primer speci 
ficity of the selected primer pairs. In some embodiments, the 
hybridization conditions applied to the algorithm can limit 
the results of primer specificity obtained from the algorithm. 
In some embodiments, the melting temperature threshold for 
the primer template duplex is specified to be 35° C. or a 
higher temperature. In some embodiments the number of 
acceptable mismatches is specified to be seven mismatches 
or less. In some embodiments, the buffer components and 
concentrations and primer concentrations may be specified 
and incorporated into the algorithm, for example, an appro 
priate primer concentration is about 250 nM and appropriate 
buffer components are 50 mM sodium or potassium and 1.5 
mM Mg. 
0144 One with ordinary skill in the art of design of 
amplification primers will recognize that a given primer 
need not hybridize with 100% complementarity in order to 
effectively prime the synthesis of a complementary nucleic 
acid strand in an amplification reaction. Moreover, a primer 
may hybridize over one or more segments such that 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 specific primer sequences 
disclosed herein. Determination of sequence identity is 
described in the following example: a primer 20 nucleobases 
in length which is identical to another 20 nucleobase primer 
having two non-identical residues has 18 of 20 identical 
residues (1%0=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 15/20=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 specifically disclosed herein. 
0.147. 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 fimction of the 
primer in its role in priming synthesis of a complementary 
Strand of nucleic acid for production of an amplification 
product of a corresponding bioagent identifying amplicon. 

0.148. 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 
fied, labels, etc. Primers may also form hairpin structures. 
For example, hairpin primers may be used to amplify short 
target nucleic acid molecules. The presence of the hairpin 
may stabilize the amplification complex (see e.g., TAQMAN 
MicroRNA Assays, Applied Biosystems, Foster City, 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 amplification 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 amplifi 
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 amplification 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 NC003461 
2253 2279_F (SEQ ID NO: 45), with the reverse primers 
POL NC003461. 2302 2329 R (SEQ ID NO: 315), 
POL NC003461 2320 2349 R, or (SEQ ID NO: 200), 
POL NC003461 2320 2352 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 configured 
to amplify nucleic acid of a bioagent to produce amplifica 
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 modification comprising the addition of a non-templated T 
residue to the 5' end of the primer (i.e., the added T residue 
does not necessarily hybridize to the nucleic acid being 
amplified). The addition of a non-templated T residue has an 
effect of minimizing the addition of non-templated adenos 
ine residues as a result of the non-specific 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 3' position) in the 
conserved regions among species is likely to occur in the 
third position of a DNA (or RNA) triplet, oligonucleotide 
primers can be designed Such that the nucleotide 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-f-D-ribofuranosyl)-imidazole-4-carboxamide (Sala 
et al., Nucl. Acids Res., 1996, 24, 3302-3306). 
0.156. In some embodiments, to compensate for the some 
what weaker binding by the wobble base, the oligonucle 
otide primers are designed Such that the first and second 
positions of each triplet are occupied by nucleotide analogs 
that bind with greater affinity than the unmodified 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 U.S. 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 U.S 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 U.S. 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 U.S. Pat. 
Nos. 6,007,992 and 6,028,183, each of which 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 modified primers offer 
increased affinity and base pairing selectivity. 
0158. In some embodiments, non-template primer tags 
are used to increase the melting temperature (T) of a 
primer-template duplex in order to improve amplification 
efficiency. A non-template tag is at least three consecutive A 
or T nucleotide residues on a primer which are not 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 amplification efficiency for Subsequent cycles of 
amplification 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 modified 
internucleoside linkage such as a phosphorothioate linkage, 
for example. 

0.160 In some embodiments, the primers contain mass 
modifying tags. Reducing the total number of possible base 
compositions of a nucleic acid of specific molecular weight 
provides a means of avoiding a persistent Source of ambi 
guity in determination of base composition of amplification 
products. Addition of mass-modifying tags to certain 
nucleobases of a given primer will result in simplification of 
de novo determination of base composition of a given 
bioagent identifying amplicon from its molecular mass. 

0.161 In some embodiments of the present invention, the 
mass modified nucleobase comprises one or more of the 
following: for example, 7-deaza-2'-deoxyadenosine-5-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-fluoro-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-5C-triphosphate. In some 
embodiments, the mass-modified nucleobase comprises 'N 
or C or both 'N and C. 

0162. In some embodiments, multiplex amplification is 
performed where multiple bioagent identifying amplicons 
are amplified 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 identification 
data can be obtained within a single analysis. Multiplex 
amplification methods are well known to those with ordinary 
skill and can be developed without undue experimentation. 
However, in some embodiments, one useful and non-obvi 
ous step in selecting a plurality candidate bioagent identi 
fying amplicons for multiplex amplification is to ensure that 
each strand of each amplification product will be sufficiently 
different in molecular mass that mass spectral signals will 
not overlap and lead to ambiguous analysis results. In some 
embodiments, a 10 Da difference in mass of two strands of 
one or more amplification products is sufficient to avoid 
overlap of mass spectral peaks. 
0163. In some embodiments, as an alternative to multi 
plex amplification, single amplification reactions can be 
pooled before analysis by mass spectrometry. In these 
embodiments, as for multiplex amplification embodiments, 
it is useful to select a plurality of candidate bioagent 
identifying amplicons to ensure that each strand of each 
amplification product will be sufficiently different in 
molecular mass that mass spectral signals will not overlap 
and lead to ambiguous analysis results. 
C Determination of Molecular Mass of Bioagent Identifying 
Amplicons 

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 fluorescent labels, since 
every amplification product is identified by its molecular 
mass. The current state of the art in mass spectrometry is 
Such that less than femtomole quantities of material can be 
readily analyzed to afford information about the molecular 
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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. 

0.165. In some embodiments, intact molecular ions are 
generated from amplification products using one of a variety 
of ionization techniques to convert the sample to gas phase. 
These ionization methods include, but are not limited to, 
electrospray ionization (ES), matrix-assisted laser 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 signifi 
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 flight (TOF), ion trap, quadrupole, mag 
netic sector, Q-TOF, and triple quadrupole. 
D. Base Compositions of Bioagent Identifying Amplicons 

0.167 Although the molecular mass of amplification 
products obtained using intelligent primers provides a means 
for identification of bioagents, conversion of molecular mass 
data to a base composition signature is useful for certain 
analyses. As used herein, “base composition' is the exact 
number of each nucleobase (A, T, C and G) determined from 
the molecular mass of a bioagent identifying amplicon. In 
Some embodiments, a base composition provides an index of 
a specific organism. Base compositions can be calculated 
from known sequences of known bioagent identifying 
amplicons and can be experimentally determined by 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 amplification product originating at position 1337 of 
the 16S rRNA of Bacillus anthracis. The forward and 
reverse strands of the amplification product have measured 
molecular masses of 14208 and 14079 Da, respectively. The 
possible base compositions derived from the molecular 
masses of the forward and reverse strands for the B. anthra 
cis products are listed in Table 1. 

TABLE 1. 

Possible Base Compositions for B. anthracis 46mer Amplification Product 

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

14208.2935 O.O7952O A1 G17 C10 T18 14O79.2624 O.080600 AO G14 C13 T19 
14208.316O O.OS 6980 A1 G20 C15 T10 14O79.2849 O.OS8060 AO G17 C18 T11 
14208.3386 O.O34440 A1 G23 C2O T2 14O79.3075 O.O3SS2O AO G20 C23 T3 



US 2006/0205040 A1 Sep. 14, 2006 
16 

TABLE 1-continued 

Possible Base Compositions for B. anthracis 46mer Amplification Product 

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

14208.3074 0.06SS60 A6 G11 C3 T26 14O79.2538 O.O8918O 
14208.33OO 0.043020 A6 G14 C8 T18 14079.2764 OO66640 
14208.3525 O.O2O480 A6 G17 C13 T10 14O79.2989 O.O44100 
14208.37S1 O.OO2O60 A6 G20 C18 T2 14O79.3214 O.021560 
14208.3439 O.O2906O A11 G8 C1 T26 14079.3440 O.OOO980 
14208.366S O.OO652O A11 G11 C6 T18 14O79.3129 O.O3O140 
14208,3890 0.016020 A11 G14 C11 T10 14O79.3354 O.OO76OO 
14208.4116 O.O.3856O A11 G17 C16 T2 14079.3579 0.014940 
14208.403O O.O2998.0 A16 G8 C4 T18 14O79.380S O.O37480 
14208.42SS O.OS2S2O A16 G11 C9 T10 14O79.3494 O.OO6360 
14208.4481 O.O7SO)6O A16 G14 C14 T2 14O79.3719 O.O289.00 
14208.4395 O.O66480 A21 GS C2T18 14079.3944 O.O51440 
14208.462O O.O8902O A21 G8 C7 T10 14O79.4170 O.O7398O 

14079.4084 OO65400 
14O79.4309 O.O87940 

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 amplification 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 amplification 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 classifier model algo 
rithms. Base compositions, like sequences, vary slightly 
from Strain to strain within species, for example. In some 
embodiments, the pattern classifier model is the mutational 
probability model. On other embodiments, the pattern clas 
sifier is the polytope model. The mutational probability 
model and polytope model are both commonly owned and 
described in U.S. patent application Ser. No. 1 1/073.362 
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 identification 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 misclassification, a problem which is over 
come by a triangulation identification 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 misclassifications of base 
compositions. In other embodiments, base composition 
probability clouds provide the means for predicting the 

Base 
Composition of 
Reverse Strand 

A5 G5 C1 T35 
AS G8 C6 T27 
AS G11 C11 T19 
AS G14 C16 T11 
AS G17 C21 T3 
A10 GS CAT27 
A10 G8 C9 T19 
A10 G11 C14 T11 
A10 G14 C19 T3 
A1S G2 C2 T27 
A15 G5 C7 T19 
A15 G8 C12 T11 
A1S G11 C17 T3 
A2O G2 CST19 
A2O GS C1OT13 

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. 

0.172. The present invention provides bioagent classify 
ing information similar to DNA sequencing and phyloge 
netic analysis at a level Sufficient 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 
tification is thus greatly improved as more BCS indexes 
become available in base composition databases. 
E. Triangulation Identification 

0.173) 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 identification of a bioagent is herein referred to as 
“triangulation identification.' Triangulation identification is 
pursued by determining the molecular masses of a plurality 
of bioagent identifying amplicons selected within a plurality 
of housekeeping genes. This process is used to reduce false 
negative and false positive signals, and enable reconstruc 
tion of the origin of hybrid or otherwise engineered bioag 
ents. For example, identification of the three part toxin genes 
typical of B. anthracis (Bowen et al., J. Appl. Microbiol. 
1999, 87,270-278) in the absence of the expected signatures 
from the B. anthracis genome would suggest a genetic 
engineering event. 

0.174. In some embodiments, the triangulation identifica 
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 



US 2006/0205040 A1 

PCR where multiple primers are employed in the same 
amplification reaction mixture, or PCR in multi-well plate 
format wherein a different and unique pair of primers is used 
in multiple wells containing otherwise identical reaction 
mixtures. Such multiplex and multi-well PCR methods are 
well known to those with ordinary skill in the arts of rapid 
throughput amplification of nucleic acids. In other related 
embodiments, one PCR reaction per well or container may 
be carried out, followed by an amplicon pooling step 
wherein the amplification products of different wells are 
combined in a single well or container which is then 
Subjected to molecular mass analysis. The combination of 
pooled amplicons can be chosen such that the expected 
ranges of molecular masses of individual amplicons are not 
overlapping and thus will not complicate identification of 
signals. 

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 amplification product 
containing the codon being analyzed is of a length of about 
35 to about 150 nucleobases. The primers employed in 
obtaining the amplification product can hybridize to 
upstream and downstream sequences directly adjacent to the 
codon, or can hybridize to upstream and downstream 
sequences one or more sequence positions away from the 
codon. The primers may have between about 70% to 100% 
sequence complementarity with the sequence of the gene 
containing the codon being analyzed. 

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 
tified in a biological product. 

0179. In some embodiments, the molecular mass of an 
amplification product containing the codon being analyzed 
is measured by mass spectrometry. The mass spectrometry 
can be either electrospray (ESI) mass spectrometry or 
matrix-assisted laser desorption ionization (MALDI) mass 
spectrometry. Time-of-flight (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 amplification 
calibrants can be included in the amplification reactions and 
abundances of analyte amplification product estimated in 
relation to the known quantities of the calibrants. 
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0181. In some embodiments, upon identification of one 
or more drug-resistant Strains of an infectious organism 
infecting an individual, one or more alternative treatments 
can be devised to treat the individual. 

G. Determination of the Quantity of a Bioagent 

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 amplifi 
cation reaction (510) to obtain amplification products. The 
molecular masses of amplification 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 identification 
(525) and the molecular mass of the calibration amplicon 
obtained from the calibration polynucleotide (530) provides 
the means for its identification (535). The abundance data of 
the bioagent identifying amplicon is recorded (540) and the 
abundance data for the calibration data is recorded (545), 
both of which are used in a calculation (550) which 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 
amplification of nucleic acid from the bioagent, and a known 
quantity of a polynucleotide that comprises a calibration 
sequence. The nucleic acids of the bioagent and of the 
calibration sequence are amplified and the rate of amplifi 
cation is reasonably assumed to be similar for the nucleic 
acid of the bioagent and of the calibration sequence. The 
amplification reaction then produces two amplification 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 amplified at essentially the same rate. 
Effecting differential molecular masses can be accomplished 
by choosing as a calibration sequence, a representative 
bioagent identifying amplicon (from a specific species of 
bioagent) and performing, for example, a 2-8 nucleobase 
deletion or insertion within the variable region between the 
two priming sites. The amplified sample containing the 
bioagent identifying amplicon and the calibration amplicon 
is then Subjected to molecular mass analysis by mass 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 identification of the unknown 
bioagent and the abundance data enables calculation of the 
quantity of the bioagent, based on the knowledge of the 
quantity of calibration polynucleotide contacted with the 
sample. 

0.184 In some embodiments, construction of a standard 
curve where the amount of calibration polynucleotide spiked 
into the sample is varied provides additional resolution and 
improved confidence for the determination of the quantity of 
bioagent in the sample. The use of standard curves for 
analytical determination of molecular quantities is well 
known to one with ordinary skill and can be performed 
without undue experimentation. 
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0185. In some embodiments, multiplex amplification is 
performed where multiple bioagent identifying amplicons 
are amplified with multiple primer pairs which also amplify 
the corresponding standard calibration sequences. In this or 
other embodiments, the standard calibration sequences are 
optionally included within a single vector which functions as 
the calibration polynucleotide. Multiplex amplification 
methods are well known to those with ordinary skill and can 
be performed without undue experimentation. 

0186. In some embodiments, the calibrant polynucleotide 
is used as an internal positive control to confirm that 
amplification conditions and Subsequent analysis steps are 
Successful in producing a measurable amplicon. Even in the 
absence of copies of the genome of a bioagent, the calibra 
tion polynucleotide should give rise to a calibration ampli 
con. Failure to produce a measurable calibration amplicon 
indicates a failure of amplification or Subsequent analysis 
step Such as amplicon purification or molecular mass deter 
mination. Reaching a conclusion that such failures have 
occurred is in itself, a useful event. 

0187. In some embodiments, the calibration sequence is 
comprised of DNA. In some embodiments, the calibration 
sequence is comprised of RNA. 

0188 In some embodiments, the calibration sequence is 
inserted into a vector that itself functions as the calibration 
polynucleotide. In some embodiments, more than one cali 
bration sequence is inserted into the vector that functions as 
the calibration polynucleotide. Such a calibration polynucle 
otide is herein termed a “combination calibration polynucle 
otide. The process of inserting polynucleotides into vectors 
is routine to those skilled in the art and can be accomplished 
without undue experimentation. Thus, it should be recog 
nized that the calibration method should not be limited to the 
embodiments described herein. The calibration method can 
be applied for determination of the quantity of any bioagent 
identifying amplicon when an appropriate standard calibrant 
polynucleotide sequence is designed and used. The process 
of choosing an appropriate vector for insertion of a calibrant 
is also a routine operation that can be accomplished by one 
with ordinary skill without undue experimentation. 
H. Identification of Adventitious Viruses 

0189 In other embodiments of the present invention, the 
primer pairs produce bioagent identifying amplicons within 
stable and highly conserved regions of adventitious con 
taminant viruses. The advantage to characterization of an 
amplicon in a highly conserved region is that there is a low 
probability that the region will evolve past the point of 
primer recognition, in which case, the amplification step 
would fail. Such a primer set is thus useful as a broad range 
Survey-type primer. In another embodiment of the present 
invention, the intelligent primers produce bioagent identi 
fying amplicons in a region which evolves more quickly 
than the stable region described above. The advantage of 
characterization bioagent identifying amplicon correspond 
ing to an evolving genomic region is that it is useful for 
distinguishing emerging strain variants. 

