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FIGURE 5
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CROSS PRIMING AMPLIFICATION OF
TARGET NUCLEIC ACIDS

[0001] This application claims benefit under 35 USC §119
(e) of U.S. Provisional patent Application Ser. No. 61/398,
798 filed Jul. 1, 2010.

FIELD OF THE INVENTION

[0002] The present invention relates to methods of cross
primer amplification of target sequences and the amplifica-
tion target sequence reagent kits and the applications.

BACKGROUND OF THE INVENTION

[0003] In the past 30 years, pathogenic microorganisms
which are difficult to cultivate or can not be cultured have
become the main source of contagious or infectious diseases.
Prior art detection methods using markers such as number of
proliferating bacterial colonies, colony purification separa-
tion, external morphology and physiological and biochemical
identification as well as serological identification do not meet
the fast, easy, high-specificity identification requirements of
today because of their time-consuming, tedious steps and
other shortcomings. Therefore, it is increasingly important to
correctly identify these pathogenic microorganisms which
are difficult to cultivate or cannot be cultured and to study
these pathogenic bacteria nucleic acid structures and molecu-
lar characteristics at the molecular biology level thereby
greatly enhancing the detection of such pathogenic bacteria.
At present, highly sensitive, highly specific and rapid nucleic
acid amplification technology can directly detect clinical
specimens. However these techniques have been applied
more widely in the infectious disease diagnoses and there is a
trend to gradually replace traditional bacteria or virus culti-
vation.

[0004] Polymerase chain reaction (PCR) technology is the
most widely used nucleic acid amplification technology cur-
rently employed. At present, the external nucleic acid ampli-
fication technology may be divided into two types. The first
type is characterized by cycling temperatures in thermal insu-
lation spots and includes PCR, ligase chain reaction (LCR),
and transcription based amplification systems (TAS). The
second type includes isothermal amplification systems such
as the strand displacement amplification (SDA), nucleic acid
sequence based amplification (NASBA), transcription medi-
ated amplification (TMA), rolling circle amplification
(RCA), loop-mediated isothermal amplification (LAMP),
helicase dependent amplification (HDA). These methods all
share the common characteristic that the amplification reac-
tions are carried out under a uniform temperature so thereby
simplifying the instrumentation required for the amplifica-
tion reaction.

[0005] Mostofvarious nucleic acid amplification technolo-
gies are coupled to various detection methodologies such as
electrophoresis, fluorescence, mass spectrometry or direct
sequencing so as to detect target sequences that are amplified.
The detection technologies often involve complicated opera-
tions, are costly and usually require large-scale equipment
that must be operated by skilled professionals. Furthermore,
these techniques are often not suitable for broad application
and use in many rural third world hospitals. The present
invention combines isothermal nucleic acid amplification
technology and nucleic acid testing strip rapid detection for
simple, rapid, low cost detection of pathogens as well as other
nucleic acid containing organisms.
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[0006] As previously described there are several methods
of nucleic acid amplification. PCR is accomplished by pro-
viding oligonucleotide primers at both sides of the target
sequence so as to enzymatically synthesize several target
sequence DNA fragments. Each cycle of PCR includes the
DNA double strand separation, primer renaturation and an
extension reaction catalyzed by the DNA polymerase which
makes newly synthesized DNA fragments that may again
become the templates for next cycle of amplification thereby
giving rise to the exponential amplification of the target
sequence DNA. At present, PCR technology has been applied
widely in various aspects in the biotechnology such as detec-
tion of genetic diseases, cancer diagnoses and prognosis,
identification of bacteria, viruses and fungal infection; and
paternity.

[0007] LCR is amplification based on the connection capa-
bility of the Taq ligase, which is able to detect point mutations
in a target gene sequence. LCR may identify the specific point
mutation more readily than PCR. If there are any point muta-
tions in the target sequence, the primer may not be connected
with the target sequence precisely. The nucleotide special
structure near the mutation has been varied so as that LCR
may not be carried out and the amplification products may
also not be generated. At present, the method is mainly used
in the research and detection on the point mutation, such as
the diagnoses of polymorphisms and products of single base
hereditary diseases, research on specific identification of
microorganisms and point mutations in the cancer genes.
[0008] RCA is divided into two types: linear amplification
and exponential amplification. The former may only be appli-
cable for annular nucleic acid amplification, whose products
are a large number of DNA single strands of the repeated
sequences complementary to the annular DNA. This tech-
nique may be suitable for specific signal detection on micro-
arrays or in the solid-phase forms. In exponential amplifica-
tion, the amplification products may also act as the templates
thereby increasing amplification products exponentially. This
technique may also be used for the non-annular DNA ampli-
fication. The specificity of RCA is very high, thus it can be
used for mutation detection and SNP identification. Its use
can be integrated with the fluorescent real-time detection,
thereby enabling broad use of the technique.

