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(57) ABSTRACT 

Disclosed is a method for amplifying and detecting poly 
nucleotides which can provide sensitive, specific detection of 
multiple targets from a clinical specimen within a relatively 
short time. 
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AMIPLCON RESCUE MULTIPLEX 
POLYMERASE CHAIN REACTION FOR 

AMPLIFICATION OF MULTIPLE TARGETS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional application from 
U.S. non-provisional application Ser. No. 12/418,532, filed 
Apr. 3, 2009, which claimed the benefit of priority of U.S. 
Provisional Patent Application No. 61/042,259, filed Apr. 3, 
2008. 

FIELD OF THE INVENTION 

0002 The invention relates generally to methods for 
amplifying nucleic acids. More specifically, the invention 
relates to methods for using the polymerase chain reaction to 
amplify multiple nucleic acid sequences. 

BACKGROUND OF THE INVENTION 

0003. The development of the polymerase chain reaction 
(PCR) enabled the use of DNA amplification for a variety of 
uses, including molecular diagnostic testing. There are chal 
lenges associated with the use of PCR for molecular differ 
ential diagnostic (MDD) assays, however. PCR utilizes spe 
cific primers or primer sets, temperature conditions, and 
enzymes. PCR reactions may easily be contaminated, primer 
binding may require different conditions for different prim 
ers, primers should be specific for a target sequence in order 
to amplify only that target sequence, etc. This has made it 
even more difficult to amplify multiple sequences from a 
single sample. 
0004 Diagnostic testing of clinical samples to find one or 
more causative disease agents has, in the past, required that 
microorganisms be isolated and cultured. This may take days, 
however, and in many cases a diagnosis must be acted upon 
within hours if the patient’s life is to be saved. Analysis of a 
single clinical sample to identify multiple organisms in order 
to determine which one(s) may be the causative agent(s) of 
disease is the desired method for MDD, and methods have 
been developed to better achieve that goal. For example, 
multiplex PCR methods have been developed to amplify mul 
tiple nucleic acids withina sample in order to produce enough 
DNA/RNA to enable detection and identification of multiple 
organisms. Multiplex PCR has disadvantages, however. For 
example, each target in a multiplex PCR reaction requires its 
own optimal reaction conditions, so increasing the number of 
targets requires that the reaction conditions for each indi 
vidual target are less than optimal. Furthermore, multiple sets 
of high-concentration primers in a system often generate 
primer dimmers or give non-specific, background amplifica 
tion. This lack of specificity also requires the additional steps 
of post-PCR clean-up and multiple post-hybridization 
washes. Crowded primers reduce the amplification efficiency 
by requiring the available enzymes and consuming Sub 
strates. Differences in amplification efficiency may lead to 
significant discrepancies in amplicon yields. For example, 
some loci may amplify very efficiently, while others amplify 
very inefficiently or fail to amplify at all. This potential for 
uneven amplification also makes it difficult to impossible to 
accurately perform end-point quantitative analysis. 
0005 One method utilizes nested gene-specific primers 
used at very low concentrations to enrich the targets during 
the initial PCR cycling. Later, common primers are used to 
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amplify all the targets. The entire reaction is performed in one 
tube, no additional rounds of PCR are required, and it does not 
require specialized instruments but may instead be performed 
using regular thermal cyders. There are disadvantages to this 
method, however. For example, because a low concentration 
of primers is used to enrich the targets during the initial 
cycles, the sensitivity of the assay is ultimately decreased, the 
initial enrichment cycles require longer annealing time for 
each cycle, and the enzyme is more likely to be less efficient 
over the number of cycles required to amplify the target. 
0006. A need still exists for more sensitive, faster, and 
more efficient methods for amplifying DNA and/or RNA 
from multiple targets to promote rapid identification of those 
targets. 

SUMMARY OF THE INVENTION 

0007. The present invention relates to a method for ampli 
fying nucleic acids to enable detection of those nucleic acids, 
the method comprising the steps of amplifying one or more 
target nucleic acids using high concentration, target-specific 
primers in a first amplification reaction, thereby producing at 
least one nucleic acid amplicon containing at least one com 
mon primer binding site; rescuing the at least one nucleic acid 
amplicon; and amplifying the at least one nucleic acid ampli 
con in a second amplification reaction utilizing common 
primers which bind to the at least one common primer binding 
site. One aspect of the invention utilizes nested target-specific 
primers. Target nucleic acids may comprise DNA and/or 
RNA, and may comprise DNA and/or RNA of viral, bacterial, 
and/or fungal origin, as well as genomic DNA and/or RNA of 
human or other animal origin. Amplification may be per 
formed by polymerase chain reaction (PCR) and/or RT-PCR. 
The Source of the target nucleic acids may be from one or 
more clinical, environmental, or food samples and the method 
may be used in a wide variety of ways, including, for 
example, clinical diagnosis, environmental sampling, plant 
testing, food safety analysis, detection of genetic disorders, 
and/or detection of disease conditions. The method may be 
used for human and/or veterinary medical diagnoses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is an illustration of the method of the inven 
tion, where F represents forward-out primers: F, represents 
forward-in primers with a forward common primer tag (bind 
ing sequence); C, represents a forward common primer, R, 
represents a reverse-in primer with reverse common primer 
tag (binding sequence); R represents a reverse-out primer, C. 
represents a reverse common primer; F represents an addi 
tional forward primer, and R, represents an additional reverse 
primer, with these primers being positioned generally as indi 
cated. 