0190. The present invention also has significant advan 
tages as a platform for identification of diseases caused by 
emerging viruses. The present invention eliminates the need 
for prior knowledge of bioagent sequence to generate 
hybridization probes. Thus, in another embodiment, the 

Sep. 14, 2006 

present invention provides a means of determining the 
etiology of a virus infection when the process of identifica 
tion of viruses is carried out in a clinical setting and, even 
when the virus is a new species never observed before. This 
is possible because the methods are not confounded by 
naturally occurring evolutionary variations (a major concern 
for characterization of viruses which evolve rapidly) occur 
ring in the sequence acting as the template for production of 
the bioagent identifying amplicon. Measurement of molecu 
lar mass and determination of base composition is accom 
plished in an unbiased manner without sequence prejudice. 
0191 Another embodiment of the present invention also 
provides a means of tracking the spread of any species or 
strain of virus when a plurality of samples obtained from 
different locations are analyzed by the methods described 
above in an epidemiological setting. In one embodiment, a 
plurality of samples from a plurality of different locations is 
analyzed with primer pairs which produce bioagent identi 
fying amplicons, a Subset of which contains a specific virus. 
The corresponding locations of the members of the virus 
containing Subset indicate the spread of the specific virus to 
the corresponding locations. 
0.192 Members of the Parvoviridae family are small 
single stranded DNA viruses with genomes of about 4-5 
kilobases long. They can be divided into (i) Dependovirus 
genus that includes the human helper-dependent adeno 
associated virus (AAV) serotypes 1 to 8 and the autonomous 
avian parvoviruses; the adeno associated viruses (AAV 1-8); 
(ii) Erythrovirus genus that includes the bovine, chipmunk, 
and autonomous primate parvoviruses, including human 
viruses B19 and V9; and (iii) Parvovirus genus that include 
parvoviruses of other animals and rodents (except for chip 
munks), carnivores, and pigs, including murine minute virus 
(MMV). These parvoviruses can infect several cell types and 
have been described in clinical samples. AAVs in particular, 
have been implicated in decreased replication, propagation, 
and growth of other virus. 
0193 Exogenous retroviruses are known to cause various 
malignant and non-malignant diseases in animals over a 
wide range of species. These viruses infect most known 
animals and rodents. Examples include, but are not limited 
to: Deltaretroidvirus (HTLV 1-4, STLV 1-3), Gammaretro 
virus (Murine leukemia virus, PERV), Alpharetrovirus: 
(Avian leucosis virus and Avian endogenous virus) and 
Human immunodeficiency viruses 1 and 2). 
0194 Polyomaviruses are small double-stranded DNA 
viruses that can infect several species including humans, 
primates, rodents, rabbits and birds. Because of their tum 
origenic and oncogenic potential, it is important to test for 
these viruses in cell Substrates used for vaccine production. 
0.195 The Papillomaviridae family of viruses contains 
more that 150 known species representing varying host 
specificity and sequence homology. They have been identi 
fied in mammals (humans, simians, bovines, canines, 
ovines) and in birds. Majority of the human Papillomavi 
ruses (HPVs), including all HPV types traditionally called 
genital and mucosal HPVs belong to supergroup A. Within 
Supergroup A, there are 11 groups; the most medically 
important of these are the human Papillomaviruses HPV 16, 
HPV 18, HPV 31, HPV 45, HPV 11, HPV 6 and HPV 2. 
Each of these has been reported as “high risk” viruses in the 
medical literature. 



US 2006/0205040 A1 

0196. Other viral families which are potential adventi 
tious contaminants include, but are not limited to: Herpes 
viridae (Human herpesviruses 1 through 8, Bovine herpes 
virus, 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), Fla 
viviridae (Bovine viral diarrhea virus, TBE, Yellow fever 
virus, Dengue viruses 14, WNV and hepatitis C virus), 
Paramyxoviridae (Pneumonia virus of mice, Sendai virus, 
and Simian parainfluenza virus 5), Togaviridae (Western 
equine encephalomyelitis virus), Picornaviridae (Polio 
(types 1-13), Human hepatitis A. Human coxsackievirus, 
Human cardiovirus, Human rhinovirus and Bovine rhinovi 
rus), Reoviridae (Mouse rotavirus, reovirus type 3 and 
Colorado tick fever virus), and Rhabdoviridae (vesicular 
stomatitis virus). 
I. Kits 

0197) The present invention also provides kits for carry 
ing out the methods described herein. In some embodiments, 
the kit may comprise a Sufficient quantity of one or more 
primer pairs to perform an amplification reaction on a target 
polynucleotide from a bioagent to form a bioagent identi 
fying amplicon. In some embodiments, the kit may comprise 
from one to fifty primer pairs, from one to twenty primer 
pairs, from one to ten primer pairs, or from two to five 
primer pairs. In some embodiments, the kit may comprise 
one or more primer pairs recited in Table 3. 
0198 In some embodiments, the kit comprises one or 
more broad range Survey primer(s), division wide primer(s), 
or drill-down primer(s), or any combination thereof. If a 
given problem involves identification of a specific bioagent, 
the solution to the problem may require the selection of a 
particular combination of primers to provide the solution to 
the problem. A kit may be designed so as to comprise 
particular primer pairs for identification of a particular 
bioagent. A drill-down kit may be used, for example, to 
distinguish different Sub-species types of adventitious con 
taminant viruses or genetically engineered adventitious con 
taminant viruses. In some embodiments, the primer pair 
components of any of these kits may be additionally com 
bined to comprise additional combinations of broad range 
Survey primers and division-wide primers so as to be able to 
identify the adventitious contaminant virus. 
0199. In some embodiments, the kit contains standard 
ized calibration polynucleotides for use as internal amplifi 
cation calibrants. Internal calibrants are described in com 
monly owned U.S. patent application Ser. No. 60/545.425 
which is incorporated herein by reference in its entirety. 
0200. In some embodiments, the kit comprises a suffi 
cient quantity of reverse transcriptase (if an RNA virus is to 
be identified for example), a DNA polymerase, suitable 
nucleoside triphosphates (including alternative dNTPs such 
as inosine or modified dNTPs such as the 5-propynyl 
pyrimidines or any dNTP containing molecular mass-modi 
fing tags Such as those described above), a DNA ligase, 
and/or reaction buffer, or any combination thereof, for the 
amplification processes described above. A kit may further 
include instructions pertinent for the particular embodiment 
of the kit, Such instructions describing the primer pairs and 
amplification conditions for operation of the method. A kit 
may also comprise amplification reaction containers such as 
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microcentrifuge tubes and the like. A kit may also comprise 
reagents or other materials for isolating bioagent nucleic 
acid or bioagent identifying amplicons from amplification, 
including, for example, detergents, solvents, or ion exchange 
resins which may be linked to magnetic beads. A kit may 
also comprise a table of measured or calculated molecular 
masses and/or base compositions of bioagents using the 
primer pairs of the kit. 
0201 In some embodiments, the kit includes a computer 
program stored on a computer formatted medium (such as a 
compact disk or portable USB disk drive, for example) 
comprising instructions which direct a processor to analyze 
data obtained from the use of the primer pairs of the present 
invention. The instructions of the software transform data 
related to amplification products into a molecular mass or 
base composition which is a useful concrete and tangible 
result used in identification and/or classification of bioag 
ents. In some embodiments, the kits of the present invention 
contain all of the reagents sufficient to carry out one or more 
of the methods described herein. 

0202 While the present invention has been described 
with specificity in accordance with certain of its embodi 
ments, the following examples serve only to illustrate the 
invention and are not intended to limit the same. In order that 
the invention disclosed herein may be more efficiently 
understood, examples are provided below. It should be 
understood that these examples are for illustrative purposes 
only and are not to be construed as limiting the invention in 
any manner. 

EXAMPLES 

Example 1 

Design and Validation of Primers that Define 
Bioagent Identifying Amplicons for Adventitious 

Contaminant Viruses 

A. General Process of Primer Design 
0203 For design of primers that define adventitious con 
taminant virus identifying amplicons, a series of adventi 
tious contaminant virus genome segment sequences were 
obtained, aligned and Scanned for regions where pairs of 
PCR primers would amplify products of about 45 to about 
150 nucleotides in length and distinguish species and/or 
individual strains from each other by their molecular masses 
or base compositions. A typical process shown in FIG. 1 is 
employed for this type of analysis. 
0204 A database of expected base compositions for each 
primer region was generated using an in silico PCR search 
algorithm, such as (ePCR). An existing RNA structure 
search algorithm (Macke et al., Nucl. Acids Res., 2001, 29. 
4724-4735, which is incorporated herein by reference in its 
entirety) has been modified to include PCR parameters such 
as hybridization conditions, mismatches, and thermody 
namic calculations (SantaLucia, Proc. Natl. Acad. Sci. 
U.S.A., 1998, 95, 1460-1465, which is incorporated herein 
by reference in its entirety). This also provides information 
on primer specificity of the selected primer pairs. 
B. Design of Primers for Identification of Parvoviruses 
0205 Primer pairs were designed which broadly target 
the various genera/species of the Parvovirinae family. Par 
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voviruses of the most medical concern are: B19, AAV-5 and 
murine minute virus. Approximately 500 complete Parvovi 
rus genome sequences were obtained from GenBank. These 
genome sequences (each approximately 5 kilobases long) 
were aligned and Scanned for conserved target regions. 
Initial Survey of the genome alignments revealed very little 
homology across the three major genera described above. 
However, regions were identified with significant homolo 
gies within each genus that were the target for primer design. 
In all three genera, the regions of conservation were within 
two major nodes, one in the rep gene, encoding NS1 protein, 
and the other in the capsid, cap gene, encoding glycoprotein 
VP1 protein. This ability to prime across all known instances 
of species within each of these groups will enable surveil 
lance for known parvoviruses and detection of previously 
unknown parvoviruses in cell lines. 

C. Design of Primers for Identification of Retroviruses 
0206. The objective of primer design for this viral family 
was to obtain primer pairs that would prime and produce 
retrovirus identifying amplicons for all known members of 
each of the genus groups and as yet unknown variants. The 
T-lymphotropic viruses, members of the deltaretrovirus 
genus, infect primates and cause leukemia and neurologic 
diseases. These 9 kilobase single stranded RNA viruses are 
highly transmissible. Primer pairs targeting the transcription 
activator (tax) gene were designed to broadly prime and 
resolve all known primate T-lymphotropic viruses including 
human T-lymphotropic viruses (HTLV-1 and -2 and the 
newly discovered HTLV-3 and -4), and simian T-lympho 
tropic viruses (STLV-1, -2 and -3). These primer pairs 
produce retrovirus identifying amplicons of simian and 
human T-lymphotropic virus species with distinct base com 
positions indicating that the primer pairs can yield amplifi 
cation products which are distinguishable from each other 
on the basis of molecular masses and base compositions. 
D. Design of Primers for Identification of Polyomaviruses 
0207. Approximately 200 complete Polyomavirus 
genome sequences were obtained from GenBank. These 
genome sequences (approximately 5.3 kilobases long) were 
aligned to each other using bioinformatics tools built in 
house, and scanned for conserved target regions. Initial 
Survey of the genome alignments revealed a high degree of 
homology between the primate (SV40) and the human 
viruses (BK and JC), whereas the rest of the species were 
highly divergent and did not share much sequence homology 
with these above species. For primer design purposes, SV40, 
BK and JC viral species were classified as a group. Nine 
different primer pairs (primer pairs 2549-2557) were 
designed to this cluster (See Table 3) and are expected to 
provide redundant detection and resolution of the three 
important Polyomavirus species. Most of these primers were 
targeted to the large T antigen gene of Polyomavirus. Three 
additional primer pairs (primer pair numbers 2559-2561) 
were designed to include Lymphotropic papovavirus (LPV. 
the African green monkey papovavirus). While these new 
primers were less conserved across any one species, they 
would nonetheless provide broader coverage of viral detec 
tion within this family. Additional primer pairs (RS 10-14) 
targeting the rest of the viral species (murine, avian, bovine, 
etc.) were also designed. Taken together, these primers 
would provide complete coverage of all known Polyoma 
viruses. 
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0208 All of the polyomavirus primer pairs were tested 
against multiple target species for performance and sensi 
tivity. To test the performance of these primers, plasmid 
clones containing full length SV40 (ATCC: VRMC-4) and 
JC virus (ATCC: VRMC-1) DNA were obtained from 
ATCC. Plasmid concentrations were determined by optical 
density measurements and used as an approximate estimate 
of the amount of input viral DNA template. Serial 10-fold 
dilutions of the plasmid were used for estimating limits of 
detection. These were tested against the entire panel of 12 
primer pairs (primer pair numbers 2549-2561). The primer 
pairs were initially tested at 107 and 10 fold dilutions of 
each of the plasmids and showed reliable detections, with 
the exception of primer 2555. Additional testing of a subset 
of these primer pairs showed that while several primer pairs 
were able to detect additional, lower dilutions, some of the 
primer pairs were unsuccessful at producing polyomavirus 
identifying amplicons below the 10 dilution. Based on this 
initial test, a panel of six primers (primer pair numbers 2550, 
2551, 2553, 2554, 2557 and 2559) was chosen for use in 
cell-line characterization. These primers will be tested 
against known cell lines containing SV-40 and other Polyo 
maviruses. 

0209 For routine screening of cell lines, it is anticipated 
that as few as two of the primer pairs described above along 
with the four primers targeting non-human Polyomavirus 
can provide complete coverage of all known and potentially 
novel Polyomaviruses. A nucleic acid segment within the 
large tumor antigen gene provides opportunities for broad 
priming across human and simian species due to a codon 
deletion at position 32 of the simian virus 40, which is 
exemplified by primer pair number 2555 (SEQ ID NO: 
112:207). Murine pneumonotropic virus, African green 
monkey PyV virus, SV40 virus, BK virus, JC virus, hamster 
PyV and murine PyV virus can be distinguished from each 
other on the basis of base compositions of amplification 
products produced with primer pair number 2560 (SEQ ID 
NOs: 12:260). 

E. Design of Primers for Identification of Papillomaviruses 

0210 Broad primer pairs covering a set of important 
human Papillomaviruses (HPV 16, 18, 31, 45, 11, 6, 2) were 
designed (primer pair numbers 2533-2536). These belong to 
different groups, but have all been reported in literature to be 
“high risk” Covering all of these species broadly combined 
with group-specific primer pairs described above would be 
of great value. Additionally, several primer pairs were 
designed to cover broadly within a single group or across 
multiple groups of Papillomaviruses to increase robustness 
of detection. 

0211 All of the primer pairs were tested against a panel 
of Papillomaviruses obtained from ATCC. The following 
viruses were obtained as full-length plasmid clones: ATCC 
4515OD (HPV-6b); ATCC 45151D (HPV-11); ATCC 
45152D (HPV-18); and ATCC 451 13D (HPV-16). Two of 
the broad primer pairs (numbers 2534 and 2536) amplified 
all four viruses tested at two different dilutions of the 
plasmids. Primer pair number 2535 (SEQ ID NOs: 28:253) 
amplified only two of the test isolates, while primer pair 
2533 (30:268) did not amplify any of the viruses tested. 
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Based on these initial results, Primer pair numbers 2534 
(SEQ ID NOs: 30:267) and 2536 (SEQ ID NOs: 19:267) 
were selected for further optimization. A series of primer 
modifications, including, for example, inosine Substitutions 
to overcome potential sequence mismatches were intro 
duced into the forward and reverse primer pairs. Most of the 
modified primers tested showed improved performance 
across the test isolates. In addition to the primers broadly 
targeting the major species, a series of primers targeting 
Papillomavirus groups, A7, A9 and A10 that account for 
over 30 different Papillomaviruses were also tested. Table 2 
provides the primer pairs used for Papillomavirus identifi 
cation and indicates isolates tested, target virus groups and 
major species covered. 