[0009] TMA is amplification of RNA or DNA utilizing
reverse transcriptase and T7 RNA polymerase under the iso-
thermal conditions. In TMA reverse transcription of the target
is accomplished by the action of the reverse transcriptase
under the guidance a primer. The H activity of RNA reverse
transcriptase degrades the RNA in the DNA-RNA hybrid
chain thereby permitting the synthesis of double stranded
DNA which can further be transcribed into thousands of RNA
sequences under the action of T7 RNA polymerase. These
RNAs may also act as the templates for next cycle. The whole
TMA reaction is one autocatalytic process. The specificity of
this method is high as is sensitivity. The reaction conditions
are simple and the amplification efficiency is high. TMA does
not require special amplification instruments and the whole
reaction may be carried out in 1 test tube thereby reducing
environmental pollution.

[0010] Amplification relying on the nucleic acid
sequences, called self-sustained sequence replication (3SR),
is used primarily for RNA detection. The reaction depends on
the reverse transcriptase, T7 RNA polymerase, nuclease H as
well as two special primers. The 3' end of the primer I, is
complementary with the target sequence and its 5' end con-
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tains T7 RNA polymerase promoter for cDNA synthesis. The
sequences of the primer II are complementary with the 5' end
of'the cDNA. During the reaction primer I is annealed to the
RNA template to catalytically synthesize cDNA under the
action of the reverse transcriptase. The RNA is then hydro-
lyzed by the nuclease H to form single-stranded DNA. Primer
1I is annealed to the 5' end of the cDNA and a second DNA
strand is synthesized thereby forming a double-stranded
DNA containing the T7 RNA polymerase promoter. Reverse
transcriptase is used to transcribe a new RNA strand that is
identical to the sample RNA sequence. Each new RNA strand
may also act as the template to synthesize cDNA. The process
may be repeated to form more RNAs and cDNAs. The opera-
tion is simple; no special instrument is required; no tempera-
ture cycling is required. Amplification may not be effective if
the double stranded DNA has no any promoter sequence so if
the reaction specificity is increased greatly. This technology
is suitable for detecting and quantitatively analyzing specific
RNA and also applicable for amplifying double stranded
DNA. Therefore, it may be applied widely in the clinic.

[0011] SDA relies on the use of restriction endonuclease
and DNA polymerase. SDA requires single-strand DNA tem-
plate preparation in which DNA fragment of interest is gen-
erated in which the two ends of the fragment include enzyme
sites for SDA cycling. A primer containing the restriction
endonuclease identification sites is combined with the single-
stranded target molecules to form double-stranded DNA with
semi-phosphorylation sulfation sites by the action of DNA
polymerase which has no excision enzyme activity. The
unprotected primer chain is cut by the restriction endonu-
clease; whereas, the modified target fragments remain intact
and the DNA polymerase starts the extension at the notch
location and replaces the downstream sequences so as to
generate another DNA single strand whose notch may be
opened by the restriction endonuclease. Such opening
notches, polymerization and replacement procedures are
recycled repeatedly thereby generating a large number of
complementary strands of target molecules. SDA has the high
sensitivity and can rapidly amplify single-stranded mol-
ecules; however, its application range is restricted because of
the complexity of the target sequence preparation and detec-
tion method limitations.

[0012] LAMP is mainly made up of the Bst large-fragment
DNA Polymerase and two pairs of special internal primers
(FIP being made up of F1C and F2; BIP being made up of BIC
and B2) and one pair of the external primer (F3 and B3). The
F2 sequence of the FIP primer is coupled with the comple-
mentary sequence in the target DNA and the loop strand
displacement reaction may be started. The F3 primer is
complementary with the F3C area in the template to bring
about and synthesize the double strands of the template DNA
s0 as to crowd out the DNA single strand introduced by FIP.
In the meantime, the BIP primer is combined with the
crowded out single strand hybridization so as to open the
formed annular structure. Then the B3 primer is coupled with
the base at the BIP outer side to form the new complementary
strand under the action of the polymerase. There are the
complementary sequences in the both ends of the displaced
single-stranded DNA so as that the self base coupling may
occur to form the dumbbell DNA structure, which may act as
the starting structure for LAMP reaction to recycle and extend
and a large number of DNA sequences are generated repeat-
edly and alternatively to form the amplification products,
which are stem-loop structure DNA with many loops and in
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the cauliflower shape. LAMP is highly specific and highly
sensitive. Detection of pathogenic microorganisms using
LAMP can be both qualitative and quantitative as there is a
linear relation between the quantity of magnesium pyrophos-
phate precipitation generation and the quantity of DNA gen-
erated. LAMP has a simple experimental setup and the
experiments are isothermal, thus only an ordinary water bath
orother devices which can act as the stable heat source may be
required. This method may have applicability for scientific
research work as well as a routine detection tool.