DETAILED DESCRIPTION 

0009. The inventor has developed a new method for ampli 
fying nucleic acids that may be used to detect the presence, 
and relative amounts present, of nucleic acids from viruses, 
bacteria, fungi, plant and/or animal cells for the evaluation of 
medical, environmental, food, and other samples to identify 
microorganisms and other agents within those samples. The 
method will be referred to herein as amplicon rescue multi 
plex polymerase chain reaction ("arm-PCR). In this method, 
PCR amplifications of target nucleic acids are performed 
sequentially in two different reaction systems. These systems 
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may comprise separate columns, reaction containers, or sec 
tions of a chip, for example, containing the target nucleic 
acid(s), primers, enzymes, nucleotides (e.g., dNTPs) and 
buffers necessary to amplify the target nucleic acid(s) to 
produce amplicons. By using high concentration primers in 
the first amplification reaction and rescuing the amplicons 
formed during that reaction for use in a second amplification 
reaction in a different reaction system, the inventor has devel 
oped a method that increases sensitivity and specificity, 
decreases the time needed to produce a detectable result, and 
readily lends itself to automation. 
0010. It is to be understood that the term “comprising, as 
used herein, may be substituted with the terms “consisting 
essentially of and “consisting of.” Where the term “reaction 
system” is used, it is intended to describe an Eppendorf tube, 
reaction chamber, or other containment device into which the 
necessary primers, enzymes, nucleotides, buffers, and/or 
other reagents are placed in order to perform one or more 
cycles of at least one polymerase chain reaction. A different 
“reaction system” may therefore refer to the same reaction 
containment vessel, but a different component of reagents— 
particularly primers—for performing the desired amplifica 
tion step. A “reaction containment vessel' is intended to mean 
a tube, plate well, or other vessel having a sufficient internal 
Volume to contain primers, enzymes, nucleotides, buffers, 
and/or other reagents necessary to provide a reaction system. 
The term “rescue' is intended to mean the separation of 
amplicons from at least a portion of the primers of the first 
amplification. "PCR" is intended to mean the polymerase 
chain reaction, and may include PCR and/or RT-PCR proce 
dures. 

0011. In the first step of the method, high-concentration, 
target-specific, nested primers are used to perform a target 
specific first amplification procedure. Primers are chosen 
from known sequences of viruses, bacteria, fungi, and/or 
other targets for which identification using nucleic acid detec 
tion is desired, and are specific for those target nucleic acids 
and/or closely related target nucleic acids. Target-specific 
primers may be used to amplify one or more (and preferably 
multiple) target nucleic acids of bacterial, viral, fungal, and/ 
or other origin, for example. Nested primer concentration 
may generally be between 5-50 pmol. As illustrated in FIG. 1, 
selected primers are “tagged with additional nucleotides to 
provide an additional sequence that is not specific for the 
target nucleic acid(s) so that amplification of the target 
nucleic acid with Such a primer will also incorporate into the 
resulting amplicon a binding site for a common primer that, 
unlike a target-specific primer, may be used to further amplify 
unrelated target nucleic acid amplicons (see A and B in FIG. 
1). Amplification is performed for approximately 10-15 
cycles, the reaction is terminated, and the resulting amplicons 
are rescued from the reaction mix for use in a second, target 
independent amplification procedure, comprising a poly 
merase chain reaction primed by common primers which 
will, in a relatively indiscriminate manner, provide amplifi 
cation of unrelated nucleotide sequences represented by the 
variety of amplicons rescued from the target-specific reac 
tion. 

0012 Amplicon rescue is then performed to minimize or 
eliminate the primers of the first reaction, while providing 
amplicons for use in the second amplification using common 
primers. Amplicon rescue may be performed in a variety of 
ways. For example, a small sampling from the completed first 
amplification reaction may be taken to provide amplicons for 
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the second amplification. When a small sample is taken, it 
provides sufficient numbers of amplicons for the second 
amplification, while significantly decreasing (e.g., diluting) 
the remaining numbers of primers of the first amplification. 
Amplicon rescue may also be performed by removing a sig 
nificant portion of the contents of the reaction system of the 
first amplification and adding to the remaining contents the 
common primer(s) with the necessary enzyme(s), nucle 
otides, buffer(s), and/or other reagents to perform a second 
amplification utilizing the common primer(s) to amplify the 
rescued amplicons in a second reaction system. Separation 
techniques may also be utilized to rescue amplicons. Such 
techniques may rely on size differences between the primers 
and amplicons, on tags that have been attached to the ampli 
cons, the primers, or both, or other methods known to those of 
skill in the art. Once separated, all of the rescued amplicons or 
a part of the rescued amplicons may be used in the second 
amplification. 
0013 The second amplification is performed in a different 
reaction system, which may or may not utilize the same 
reaction containment vessel. The second amplification ampli 
fies the rescued amplicons using fresh buffer, nucleotides, and 
common primer(s). Common primers are chosen to provide 
efficient amplification of the rescued amplicons to provide 
significant numbers of copies of those amplicons at the end of 
the second amplification. 
0014 By separating the reactions into a first, target-spe 
cific primer-driven amplification and a second, target-inde 
pendent common primer-driven amplification, the inventor 
has developed a method that will provide specificity through 
the use of target-specific primers to amplify only the kinds 
and numbers of nucleic acids present from a particular target, 
and sensitivity achieved by the use of nested primers, the high 
concentration of target-specific primers, and the use of the 
common primer(s) to provide non-specific (target-indepen 
dent) amplification at higher copy numbers. Furthermore, the 
use of high-concentration primers in a first amplification, 
followed by amplicon rescue particularly when amplicon 
rescue is performed by isolating a portion of the first ampli 
fication by either removing that portion and placing it into a 
new reaction system or by removing a significant portion of 
the first amplification and adding to that the necessary 
reagents to forma second reaction system for a second, target 
independent amplification—lends itself to automation. Not 
only can these steps be performed within a relatively closed 
reaction system, which limits the possibility of contamina 
tion, but the combination of first amplification, amplicon 
rescue, and second amplification provided by the method 
produces a specific, sensitive detection method for multiple 
targets from multiple samples within a period of less than 2 
hours. 