TABLE 2 

Primer Pairs Targeting Human Papillomaviruses 

Primer Pair Isolates Target Virus Major Species 
Number Tested Group Covered 

2537 HPV-16 Group A9 HPV-16, HPV-31, 
2539 HPV-33, HPV-35, 
2S4O HPV-52, HPV-58, 

HPV-67, and 
RhPV 

2S43 HPV-18 Group A7 HPV-18, HPV-39, 
2544 HPV-45, HPV-59, 
25.45 HPV-68, and 

HPV-70 
2S46 HPV-6, HPV-11 Group A10 HPV-6, HPV-11, 
2547 HPV-13, HPV-44, 
2S48 HPV-55, and 

PCPV 
2541 HPV-6, HPV-11, Groups A1, >30 different 
2S42 HPV-18 A7, A8, A10 Papilloma 

and A11 viruses 

F. Validation of Primer Pairs Designed for Identification of 
Papillomaviruses 

0212 For additional testing and validation, two different 
HeLa cell lines infected with HPV-18 were obtained from 
ATCC (CCL-2 and CCL-2.2). These were tested at limiting 
dilutions using a subset of the primers listed above. Results 
are shown below. The primer pairs used for this test included 
the major human PaV primer pairs, 2534 (SEQ ID NOs: 
30:267), 2536 (SEQ ID NOs: 19:267) and 2685 (SEQ ID 
NOs: 18:272), the multi-group primer 2542 (SEQ ID NOs: 
49:218), the Group A7 targeted primers 2544 (SEQID NOs: 
8:294) and 2545 SEQ ID NOs: 98:193) and the Group A10 
primer 2546 (SEQ ID NOs: 64:302). 
0213. In addition to testing the performance of the prim 
ers on the cell lines, plasmid DNA containing HPV-6b was 
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spiked into the CCL-2 cell line to determine the dynamic 
range of detection of the two viruses, cell line derived 
HPV-18 and the plasmid-derived HPV-6b, simultaneously, 
In all the tests done, the broad primers as well as the Group 
A7 primers showed detection of HPV-1 8 in both cell lines 
at input levels between 1-10 cells per well. At an estimated 
copy number of approximately 20 HPV-18 genomes per cell, 
this corresponds to detection sensitivities between 20-200 
genomes from cell lines containing papillomavirus 
sequences. In experiments done with a co-spike of HPV-6b 
plasmid into these cell lines, the detection ranges were 
comparable. HPV-6b was spiked in at two different, fixed 
concentrations of 200 copies and 2000 copies per well and 
amplified with the broad primer pair number 2534. Simul 
taneous detection of HPV-6b and HPV-18 was observed 
when the plasmid DNA was spiked in at 2000 copies into a 
range of CCL-2 cell concentration from 1000 to 0 per well. 
HPV-18 was detected in all wells with the exception of the 
lowest input level (10 cells/well), in the presence of 2000 
copies of HPV-6b. HPV-6b (2000 copies) was detected in 
the presence of HeLa cell loads up to 600 cells/well, with an 
effective HPV-18 concentration of approximately 12000 
genomes/well. In another experiment, a plasmid spike of 
approximately 200 copies per well was used. In this case, 
HPV-18 was detected at all test concentrations, including the 
lowest cell concentration of 10 cells per well. The dynamic 
range for detection of the two viruses simultaneously is 
between 5-10 fold at the lower and higher ends, giving an 
overall dynamic range of ~25 fold for the detection of 
competing templates in the presence of each other. These 
experiments indicate that two or more viruses can be simul 
taneously detected using the same assay. 

G. Primer Pair Compositions for Identification of Adventi 
tious Viruses 

0214) A total of 224 primer pairs were designed. Table 3 
which represents a collection of primers (sorted by primer 
pair number) designed to identify adventitious contaminant 
viruses using the methods described herein. “I” represents 
inosine. Tp represents propynylated T and Cp represents 
propynylated CP, wherein the propynyl substituent is located 
at the 5-position of the pyrimidine nucleobase. The primer 
pair number is an in-house database index number. The 
forward or reverse primer name shown in Table 3 indicates 
the gene region of the viral genome to which the primer 
hybridizes relative to a reference sequence. The forward 
primer name RVL X03614 2256 2279_F indicates that 
the forward primer ( F) hybridizes to residues 2256-2279 of 
a respirovirus (Paramyxoviridae) sequence (GenBank 
Accession r X03614). 

TABLE 3 

Primer Pairs for Identification of Adventitious Contaminant Viruses 

Primer 
Pair 

Forward Primer 
Number Name Forward Sequence 

377 RVL XO3614, 2256 TAGTGCAATCCATCTAGCAGCTGT 
2279 F 

Forward Reverse 

SEQ ID SEQ ID 
Reverse Primer 

NO Name Reverse Sequence NO 

39 RVL XO3 6142302. TGATTGTCGCCTTGAACCATT 293 
2324 R GC 
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Primer 
Pair 

Number 

246 

247 

248 

249 

25 O 

251 

252 

253 

254 

2.293 

2294 

2295 

24.08 

24.09 

2410 

241.1 

2412 

2413 

2414 

24.15 

2416 

24.17 

25 

TABLE 3-continued 
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Primer Pairs for Identification of Adventitious Contaminant Viruses 

Forward Primer 
Name 

97 O 317 

97O 311 

HBW X5 
1399 F 

970 1375 

HBW X5 
1798 F 

970 1777 

970 183 

970 180 

97O 374 

970 368 

97O 312 

HTLV TAX GENE 
NC OO1436 7107 
713 OF 

HTLV TAX GENE 
NC OO1436 7094 
7118 F 

HTLV TAX GENE 
NC OO1436 6989 
701.7 F 

ARENAS NCOO 4296 
474. 494 F 

ARENAS NCOO 4296 
474. 494 2. F 

ARENAS NCOO 4296 
931. 953 F 

ARENAS NCOO 4296 
931. 953 2 F 

ARENAS NCOO 4293 
459 479 F 

ARENAS NCOO 4293 
459 479 F 

ARENAS NCOO 4293 
459 479 F 

ARENAS NCOO 4293 
459 479 F 

ARENAS NCOO 4293 
915 937 F 

ARENAS NCOO 4293 
915 937 F 

Forward Sequence 

TCCCCAATCTCCAATCACTCACCAA 

TCGCAGTCCCCAATCTCCAATCACT 

TGGCTGCTAGGCTGTGCTGCCAACT 

TACTAGGAGGCTGTAGGCATAAATTG 
GT 

TACCCCTGCTCGGTTACAGG 

TAGGACCCCTGCTCGTGTTACAG 

TGGATGTGTCGCGGCGTT 

TATCGCTGGATGTGTCTGCGG 

TGCAGTCCCCAATCTCCAATCACT 

TCACCTGGGACCCCATCGATGGAC 

TCAGAGCATCAGATCACCTGGGACC 

TACCCAGTCTACGTGTTTGGCGACTG 

TGGTGTGGTGAGAGTTTGGGA 

TGGIGTGGTGAGAGTTTGGGA 

TGTCTTTCAGGAGATGGATGGCC 

TGTCTTTCAGGIGAIGGATGGCC 

TGGTGTTGTGAGGGTCTGGGA 

TGGTGTTGTGAGGGTCTGGGA 

TGGTGTTGTGAGGGTCTGGGA 

TGGTGTTGTGAGGGTCTGGGA 

TGTCTCTCTGGAGATGGGTGGCC 

TGTCTCTCTGGAGATGGGTGGCC 

Forward 
SEQ ID 

NO 

76 

96 

14 O 

13 

11 

26 

136 

46 

117 

60 

63 

9 

49 

45 

60 

61 

5 O 

5 O 

5 O 

5 O 

59 

59 

Reverse Primer 
Name 

970 379 

970 382 

HBW X5 
1436 R. 

970 1412 

HBW X5 
1886 R 

970 1868 

HBW X5 
254 R. 

970 228 

970 262 

970 423 

HBW X5 
453 R. 

970 4 24 

970 376 

HTLV TAX GENE 
NC OO1436 7169 
71.92 R 

HTLV TAX GENE 
NC OO1436 72O3 
7226R 

HTLV TAX GENE 
NC OO1436 7109 
7129 R 

ARENAS NCOO 4296 
520 54 OR 

ARENAS NCOO 4296 
520 540 2 R 

ARENAS NCOO 4296 
982 1002 R 

ARENAS NCOO 4296 
982 1000R 

ARENAS NCOO 4293 
505 527 R 

ARENAS NCOO 4293 
511 534 R 

ARENAS NCOO 4293 
511 534. 2 R 

ARENAS NCOO 4293 
511 534P R 

ARENAS NCOO 4293 
975 994 R 

ARENAS NCOO 4293 
975 99 4P R 

Reverse Sequence 

TAGGAATATGATAAAACGCCG 
CAGACAC 

TGAAGAGGAATATGATAAAAC 
GCCGCAGA 

TACGGGACGTAAACAAAGGAC 
GTCC 

TCAGGCACAGCTTGGAGGC 

TGTCTAGACTCTGGGTATTG 
TGAGGA 

TGCTCCCCCTAGAAAATTGAG 
AGAAGTC 

TCCAGAAGAACCAACAAGAAG 
ATGAGGC 

TAATCCAGAAGAACCAACAAG 
AAGATGAGG 

TGATAAAACGCCGCAGACACA 
TC 

TCTCTGGGTGGGGAAGGAGGG 
GAG 

TTGGCGGGGTGAGGACCTTGA 
GGG 

TCCATCGATGGGGTCCCAGGT 

TGGCATGGTGCCAAACTGATT 

TGGCATIGTGCCAAACTGATT 

TGTGTTTTCCCAAGCTCTTCC 

TGTTTTCCCAIGCCCTCCC 

TGCTGGCATGAACCAAACTGA 
TT 

TGGTCAAAGCTGGCATGAACC 
AAA 

TGGTCAIAGCIGGCATGAACC 
AAA 

TGGTCAIAGCIGGCATGAACp 
CpAAA 

TCAACACTGGTGTTGTCCCA 

TCAACACTGGTGTpTpGTCpC 
pCA 

Reverse 

SEQ ID 

NO 

208 

281 

195 

228 

342 

306 

236 

189 

292 

264 

365 

240 

313 

314 

344 

355 

327 

328 

328 

221 

221 
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TABLE 3-continued 

Primer Pairs for Identification of Adventitious Contaminant Viruses 

Primer Forward Reverse 
Pair SEQ ID SEQ ID 

Forward Primer Reverse Primer 
Number Name Forward Sequence NO Name Reverse Sequence NO 

2418 ARENAS NCOO 4293 TGTCTCTCIGGIGATGGITGGCC 158 ARENAS NCOO 4293 TCAACACTGGTGTTGTCCCA 221 
9159372 F 975 994 R 

2419 ARENAS NCOO 4293 TGTCTCTCIGGIGATGGITGGCC 158 ARENAS NCOO 4293 TCAACACTGGTGTpTpGTCpC 221 
9159372 F 975 994P R pCA 

2420 ARENAS NCOO 4293 TGTCTCTCIGGIGATGGITpGGCpCp 158 ARENAS NCOO 4293 TCAACACTGGTGTpTpGTCpC 221 
915 937P F 975 99 4P R pCA 

2423 POL NCOO34 61 TAGTCTCAAAGAGAAAGAGATCAAAC 38 POL NCOO3461 TCAATCTCTCCCTTAACCATC 222 
1620 1649 F AAGA 1747 1772 R. CCATT 

2424 POL NC003 461 TGTACAATCTATGTAGGAGATCCTTA 152 POL NCOO3461 TGTCCATAATTTCTGGCAATA 34 O 
21.07 2138 F CTGTCC 2215 2244 R ACCTTCTAT 

2425 POL NCOO3461 TATCAGTGCAATCCATCTAGCAGCTG 45 POL NCOO3461 TGGCTTGATTGTCTCCTTGAA 315 
2253 2279 F T 2302 2329 R CCATTGC 

242 6 POL NCOO34 61 TATCAGTGCAATCCATCTAGCAGCTG 45 POL NCOO3461 TACTCTTGTTGTCACAGCTAT 200 
2253 2279 F T 232O 2349 R AGCTTGATT 

2427 POL NCOO3461 TATCAGTGCAATCCATCTAGCAGCTG 45 POL NCOO3461 TGGTACTCTTGATGTCACAGC 326 
2253 2279 F T 2320 2352 R TATAGCTTGATT 

2428 POL NCOO34 61 TAGTGCAATCCATCTAGCAGCTGT 39 POL NCOO3461 TGATTGTCGCCTTGAACCATT 293 
2256. 2279 F 2302 2324 R GC 

2429 POL NCOO3461 TGAGACCATCATAAGTAGCAAGATGT 110 POL NCOO3461 TCTCCCATCATAGTATATCC 263 
24.63 24.88 F 2497 2523 R TTTGCT 

2430 POL NCOO3461 TATAGGGTCATGAATCAAGAACCCGG 41 POL NCOO3461 TGCATGAATAAGGGTCTGAAG 299 
2935 2960 F 2980 3004 R CCCA 

2431. POL NCOO34 61 TATAGGGTCATGAATCAAGAACCIGG 42 POL NCOO3461 TGCATGAATAAGGGTCTGAAG 299 
2935 2960 2 F 2980 300 4 R CCCA 

2432 POL NCOO34 61 TTGGATCAGCCACTGATGAAAGATC 182 POL NCOO3461 GCTCCACCACGATATCTC 309 
3644 3668 F 3760. 3783 R ATC 

2433 POL NCOO3461 TGATGACATATCGTGGATGGAAGC 114 POL NCOO3461 TGCACTAGAAAACTTCATCTG 295 
3759 3782 F 3880 .3912 R GGTTGCAGTATC 

2434 POL NCOO34 61 TGATGAAATATCGTGGATGGAAGC 113 POL NCOO3461 TGCACTAGAGAATTTCATCTG 296 
3759 3782. 2 F 3880 .3912. 2 R GGTTGCAGTATC 

2435 RUBPOL NCOO3443 TGTGCATCTTACTCACTAAAGGAGAA 164 RUBPOL NCOO3443 TTCTGCAATTACTTGACACG 358 
1636. 1661 F 1708 1734 R ACCTCAT 

2436 RUBPOL NCOO3443 TCAGTTGATGGGCCTACCTCATTTCT 68 RUBPOL NCOO3443 TAGGGTCACTTGGAGGATTGA 210 
2O67209.3 F T 21 4 3 2 167 R AAGG 

2437 RUBPOL NCOO3443 TGTAGGTGATCCCTTCAATCCTCC 154 RUBPOL NCOO3443 TTGCAGAGATGGAGATCATTG 359 
2133 2156 F 2251 2275 R TCCA 

2438 RUBPOL NC003443 TATGTCAAAAGCTGTpGGACpAATpG 5 O RUBPOL NCOO3443 TTGCTTGGTTATpcpACpCpC 360 
22372261P F AT 23 182341P R TGAACpCA 

2439 RUBPOL NCOO3443 TGTGGACAATCATCTCCATTGCTGCA 167 RUBPOL NCO O34 43 TGGACCATACAGGCAACCCGA 31 O 
2249 2.276 F AT 2301. 2324 R CAA 

2440 RUBPOL NCOO3443 TTGCGTCAATGGCTTATATCAAAGG 181 RUBPOL NCOO3443 TATCCCCGAAAGCCCAGATAT 217 
3689 3713F 375 4 3778 R ATAC 

2441 PNWL U50363 TACAGATTTCAGCAAGTTCAATCAAG 7 PNWL U50363 TGGCACCAGCAGTTCATC 367 
20942120 F C 21 61. 21.81 R 

2442 PNWL U50363 TTCAATCAAGCATTTCGGTATGAAAC 173 PNWL U50363 TGGCACCAGCAGTTCATC 367 
211 O 2135F 21 61. 21.81 R 
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TABLE 3-continued 

Primer Pairs for Identification of Adventitious Contaminant Viruses 

Primer Forward Reverse 
Pair SEQ ID SEQ ID 

Forward Primer Reverse Primer 
Number Name Forward Sequence NO Name Reverse Sequence NO 

2542 PAWA7 NC001357 TATGGTGCAGTGGGCATTTGATAATG 49 PAWA7 NCOO1357 TATTTGCCTGCCAATTGCTTT 218 
2011. 2036. F 2108. 2135 R TTAAAAA 

2543 PAV A7 NCOO 1357. TCCACCTGTGGTTATTGAACCTGT 72 PAV A7 NCOO 1357 TCAAACCCAGAGGTGCCTGTA 220 
45074530. F 46O7. 4629 R AA 

2544 PAWA7 NCOO 1357 TGACGAACCACAGCGTCACA 108 PAWA7 NCOO 1357 TGCACACAACGGACACACAAA 2.94 
748 767 F 875 895 R 

25.45 PAWA7 NC001357 TCGGGATGTAATGGCTGGTT 98 PAWA7 NCOO1357 TACCATGTCCGAACCTGTATC 193 
947 966 F 1034 1057 R TGT 

2546 PAWA10 TCAGGATGGTTTTTGGTAGAGGCTAT 64 PAW A10 NCOOO904 TGCCTGTGCTTCCAAGGAATT 3O2 
NCOOO904 .875 AGT 997 1027 R GTGTGTAATA 
90.3 F 

2547 PAWA10 TACACACAATTCCTTGGAAGCACAGG 6 PAW A10 NCOOO904 TTAGGTCCTGCACAGCCGCAT 356 
NCOOO904 1000 CA 1055 1079 R AATG 
1027 F 

25 48 PAVA10 TGAACTAACGGACAGTGGATATGGC 105 PAW A10 NCOOO904 TCGCCATGTCTCTCTACCTGC 252 
NCOOO904 1222 1275. 1296 R G 
124 6 F 

2549 POLYOMA TCAATGTACTTATCATGTCGGGTC 57 POLYOMA NCOO 1669. TGAGAGTGGATGGGCAGCCTA 286 
NCOO1669 2685 CCC 2774. 2796 R TG 
2713 F 

2550 POLYOMA TATCTTATCATGTCGGGTCCCCAGG 47 POLYOMA NCOO 1669. TGAGAGTGGATGGGCAGCCTA 286 
NCOO1669 2691 AAG 2774. 2796 R TG 
2719 F 

2551. POLYOMA TCATGTCTGGGTCCCCTGGAAG 70 POLYOMA NCOO 1669. TGAGAGTGGATGGGCAGCCTA 286 
NCOO1669 2698 2774. 2796 R TG 
2719 F 

2552 POLYOMA TGTGCCCTCAAAAACCCTGACCTC. 166 POLYOMA NCOO 1669. TGAGAGTGGATGGGCAGCCTA 286 
NCOO1669 2726 2774. 2796 R TG 
2749 F 