[0013] TAS is primarily used for the amplification RNA. It
utilizes reverse transcriptase, T7 RNA polymerase and
nuclease H as well as two special primers. The 3' end of the
primer [ is complementary with RNA for amplification and its
5" end contains the promoter information of T7 RNA poly-
merase. The reverse transcriptase synthesizes cDNA by using
primer [ as the starting point. Primer II is complementary with
the 3' end of this cDNA and is used to synthesize the second
strand of the cDNA. T7 RNA polymerase transcribes RNA
which is the same as the RNA for amplification by taking the
double stranded DNA as the template, which may be the
template for the next round reaction. The TAS is with high
amplification efficiency and its specificity is high; whereas,
its cycling processes are complicated and the reverse tran-
scriptase and T7-RNA polymerase may be added repeatedly;
therefore, its further study will be carried out.

[0014] HDA is a method that simulates natural DNA dupli-
cation, as it uses unwindases to separate DNA strands. HDA
may be carried out under the same temperature so as to
optimize synthesis thereby reducing cost and power con-
sumption that a thermal cycler would require. The present
invention provides a method of isothermal amplification and
nucleic acid detection in which one kind of strand displace-
ment DNA polymerase (preferably Bst DNA polymerase)
can be maintained for dozens of minutes at some certain
constant temperature (about 62° C.), to carry out nucleic acid
amplification reactions. Therefore, the methods of the present
invention provide rapid nucleic acid amplification may be
carried out quickly and effectively and in which only one
simple thermostatic apparatus is required to carry out all
amplification processes so as to greatly decrease the com-
plexity of the reaction (No thermocycler required). The meth-
ods of the present invention also couple nucleic acid detection
testing strip detection with cross priming amplification so as
to develop one new rapid nucleic acid detection method
which enable amplification and detection processes to be
accomplished easily and simply. Template thermal denatur-
ation, long-time temperature cycling, tedious electrophoresis
and other processes are no longer required. The methods of
the present invention are specific, simple and quick and may
be applied broadly, with applications including diagnoses on
the molecules directly related to human genetic diseases,
detection of pathogenic microorganisms, estimation on the
tumor or cancer diagnoses and prognosis and microorganism
typing. Some isothermal amplification methods require ini-
tial denaturation of target DNA (Genomic DNA) at higher
temperature before the isothermal reaction. CPA does not
require initial thermal denaturation as it is truly an isothermal
method.

SUMMARY OF THE INVENTION

[0015] The present invention relates to novel technology
and methods for the amplification of nucleic acid sequences.
More particularly, the present invention relates to methods of
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amplification of nucleic acids by utilizing cross priming iso-
thermal amplification. Further the present invention relates to
methods of marking the amplification target sequence during
the amplification reaction and rapid detection of the target
sequence. The present invention also relates to the use of the
methods in reagent kits for the rapid detection of nucleic acid
sequences of pathogenic microorganisms such as bacteria,
and viruses. The amplification and detection methods of the
present invention can also be utilized in the detection and
diagnosis related to human genetic diseases.

[0016] Cross Priming Amplification (CPA) uses multiple
cross-linked primers, typically from 3 to 8 primers which can
be paired, in which DNA target sequence is amplified at one
constant temperature, using a simple heating device such as a
water bath or a dry incubator. The number of primer/detector
can be variable, according to the purpose and optimization.
The cross sequence can be designed for primer/primer cross,
or primer/detector cross, or other formats to satisfy different
applications.

[0017] The detection of amplified products may be per-
formed on a lateral flow strip which may be housed in a sealed
plastic device such as that described in US Patent Publication
No. 2009/0181388A1, which prevents the leakage of ampli-
cons. During the reaction, the amplification products are
hybridized and labeled simultaneously, thereby making the
labeled amplified target ready for detection in a cross con-
tamination-proof lateral flow DNA strip device which pro-
vides a visual display read-out of the assay results.