0015 Target nucleic acids may be isolated from their 
respective sources by various means knownto those of skill in 
the art. Detection of amplicons produced by the method may 
also be performed by various means known to those of skill in 
the art, such as application of the amplicons from the second 
amplification step to a printed array for hybridization and 
detection. Common primer sequences may include any 
sequence that will effectively provide for efficient initiation 
of an amplification reaction. Such sequences, and methods 
for designing them, are known to those of skill in the art. The 
inventor has discovered that primers chosen from among SEQ 
ID NO: 1 (5'-TTCTTAGCGTATTGGAGTCC-3), SEQ ID 
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NO:2 (5'-AATGTACAGTATTGCGTTTTG-3"), or a combi 
nation of both, provide exceptional results in the second 
amplification reaction. 
0016. The invention also provides primer kits for PCR 
amplification of target nucleotides, such kits comprising 
primers chosen from among the group consisting of SEQID 
NO: 1, SEQID NO: 2, SEQID NO:3, SEQID NO: 4, SEQ 
IDNO:5, SEQIDNO: 6, SEQIDNO:7, SEQIDNO:8, SEQ 
ID NO:9, SEQID NO: 10, SEQID NO: 11, SEQID NO: 12, 
SEQID NO: 13, SEQ ID NO: 14, SEQID NO: 15, SEQ ID 
NO: 16, SEQID NO: 17, SEQID NO: 18, SEQID NO: 19, 
SEQID NO: 20, SEQ ID NO: 21, SEQID NO: 22, SEQ ID 
NO: 23, SEQID NO: 24, SEQID NO: 25, SEQID NO:26, 
SEQID NO: 27, SEQ ID NO: 28, SEQID NO: 29, SEQ ID 
NO:30, SEQID NO:31, SEQID NO:32, SEQID NO:33, 
SEQID NO:34, SEQ ID NO:35, SEQID NO:36, SEQ ID 
NO:37, SEQID NO:38, SEQID NO:39, SEQID NO:40, 
SEQID NO:41, SEQID NO: 42, SEQID NO:43, SEQ ID 
NO: 44, SEQID NO: 45, SEQID NO: 46, SEQID NO:47, 
SEQID NO:48, SEQ ID NO:49, SEQID NO:50, SEQ ID 
NO:51, SEQID NO:52, SEQID NO:53, SEQID NO:54, 
SEQID NO:55, SEQ ID NO:56, SEQID NO:57, SEQ ID 
NO:58, SEQID NO. 59, SEQID NO: 60, SEQID NO: 61, 
SEQID NO: 62, SEQID NO: 63, SEQID NO: 64, SEQ ID 
NO: 65, SEQID NO: 66, SEQID NO: 67, SEQID NO: 68, 
SEQID NO: 69, SEQ ID NO: 70, SEQID NO: 71, SEQ ID 
NO: 72, SEQID NO: 73, SEQID NO: 74, SEQID NO: 75, 
SEQID NO: 76, SEQ ID NO: 77, SEQID NO: 78, SEQ ID 
NO: 79, SEQID NO: 80, SEQID NO: 81, SEQID NO: 82, 
SEQID NO: 83, SEQ ID NO: 84, SEQID NO: 85, SEQ ID 
NO: 86, SEQID NO: 87, SEQID NO: 88, SEQID NO: 89, 
SEQ ID NO: 90, SEQ ID NO: 91, SEQ ID NO: 92, and 
combinations thereof. 