2553 POLYOMA TGTGCCCTCAAAAACCCTAACCTC. 1.65 POLYOMA NCOO 1669. TGAGAGTGGATGGGCAGCCTA 286 
NCOO1669 2726 2774. 2796 R TG 
2749 2. F 

2554 POLYOMA TGCCATTCATAGGCTGCCCATC 122 POLYOMA NCOO1669 TCTGGAACCCAGCAGTGGA 275 
NCOO1669 2767 2899. 2917 R 
2788 F 

2555 POLYOMA TGAGGCCTATAGCAGCTATAGCCTC. 112 POLYOMA TAGCTGAAATTGCTGCTGGAG 2O7 
NCOO1669 4496 NCOO 1669 4583 AGG 
4520 F 4606 R 

2556 POLYOMA TCCCTCTACAGTAGCAACGGATGCAA 79 POLYOMA TGGGGGACCTAATTGCTACTG 323 
NCOO1669 45.33 NCOO 1669 4633 TATCTGA 
4558 F 4660 R 

2557 POLYOMA TCTACAGTAGCAACGGATGCAA 100 POLYOMA TGTATCTGAAGCGCTGCGC 336 
NCOO1669 4537 NCOO 1669 4621 
4558 F 4641 R 

2558 POLYOMA TAGGGGCCCAACCCCATTTTCAT 35 POLYOMA TCCAGACCCTGCAAAAAATGA 238 
NCOO1669. 2978 NCOO 1669. 3084 GAACAC 
3OOOF 311 OR 

2559 POLYOMA TCACCTTTGCAAAGGGGCCC 61 POLYOMA TGGGTCCCTGATCCAACTAGA 324 
NCOO1669 NCOO 1669. 3O87 AATGAAAA 
2967 2986 F 3115 R 
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Primer 
Pair 

Number 

2560 

2561 

2643 

2670 

2671 

2672 

2673 

2674 

2675 

2676 

2677 

2678 

2679 

268O 

2681 

2682 

2 683 

29 
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Primer Pairs for Identification of Adventitious Contaminant Viruses 

Forward Primer 
Name 

POLYOMA 
NCOO1669 3392 
3412 F 

POLYOMA 

NC001669 3780 
3803 F 

HTLV 

9387 
NCOO 1436 

74.10 F 

PAW 
NCOO 
6253 

P MOD 
26 6222 

PAW 
NCOO 
6253 

P MOD 
26 6222 

PAW 
NCOO 
6253 

P MOD 
26 6222 

PAW 
NCOO 
6253 

P MOD 
26 6222 

PAW 
NCOO 
6253 

P MOD 
26 6222 

PAW IMP MOD 

NCOO1526 6222 
6253 F 

PAW IMP MOD 
NCOO1526 6222 
6253 F 

PAW IMP MOD 
NCOO1526 6222 
6253 F 

PAW IMP MOD 
NCOO1526 6324 
6222 62532 F 

PAW IMP MOD 
NCOO1526 6222 
6253 3 F 

PAW IMP MOD 
NCOO1526 6222 
62534 F 

PAW IMP MOD 
NCOO1526 6212 
6238 F 

PAW IMP MOD 
NCOO1526 6212 
6238 F 

PAW IMP MOD 
NCOO1526 6212 
6238 F 

Forward Sequence 

TACGGTCACAGCTTCCCACAT 

TCCTAGAAGTAGAGGCAGCATCCA 

TGGAGGCTCCGTTGTCTGCATGTA 

TAGGATGGTGATATGGTTGATACAGG 
CTTTGG 

TAGGATGGTGATATGGTTGATACAGG 
CTTTGG 

TAGGATGGTGATATGGTTGATACAGG 
CTTTGG 

TAGGATGGTGATATGGTTGATACAGG 
CTTTGG 

TAGGATGGTGATATGGTTGATACAGG 
CTTTGG 

TAGGATGGTGATATGGTTTGATA 
CAGG 
CTTTGG 

TAGGATGGTGATATGGTTGATACAGG 
CTTTGG 

TAGGATGGTGATATGGTTGATACAGG 
CTTTGG 

TAGGATGGTGATATGGTTGATACAGG 
CTTGG 

TAGGATGGTGATATGGTTGATACAGG 
TGG 

TAGGATGGTGATATGGTTGATACIGG 
TGG 

TACTGTTATTCAGGATGGTGATATGG 

T 

TACTGTTATTCAGGATGGTGATATGG 
T 

TACTGTTATTCAGGATGGTGATATGG 
T 

Forward 
SEQ ID 

NO 

12 

87 

134 

30 

30 

30 

30 

30 

30 

30 

30 

29 

31 

32 

19 

19 

19 

Reverse Primer 
Name 

POLYOMA 
NCOO 1669 3424 
34 46 R 

POLYOMA 
NCOO 1669 3816 
384 OR 

HTLV1 NCOO 1436 
74897516 R 

PAW IMP MOD 
NCOO1526 6321 
6355 R 

PAW IMP MOD 
NCOO1526 6321 
6355 2 R 

PAW IMP MOD 
NCOO1526 6321 
63553 R. 

PAW IMP MOD 
NCOO1526 6324 
6355P R 

PAW IMP MOD 
NCOO1526 6324 
6355 R 

PAW IMP MOD 

NCOO1526 6324 
6355 2 R 

PAW IMP 
NCOO 1526 
63553 R. 

PAW IMP 
NCOO 1526 
6355 4 R 

PAW IMP 
NCOO 152 
6355 2 

PAW IMP 
NCOO1526 6324 
63553 R. 

PAW IMP MOD 
NCOO1526 6324 
6355 4 R 

PAW IMP MOD 
NCOO1526 6324 
6355 2 R 

PAW IMP MOD 
NCOO1526 6324 
63553 R. 

PAW IMP MOD 
NCOO1526 6324 
6355 4 R 

Reverse Sequence 

TCTAAATGAGGACCTGACCTG 
TG 

TGCTCCAGGAGGTGCAAATCA 
AAGA 

TCGTTTGTAGGGAACATTGGT 
GAGGAAG 

TCTGCAACCATTTGCAAATAA 
TCTGGATATTCA 

TCTGCAACCATTTGIAAATAA 
TCTGGATATTCA 

TCTGCAACCATTTIIAAATAA 
TCTGGATATTCA 

TCTGCAACCATpTpTpGAAAA 
TAATCGGATATTT 

TCTGCAACCATTTGAAAATAA 
TCTGGATATTT 

TCTGCAACCATTTGIAAATAA 

TCTGGATATTT 

TCTGCAACCATTT 
TCTGGATATTT 

AAATAA 

TCTGCAACCATTT 
TCTGGATATTT 

AATAA 

TCTGCAACCATTTG 
TCTGGATATTT 

AAATAA 

TCTGCAACCATTT 
TCTGGATATTT 

AAATAA 

TCTGCAACCATTT 
TCTGGATATTT 

AATAA 

TCTGCAACCATTTG 

TCTGGATATTT 

AAATAA 

TCTGCAACCATTT 
TCTGGATATTT 

AAATAA 

TCTGCAACCATTT 
TCTGGATATTT 

AATAA 

Reverse 

SEQ ID 

NO 

260 

305 

258 

269 

271 

273 

265 

266 

27 O 

272 

274 

27 O 

272 

274 

27 O 

272 

271 
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TABLE 3-continued 

Primer Pairs for Identification of Adventitious Contaminant Viruses 

Primer Forward Reverse 
Pair SEQ ID SEQ ID 

Forward Primer Reverse Primer 
Number Name Forward Sequence NO Name Reverse Sequence NO 

2684. PAW IMP MOD TACTGTTATICAGGATGGTGATATGG 17 PAW IMP MOD TCTGCAACCATTTGIAAATAA 27 O 
NCOO1526 6212 T NCOO1526 6324 TCTGGATATTT 
62382 F 6355 2 R 

2685 PAW IMP MOD TACTGTTATTCAGGATGGIGATATGG 18 PAW IMP MOD TCTGCAACCATTTIIAAATAA 272 
NCOO1526 6212 T NCOO1526 6324 TCTGGATATTT 
6238 3F 63553 R. 

2686 PAW IMP MOD TACTGTTATICAGGATGGIGATATGG 16 PAW IMP MOD TCTGCAACCATTTIIAIATAA 274 
NCOO1526 6212 T NCOO1526 6324 TCTGGATATTT 
6238 4 F 6355 4 R 

2687 PAV A9 MOD TTCAGATGTCGGGGCGCCTA 77 PAW A9 MOD TACAATTCACCGGCTTAC 192 
NCOO1526. 5632 NCOO1526. 5691 AACCTTAGA 
5655 F 572O R 

2688 PAV A9 MOD TTCAGATGTCTTGGGCGCCTA 78 PAW A9 MOD TACAATTCACCGGCTTAC 192 
NCOO1526. 5632 NCOO1526. 5691 AACCTTAGA 
5655 2 F 572O R 

2689 PAV A9 MOD TGGAAATCCTTTTTCTCAAGGACGTG 31 PAW A9 MOD TAGTATTTTGTCCGCCACC 212 
NCOO1526. 2688 GT NCOO1526. 2773 ATTTAAACG 
2715 F 28 O2 R 

2690 PAV A9 MOD TGGAAATCCTTTTTCTCAAGGACGTG 31 PAWA9 MOD TAGTATTTTGTCCGCCAC 213 
NCOO1526. 2688 GT NCOO1526. 2773 ATTTAAACG 
2715 F 28 022 R 

2691 PAV A9 MOD TGGAAATCCTTTTTCTCAAGGACGTG 31 PAWA9 MOD TAGTATTTTGTCCTGCCIIIC 214 
NCOO1526. 2688 GT NCOO1526. 2773 ATTTAAACG 
2715 F 2802.3 R 

2692 PAW A9 MOD TAGATGATAGTGAIATIGCATATIAA 24 PAWA9 MOD TTTCTGCTCGTTTATAATGTC 368 
NCOO1526 1972 TATGCA NCOO1526. 2085 TACACAT 
2003 F 2112 R 

2693 PAWA7 A10 TATGGTGCAGTGGGCATTTGATAATG 49 PAWA7 A10 TTGCTTTTTAAAAATGCAGII 363 
NCOOO904. 1912 NCOOO904. 1997 GCATT 
1937 F 2022 R 

2694 PAWA7 A10 TATGGTGCAGTGGGCATTTGATAATG 49 PAWA7 A10 TTGCTTTTTAAAAAGC 364 
NCOOO904. 1912 NCOOO904. 1997 GCATT 
1937 F 20222 R 

2695 PAWA7 A10 TATGGTGCAGTGGGCATITGATAATG 48 PAWA7 A10 TTGCTTTTTAAAAATGCAGII 362 
NCOOO904. 1912 NCOOO904. 1997 GCATT 
1937.2F 2022 R 

2696 PAWA7 A10 TATGGTGCAGTGGGCATTTGATAATG 49 PAWA7 A10 TATTTGCCTGCIIATTGCTIT 219 
NCOOO904. 1912 NCOOO90 4 2009 TTAAAAA 
1937 F 2O36 R. 

2807 PYW NO MAMMAL TAGGGATTTTTGACCCATCTTTTTCT 34 PYW NO MAMMAL TGGGCCTCTCTGCAAAGGAGA 319 
NCOO1663. 3132 CA NCOO 1663. 3261 
3159 F 3281R 

2808 PYW NO MAMMAL TTACAAAGAGGCCCAACGCCATTCTC 171 PYW NO MAMMAL TGAAAACACAAGATACTTTGG 279 
NCOO1663. 3267 ATC NCOO 1663. 3350 AACATACACAGGAGGT 
3295 F 3386 R 

2809 PYW NO MAMMAL TCCTCCCACAGCAAACATGTG 88 PYW NO MAMMAL TGTGTCTGTAAAGACTGAAGT 343 
NCOO1663. 3578 NCOO 1663. 3689 TGTTGGA 
3598 F 3716 R 

2810 PYW NO MAMMAL TGTAAATCTAGGGCTCTCCTCCCAC 151 PYW NO MAMMAL TGTAACTGTTAAAACTGAGGT 333 
NCOO1663. 3561 NCOO 1663 3686 TGTTGGAGTG 
3586 F 3716 R 







US 2006/0205040 A1 Sep. 14, 2006 
33 

TABLE 3-continued 

Primer Pairs for Identification of Adventitious Contaminant Viruses 

Primer Forward Reverse 
Pair SEQ ID SEQ ID 

Forward Primer Reverse Primer 
Number Name Forward Sequence NO Name Reverse Sequence NO 

2989 EBNA-1 NCOO 7605- TGGCTAGGTGTCACGTAGAAAGGACT 138 EBNA-1 NC0076.05 - TCCATATACGAACACACCGGC 239 
95662-97.587 AC 95662-97.587 GAC 
1466 1 493 F 1510 1533 R 

2990 EBNA-1 NCOO 7605- TCCAACCAGAAATTTGAGAACATTGC 71. EBNA-1 NCO O7605. TCCTCGGTAGTCCTTTCTACG 246 
95662-97.587 AGA 95662-97.587 TG 
1420 1448 F 1477 1499 R 

2991 LMP1 S75235-1- TCCGCCTTCGATGACACACGG 81 LMP1 S75235-1- TGCAGCGTAGGAAGGTGTGG 297 
1149 1023 104.3 F 1149 1057 1076 

R 

2992 LMP1 S75235-1- TCTCCCGCACCCTCAACAAGC 102 LMP1 S75235-1- TCAGGGGTGTCGCCCTCGT 232 
1149 600 620 F 1149 658 679 R T 

0215 Table 4 indicates the primer pair name virus iden 
tifier for the primer pairs disclosed herein. 

TABLE 4 

Primer Pair Name Identifiers for Selected Viruses 

Primer Pair GenBank 
Name Virus Accession 

Virus Species Virus Family dentifier Numbers 

Arenavirus Arenaviridae ARENAS NC 004296 
Circovirus Circoviridae CRVCP AY219836 
Hepatitis C virus Flaviviridae HCV NC OO1433 
West Nile virus Flaviviridae WN NC OO1563 
Hepatitis B virus Hepadnaviridae HBV X51970 
Papillomavirus Papillomaviridae PAV IMP NC OO1526 
Papillomavirus Papillomaviridae PAV A9 NC OO1526 
Papillomavirus Papillomaviridae PAV A7 NC 001357 
Papillomavirus Papillomaviridae PAV A10 NC OOO904 
Respirovirus Paramyxoviridae RVL XO3 614 
Pneumovirus Paramyxoviridae PVL USO363 
Pneumovirus Paramyxoviridae PVNL USO363 
Morbillivirus Paramyxoviridae MVL AF266286 
Morbillivirus Paramyxoviridae MSVL AF266286 
Metapneumovirus Paramyxoviridae MNVL NC 004148 
Respirovirus Paramyxoviridae POL NC 003461 
Rubulavirus Paramyxoviridae RUBPOL NC OO3443 
Human Immunodeficiency Retroviridae HIV1 NC OO1802 
virus 1 

Human Immunodeficiency Retroviridae HIV-2 NC OO1722 
virus 2 
Human T-lymphotropic Retroviridae HTLV1 NC 001436 
virus 1 
Human T-lymphotropic Retroviridae HTLV2 NC 001488 
virus 2 
Human T-cell Retroviridae HTLV TAX GENE NC 001436 
Lymphotropic Virus 
Polyomavirus Polyomaviridae POLYOMA NC OO1669 
Non-mammalian Polyomaviridae PYV NO MAMMAL NC OO1663 
Polyomavirus 
Dependovirus Parvoviridae AAV NS1 NC 002077 
Dependovirus Parvoviridae AAV VP1 NC 002077 



US 2006/0205040 A1 

Example 2 

Sample Preparation and PCR 
0216) Samples were processed to obtain viral genomic 
material using a Qiagen QIAamp Virus BioRobot MDX Kit. 
Resulting genomic material was amplified using an Eppen 
dorf thermal cycler and the amplicons were characterized on 
a Bruker Daltonics MicroTOF instrument. The resulting data 
was analyzed using GenX software (SAIC, San Diego, 
Calif. and Ibis, Carlsbad, Calif.). 
0217 All PCR reactions were assembled in 50 uL reac 
tion volumes in a 96-well microtiter plate format using a 
Packard MPII liquid handling robotic platform and M.J. 
Dyad thermocyclers (MJ research, Waltham, Mass.). The 
PCR reaction mixture consisted of 4 units of Amplitaq Gold, 
1x buffer II (Applied Biosystems, Foster City, Calif.), 1.5 
mM MgCl, 0.4 Mbetaine, 800 uM dNTP mixture and 250 
nM of each primer. The following typical PCR conditions 
were used: 95° C. for 10 min followed by 8 cycles of 95°C. 
for 30 seconds, 48°C. for 30 seconds, and 72° C. 30 seconds 
with the 48° C. annealing temperature. increasing 0.9° C. 
with each of the eight cycles. The PCR was then continued 
for 37 additional cycles of 95°C. for 15 seconds, 56°C. for 
20 seconds, and 72° C. 20 seconds. 