[0018] In general CPA involves the generation of cross
priming sites, cross priming amplification and generation of
detectable products. Forward cross primer sense (PFs) and
reverse cross primer anti-sense (PRa) primers are designed
with 5' sequences identical to each other’s priming sequence.
Displacement primers are designed that are located upstream
of the cross primers. In preferred embodiments the concen-
tration of displacement primers are lower than that of the
cross primers. DNA polymerase (in preferred embodiments
Bst) extends the cross primer, and extend the displace primer.
The extension of displacement primer displaces the cross
primer extension strand, with a defined 5' end. A similar
extension/displacement mechanism on this new strand adds
another priming site, PFa on the other strand and also creates
the other defined end.

[0019] The displaced strand contains newly introduced
priming sites on both ends, and serves as template with prim-
ing sites for both cross primers on its 3' end. A new priming
site is introduced after each round of extension/displacement,
resulting in multiple primer binding sites which accelerate the
amplification process.

[0020] The intermediate and end products are mixed in that
they have different lengths, and may have many forms of
secondary structures (single stranded, double stranded or par-
tial double stranded). Detector probes or primers are used to
probe for the target sequence. In a preferred embodiment one
primer is extendable while the other is not extendable and
these primers hybridize to the amplification products. Prod-
ucts that are linked to both detectors are detectable, and in a
preferred embodiment the detection mechanism utilizes a
lateral flow strip detection platform.

[0021] CPA utilizes the strand displacement function of
DNA polymerase (such as Bst, Klenow, Vent exo-DNA poly-
merase) to denature double stranded DNA. The use of such
polymerase is shared by most isothermal amplification meth-
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ods, including SDA, LAMP, CPA, RCA (Rolling Circle
Amplification), HDA (Helicase Dependent Amplification).
[0022] SDA, LAMP and CPA all utilize a 5' tail for some
primers, but whereas the purpose of 5' tail in SDA is to
introduce a nicking enzyme recognition site to the target and
the purpose of 5' tail in LAMP is to introduce a sequence to
form a loop in the target, the primary purpose of 5' tail in CPA
is to introduce additional priming sites at both ends of the
target.

[0023] In SDA, the DNA extension mainly relies on nick-
ing to create a free 3' end, annealed to the template strand for
the synthesis of new DNA. In LAMP, the DNA extension
mainly relies on the forming of self folding loop, to anneal the
free 3' end of the loop to the template strand for the synthesis
ofnew DNA. In CPA, the DNA extension mainly relies on the
annealing of multiple primers to multiple priming sites of
both strands to drive the synthesis of new DNA.

[0024] Themethods ofthe present invention includes meth-
ods for amplifying a target nucleic acid sequence comprising:
[0025] a) designing at least a first cross amplification
primer and a second cross amplification primer wherein the
cross amplification primers comprise a hybridization
sequence and an interchanging sequence and at least a first
displacement primer and a second displacement primer
wherein the first displacement primer is located 5' to the first
cross amplification primer and wherein first displacement
primer is located 5' to the first cross amplification primer;
[0026] b) generating cross priming sites by introducing the
cross amplification primers and the displacement primers to a
target sequence in the presence of a DNA polymerase under
isothermal conditions such that cross priming hybridization
sites are introduced into the ends of the target nucleic acid
sequence thereby producing a target nucleic acid sequence
containing cross amplification primer sites; and

[0027] c) amplification of the target nucleic acid sequence
containing cross amplification primer sites through repeated
hybridizations and extensions of the cross hybridization
primers.

[0028] The methods of the present invention include meth-
ods for detecting the presence of a target nucleic acid
sequence comprising:

[0029] a) designing at least a first cross amplification
primer and a second cross amplification primer wherein the
cross amplification primers comprise a hybridization
sequence and an interchanging sequence and at least a first
displacement primer and a second displacement primer
wherein the first displacement primer is located 5' to the first
cross amplification primer and wherein first displacement
primer is located 5' to the first cross amplification primer;
[0030] b) generating cross priming sites by introducing the
cross amplification primers and the displacement primers to a
target sequence in the presence of a DNA polymerase under
isothermal conditions such that cross priming hybridization
sites are introduced into the ends of the target nucleic acid
sequence thereby producing a target nucleic acid sequence
containing cross amplification primer sites; and

[0031] c) amplification of the target nucleic acid sequence
containing cross amplification primer sites through repeated
hybridizations and extensions of the cross hybridization
primers;

[0032] d)introducing a first detection primer labeled with a
first marker and a second detection primer labeled with a
second marker to the amplified target nucleic acid sequence
containing cross amplification primer sites wherein the intro-
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duction of the first and second detection primers produces
double stranded nucleic acid molecules containing both
markers; and

[0033] e) detecting the double stranded nucleic acid mol-
ecules containing both markers.