0017. One example of a method for automation of the 
method may be provided where the amplifications, separa 
tion, and detection are performed using a "lab-on-chip' 
device in a closed system. For example, a first, target-specific 
amplification may be performed in a first reaction system 
(PCR1), where nested, unlabeled, high-concentration target 
specific primers may be pre-loaded, together with dNTPs, 
buffer and enzymes to perform the desired PCR or RT-PCR 
amplification. After the first amplification has been allowed to 
proceed for the desired number of cycles, unused primers 
may be separated from nucleotide amplicons using capillary 
electrophoresis by means of electrodes activated between the 
PCR1 (negative) and a waste chamber (positive) to separate 
the primers from the amplicons. Upon movement of the prim 
ers to the waste chamber, the electrode in the waste chamber 
may be turned off and a second reaction system (PCR2) 
positively charged. The larger molecular weight amplicons 
may therefore migrate to the PCR2 chamber, where they are 
mixed with pre-loaded common primers and fresh enzymes, 
dNTPs and buffer. After the second amplification is per 
formed in PCR2, the PCR products (amplicons) may be elec 
trophoretically moved to the detection chamber to be hybrid 
ized to probes covalently fixed onto beads, the position of the 
beads in an array representing specific molecular targets. 
Target detection may therefore be performed by imaging 
analysis, for example, where positive results may be indicated 
by bright beads, as amplicons products may be labeled with 
fluorescent dyes or other chemical/biochemical labels. 
Unused PCR products and primers may then be removed and 
deposited in the waste chamber. 
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0018. In some embodiments, a PCR chip may comprise a 
first reaction system fluidly connected to both a waste reser 
Voir and a second reaction system, the waste reservoir and 
second reaction system each additionally comprising at least 
one electrode, the electrodes comprising a means for separat 
ing amplicons produced from the first reaction system. The 
second reaction system may be fluidly connected to a hybrid 
ization and detection chamber, the hybridization and detec 
tion chamber comprising microspheres, or beads, arranged so 
that the physical position of the beads is an indication of a 
specific target polynucleotide's presence in the sampled ana 
lyzed by means of the chip. 
0019. The chip may be pre-loaded with reagents, or the 
reagents may be added by the user. In one embodiment, 
pre-loaded reagents may include nested, high-concentration 
target-specific primers, dNTPs, polymerase enzymes, and 
buffer(s) for a first reaction system. The second reaction sys 
tem may be preloaded with common primers, dNTPs, buffer, 
and polymerase enzymes. Using the chip, for example, a 
patient sample may be loaded into at least one first reaction 
system by injecting the sample through soft, rubber-like poly 
dimethylsiloxane (PDMS) material covering all or a portion 
of the chip. In the first reaction system, the first series of PCR 
cycles may be performed for the first amplification, to 
amplify the target sequences and to incorporate common 
primer binding sequences into at least a portion of the result 
ing amplicons. Amplicon products from the first reaction 
system may then be separated by on-chip electrophoresis 
performed in the microfluidic channel, the first reaction sys 
tem being fluidly connected to at least one second reaction 
system and at least one waste reservoir, each of the second 
reaction systems and waste reservoirs additionally compris 
ing at least one electrode, the electrodes promoting move 
ment of the amplicons and unused primers from the first 
amplification reaction to a second reaction systemanda waste 
reservoir, respectively. Amplicons moved to a second PCR 
reaction system may then be then Subjected to a second ampli 
fication using common primers to amplify amplicons into 
which at least one common primer binding site has been 
incorporated during the first amplification in the first reaction 
system. Following completion of the desired amplification 
cycles in the second reaction system, the PCR products (am 
plicons) may be moved by microfluidic electrophoresis from 
the second reaction system to at least one hybridization and 
detection chamber, a second reaction system being fluidly 
connected to at least one hybridization and detection cham 
ber. Within the hybridization and detection chamber may be 
microspheres, or beads, forming an array, the physical posi 
tion of the beads indicating the specific target for detection. A 
bead array may comprise from about 1 to about 200 targets, 
with each target being represented by from about 1 to about 
100 beads. If a specific target is not represented by the appro 
priate primers in the first amplification reaction, a Software 
mask may be used to cover the related beads so that they will 
not interfere with the analysis. The hybridization and detec 
tion chamber may be fluidly connected to at least one wash 
chamber and at least one detection chamber, the wash cham 
ber comprising reagents to assist in the removal of unused, 
labeled, primers and probes to reduce background, and the 
detection chamber comprising reagents such as Streptavidine 
Quantum dots, or streptavidine-PE for labeling amplified 
DNA for imaging analysis. 
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0020. The method of the invention may also be performed 
using a standard or modified PCR thermocycler. For example, 
nucleotides, buffers, and primers may be loaded into standard 
PCR tubes in a first thermocycler for the first amplification. 
The contents of the tube may be removed by manual or 
automated means for rescue of the amplicons, and the newly 
isolated amplicons may be placed into a second amplification 
tube where buffers, nucleotides, and enzyme(s) are intro 
duced in order to perform the second amplification in the first 
or a second thermocycler, the thermocycler being pro 
grammed to cycle the reaction through the appropriate tem 
peratures for the desired lengths of time. It should be under 
stood that cycling times and the number of cycles may vary 
and may be determined by those of skill in the art. 
0021. The use of nested primers appears to improve the 
binding affinity of the polymerase, producing significantly 
more amplicons during the first amplification reaction. These 
amplicons may be produced from a variety of target poly 
nucleotides within the sample, using a high concentration of 
target-specific primers. By incorporating into at least a por 
tion of the amplicons during the first amplification at least one 
binding site for at least one common primer, it is then pos 
sible, during the second amplification, to even more signifi 
cantly increase the number of amplicons produced as a result 
of the amplification process. Common primers are chosen for 
their binding affinity and capacity to prime amplification 
during the second amplification. By the use of this three-step 
method (1' amplification step, amplicon rescue, 2" amplifi 
cation step), it is therefore possible to increase both the speci 
ficity and the sensitivity of the PCR process for identifying 
one or more target organism(s) from a sample containing 
multiple organisms. The inventor has discovered that this 
method does significantly increase both specificity and sen 
sitivity, when compared to previously-described PCR meth 
ods. 
0022 Automating the amplification-separation-amplifi 
cation process enables the identification of a significant num 
ber of targets within a period of 1-3 hours, and has been shown 
to be effective for amplifying target nucleic acids from mul 
tiple microorganisms within a period of 1.5 hours, allowing 
rapid identification of a possible causative agent of disease to 
allow immediate steps to be taken toward treatment, isolation, 
implementation of public health plans for limiting exposure 
to epidemic-causing disease agents, bioterror agents, etc. 
0023 Samples may be prepared for the PCR reactions by 
various means known to those of skill in the art. These meth 
ods may be provided as instructions provided with PCR kits 
containing buffers and enzymes, for example, or instructions 
may be obtained from various journal or patent publications. 
Methods for handling samples prior to preparation for the 
PCR amplification steps are also known to those of skill in the 
art, and may vary depending upon the Source of the sample. 
0024. Enzymes used for the amplifications are commer 
cially available and may include, for example, Qiagen Mul 
tiplex mix or Qiagen Hot Start mix. Buffers are also commer 
cially available, as are nucleotides (dNTPs) and other 
reagents. Thermocyclers are manufactured by and distributed 
by a variety of companies including, for example, Applied 
Biosystems and Bio-Rad. PCR reagent kits may also be 
obtained from various sources, including, for example, 
Qiagen (Gaithersburg, Md.). 
0025. The invention provides a method that is suitable for 
identifying a single microorganism or multiple microorgan 
isms, for example, from a sample that may contain a variety of 
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microorganisms. Such a sample may be obtained from a 
clinical specimen (e.g., blood, saliva, tissue), from an envi 
ronmental sample (e.g., water, Soil), from a food sample, or 
other source. Microorganisms that may be identified may 
include various genera and species of bacteria, viruses, and 
other DNA and/or RNA-containing organisms. 
0026. For identification of microorganisms, a method such 
as the Luminex XMAP(R) technology may be utilized, and the 
detection step may be incorporated into the automated system 
along with the amplifications so that the automated system 
accomplishes the first amplification, the amplicon rescue, the 
second amplification, and detection. In the Luminex XMAP(R) 
system, for example, microspheres in Suspension provide 
Solid Support for probe binding, also known as a “liquid chip' 
or “suspension array.” With XMAP(R) technology, molecular 
reactions take place on the Surface of color-coded micro 
spheres. For each pathogen, target-specific capture probes 
may be covalently linked to a specific set of color-coded 
microspheres. Labeled PCR products are captured by the 
bead-bound capture probes in a hybridization Suspension. A 
microfluidics system delivers the suspension hybridization 
reaction mixture to a dual-laser detection device. A red laser 
identifies each bead by its color-coding, while a green laser 
detects the hybridization signal associated with each bead. 
Software is used to collect the data and report the results in a 
matter of seconds. The data is reported in the form of mean 
fluorescence intensity (MFI). 
0027. The method described herein enables one of skill in 
the art to couple high-specificity, high-sensitivity amplifica 
tion and detection into one automated system. Using Such a 
system, it is possible to analyze one or more clinical samples 
in a shorter period of time with greater sensitivity than has 
previously been possible with existing systems. 
0028. The invention may be further described by means of 
the following non-limiting examples: 

EXAMPLE 1. 