Example 3 

Solution Capture Purification of PCR Products for 
Mass Spectrometry with Ion Exchange 

Resin-Magnetic Beads 
0218 For solution capture of nucleic acids with ion 
exchange resin linked to magnetic beads, 25 Jul of a 2.5 
mg/mL Suspension of BioClone amine terminated Super 
paramagnetic beads were added to 25 to 50 ul of a PCR (or 
RT-PCR) reaction containing approximately 10 pM of a 
typical PCR amplification product. The above suspension 
was mixed for approximately 5 minutes by Vortexing or 
pipetting, after which the liquid was removed after using a 
magnetic separator. The beads containing bound PCR ampli 
fication product were then washed three times with 50 mM 
ammonium bicarbonate/50% MeOH or 100 mMammonium 
bicarbonate/50% MeOH, followed by three more washes 
with 50% MeOH. The bound PCR amplicon was eluted with 
a solution of 25 mM piperidine, 25 mM imidazole, 35% 
MeOH which included peptide calibration standards. 

Example 4 

Mass Spectrometry and Base Composition Analysis 
0219. The ESI-FTICR mass spectrometer is based on a 
Bruker Daltonics (Billerica, Mass.) Apex II 70e electrospray 
ionization Fourier transform ion cyclotron resonance mass 
spectrometer that employs an actively shielded 7 Tesla 
Superconducting magnet. The active shielding constrains the 
majority of the fringing magnetic field from the Supercon 
ducting magnet to a relatively Small volume. Thus, compo 
nents that might be adversely affected by Stray magnetic 
fields, such as CRT monitors, robotic components, and other 
electronics, can operate in close proximity to the FTICR 
spectrometer. All aspects of pulse sequence control and data 
acquisition were performed on a 600 MHZ Pentium II data 
station running Bruker's Xmass software under Windows 
NT 4.0 operating system. Sample aliquots, typically 15 ul 

34 
Sep. 14, 2006 

were extracted directly from 96-well microtiter plates using 
a CTC HTS PAL autosampler (LEAP Technologies, Carr 
boro, N.C.) triggered by the FTICR data station. Samples 
were injected directly into a 10 ul sample loop integrated 
with a fluidics handling system that supplies the 100 ul/hr 
flow rate to the ESI source. Ions were formed via electro 
spray ionization in a modified Analytica (Branford, Conn.) 
Source employing an off axis, grounded electrospray probe 
positioned approximately 1.5 cm from the metalized termi 
nus of a glass desolvation capillary. The atmospheric pres 
sure end of the glass capillary was biased at 6000 V relative 
to the ESI needle during data acquisition. A counter-current 
flow of dry N, was employed to assist in the desolvation 
process. Ions were accumulated in an external ion reservoir 
comprised of an rifl-only hexapole, a skimmer cone, and an 
auxiliary gate electrode, prior to injection into the trapped 
ion cell where they were mass analyzed. Ionization duty 
cycles greater than 99% were achieved by simultaneously 
accumulating ions in the external ion reservoir during ion 
detection. Each detection event consisted of 1 M data points 
digitized over 2.3 S. To improve the signal-to-noise ratio 
(S/N), 32 scans were co-added for a total data acquisition 
time of 74 s. 

0220. The ESI-TOF mass spectrometer is based on a 
Bruker Daltonics MicroTOFTM. Ions from the ESI Source 
undergo orthogonal ion extraction and are focused in a 
reflectron prior to detection. The TOF and FTICR are 
equipped with the same automated sample handling and 
fluidics described above. Ions are formed in the standard 
MicroTOFTM ESI source that is equipped with the same 
off-axis sprayer and glass capillary as the FTICRESI source. 
Consequently, Source conditions were the same as those 
described above. External ion accumulation was also 
employed to improve ionization duty cycle during data 
acquisition. Each detection event on the TOF was comprised 
of 75,000 data points digitized over 75 us. 

0221) The sample delivery scheme allows sample ali 
quots to be rapidly injected into the electrospray source at 
high flow rate and Subsequently be electrosprayed at a much 
lower flow rate for improved ESI sensitivity. Prior to inject 
ing a sample, a bolus of buffer was injected at a high flow 
rate to rinse the transfer line and spray needle to avoid 
sample contamination/carryover. Following the rinse step, 
the autosampler injected the next sample and the flow rate 
was switched to low flow. Following a brief equilibration 
delay, data acquisition commenced. As spectra were co 
added, the autosampler continued rinsing the Syringe and 
picking up buffer to rinse the injector and sample transfer 
line. In general, two Syringe rinses and one injector rinse 
were required to minimize sample carryover. During a 
routine screening protocol a new sample mixture was 
injected every 106 seconds. More recently a fast wash 
station for the Syringe needle has been implemented which, 
when combined with shorter acquisition times, facilitates the 
acquisition of mass spectra at a rate of just under one 
spectrum/minute. 

0222 Raw mass spectra were post-calibrated with an 
internal mass standard and deconvoluted to monoisotopic 
molecular masses. Unambiguous base compositions were 
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derived from the exact mass measurements of the comple 
mentary single-stranded oligonucleotides. Quantitative 
results are obtained by comparing the peak heights with an 
internal PCR calibration standard present in every PCR well 
at 500 molecules per well. Calibration methods are com 
monly owned and disclosed in U.S. Provisional Patent 
Application Ser. No. 60/545,425 which is incorporated 
herein by reference in entirety. 

Example 5 

De Novo Determination of Base Composition of 
Amplification Products. Using Molecular Mass 

Modified Deoxynucleotide Triphosphates 

0223 Because the molecular masses of the four natural 
nucleobases have a relatively narrow molecular mass range 
(A=313.058, G=329.052, C=289,046, T=304.046 See 
Table 5), a persistent source of ambiguity in assignment of 
base composition can occur as follows: two nucleic acid 
Strands having different base composition may have a dif 
ference of about 1 Da when the base composition difference 
between the two strands is Ges.A (-15.994) combined with 
CesT (+15.000). For example, one 99-mer nucleic acid 
Strand having a base composition of A27GoCT has a 
theoretical molecular mass of 30779.058 while another 
99-mer nucleic acid strand having a base composition of 
AGs, C.To has a theoretical molecular mass of 
30780.052. A 1 Da difference in molecular mass may be 
within the experimental error of a molecular mass measure 
ment and thus, the relatively narrow molecular mass range 
of the four natural nucleobases imposes an uncertainty 
factor. 

0224. The present invention provides for a means for 
removing this theoretical 1 Da uncertainty factor through 
amplification of a nucleic acid with one mass-tagged nucleo 
base and three natural nucleobases. The term “nucleobase' 
as used herein is synonymous with other terms in use in the 
art including “nucleotide.”“deoxynucleotide.'"nucleotide 
residue.”“deoxynucleotide residue.”“nucleotide triphos 
phate (NTP),” or deoxynucleotide triphosphate (dNTP). 

0225. Addition of significant mass to one of the 4 nucleo 
bases (dNTPs) in an amplification reaction, or in the primers 
themselves, will result in a significant difference in mass of 
the resulting amplification product (significantly greater 
than 1 Da) arising from ambiguities arising from the Ges. A 
combined with CesT event (Table 5). Thus, the same the 
Ges A (-15.994) event combined with 5-Iodo-CesT 
(-110.900) event would result in a molecular mass differ 
ence of 126.894. If the molecular mass of the base compo 
sition A, Go 5-Iodo-CT (33422.958) is compared with 
AG 5-Iodo-CT, (33549.852) the theoretical molecu 
lar mass difference is +126.894. The experimental error of a 
molecular mass measurement is not significant with regard 
to this molecular mass difference. Furthermore, the only 
base composition consistent with a measured molecular 
mass of the 99-mer nucleic acid is A.G.5-Iodo-CT. In 
contrast, the analogous amplification without the mass tag 
has 18 possible base compositions. 

Sep. 14, 2006 

TABLE 5 

Molecular Masses of Natural Nucleobases and the Mass-Modified 
Nucleobase 5-Iodo-C and Molecular Mass Differences 

Resulting from Transitions 

Nucleobase Molecular Mass Transition Molecular Mass 

A. 313.058 A-->T -9.012 
A. 313.058 A-->C -24.012 
A. 313.058 A-->5-Iodo-C 101.888 
A. 313.058 A-->G 15.994 
T 3.04.046 T->A 9.012 
T 3.04.046 T->C -15.OOO 
T 3.04.046 T->5-Iodo-C 110.900 
T 3.04.046 T->G 25.006 
C 289.046 C-->A 24.012 
C 289.046 C-->T 1S.OOO 
C 289.046 C-->G 40.OO6 

5-Iodo-C 414.946 5-Iodo-C-->A -101.888 
5-Iodo-C 414.946 5-Iodo-C-->T -110.900 
5-Iodo-C 414.946 5-Iodo-C-->G -85.894 

G 329.052 G-->A -15.994 
G 329.052 G-->T -25.OO6 
G 329.052 G-->C -40.OO6 
G 329.052 G-->5-Iodo-C 85.894 

0226 Mass spectra of bioagent-identifying amplicons 
were analyzed independently using a maximum-likelihood 
processor, Such as is widely used in radar signal processing. 
This processor, referred to as GenX, first makes maximum 
likelihood estimates of the input to the mass spectrometer 
for each primer by running matched filters for each base 
composition aggregate on the input data. This includes the 
GenX response to a calibrant for each primer. 
0227. The algorithm emphasizes performance predic 
tions culminating in probability-of-detection versus prob 
ability-of-false-alarm plots for conditions involving com 
plex backgrounds of naturally occurring organisms and 
environmental contaminants. Matched filters consist of a 
priori expectations of signal values given the set of primers 
used for each of the bioagents. A genomic sequence database 
is used to define the mass base count matched filters. The 
database contains the sequences of known bacterial bioag 
ents and includes threat organisms as well as benign back 
ground organisms. The latter is used to estimate and Subtract 
the spectral signature produced by the background organ 
isms. A maximum likelihood detection of known back 
ground organisms is implemented using matched filters and 
a running-Sum estimate of the noise covariance. Background 
signal strengths are estimated and used along with the 
matched filters to form signatures which are then subtracted. 
The maximum likelihood process is applied to this “cleaned 
up' data in a similar manner employing matched filters for 
the organisms and a running-Sum estimate of the noise 
covariance for the cleaned up data. 
0228. The amplitudes of all base compositions of bioag 
ent-identifying amplicons for each primer are calibrated and 
a final maximum likelihood amplitude estimate per organ 
ism is made based upon the multiple single primer estimates. 
Models of all system noise are factored into this two-stage 
maximum likelihood calculation. The processor reports the 
number of molecules of each base composition contained in 
the spectra. The quantity of amplification product corre 
sponding to the appropriate primer set is reported as well as 
the quantities of primers remaining upon completion of the 
amplification reaction. 
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0229 Base count blurring can be carried out as follows. 
“Electronic PCR can be conducted on nucleotide sequences 
of the desired bioagents to obtain the different expected base 
counts that could be obtained for each primer pair. See for 
example, ncbi.nlm.nih.gov/sutils/e-pcr/; Schuler, Genome 
Res. 7:541-50, 1997. In one illustrative embodiment, one or 
more spreadsheets, such as Microsoft Excel workbooks 
contain a plurality of worksheets. First in this example, there 
is a worksheet with a name similar to the workbook name: 
this worksheet contains the raw electronic PCR data. Sec 
ond, there is a worksheet named “filtered bioagents base 
count” that contains bioagent name and base count; there is 
a separate record for each Strain after removing sequences 
that are not identified with a genus and species and removing 
all sequences for bioagents with less than 10 strains. Third, 
there is a worksheet, “Sheet1 that contains the frequency of 
Substitutions, insertions, or deletions for this primer pair. 
This data is generated by first creating a pivot table from the 
data in the “filtered bioagents base count' worksheet and 
then executing an Excel VBA macro. The macro creates a 
table of differences in base counts for bioagents of the same 
species, but different strains. One of ordinary skill in the art 
may understand additional pathways for obtaining similar 
table differences without undo experimentation. 

0230 Application of an exemplary script, involves the 
user defining a threshold that specifies the fraction of the 
strains that are represented by the reference set of base 
counts for each bioagent. The reference set of base counts 
for each bioagent may contain as many different base counts 
as are needed to meet or exceed the threshold. The set of 
reference base counts is defined by taking the most abundant 
strain's base type composition and adding it to the reference 
set and then the next most abundant strain's base type 
composition is added until the threshold is met or exceeded. 
The current set of data was obtained using a threshold of 
55%, which was obtained empirically. 

0231. For each base count not included in the reference 
base count set for that bioagent, the Script then proceeds to 
determine the manner in which the current base count differs 
from each of the base counts in the reference set. This 
difference may be represented as a combination of substi 
tutions, Si=Xi, and insertions, Ii=Yi, or deletions, Di-Zi. If 
there is more than one reference base count, then the 
reported difference is chosen using rules that aim to mini 
mize the number of changes and, in instances with the same 
number of changes, minimize the number of insertions or 
deletions. Therefore, the primary rule is to identify the 
difference with the minimum sum (Xi+Yi) or (Xi+Zi), e.g., 
one insertion rather than two substitutions. If there are two 
or more differences with the minimum sum, then the one that 
will be reported is the one that contains the most substitu 
tions. 

0232) Differences between a base count and a reference 
composition are categorized as one, two, or more substitu 
tions, one, two, or more insertions, one, two, or more 
deletions, and combinations of Substitutions and insertions 
or deletions. The different classes of nucleobase changes and 
their probabilities of occurrence have been delineated in 
U.S. Patent Application Publication No. 2004209260 (U.S. 
application Ser. No. 10/418,514) which is incorporated 
herein by reference in entirety. 
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Example 6 

Codon Base Composition Analysis—Assay 
Development 

0233. The information obtained by the codon analysis 
method of the present invention is base composition. While 
base composition is not as information-rich as sequence, it 
can have the same practical utility in many situations. The 
genetic code uses all 64 possible permutations of four 
different nucleotides in a sequence of three, where each 
amino acid can be assigned to as few as one and as many as 
six codons. Since base composition analysis can only iden 
tify unique combinations, without determining the order, 
one might think that it would not be useful in genetic 
analysis. However, many problems of genetic analysis start 
with information that constrains the problem. For example, 
if there is prior knowledge of the biological bounds of a 
particular genetic analysis, the base composition may pro 
vide all the necessary and useful information. If one starts 
with prior knowledge of the starting sequence, and is inter 
ested in identifying variants from it, the utility of base 
composition depends upon the codons used an the amino 
acids of interest. 

0234 Analysis of the genetic code reveals three situa 
tions, illustrated in Tables 6A-C. In Table 6A, where the 
leucine codon CTA is comprised of three different nucle 
otides, each of the nine possible single mutations are always 
identifiable using base composition alone, and result in 
either a “silent” mutation, where the amino acid is not 
changed, or an unambiguous change to another specific 
amino acid. Irregardless, the resulting encoded amino acid is 
known, which is equivalent to the information obtained from 
sequencing. In Table 6B, where two of the three nucleotides 
of the original codon are the same, there is a loss of 
information from a base composition measurement com 
pared to sequencing. In this case, three of the nine possible 
single mutations produce unambiguous amino acid choices, 
while the other six each produce two indistinguishable 
options. For example, if starting with the phenylalanine 
codon TTC, then either one of the two Ts could change to A, 
and base composition analysis could not distinguish a first 
position change from a second position change. A first 
position change of T to A would encode an isoleucine and a 
second position change of T to A would encode a tyrosine. 
However no other options are possible and the value of the 
information would depend upon whether distinguishing an 
encoded isoleucine from a tyrosine was biologically impor 
tant. In Table 6C, all three positions have the same nucle 
otide, and therefore the ambiguity in amino acid identity is 
increased to three possibilities. Out of 64 codon choices, 20 
have three unique nucleotides (as in Table 6A), 40 have two 
of the same and one different nucleotide (as in Table 6B) and 
4 have the same nucleotide in all three positions (as in Table 
6C). 

TABLE 6A 

Wild Type Codon with Three Unique Nucleobases 

Codon Codon Base 
Description Codon(s) Composition Amino Acid Coded 

WILD TYPE CODON CTA A1C1T1 Leu 
Single Mutation ATA A2T1 Ile 
Single Mutation GTA A1 G1 T1 Wall 
Single Mutation TTA A1 T2 Leu 
Single Mutation CAA A1C2 Gln 
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TABLE 6A-continued 

Wild Type Codon with Three Unique Nucleobases 

Codon Codon Base 

Description Codon(s) Composition Amino Acid Coded 

Single Mutation CGA A1 G1 C1 Arg 

Single Mutation CCA A1C2 Pro 

Single Mutation CTG G1C1T1 Leu 

Single Mutation CTC C2T1 Leu 

Single Mutation CTT C1 T2 Leu 

0235) 

TABLE 6B 

Wild Type Codon with Two Unique Nucleobases 

Codon Codon Base 
Description Codon(s) Composition Amino Acid Coded 

WILD TYPE CODON TTC C1 T2 Phe 
Single Mutations ATC, TAC A1C1T1 Ile, Tyr 
Single Mutations GTC, TGC G1C1T1 Val, Cys 
Single Mutations CTC, TCC C2T1 Leu, Ser 
Single Mutation TTA A1 T2 Leu 
Single Mutation TTG G1 T2 Leu 
Single Mutation TTT T3 Phe 

0236 

TABLE 6C 

Wild Type Codon Having Three of the Sane Nucleobase 

Codon Codon Base Amino 
Description Codon(s) Composition Acid Coded 

WILD TYPE CODON TTT T3 Phe 
Single Mutations ATT, TAT, TTA A1 T2 Ile, Tyr, Leu 
Single Mutations GTT, TGT, TTG G1 T2 Val, Cys, Leu 
Single Mutations CTT, TCT, TTC C1 T2 Leu, Ser, Phe 

Codon 

ATG 

TTG 

CTG 

TTA 

Total Fraction Amino Acid Composition Phenotype 
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Example 7 
Testing of HIV Strains for Drug Resistance by 

Codon Analysis 
0237 Upon determination of an HIV positive test, drug 
resistance testing can be done by conventional sequencing 
methods to establish the nucleotide sequence of the major 
HIV strain infecting the patient followed by analysis of the 
codons most important in mediating drug resistance. The 
patient would then be monitored while on antiretroviral 
therapy by codon analysis methods according to the present 
invention for the appearance of emerging viral mutations. 
The advantages of monitoring by these methods for rapid 
codon analysis are: (i) it is much more sensitive to identi 
fying low abundance mutations in a population, (ii) it can be 
done on a much lower viral titer and (iii) it is less expensive 
than sequencing. Based upon previous data on the sensitivity 
and dynamic range of the mass spectrometer, the ability is 
anticipated to identify a low-abundance mutation present in 
as little as 0.1% of the viral population in a 10 to 100-fold 
lower titer of virus than can be analyzed by sequencing. 
0238 According to the 2005 update of drug resistance 
mutations in HIV there are 28 major and minor mutations in 
HIV reverse transcriptase and 21 major and minor mutations 
in HIV protease (Johnson, V. A. et al. 2005, Top. HV Med. 
13, 51-57). A smaller subset of these mutations is currently 
used in making decisions regarding the drug regimen of 
choice for a particular virus strain. All 49 positions where 
mutations occur which are related to antiretroviral therapy 
were examined both with respect to the amino acid changes 
that mediate resistance and sequences present in isolates of 
the virus which included HIV-1 subtype B sequences from 
persons with well-characterized histories of antiretroviral 
treatment (Rhee, S. Y. et al. 2005, J. Infect. Dis. 192, 
456-65). Sequences were obtained from the Stanford HIV 
Reverse Transcriptase and Protease Sequence Database and 
included sequences from published studies and previously 
unpublished sequences generated at Stanford University 
from patients living in northern California (GenBank acces 
Sion numbers AY796421-AY798497 and AY800656 
AY802758). For the present example, sequences were 
aligned using an alignment editor and the relevant codons of 
the reverse transcriptase gene in 2,102 sequences were 
analyzed. An example of this analysis is illustrated in Table 
7. Out of 2,102 HIV sequences, the majority have a wild 
type codon encoding methionine in position 41 of reverse 
transcriptase. Deviations from wild type observed were all 
changes that encode leucine, which is a thymidine nucle 
otide-associated mutation (TAM) associated with drug resis 
tance. 

TABLE 7 

Mutations of Codon 41 in HIV Reverse Transcriptase 

Codon Base Distinguishable 

from Wild Type 

1224 0.58 MetM AGT Wild type 
429 0.20 Leu L. GT2 TAM yes 
284 0.14 LeuL GCT TAM yes 
16 0.01 LeuL AT2 TAM yes 
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TABLE 7-continued 

Mutations of Codon 41 in HIV Reverse Transcriptase 

Codon Base Distinguishable 
Codon Total Fraction Amino Acid Composition Phenotype 

CTA 7 0.00 Leu L. ACT1 TAM 
CTT 1 0.00 LeuL CT2 TAM 

Subtotal 1961 O.93 
Mixtures 141 O.O7 

Total 2102 

0239 From codon analysis of this dataset, several obser 
vations can be made. First, the wild type codon is the most 
frequently observed (in this case 58%). Second, the next 
most abundant codons are single point mutations from wild 
type, and encode a documented mutation which causes 
drug-resistance. Third, a significant fraction of the 
sequences (in this case 7%) contain ambiguities with respect 
to the correct nucleotide in the sequencing reaction (in 
Tables 6B and 6C, all sequences with more than one codon 
per base composition are grouped together). These may be 
derived from the presence of a mixed population of virus 
sequences in the original patient samples. Codon 41 of 
reverse transcriptase exemplifies the situation in Table 6A 
where the codon is comprised of three different nucleotides 

Codon 

TTG 

TTA 

CTG 

TTC 

ATG 

Subtotal 
Mixtures 

Total 

from Wild Type 

yes 
yes 

ATG, and all mutations are unambiguously identifiable with 
respect to the amino acid that they encode. 
0240 The reverse transcriptase codon leucine 210 (Table 
8) provides an example of the wild type codon base com 
position situation illustrated in Table 6B. Leucine is the most 
extreme example of degeneracy in the genetic code, and six 
different codons encode leucine. Nevertheless, mutation of 
the wild type codon TTG to TGG (tryptophan), which causes 
drug resistance, is unambiguously distinguishable from all 
six wild type leucine codons present, and no other codon in 
the dataset contains the composition base composition GT. 
Therefore, base composition analysis may be sufficient to 
distinguish a drug-resistant strain from the wild type strain, 
even in the absence of prior knowledge of the particular 
codon used to encode leucine. 

TABLE 8 

Mutations of Codon 210 in HIV Reverse Transcriptase 

Distinguishable 
Codon Base from Major or 

Total Fraction Amino Acid Composition Phenotype Minor Wild Type 

1223 0.58 Leu L. G1 T2 Major 
wild type 

497 0.24 Trp W G2T1 TAM yes 
168 0.08 Leu L. A1 T2 Minor 

Wild type 
17 0.01 Leu L. G1 C1T1 Minor 

Wild type 
0.00 Phe F C1 T2 

5 0.00 SerS A1C1T1 
0.00 LeuL C2T1 Minor 

Wild type 
2 0.00 LeuL C1 T2 Minor 

Wild type 
2 0.00 SerS G1 C1T1 
1 0.00 LeuL A1C1T1 Minor 

Wild type 
1 0.00 Glu El A1G2 
2 0.00 MetM A1 G1 T1 

1931 O.92 

170 O.08 

2101 
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0241. Not all mutations are unambiguously identifiable 
by base composition in the absence of knowledge of the 
starting sequence. For example, reverse transcriptase lysine 
65 can mutate to arginine, which mediates drug resistance. 
Lysine is an example of the situation in FIG. 2C, where one 
of the two codons that encode lysine have all three positions 
comprised of the same nucleotide (AAA), and the second 
lysine codon has two of the same and one different nucle 
otide (AAG). A mutation that encodes arginine AGA is not 
distinguishable from the minor wild type codon, which does 
not allow unambiguous assignment of drug resistance using 
base composition. However, if the starting virus wild type 
sequence is known (either AAA or AAG), then any mutation 
to arginine would be distinguishable. 

TABLE 9 

Mutations of Codon 65 in HIV Reverse Transcriptase 

39 
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a drug-resistant mutation should arise as a small fraction of 
the population in a patient that currently has a low viral titer, 
it could be valuable to change drugs sooner rather than later 
to keep the viral titer low. Lower virus titers mean there are 
fewer viruses available to mutate, and drug resistance would 
be suppressed. 

0244. The present invention includes any combination of 
the various species and Subgeneric groupings falling within 
the generic disclosure. This invention therefore includes the 
generic description of the invention with a proviso or 
negative limitation removing any Subject matter from the 
genus, regardless of whether or not the excised material is 
specifically recited herein. 

Distinguishable 
Codon Base from Major or 

Codon Total Fraction Amino Acid Composition Phenotype Minor Wild Type 

AAA 1782 0.85 Lys L A3 Wild type 
AAG 196 0.09 Lys L A2G1 Minor 

wild type 
AGA 46 0.02 Arg R A2G1 NNRTI* Not 

distinguishable 
from minor wild 

type 
AGG 1 0.00 ArgR A1 G1 NNRTI* Yes 

Subtotal 2025 

Mixtures 77 0.04 

total 2102 

*NNRTI = nucleoside and nucleotide reverse transcriptase inhibitor resistant 

0242. Thus, for most of the 49 mutations cited in the 2005 
update of drug resistance mutation in HIV (Johnson, V. A. et 
al. 2005, Top. HIV Med. 13, 51-57), base composition 
analysis is Sufficient to determine whether a drug-resistant 
mutation is present, simply based upon the measured com 
position, the known biological constraints of the HIV virus 
and the rules of the genetic code. For a minority of the 
mutations, prior knowledge of the sequence of the particular 
virus Strain is needed to distinguish mutations that mediate 
drug-resistance mutations from minor wild type codons 
variations. 

0243 The advantages of monitoring codon base compo 
sitions include: sensitivity to identification of low abun 
dance mutations in a population, it can be done on a much 
lower viral titer and is less expensive than sequencing. 
Based upon previous data on the sensitivity and dynamic 
range of electrospray mass spectrometry, we would antici 
pate the ability to identify a low-abundance mutation present 
in as little as 0.1% of the viral population in a 10 to 100-fold 
lower titer of virus than can be analyzed by sequencing. If 

0245 While in accordance with the patent statutes, 
description of the various embodiments and examples have 
been provided, the scope of the invention is not to be limited 
thereto or thereby. Modifications and alterations of the 
present invention will be apparent to those skilled in the art 
without departing from the scope and spirit of the present 
invention. 

0246 Therefore, it will be appreciated that the scope of 
this invention is to be defined by the appended claims, rather 
than by the specific examples which have been presented by 
way of example. 

0247 Each reference (including, but not limited to, jour 
nal articles, U.S. and non-U.S. patents, patent application 
publications, international patent application publications, 
gene bank accession numbers, internet web sites, and the 
like) cited in the present application is incorporated herein 
by reference in its entirety. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 372 

<210> SEQ ID NO 1 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 1 

agcgtotago catggc gtta gitat 

<210> SEQ ID NO 2 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 2 

ggaggctocq ttgtctgcat gta 

<210> SEQ ID NO 3 
&2 11s LENGTH 15 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 3 

talacca agcc tittag 

<210> SEQ ID NO 4 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 4 

taag agtggg accatggata alacac 

<210 SEQ ID NO 5 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 5 

taagtaagtt caaccalagcc tittag 

<210> SEQ ID NO 6 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 6 

tacacaca at to cittggaag cacaggca 

40 

24 

23 

15 

25 

25 

28 
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<210 SEQ ID NO 7 
&2 11s LENGTH 27 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 7 

tacagattitc agcaagttca atcaagc 

<210 SEQ ID NO 8 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (22). . . (22) 
&223> OTHER INFORMATION I 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 8 

taccala catc gcggaggcta ttgcc.ca 

<210 SEQ ID NO 9 
&2 11s LENGTH 29 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 9 

tacccagtict acgtgtttgg cqactgttgt 

<210> SEQ ID NO 10 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 10 

taccc.cctgg ggg tactittg a 

<210> SEQ ID NO 11 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 11 

taccc.ctgct c gtgttacag g 

<210> SEQ ID NO 12 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 12 

tacggtoaca gct tcc caca t 

41 

-continued 
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<400 

SEQ ID NO 13 
LENGTH 2.8 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 13 

tact aggagg citgtaggcat aaattggit 

<400 

SEQ ID NO 14 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 14 

tacticaccaa citcctgg.ccc 

<400 

SEQ ID NO 15 
LENGTH 26 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 15 

tactictoaca cqg cctoata cagtac 

<400 

SEQ ID NO 16 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 
NAME/KEY: modified base 
LOCATION: (10 ) . . . (10) 
OTHER INFORMATION I 
FEATURE: 
NAME/KEY: modified base 
LOCATION: (19) . . . (19) 
OTHER INFORMATION I 

SEQUENCE: 16 

tactgttatt caggatgg to atatggit 

<400 

SEQ ID NO 17 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 

NAME/KEY: modified base 
LOCATION: (10 ) . . . (10) 
OTHER INFORMATION I 

SEQUENCE: 17 

tactgttatt caggatgg to atatggit 

SEQ ID NO 18 
LENGTH 27 
TYPE DNA 

42 

-continued 
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20 
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27 

27 

Sep. 14, 2006 



US 2006/0205040 A1 

<400 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 

NAME/KEY: modified base 
LOCATION: (19) . . . (19) 
OTHER INFORMATION I 

SEQUENCE: 18 

tactgttatt caggatgg to atatggit 

<400 

SEQ ID NO 19 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 19 

tactgttatt caggatgg to atatggit 

<400 

SEQ ID NO 20 
LENGTH 21 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 20 

tagaatgttt gctatocaac c 

<400 

SEQ ID NO 21 
LENGTH 21 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 21 

tagaggcgga tacaatggc g 

<400 

SEQ ID NO 22 
LENGTH 24 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 22 

tagatccaca agctittaggg totg 

<400 

SEQ ID NO 23 
LENGTH 32 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 23 

tagatgatag tdacattgca tataaatatgca 

SEQ ID NO 24 
LENGTH 32 
TYPE DNA 

43 

-continued 
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<400 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 

NAME/KEY: modified base 
LOCATION: (14) . . . (14) 
OTHER INFORMATION I 
FEATURE: 

NAME/KEY: modified base 
LOCATION: (17) . . . (17) 
OTHER INFORMATION I 
FEATURE: 
NAME/KEY: modified base 
LOCATION: (24) . . . (24) 
OTHER INFORMATION I 

SEQUENCE: 24 

tagatgatag tdacattgca tataaatatgca 

<400 

SEQ ID NO 25 
LENGTH 21 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 25 

tag caggaag Cactatgggc g 

<400 

SEQ ID NO 26 
LENGTH 23 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 26 

tagg accoct gctcgtgtta cag 

<400 

SEQ ID NO 27 
LENGTH 19 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 27 

tagg accqtg gataaacac 

<400 

SEQ ID NO 28 
LENGTH 32 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 28 

taggatgg.cg atatggttga cacaggottt go 

SEQ ID NO 29 
LENGTH 32 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 

44 
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<221 NAME/KEY: modified base 
<222> LOCATION: (29) . . . (29) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 29 

taggatggtg atatggttga tacaggottt go 

<210 SEQ ID NO 30 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 30 

taggatggtg atatggttga tacaggottt go 

<210> SEQ ID NO 31 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (27) . . . (27) 
&223> OTHER INFORMATION I 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (29) . . . (29) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 31 

taggatggtg atatggttga tacaggottt go 

<210> SEQ ID NO 32 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (24) . . . (24) 
&223> OTHER INFORMATION I 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (27) . . . (27) 
&223> OTHER INFORMATION I 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (29) . . . (29) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 32 

taggatggtg atatggttga tacaggottt go 

<210 SEQ ID NO 33 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 33 

tagg gag act ttittgctaaa atgac 

45 
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<210> SEQ ID NO 34 
&2 11s LENGTH 2.8 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 34 

tagggattitt to acco atct titttctoa 

<210 SEQ ID NO 35 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 35 

tagggg.ccca acco cattitt cat 

<210 SEQ ID NO 36 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400> SEQUENCE: 36 

tagg tagaat gtttgcaatig caacc 

<210 SEQ ID NO 37 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 37 

taggtogcgt aatttgggta agg to atc 

<210 SEQ ID NO 38 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 38 

tagt citcaaa gagaaagaga toaaacaaga 

<210 SEQ ID NO 39 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 39 

tagtgcaatc catctagoag citgt 

<210> SEQ ID NO 40 
&2 11s LENGTH 29 
&212> TYPE DNA 

46 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 40 

tataatccac citatcc cagt aggagaaat 

<210> SEQ ID NO 41 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 41 

tatagg gttca taatcaaga accogg 

<210> SEQ ID NO 42 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (24) . . . (24) 
&223> OTHER INFORMATION I 

<400> SEQUENCE: 42 

tatagg gttca taatcaaga accogg 

<210> SEQ ID NO 43 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 43 

tatatatoac gagatctgca gtttatgagt aa 

<210> SEQ ID NO 44 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 44 

tatato acgt gatctgcagt titatgag 

<210> SEQ ID NO 45 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 45 

tatcagtgca atcCatctag cagctgt 

<210> SEQ ID NO 46 
<211& LENGTH 21 
&212> TYPE DNA 

47 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 46 

tatcgctgga tigtgtctg.cg g 

<210> SEQ ID NO 47 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 47 

tatcittatca totctggg to cocaggaag 

<210> SEQ ID NO 48 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (18) . . . (18) 
&223> OTHER INFORMATION I 