0029. An arm-PCR reaction was designed to amplify and 
detect pathogens responsible for food-borne diseases. The 
target gene used for each pathogen is listed in Table 1 below. 

TABLE 1 

Target Organism Target Gene 

Escherichia coli (E. coli) rfbE 
E. coi (80 
Saimonelia inva 
Campylobacterieitini (1) and coli (2) ceuE 
Shigella ipaH 
Yersinia enterocolitica yst 
Vibrio choierae OMPW 
E. coli (ETEC) heat labile toxin LT 
E. coli (STEC) shiga toxin Stx 
Vibrio choierae - cholera toxin Ctx 
E. coli (ETEC) heat stable toxin ST 
Vibrio parahaemolyticus th 

0030 Primers generated for each target are listed in Table 
2. SupF and SupR indicate common primer sequences. Com 
mon primer sequences forming the tag for target-specific 
primers are shown in bold letters. F, F, R, and Rindicate the 
nested primers for eachamplification target, while the Doligo 
indicates the detection probe that hybridizes to a specific 
sequence within the amplicon. The probe is covalently linked 
to a color coded bead for detection with the Luminex XMAPR) 
instrument. 
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TABLE 2 - continued 

Primer 
Name Primer Sequence 

stx. Fo CATATATCTCAGGGGACCAC 
stx Fi TTCTTAGCGTATTGGAGTCCGTGTCTGTTATTAACCACAC 
stx Ri AATGACAGTATTGCGTTTTGGTCAAAACGCGCCTGATAGA 
stxi Ro TTATTTTGCTCAATAATCAG 

stx D A 5AmMC12/GGGCAGTTATTTTGCTG 

Stx2 Fd ACAACGGTTTCCATGACAAC 
stx2 Fi TTCTTAGCGTATTGGAGTCCGGACAGCAGTTATACCACTC 
Stx2 Ri AATGACAGTATTGCGTTTTGGAAACCAGTGAGTGACGACT 
Stx2 Ro CCATTAACGCCAGATATGAT 

Stx2 D A 5AmMC12/ACGTTCCGGAATGCAAAT 

ctX1 Fd CAGATTCTAGACCTCCTGATG 
citx1 Fi TTCTTAGCGTATTGGAGCCAGCAGTCAGGTGGTCTTATG 
citx1 Ri AATGTACAGTATTGCGTTTTGCATTTGAGTACCTCGGTCAA 
ctX1 Ro CTTGCATGATCATAAAGGTTG 

ctX1 D A5AmMC12/AGAGGACAGAGTGAGTAC 

ctX2 Fo GGGCTACAGAGATAGATATTAC 
citx2 Fi TTCTTAGCGTATTGGAGCCAGATATTGCTCCAGCAGCAG 
citx2 Ri AATGTACAGTATTGCGTTTTGCATGATGAATCCACGGCTCT 
ctX2 Ro CGATGATCTTGGAGCATTCC 

ctX2 D A 5AmMC12/TATGGATTGGCAGGTTTC 

ST Fo CTTTTTCACCTTTCGCTCAG 
ST Fi TTCTTAGCGTATTGGAGTCCGATGCTAAACCAGCAGGGTC 
ST Ri AATGTACAGTATTGCGTTTTGCAATTCACAGCAGTAATTGC 
ST Ro CCGGTACAAGCAGGATTACA 

ST D A 5AmMC12/AGTAGTCCTGAAAGCATG 

th1 Fd GATTCGTTTGACGGACGCAG 
th1 Fi TTCTTAGCGTATTGGAGTCCCATGTTGATGACACTGCCAG 
th. Ri AATGTACAGTATTGCGTTTTGCGATCTCTTCTTGTGTTGAG 
th1 Ro CAAGCACTTTCGCACGAATT 
tlh1 D A 5AmMC12/AAAGCGCCTCAGTTTAAG 

th2 Fd AAGAGCACGGTTTCGTGAAC 
th2 Fi TTCTTAGCGTATTGGAGTCCGACATCAACCGCTCATCGTC 
th2 Ri AATGACAGTATTGCGGCAGAACACAAACTTCTCAGC 
th2 Ro CGGTGAGTTGCTGTTGTTGG 
tlh2 D A 5AmMC12/ATGTACACCCACGCATTG 

0031. A primer mix containing 10 pmol of each of the F. 
F. R, and R. primers in Table 2. For this amplification, only 
one target template, Campylobacter jejuni, was included. The 
template was diluted to 10 pg/ul, 1 pg/ul, 0.1 pg/ul, 0.01 pg/ul, 
and 0.001 pg/ul. A Qiagen Multiplex PCR kit was used to 
prepare a sample containing 44 ul of Multiplex Mix, 5 Jul of 
primer mix, and 1 Jul oftemplate. Cycling conditions were as 
follows: 

0032 95° C. for 15 minutes 
0033 94° C. for 15 seconds 
0034 55° C. for 15 seconds 
0035 72° C. for 15 seconds 
0036. These three cycles repeated, 2-20 times (15 times 
total for this example.) 

0037 94° C. for 15 seconds 
0038 70° C. for 15 seconds 
0039. These two cycles repeated, 6 times total for this 
example. 

0040 72° C. for 3 minutes 
0041 4° C. hold 

0042. Upon completion of the first amplification as 
described above, samples were added to Millipore columns 
with a molecular weight cut-off of 50 kd and spun for 11 
minutes at 13 k RPM to remove a substantial portion of the 
primers (molecular weight generally below 30 kd), rescuing 
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SEO ID 
NO: 

58 
59 
6 O 
61 
62 

63 
64 
65 
66 
67 

68 
69 
70 
71. 
72 

73 
74 
7s 
76 
77 

78 
79 
8O 
81 
82 

83 
84 
85 
86 
87 

88 
89 
9 O 
91 
92 

amplicons with a molecular weight generally above 70 kd on 
top of the filter. The column was flipped and spun in a new 
collection tube for approximately 30 seconds to recover the 
amplicon for the next round of amplification. 
0043. 10 ul of sample from the collection tube was added 
to 15ul of Multiplex Mix, 1 ul of common primers, 10 pmol 
for the forward common primer and 40 pmol for the reverse 
common primer, and 14 Jul of H2O. Samples were then placed 
in a thermocycler (Applied Biosystems, Foster City, Calif.) 
and run through the following cycles: 
0044. 95°C. for 15 minutes (to heat activate the enzyme) 
0045 94° C. for 15 seconds 
0046 55° C. for 15 secondsx30 cycles 
0047 72° C. for 15 seconds 
0048 72° C. for 3 minutes 
0049 4° C. hold 
0050 Hybridization was performed using 5 ul of PCR 
product added to 35ul of bead (microsphere) mix and allowed 
to hybridize at 52°C. for 10 minutes. After 10 minutes, 10 ul 
of SA-PE was added (2x SA-PE, Genaco Biomedical Sci 
ences, Inc., was diluted 1:2 with 1x TMAC) to each sample 
and allowed to hybridize at 52° C. for 5 minutes. After 5 
minutes, 120 ul of 52° C. stop buffer was added to each 
sample and the samples were analyzed using a LumineX200 
machine. 
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0051 Mean fluorescence intensity (MFI) numbers for 
arm-PCR and tem-PCR reactions are shown in Table 3. 

TABLE 3 

Template High concentration Low concentration 
Concentration nested primers - MFI nested primers - MFI 

10 pg/ul 693 999 
1 pg/ul 575 633 

0.1 pg/l 573 281 
0.01 pg/l 430 126 

0.001 pg/ul 298 68 
Blank 64 59 

< 4 OOs 

SEQUENCE LISTING 

NUMBER OF SEO ID NOS: 92 

SEO ID NO 1 
LENGTH: 2O 
TYPE: DNA 

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

NAME/KEY: primer bind 
LOCATION: (1) . . (20) 

SEQUENCE: 1 

ttcttagcgt attggagt cc 

< 4 OOs 

SEO ID NO 2 
LENGTH: 21 
TYPE: DNA 

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

NAME/KEY: primer bind 
LOCATION: (1) . . (21) 

SEQUENCE: 2 

aatgtacagt attgcgttitt g 

< 4 OOs 

SEO ID NO 3 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Campylobacter jejuni 
FEATURE; 

NAME/KEY: primer bind 
LOCATION: (1) . . (20) 

SEQUENCE: 3 

caacaagttg attittgaagic 

SEO ID NO 4 
LENGTH: 42 
TYPE: DNA 

ORGANISM: Campylobacter jejuni 
FEATURE; 

NAME/KEY: primer bind 
LOCATION: (1) ... (42) 

Jul. 5, 2012 

0.052 These results indicate that although the signal is 
higher at high template concentrations when low concentra 
tion nested primers are used, the sensitivity of the high con 
centration nested primer method is about two logs higher. If 
the positive signal cutoff is 250 MFI, for example, this 
method can detect as little as 0.001 pg/ul, while the results of 
method previously described in the art for low concentration 
nested primers are negative between 0.1 pg/ul and 0.01 pg/ul. 
The time required for the entire process is approximately 210 
minutes when using low concentration nested primers and 
approximately 150 minutes when using high concentration 
nested primers. 

21 
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ttcttagcgt attggagtico attaatgctt taaaacctga tic 

< 4 OOs 

SEQUENCE: 4 

SEO ID NO 5 
LENGTH: 43 
TYPE: DNA 

ORGANISM: Campylobacter jejuni 
FEATURE: 

NAME/KEY: prim bind 
LOCATION: (1) ... (43) 

SEQUENCE: 5 

- Continued 

aatgtacagt attgcgttitt gttaaaaaat ttgcattatc aag 

< 4 OOs 

SEQ ID NO 6 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Campylobacter jejuni 
FEATURE: 

NAME/KEY: prim bind 
LOCATION: (1) ... (20) 

SEQUENCE: 6 

accataaagt tttgcaacgc 

< 4 OOs 

SEO ID NO 7 
LENGTH: 18 
TYPE: DNA 
ORGANISM: Campylobacter jejuni 
FEATURE: 

NAME/KEY: primer bind 
LOCATION: (1) ... (18) 

SEQUENCE: 7 

citccaactitt atttgtag 

< 4 OOs 

SEQ ID NO 8 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Campylobacter coli 
FEATURE: 

NAME/KEY: primer bind 
LOCATION: (1) ... (20) 

SEQUENCE: 8 

caacaagttg attittgaagc 

< 4 OOs 

ttcttagcgt attggagtico attaatgctt taaaacctga tic 

SEO ID NO 9 
LENGTH: 42 
TYPE: DNA 

ORGANISM: Campylobacter coli 
FEATURE: 

NAME/KEY: primer bind 
LOCATION: (1) ... (42) 

SEQUENCE: 9 

SEQ ID NO 10 
LENGTH: 43 
TYPE: DNA 

ORGANISM: Campylobacter coli 
FEATURE: 

NAME/KEY: primer bind 

42 

43 

18 

42 

Jul. 5, 2012 
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- Continued 

<222s. LOCATION: (1) ... (43) 

<4 OOs, SEQUENCE: 10 

aatgtacagt attgcgttitt gttaaaaaat ttgcattatc aag 43 

<210s, SEQ ID NO 11 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Campylobacter coli 
22 Os. FEATURE: 