<400> SEQUENCE: 48 

tatggtgcag toggcatttg ataatg 

<210 SEQ ID NO 49 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 49 

tatggtgcag toggcatttg ataatg 

<210 SEQ ID NO 50 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 50 

tatgtcaaaa gotgtggaca atgat 

<210 SEQ ID NO 51 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 51 

tatgtttgct atgcaacc 

<210> SEQ ID NO 52 
&2 11s LENGTH 25 
&212> TYPE DNA 

48 

-continued 

21 

29 

26 

26 

25 

18 

Sep. 14, 2006 



US 2006/0205040 A1 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 52 

to aaccacat aagaggtggg togttc 

<210 SEQ ID NO 53 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 53 

toalaccitcca atcacticacci aac 

<210> SEQ ID NO 54 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 54 

tdaagagatc titcagttitat 

<210 SEQ ID NO 55 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 55 

toaa.gagatc titcagtttat gagtaa 

<210 SEQ ID NO 56 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 56 

to aagatggg gaatgagatt gcc citt 

<210 SEQ ID NO 57 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 57 

tdaatgitatc titatcatgtc. taggtoccc 

<210 SEQ ID NO 58 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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<400 SEQUENCE: 58 

to accalaggt gcc totaaaa cqa 

<210 SEQ ID NO 59 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 59 

tdaccacgca atgctitccct atctt 

<210 SEQ ID NO 60 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 60 

to acctggga ccc catcg at ggac 

<210> SEQ ID NO 61 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 61 

to acctittgc aaagggg.ccc 

<210> SEQ ID NO 62 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 62 

toac gagatc tdcagtttat gagtaa 

<210 SEQ ID NO 63 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 63 

totagag catc agatcacct g g gacc 

<210> SEQ ID NO 64 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 64 

to aggatggit ttittggtaga ggctatagt 
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<400 

SEQ ID NO 65 
LENGTH 26 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 65 

to aggcaaga gtcactgcta to gaga 

<400 

SEQ ID NO 66 
LENGTH 26 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 66 

toagtgaata tactagoca ggtgct 

<400 

SEQ ID NO 67 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 67 

toagtgtagg tagaatgttt gcaatgc 

<400 

SEQ ID NO 68 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 68 

tdagttgatg gg.cctaccto atttctt 

<400 

SEQ ID NO 69 
LENGTH 30 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 69 

to atctacaa catgatggga aagagagaga 

<400 

SEQ ID NO 70 
LENGTH 22 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 70 

totatgtctgg gtc.ccctgga ag 

SEQ ID NO 71 
LENGTH 29 
TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 71 

to calaccaga aatttgagaa cattgcaga 

<210 SEQ ID NO 72 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 72 

to caccitgtg gttattgaac citgt 

<210 SEQ ID NO 73 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 73 

tdcagg tact tcaccoccaa acctg 

<210> SEQ ID NO 74 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 74 

to catactitc gccttcacca titccc 

<210 SEQ ID NO 75 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 75 

toccacatct gcaatcggag acagg 

<210 SEQ ID NO 76 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 76 

tocc caatct coaatcactic accala 

<210 SEQ ID NO 77 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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<400 SEQUENCE: 77 

tocc catcag acacct cagg toga 

<210 SEQ ID NO 78 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 78 

toccc.ggtga ttggitatcct co 

<210 SEQ ID NO 79 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 79 

toccitctaca gtagcaacgg atgcaa 

<210 SEQ ID NO 80 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 80 

to cqatgcac attcacggitt got at 

<210> SEQ ID NO 81 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 81 

to cqcctt.cg atgacagacg g 

<210> SEQ ID NO 82 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 82 

to cqgcc.ctg gatgacaa 

<210 SEQ ID NO 83 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 83 

to cqggctgt caatatgcta aaacg. 
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<210> SEQ ID NO 84 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 84 

to cqtc.gcaa gttggtgatg agta 

<210 SEQ ID NO 85 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 85 

toctaagagt gggaccatgg ataaa 

<210 SEQ ID NO 86 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400> SEQUENCE: 86 

toctaagagt gggaccatgg ataalacac 

<210 SEQ ID NO 87 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 87 

toctagaagt agaggcagca toca 

<210 SEQ ID NO 88 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 88 

to citcc caca gcaaacatgt g 

<210 SEQ ID NO 89 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 89 

to citcgggaa attggcattg cqat 

<210 SEQ ID NO 90 
<211& LENGTH 24 
&212> TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 90 

toctotcact catcagagca cccc 

<210 SEQ ID NO 91 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 91 

toctg.cccac ctacaacaac ca 

<210 SEQ ID NO 92 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 92 

toctitcacgg aggctatoac taggta 

<210 SEQ ID NO 93 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 93 

togaaaaacc toc aggcaag agt cac 

<210 SEQ ID NO 94 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 94 

togcaagacit gctago.cgag ta 

<210 SEQ ID NO 95 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 95 

togcago cat cittggcaa.ca to citc 

<210 SEQ ID NO 96 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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<400 SEQUENCE: 96 

togcagtc.cc caatctocaa toact 

<210 SEQ ID NO 97 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 97 

toggcgcaag toccagaacc 

<210 SEQ ID NO 98 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 98 

togg gatgta atggctggitt 

<210 SEQ ID NO 99 
&2 11s LENGTH 26 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 99 

togttatcgg citcagotcta cagttc 

<210> SEQ ID NO 100 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 100 

totacagtag caacggatgc aa 

<210> SEQ ID NO 101 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 101 

totago catg gcgittagtat gag tot 

<210> SEQ ID NO 102 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 102 

totccc.gcac cotcaacaag c 
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<400 

SEQ ID NO 103 
LENGTH 22 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 103 

totttitccag accocgg act co 

<400 

SEQ ID NO 104 
LENGTH 19 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 104 

tgaacatacc aatgcagtt 

<400 

SEQ ID NO 105 
LENGTH 25 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 105 

tgaactaacg gacagtggat atggc 

<400 

SEQ ID NO 106 
LENGTH 21 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 106 

tgaatggttc cqc.cagtgca c 

<400 

SEQ ID NO 107 
LENGTH 22 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 107 

tgacac aggc accoacggaa ta 

<400 

SEQ ID NO 108 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 108 

tgacgaacca cagogtcaca 

SEQ ID NO 109 
LENGTH 21 
TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 109 

tgacgtagcc aag gaggcgt t 

<210> SEQ ID NO 110 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 110 

tgagaccatc ataagtag ca agatgt 

<210> SEQ ID NO 111 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 111 

tgag cagcag galagcactat gg 

<210> SEQ ID NO 112 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 112 

tgaggccitat agcagotata gccitc 

<210> SEQ ID NO 113 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 113 

tgatgaaata togtggatgg aagc 

<210> SEQ ID NO 114 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 114 

tgatgagata togtggatgg aagc 

<210> SEQ ID NO 115 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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<400 SEQUENCE: 115 

tgattgacco ttittcagttg g g cctt 

<210> SEQ ID NO 116 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 116 

tgattgatgttgaaaccacc galaga 

<210> SEQ ID NO 117 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 117 

tgcagtc.ccc aatctocaat cact 

<210> SEQ ID NO 118 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 118 

tgccaatcac toatacaacc cccaa 

<210 SEQ ID NO 119 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 119 

tgccac gacc ggcaagacca acat 

<210> SEQ ID NO 120 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 120 

tgccagatga toctataatt gttgagga 

<210> SEQ ID NO 121 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 121 

tgcc agg gag tagtagaagc aatgaa 
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<210> SEQ ID NO 122 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 122 

tgcc attcat aggctg.ccca to 

<210> SEQ ID NO 123 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 123 

tgcctacatt citatcttgcg ttacatgg 

<210> SEQ ID NO 124 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400> SEQUENCE: 124 

tgcc tagtgt galagatgggg aatgagat 

<210> SEQ ID NO 125 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 125 

tgcctdaatt gagatatga gaccat 

<210> SEQ ID NO 126 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 126 

tgccittaatt gagatatga gac 

<210> SEQ ID NO 127 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 127 

tgccittaatt gagatatga gaccat 

<210> SEQ ID NO 128 
&2 11s LENGTH 29 
&212> TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 128 

tgcgittaact g gaccalatga gaacttitcc 

<210> SEQ ID NO 129 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 129 

tgcticcitcto aaaaccatgg gacac 

<210> SEQ ID NO 130 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 130 

tgctgaattic gta acattga tiga 

<210> SEQ ID NO 131 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 131 

tggaaatcct ttittcticaag gacgtggit 

<210> SEQ ID NO 132 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 132 

tggacattca totctatoag td.c 

<210> SEQ ID NO 133 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 133 

tggaccatca ttggaaggga cq 

<210> SEQ ID NO 134 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

61 

-continued 

29 

25 

23 

28 

23 

22 

Sep. 14, 2006 



US 2006/0205040 A1 

<400 SEQUENCE: 134 

tggaggcticc gttgtctgca tota 

<210 SEQ ID NO 135 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 135 

tggatagagg agaatgaatg gatggalagac 

<210> SEQ ID NO 136 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 136 

tggatgtgtc. tcc.ggc gtt 

<210 SEQ ID NO 137 
&2 11s LENGTH 19 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 137 

tggcc.ccgtg totggtagc 

<210 SEQ ID NO 138 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 138 

tggctaggtg to acgtagaa aggacitac 

<210 SEQ ID NO 139 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 139 

tggctdaact tittgaaagtg agcgg 

<210> SEQ ID NO 140 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 140 

tggctoctag gotgtgctgc caact 
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<400 

SEQ ID NO 141 
LENGTH 26 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 141 

tgggatgatc tactgagact gtgttga 

<400 

SEQ ID NO 142 
LENGTH 30 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 142 

tggggg tatt ttgacittcaa ccg attccac 

<400 

SEQ ID NO 143 
LENGTH 30 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 

NAME/KEY: modified base 
LOCATION: (22). . . (22) 
OTHER INFORMATION I 
FEATURE: 
NAME/KEY: modified base 
LOCATION: (24) . . . (24) 
OTHER INFORMATION I 

S EQUENCE: 143 

tggggg tatt ttgacittcaa ccg attccac 

<400 

SEQ ID NO 144 
LENGTH 26 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 144 

tgggtoctogc ccaccitacaa caacca 

<400 

SEQ ID NO 145 
LENGTH 21 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 

NAME/KEY: modified base 
LOCATION: (4) . . . (4) 
OTHER INFORMATION I 

SEQUENCE: 145 

tggggtggtg agagtttggg a 

SEQ ID NO 146 
LENGTH 22 
TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 146 

tggtactcct caactgctgt co 

<210> SEQ ID NO 147 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 147 

tggtgc.cgiac ggagtggg 

<210> SEQ ID NO 148 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 148 

tggtgc.cgat ggagtggg 

<210> SEQ ID NO 149 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 149 

tggtgtggtg agagtttggg a 

<210 SEQ ID NO 150 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 150 

tggtgttgtg agggtotggg a 

<210> SEQ ID NO 151 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 151 

tgtaaatcta gtggctcitcc toccac 

<210> SEQ ID NO 152 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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SEQUENCE: 152 

tgtacaatct atgtag gaga toctitact.gt co 

<400 

SEQ ID NO 153 
LENGTH 23 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 153 

tgtagg taga atgtttgcaa togc 

<400 

SEQ ID NO 154 
LENGTH 24 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 154 

tgtagg to at cocttcaatc citcc 

<400 

SEQ ID NO 155 
LENGTH 2.8 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 155 

tgtcacactt gcatttacaa catgatgg 

<400 

SEQ ID NO 156 
LENGTH 21 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 156 

tgtc.ccgact gtggcactitg a 

<400 

SEQ ID NO 157 
LENGTH 18 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 157 

tgtctatott cotgactic 

SEQ ID NO 158 
LENGTH 23 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 

NAME/KEY: modified base 
LOCATION: (9) . . . (9) 
OTHER INFORMATION I 
FEATURE: 
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<221 NAME/KEY: modified base 
<222> LOCATION: (12) . . . (12) 
&223> OTHER INFORMATION I 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (18) . . . (18) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 158 

tgtc.tc.tctg gcgatggg to goc 

<210 SEQ ID NO 159 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 159 

tgtc.tc.tctg gagatggg to goc 

<210> SEQ ID NO 160 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400> SEQUENCE: 160 

tgtc.tttcag gagatggatg gcc 

<210> SEQ ID NO 161 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (12) . . . (12) 
&223> OTHER INFORMATION I 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (15) . . . (15) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 161 

tgtc.tttcag gagatggatg gcc 

<210> SEQ ID NO 162 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 162 

tgtgaag.cgc acaattgtta agac 

<210> SEQ ID NO 163 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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<400 SEQUENCE: 163 

tgtgaatato aag caggaca taacaaggta gg 

<210> SEQ ID NO 164 
&2 11s LENGTH 26 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 164 

tgtgcatctt act cactaaa goagaa 

<210 SEQ ID NO 165 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 165 

tgttgcc citca aaaaccotaa ccto 

<210> SEQ ID NO 166 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 166 

tgtgcc ctica aaaaccotga cct c 

<210 SEQ ID NO 167 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 167 

tgtggacaat gatcto catt gctgcaat 

<210 SEQ ID NO 168 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 168 

tgtgtcatct gcgagtgtgg 

<210 SEQ ID NO 169 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 169 

tgttaatgtc. tatctitcctg actic 
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<210 SEQ ID NO 170 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 170 

tgtttgcaca gaggctaaat ga 

<210> SEQ ID NO 171 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 171 

ttacaaagag ggccaacgcc attct catc 

<210> SEQ ID NO 172 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400> SEQUENCE: 172 

titatgtc.citt gogg to acct actgg 

<210 SEQ ID NO 173 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 173 

ttcaatcaag catttcggta toaaac 

<210> SEQ ID NO 174 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 174 

ttcacgcaga aag.cgt.ctag cca 

<210 SEQ ID NO 175 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 175 

ttcacgcaga aag.cgt.ctag ccat 

<210 SEQ ID NO 176 
<211& LENGTH 24 
&212> TYPE DNA 

68 

-continued 

22 

29 

25 

26 

23 

24 

Sep. 14, 2006 



US 2006/0205040 A1 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 176 

ttcagatgtc. totgtggcgg ccta 

<210 SEQ ID NO 177 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (19) . . . (19) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 177 

ttcagatgtc. totgtggcgg ccta 

<210 SEQ ID NO 178 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (12) . . . (12) 
&223> OTHER INFORMATION I 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (19) . . . (19) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 178 

ttcagatgtc. totgtggcgg ccta 

<210 SEQ ID NO 179 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 179 

ttgcaaagag goccaa.cccc attct cat 

<210 SEQ ID NO 18O 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (24) . . . (24) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 18O 

ttgcaaagag goccaa.cccc attct cat 

<210> SEQ ID NO 181 
&2 11s LENGTH 25 
&212> TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 181 

ttgcgtcaat ggcttatato aaagg 

<210> SEQ ID NO 182 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 182 

ttggat.ca.gc cactgatgaa agatc 

<210 SEQ ID NO 183 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 183 

ttgg to catg acticcg acct togaa 

<210> SEQ ID NO 184 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 184 

tittcgttgtg gcaagg tagg acac 

<210 SEQ ID NO 185 
&2 11s LENGTH 17 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 185 

tittggacacc caatggit 

<210 SEQ ID NO 186 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 186 

taaggaacgg C gaCaggatg C gC 

<210 SEQ ID NO 187 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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<400 SEQUENCE: 187 

taatagacitt toccctcitat attctaattic 

<210 SEQ ID NO 188 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 188 

taataggctt toccctcitat attctaattic 

<210 SEQ ID NO 189 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 189 

taatccagaa galaccaacaa gaagatgagg 

<210 SEQ ID NO 190 
&2 11s LENGTH 19 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 190 

taattgcatt agtctoact 

<210 SEQ ID NO 191 
&2 11s LENGTH 16 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 191 

tacagaatag gotttg 

<210> SEQ ID NO 192 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 192 

tacatattoa tocgtgctta caaccittaga 

<210 SEQ ID NO 193 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 193 

taccatgtcc gaacctgtat citgt 
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<400 

SEQ ID NO 194 
LENGTH 21 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 194 

tacggagagt gacgggitt to c 

<400 

SEQ ID NO 195 
LENGTH 25 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 195 

tacgggacgt aaacaaagga cqtcc 

<400 

SEQ ID NO 196 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 196 

tacggggcca toccgtgttg 

<400 

SEQ ID NO 197 
LENGTH 26 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 197 

tact caccgg titcc.gcagac cactat 

<400 

SEQ ID NO 198 
LENGTH 26 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 198 

tactcc.gtot cqtacg actt totgtt 

<400 

SEQ ID NO 199 
LENGTH 18 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 199 

tactictaaca gcatccat 

SEQ ID NO 200 
LENGTH 30 
TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 200 

tacticttgtt gtcacagota tagcttgatt 

<210> SEQ ID NO 201 
&2 11s LENGTH 34 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 201 

tactgcataa tag acttitcc cctotatatt citaa 

<210> SEQ ID NO 202 
&2 11s LENGTH 34 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 2O2 

tactgcataa taggctttcc cctotaaatt citaa 

<210> SEQ ID NO 203 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 203 

tacttgggat tdtttgttgttg agacgg 

<210> SEQ ID NO 204 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 204 

tagattitcat ttagccitctg tdcaaa 

<210 SEQ ID NO 205 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 205 

tagcaaattg citttgctgtt gcacta 

<210> SEQ ID NO 206 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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<400 SEQUENCE: 206 

tagcto cqag ccacatgaac c 

<210 SEQ ID NO 207 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 207 

tagctdaaat tdoctoctoga gagg 

<210 SEQ ID NO 208 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 208 

taggaatatg ataaaacgcc gcagacac 

<210 SEQ ID NO 209 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 209 

tagg gagatt ggagctocc gtatt 

<210> SEQ ID NO 210 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 210 

tagggit cact to gaggattgaaagg 

<210> SEQ ID NO 211 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 211 

tag tattttgtc.ctg.ccacg catttaaacg 

<210> SEQ ID NO 212 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (20 ) . . . (20) 
&223> OTHER INFORMATION I 
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<400 SEQUENCE: 212 

tag tattttgtc.ctg.ccacg catttaaacg 

<210> SEQ ID NO 213 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (19) . . . (20) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 213 

tag tattttgtc.ctg.ccacg catttaaacg 

<210> SEQ ID NO 214 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (18) . . . (20) 
&223> OTHER INFORMATION I 