<221> NAME/KEY: primer bind 
<222s. LOCATION: (1) ... (20 

<4 OOs, SEQUENCE: 11 

accataaagt tttgcaacgc 2O 

<210s, SEQ ID NO 12 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Campylobacter coli 
22 Os. FEATURE: 

<221> NAME/KEY: primer bind 
<222s. LOCATION: (1) . . (18 

<4 OOs, SEQUENCE: 12 

citccaact at gtttgtag 18 

<210s, SEQ ID NO 13 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (20 

<4 OOs, SEQUENCE: 13 

aggattagct gtacat aggc 2O 

<210s, SEQ ID NO 14 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (4 O 

<4 OOs, SEQUENCE: 14 

ttcttagcgt attggagt cc ggcatgacgt tataggctac 4 O 

<210s, SEQ ID NO 15 
&211s LENGTH: 41 
&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (41 

<4 OOs, SEQUENCE: 15 

aatgtacagt attgcgttitt gtgttctaac tdggctaatc c 41 

<210s, SEQ ID NO 16 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 
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- Continued 

&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (20) 

<4 OOs, SEQUENCE: 22 

titatggaacg gcagaggitta 2O 

<210s, SEQ ID NO 23 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Salmonella typhimurium 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (20) 

<4 OOs, SEQUENCE: 23 

aacagtgctic gtttacgacc 2O 

<210s, SEQ ID NO 24 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Salmonella typhimurium 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (41) 

< 4 OO > SEQUENCE: 24 

ttcttagcgt attggagt cc ctggtact aa tigtgatgat C 41 

<210s, SEQ ID NO 25 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Salmonella typhimurium 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (41) 

<4 OOs, SEQUENCE: 25 

aatgtacagt attgcgttitt ggcgatcagg aaatcaiacca g 41 

<210s, SEQ ID NO 26 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Salmonella typhimurium 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (20) 

<4 OOs, SEQUENCE: 26 

tgtagaacga ccc cataaac 2O 

<210s, SEQ ID NO 27 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Salmonella typhimurium 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (20) 

<4 OOs, SEQUENCE: 27 

tcqt catt co attacct acc 2O 
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- Continued 

<210s, SEQ ID NO 34 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Yersinia enterocolitica 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (40) 

<4 OOs, SEQUENCE: 34 

ttcttagcgt attggagtico atgctgtc.tt catttggagc 4 O 

<210s, SEQ ID NO 35 
&211s LENGTH: 41 
&212s. TYPE: DNA 
<213> ORGANISM: Yersinia enterocolitica 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (41) 

<4 OOs, SEQUENCE: 35 

aatgtacagt attgcgttitt ggtgtcgata atgcatcact g 41 

<210s, SEQ ID NO 36 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Yersinia enterocolitica 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (20) 

<4 OOs, SEQUENCE: 36 

cittgtatacct cagoggitta 2O 

<210s, SEQ ID NO 37 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Yersinia enterocolitica 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (20) 

<4 OO > SEQUENCE: 37 

cggccaagaa acagtttcag 2O 

<210s, SEQ ID NO 38 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Wibrio cholerae 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (21) 

<4 OOs, SEQUENCE: 38 

caagtttgttg tdattitttgt g 21 

<210s, SEQ ID NO 39 
&211s LENGTH: 42 
&212s. TYPE: DNA 

<213> ORGANISM: Wibrio cholerae 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (42) 
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ttcttagcgt attggagt co cacaaagata acaacatago cc 

< 4 OOs 

aatgtacagt attgcgttitt gtacggctag gcaaatggitt t 

< 4 OOs 

SEQUENCE: 39 

SEQ ID NO 4 O 
LENGTH: 41 
TYPE: DNA 
ORGANISM: Wibrio cholerae 
FEATURE: 

NAME/KEY: prim bind 
LOCATION: (1) ... (41) 

SEQUENCE: 4 O 

SEQ ID NO 41 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Wibrio cholerae 
FEATURE: 

NAME/KEY: prim bind 
LOCATION: (1) ... (20) 

SEQUENCE: 41 

gtgagcaaat acaggagcgg 

< 4 OOs 

SEQ ID NO 42 
LENGTH: 18 
TYPE: DNA 
ORGANISM: Wibrio cholerae 
FEATURE: 

NAME/KEY: prim bind 
LOCATION: (1) ... (18) 

SEQUENCE: 42 

aggaaaacgt catgaaac 

< 4 OOs 

SEQ ID NO 43 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Wibrio cholerae 
FEATURE: 

NAME/KEY: prim bind 
LOCATION: (1) ... (20) 

SEQUENCE: 43 

gtgagttggc agittaatagc 

< 4 OOs 

ttcttagcgt attggagt cc ggittaacgct tctatatg 

SEQ ID NO 44 
LENGTH: 4 O 
TYPE: DNA 
ORGANISM: Wibrio cholerae 
FEATURE: 

NAME/KEY: prim bind 
LOCATION: (1) ... (40) 

SEQUENCE: 44 

SEO ID NO 45 
LENGTH: 41 
TYPE: DNA 
ORGANISM: Wibrio cholerae 
FEATURE: 

NAME/KEY: prim bind 

14 

- Continued 

42 

41 

18 

4 O 
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<222s. LOCATION: (1) ... (41) 

<4 OOs, SEQUENCE: 45 

aatgtacagt attgcgttitt ggtagaaatc titatgtgaaa a 

<210s, SEQ ID NO 46 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Wibrio cholerae 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (20) 

<4 OOs, SEQUENCE: 46 

ctacctaact caccaccaga 

<210s, SEQ ID NO 47 
&211s LENGTH: 18 
&212s. TYPE: DNA 
<213> ORGANISM: Wibrio cholerae 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) . . (18 

<4 OOs, SEQUENCE: 47 

ctgacaa.cat cagttittg 

<210s, SEQ ID NO 48 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (20) 

<4 OOs, SEQUENCE: 48 

tcgatagagg aactcaaatg 

<210s, SEQ ID NO 49 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (40) 