<400> SEQUENCE: 214 

tag tattttgtc.ctg.ccacg catttaaacg 

<210> SEQ ID NO 215 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 215 

tagt cqttgg toc gttgtta gggaa 

<210> SEQ ID NO 216 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 216 

tatatgataa aacgcc.gcag acac 

<210> SEQ ID NO 217 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 217 

tatcc.ccgaa agcc.ca.gata tatac 

<210> SEQ ID NO 218 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 218 

tatttgcctg. ccaattgctt tittaaaaa 

<210> SEQ ID NO 219 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (12) . . . (13) 
&223> OTHER INFORMATION I 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (20 ) . . . (20) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 219 

tatttgcctg. ccaattgctt tittaaaaa 

<210> SEQ ID NO 220 
&2 11s LENGTH 23 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 220 

toaaac coag aggtgcctgt aaa 

<210> SEQ ID NO 221 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 221 

tdaacactgg tottgtcc.ca 

<210> SEQ ID NO 222 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 222 

tdaatctotic cottalaccat cocaitt 

<210> SEQ ID NO 223 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 223 

to acto gttt agacgg.cgga atato 
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<400 

SEQ ID NO 224 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 224 

totagoaaatt gttctgctgc tigcacta 

<400 

SEQ ID NO 225 
LENGTH 29 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 225 

tdagctatoa atttctotgc caatatttg 

<400 

SEQ ID NO 226 
LENGTH 29 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 226 

tdagctatoa ttittctdagc caagatttg 

<400 

SEQ ID NO 227 
LENGTH 23 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 227 

to aggagctt togtgtccac citt 

<400 

SEQ ID NO 228 
LENGTH 19 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 228 

to aggcacag cittggaggc 

<400 

SEQ ID NO 229 
LENGTH 22 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 229 

to aggctgcc acaccagatg to 

SEQ ID NO 230 
LENGTH 17 
TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 230 

to aggggtoc ttctata 

<210> SEQ ID NO 231 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 231 

to aggggtgc tittgtgctitc 

<210> SEQ ID NO 232 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 232 

to aggtggtg totgcc citcg tt 

<210> SEQ ID NO 233 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 233 

to attgttggt ggg taggtog to 

<210> SEQ ID NO 234 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 234 

toatttagcc totgttgcaaa 

<210 SEQ ID NO 235 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 235 

to cacatgaa ccaaatggct citgct 

<210> SEQ ID NO 236 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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<400 SEQUENCE: 236 

to cagaagaa ccaacaagaa gatgaggc 

<210 SEQ ID NO 237 
&2 11s LENGTH 33 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (11) . . . (11) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 237 

to cagaccca cccaagaatg agaacacaag ata 

<210 SEQ ID NO 238 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 238 

to cagaccct gcaaaaaatg agaacac 

<210 SEQ ID NO 239 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 239 

to catatacg alacacaccgg cqac 

<210> SEQ ID NO 240 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 240 

to catc gatg g g g toccagg t 

<210> SEQ ID NO 241 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 241 

to catgggga atc.gcaatgc caat 

<210> SEQ ID NO 242 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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SEQUENCE: 242 

to catttgga atc.gcaatgc caat 

<400 

SEQ ID NO 243 
LENGTH 22 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 243 

to cqatgtgg cittatttggc tig 

<400 

SEQ ID NO 244 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 244 

to cqtggatt gttctgtagc agt cittc 

<400 

SEQ ID NO 245 
LENGTH 32 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 245 

toctattoct coccittctitt taaaattcat gc 

<400 

SEQ ID NO 246 
LENGTH 23 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 246 

toctoggtag toctittctac gitg 

<400 

SEQ ID NO 247 
LENGTH 24 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 247 

to citgcttga tiggcct gtaa gtct 

<400 

SEQ ID NO 248 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 248 

toctittgcca toccattgtc 
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<400 

SEQ ID NO 249 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 249 

togacacatt gaggagcat gatgtta 

<400 

SEQ ID NO 250 
LENGTH 26 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 250 

to gatcaggc tica acatago cotcitt 

<400 

SEQ ID NO 251 
LENGTH 22 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 251 

togcaa.gcac cctato aggc ag 

<400 

SEQ ID NO 252 
LENGTH 22 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 252 

togccatgtc. tctotacctg. c.g 

<400 

SEQ ID NO 253 
LENGTH 32 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 253 

togg cago catttgcaaata atcaggatat tt 

<400 

SEQ ID NO 254 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 254 

togggagggC aatgagggto: 

SEQ ID NO 255 
LENGTH 23 
TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 255 

toggg.cccac tatgacgtgt aca 

<210 SEQ ID NO 256 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 256 

toggg tact g g to cacacgc 

<210 SEQ ID NO 257 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 257 

togtttgtag ggalacattgg togaggaag 

<210 SEQ ID NO 258 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 258 

togtttgtag ggalacattgg togaggaag 

<210 SEQ ID NO 259 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 259 

totaaacgca catccc.catg aattit 

<210> SEQ ID NO 260 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 260 

totaaatgag gacct gacct gtg 

<210> SEQ ID NO 261 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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<400 SEQUENCE: 261 

totaatattg tatttatcca 

<210> SEQ ID NO 262 
&2 11s LENGTH 26 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 262 

totatgagga catttitcc.ca atctoc 

<210> SEQ ID NO 263 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 263 

totcccatca tagtatatoc titttgct 

<210> SEQ ID NO 264 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 264 

totctgggtg gggaaggagg ggag 

<210 SEQ ID NO 265 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 265 

totgcaacca tttgaaaata atctggatat tt 

<210> SEQ ID NO 266 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 266 

totgcaacca tttgaaaata atctggatat tt 

<210 SEQ ID NO 267 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 267 

totgcaacca tttgcaaata atctggatat tt 
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<400 

SEQ ID NO 268 
LENGTH 35 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 268 

totgcaacca tttgcaaata atctggatat ttgca 

<400 

SEQ ID NO 269 
LENGTH 35 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 
NAME/KEY: modified base 
LOCATION: (33) . . . (33) 
OTHER INFORMATION I 

SEQUENCE: 269 

totgcaacca tttgcaaata atctggatat ttgca 

<400 

SEQ ID NO 270 
LENGTH 32 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 
NAME/KEY: modified base 
LOCATION: (15) . . . (15) 
OTHER INFORMATION I 

SEQUENCE: 270 

totgcaacca tttgcaaata atctggatat tt 

<400 

SEQ ID NO 271 
LENGTH 35 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 
NAME/KEY: modified base 
LOCATION: (15) . . . (15) 
OTHER INFORMATION I 
FEATURE: 
NAME/KEY: modified base 
LOCATION: (33) . . . (33) 
OTHER INFORMATION I 

SEQUENCE: 271 

totgcaacca tttgcaaata atctggatat ttgca 

SEQ ID NO 272 
LENGTH 32 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 
FEATURE: 

NAME/KEY: modified base 
LOCATION: (14) . . . (15) 
OTHER INFORMATION I 
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<400 SEQUENCE: 272 

totgcaacca tttgcaaata atctggatat tt 

<210 SEQ ID NO 273 
&2 11s LENGTH 35 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (14) . . . (15) 
&223> OTHER INFORMATION I 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (33) . . . (33) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 273 

totgcaacca tttgcaaata atctggatat ttgca 

<210> SEQ ID NO 274 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (14) . . . (15) 
&223> OTHER INFORMATION I 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (17) . . . (17) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 274 

totgcaacca tttgcaaata atctggatat tt 

<210 SEQ ID NO 275 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 275 

totggaacco agcagtgga 

<210 SEQ ID NO 276 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 276 

tott catcag agctaggaga ttctgttgt 

<210 SEQ ID NO 277 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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86 

-continued 

<400 SEQUENCE: 277 

tottgctttg acatgttgttg gtgga 25 

<210 SEQ ID NO 278 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 278 

totttcccct citgitattota a 21 

<210 SEQ ID NO 279 
&2 11s LENGTH 37 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 279 

tgaaaacaca agatactittg galacatacac aggaggit 37 

<210 SEQ ID NO 280 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 280 

tgaaccaatt gcattagt ct cact 24 

<210> SEQ ID NO 281 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 281 

tgaagaggaa tatgataaaa cqc.cgcaga 29 

<210> SEQ ID NO 282 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 282 

tgaagg galaa gttcto attg gtc.cagtt 28 

<210 SEQ ID NO 283 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 283 

tgaagt catc cagtatagtg tittatcca 28 
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<400 

SEQ ID NO 284 
LENGTH 23 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 284 

tgaatgtacc ccatgagg to ggc 

<400 

SEQ ID NO 285 
LENGTH 37 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 
OTHER INFORMATION: Primer 
FEATURE 
NAME/KEY: modified base 
LOCATION: (18) . . . (18) 
OTHER INFORMATION I 
FEATURE 
NAME/KEY: modified base 
LOCATION: (27) . . . (27) 
OTHER INFORMATION I 
FEATURE 
NAME/KEY: modified base 
LOCATION: (34) . . . (34) 
OTHER INFORMATION I 

SEQUENCE: 285 

tgagaacaca agatactittg gaaactittca caggtgg 

<400 

SEQ ID NO 286 
LENGTH 23 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 286 

tgaga.gtgga toggcago Ct atg 

<400 

SEQ ID NO 287 
LENGTH 25 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 287 

tgaggatgtg to caagatgg citgcg 

<400 

SEQ ID NO 288 
LENGTH 24 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 288 

tgaggctgga totatocacg caaa 

SEQ ID NO 289 
LENGTH 25 
TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 289 

tgaggggagt cqagggataa gaac 

<210 SEQ ID NO 290 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 290 

tgagggggat aatggCatag gaggaat 

<210> SEQ ID NO 291 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 291 

tgagtgattg gcqgggtaag gac 

<210> SEQ ID NO 292 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 292 

tgataaaacg cc.gcagacac atc 

<210 SEQ ID NO 293 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 293 

tgattgtc.gc cittgaaccat togc 

<210> SEQ ID NO 294 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 294 

tgcacacaac ggacacacaa a 

<210 SEQ ID NO 295 
&2 11s LENGTH 33 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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<400 SEQUENCE: 295 

tgcactagaa aacttcatct gggttgcagt atc 

<210 SEQ ID NO 296 
&2 11s LENGTH 33 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 296 

tgcactagag aattitcatct gggttgcagt atc 

<210 SEQ ID NO 297 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 297 

tgcagogtag galaggtgtgg 

<210 SEQ ID NO 298 
&2 11s LENGTH 23 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 298 

tgcatagoaa totcaggagg togc 

<210 SEQ ID NO 299 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 299 

tgcatcaata agggtotgaa gocca 

<210 SEQ ID NO 300 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 300 

tgcatottga t gttgtc.cag catgat 

<210> SEQ ID NO 301 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 301 

tgcc gaggcc tatgtggtog acatt 
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<400 

tgcc totgct tccaagga at totgtgtaat a 

<400 

SEQ ID NO 302 
LENGTH: 31 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 302 

SEQ ID NO 303 
LENGTH 25 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 303 

tgcgggaaag gcqggagttg aagat 

<400 

SEQ ID NO 304 
LENGTH 18 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 304 

tgctaacaat ttctdagc 

<400 

SEQ ID NO 305 
LENGTH 25 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 305 

tgcticcagga ggtgcaaatc aaaga 

<400 

SEQ ID NO 306 
LENGTH 2.8 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 306 

tgcticc ccct agaaaattga gagaagttc 

<400 

SEQ ID NO 307 
LENGTH 23 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 307 

tgctgatctt ggctgtccac citc 

SEQ ID NO 308 
LENGTH 23 
TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 308 

tgctgg catg aaccaaacto att 

<210 SEQ ID NO 309 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 309 

tgctitccatc. cacgatatot catc 

<210> SEQ ID NO 310 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 310 

tggaccatac aggcaa.ccc.g. acaa 

<210> SEQ ID NO 311 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 311 

tggcaatticc ggtgtactica cc 

<210> SEQ ID NO 312 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 312 

tggcagtgga atcggttgaa gtcaaa 

<210> SEQ ID NO 313 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 313 

tggcatggtg ccaaactgat it 

<210> SEQ ID NO 314 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
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<221 NAME/KEY: modified base 
<222> LOCATION: (7) . . . (7) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 314 

tggcatggtg ccaaactgat it 

<210 SEQ ID NO 315 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 315 

tggcttgatt gtctocittga accattgc 

<210> SEQ ID NO 316 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 316 

tgggaaagct ggtagaggta Catgc 

<210 SEQ ID NO 317 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 317 

tggg actotg gttcatgitat togg 

<210 SEQ ID NO 318 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 318 

tgggcaatga gggtoact 

<210 SEQ ID NO 319 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 319 

tgggcc totc tocaaaggag a 

<210> SEQ ID NO 320 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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<400 SEQUENCE: 320 

tgggctgata to gaatgtgc cct atctg 

<210> SEQ ID NO 321 
&2 11s LENGTH 23 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 321 

tggggagatg acCatgatgg togC 

<210> SEQ ID NO 322 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 322 

tggggctoat ggtoattgtc. atc 

<210> SEQ ID NO 323 
&2 11s LENGTH 2.8 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 323 

tggggg acct aattgctact gtatctga 

<210> SEQ ID NO 324 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 324 

tgggtoccitg atccaactag aaatgaaaa 

<210 SEQ ID NO 325 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 325 

tggtaatcaa aatact gcigg gccala 

<210> SEQ ID NO 326 
&2 11s LENGTH 33 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 326 

tggtactcitt gatgtcacag citatagottg att 
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<210 SEQ ID NO 327 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 327 

tggtoaaagc tigg catgaac caaa 

<210 SEQ ID NO 328 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (7) . . . (7) 
&223> OTHER INFORMATION I 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (11) . . . (11) 
&223> OTHER INFORMATION I 

<400 SEQUENCE: 328 

tggtoaaagc tigg catgaac caaa 

<210 SEQ ID NO 329 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 329 

tggtctggala aaga Cagggit toggg 

<210 SEQ ID NO 330 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 330 

tggtottctg. g.ggcttgttc catc 

<210> SEQ ID NO 331 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 331 

tggtgtttgg agtggctatt go cag 

<210> SEQ ID NO 332 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
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<400 SEQUENCE: 332 

tgta accago agaataggct ttg 

<210 SEQ ID NO 333 
&2 11s LENGTH: 31 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 333 

tgta actott aaaact gagg ttgttggagt g 

<210> SEQ ID NO 334 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 334 

tgtacggcag tdtttgcggit at 

<210 SEQ ID NO 335 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 335 

tgtagaggtg gttgttgtag gtggg 

<210 SEQ ID NO 336 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 336 

tgitatctgaa gotgctgcto c 

<210 SEQ ID NO 337 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 337 

tgtcatatoc cotattocto cocttctt 

<210 SEQ ID NO 338 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 338 

tgtcatcttg cccitccitccc acca 
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<400 

SEQ ID NO 339 
LENGTH 24 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 339 

tgtcattttg cccitccitccc acca 

<400 

SEQ ID NO 340 
LENGTH 30 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 340 

tgtccataat ttctggcaat aaccttctat 

<400 

SEQ ID NO 341 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 341 

tgtctaaacg cacatccc.ca tagaattit 

<400 

SEQ ID NO 342 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 342 

tgtctagact citgtgg tatt gtgagga 

<400 

SEQ ID NO 343 
LENGTH 2.8 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 343 

tgtgtctgta aag actgaag ttgttgga 

<400 

SEQ ID NO 344 
LENGTH 21 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 344 

tgttgttittcc caagctctitc c 

SEQ ID NO 345 
LENGTH 30 
TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 345 

tgttccactt cocaagttta catctitccitc 

<210> SEQ ID NO 346 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 346 

tgttcc.gcag act act at gg citcto 

<210 SEQ ID NO 347 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 347 

tgttgaagtc. aaaatacccc cagggggit 

<210> SEQ ID NO 348 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 348 

tgttgaggac ggctgctaat tdttg 

<210 SEQ ID NO 349 
&2 11s LENGTH: 31 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 349 

tgttgttgata acaaagtc.cc aatcatcgtt c 

<210 SEQ ID NO 350 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 

<400 SEQUENCE: 350 

tgttgtgcac ttittggagaa tattt 

<210 SEQ ID NO 351 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 
&220s FEATURE 
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