<4 OOs, SEQUENCE: 49 

ttcttagcgt attggagt cc tictitt atgat cacgc.gagag 

<210s, SEQ ID NO 50 
&211s LENGTH: 41 
&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) ... (41) 

<4 OOs, SEQUENCE: 50 

aatgtacagt attgcgttitt ggaaacatat cogt catcat a 

<210s, SEQ ID NO 51 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 

15 

- Continued 

41 

18 

4 O 

41 
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< 4 OOs 

ttcttagcgt attggagt cc agcagt cagg ttctt atg 

< 4 OOs 

aatgtacagt attgcgttitt gcatttgagt acct cqgtca a 

< 4 OOs 

SEQ ID NO 
LENGTH: 4 O 
TYPE: DNA 
ORGANISM: 
FEATURE: 

NAME/KEY: 
LOCATION: 

SEQUENCE: 

SEQ ID NO 
LENGTH: 41 
TYPE: DNA 
ORGANISM: 
FEATURE: 

NAME/KEY: 
LOCATION: 

SEQUENCE: 

SEQ ID NO 
LENGTH: 21 
TYPE: DNA 
ORGANISM: 
FEATURE: 

NAME/KEY: 
LOCATION: 

SEQUENCE: 

69 

Wibrio cholerae 

prim bind 
(1) . . (40) 

69 

70 

Wibrio cholerae 

prim bind 
(1) . . (41) 

70 

71. 

Wibrio cholerae 

prim bind 
(1) . . (21) 

71. 

Cttgcatgat catalaaggitt g 

< 4 OOs 

SEQ ID NO 
LENGTH: 18 
TYPE: DNA 
ORGANISM: 
FEATURE: 

NAME/KEY: 
LOCATION: 

SEQUENCE: 

72 

Wibrio cholerae 

prim bind 
(1) ... (18) 

72 

agaggacaga gtgagtac 

< 4 OOs 

SEQ ID NO 
LENGTH: 22 
TYPE: DNA 
ORGANISM: 
FEATURE: 

NAME/KEY: 
LOCATION: 

SEQUENCE: 

73 

Wibrio cholerae 

prim bind 
(1) . . (22) 

73 

gggctacaga gatagatatt ac 

SEQ ID NO 
LENGTH: 4 O 
TYPE: DNA 

ORGANISM: 
FEATURE: 

NAME/KEY: 
LOCATION: 

74 

Wibrio cholerae 

prim bind 
(1) . . (40) 

19 

- Continued 

4 O 

41 

21 

18 

22 
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ttcttagcgt attggagt cc agatattgct C cagcagcag 

< 4 OOs 

aatgtacagt attgcgttitt gcatgatgaa tocacggctic t 

< 4 OOs 

SEQUENCE: 74 

SEO ID NO 75 
LENGTH: 41 
TYPE: DNA 
ORGANISM: Wibrio cholerae 
FEATURE: 

NAME/KEY: prim bind 
LOCATION: (1) ... (41) 

SEQUENCE: 75 

SEO ID NO 76 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Wibrio cholerae 
FEATURE: 

NAME/KEY: prim bind 
LOCATION: (1) ... (20) 

SEQUENCE: 76 

cgatgatctt ggagcatt Co 

< 4 OOs 

SEO ID NO 77 
LENGTH: 18 
TYPE: DNA 
ORGANISM: Wibrio cholerae 
FEATURE: 

NAME/KEY: prim bind 
LOCATION: (1) ... (18) 

SEQUENCE: 77 

tatggattgg Caggitttc 

< 4 OOs 

SEO ID NO 78 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Escherichia coli 
FEATURE: 

NAME/KEY: prim bind 
LOCATION: (1) ... (20) 

SEQUENCE: 78 

Ctttitt cacc titt cqcticag 

< 4 OOs 

ttcttagcgt attggagt cc gatgctaaac Cagcagggtc 

SEO ID NO 79 
LENGTH: 4 O 
TYPE: DNA 
ORGANISM: Escherichia coli 
FEATURE: 

NAME/KEY: prim bind 
LOCATION: (1) ... (40) 

SEQUENCE: 79 

SEQ ID NO 8O 
LENGTH: 41 
TYPE: DNA 
ORGANISM: Escherichia coli 
FEATURE: 

NAME/KEY: prim bind 

20 

- Continued 

4 O 

41 

18 

4 O 
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- Continued 

&212s. TYPE: DNA 

<213> ORGANISM: Vibrio parahaemolyticus 
22 Os. FEATURE: 

<221> NAME/KEY: prim bind 
<222s. LOCATION: (1) . . (18) 

<4 OOs, SEQUENCE: 92 

atgtacaccc acgcattg 

What is claimed is: 
1. A method comprising 
amplifying one or more target nucleic acids using high 

concentration target-specific primers in a first amplifi 
cation reaction, thereby producing at least one nucleic 
acid amplicon containing at least one common primer 
binding site; 

rescuing the at least one nucleic acid amplicon; and 
amplifying the at least one nucleic acid amplicon in a 

second amplification reaction using at least one common 
primer which binds to the at least one common primer 
binding site. 

2. A method as in claim 1 wherein the high-concentration 
target-specific primers are nested primers. 

3. A method as in claim 1 wherein the one or more target 
nucleic acids are chosen from among the group consisting of 
viral, bacterial, and fungal nucleic acids. 

18 

4. A method as in claim 1 wherein the one or more target 
nucleic acids are obtained from a human clinical sample. 

5. A method as in claim 1 wherein the one or more target 
nucleic acids are obtained from a clinical sample from an 
animal. 

6. A method as in claim 1 wherein the at least one common 
primer is chosen from among the group consisting of SEQID 
NO: 1, SEQID NO: 2, and combinations thereof. 

7. A method as in claim 1 wherein the step of rescuing the 
at least one nucleic acid amplicon further comprises taking a 
Small sampling from a completed amplification in a first 
reaction system to provide amplicons for a second amplifica 
tion in a second reaction system. 

c c c c c 