[0034] The present invention also provides for kits for
detecting pathogenic microorganisms, environmental micro-
organisms, microorganism typing, infectious disease patho-
gens for detecting human, animals or plants, infectious dis-
ease pathogens for detecting foods or biological weapons, the
detection human genetic diseases or health risk genes com-
prising cross amplification primers, displacement primers,
detection primers and DNA polymerase as well as nucleic
acid strip detection which may be placed within a contami-
nation-free device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG.1—A schematic diagram of the basic concept
of cross primer amplification.

[0036] FIG. 2—A schematic diagram of the basic primer
design of a preferred embodiment of the cross primer ampli-
fication method of the present invention, including the cross
amplification primer and detection primer site and sequence
arrangement.

[0037] FIG. 3A—A schematic diagram of a preferred
embodiment of the initiation phase of the cross priming
amplification method including the generation of cross prim-
ing sites and defined ends.

[0038] FIG. 3B—A schematic diagram of a preferred
embodiment of the amplification phase of the cross priming
amplification method using a linear structure form which
generates multiple priming sites.

[0039] FIG. 3C—A schematic diagram of a preferred
embodiment of the amplification phase of the cross priming
amplification method using a secondary structure forms, mul-
tiple primer binding and self fold and extension multiple
priming sites.

[0040] FIG. 4—A schematic diagram of the generation
amplified products and the detection of amplified products
which are double labeled.

[0041] FIG.5—A schematic diagram outlining one method
of detecting the amplification products by using the nucleic
acid detection testing strips

[0042] FIG. 6—The results of detecting the amplification
products of Chlamydia trachomatis by testing strips.

[0043] FIG. 7—The results of detecting the amplification
products of Mycobacterium tuberculosis by testing strips.

[0044] FIG. 8A—A schematic diagram of single crossing
amplification
[0045] FIG. 8B—A target sequence, primer location and

primer design for Mycobacterium tuberculosis in which an
Xbal site is inserted into cross primer between 1s and 2a.
[0046] FIG. 8C—Amplification products with different
primer combinations. Lane 1: 1s, 2a and 3a; Lane 2: 1s, 2a, 3a,
4s and 5a; Lane 3: 1s, 3a, 4s and 5a; Lane 4: 1s, 2a, 4s and 5a;
Lane 5: 2a, 3a, 4s and 5a; (-) indicates no target control for the
corresponding reaction. The system works with minimum of
3 primers, and at least 1 of these to be cross primer. The 2
arrows point to the 2 smallest amplification products (1s/2a
product and 1s/3a product, respectively), which are basic
units as shown in FIG. 24 and the sequencing data (FIG. 2e).
Note that in lane 3, the 1s/2a product is missing, and in lane 4,
the 1s/3a product is missing. Lane 5 showed no product when
the cross primer 1s is not present.
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[0047] FIG. 8D—The CPA amplification product digested
by restriction enzyme Xba I. Lane 1, CPA amplification prod-
uct not digested; Lane 2, CPA amplification product digested
by Xba I. High molecular weight products were reduced,
indicating repetitive fragments, The digestion is not complete
possibly due to the heterozygous secondary structures of the
amplification products amplification products.

[0048] FIG. 8E—Sequencing of CPA amplification prod-
ucts. The 2 bands indicated by arrows at FIG. 8C were
excited, cloned and sequenced. The sequences correspond to
the final products illustrated in FIG. 8A. The amplification
products with higher molecular weight are tandem repeats of
these basic units (data not shown).

[0049] FIG. 9A-A schematic diagram of a mechanism of
Cross Priming Amplification (double crossing) High concen-
tration Cross Primer 1s anneal and extend, lower concentra-
tion Displace Primer 3s anneal and extend later, displacing
the down-stream strand. The displaced strand is 5' defined,
with a new primer binding site 3) added at the 5' end; Cross
Primer 2a anneal and extend, Displace Primer 4a displace the
strand. The displaced strand is now 3' and 5' defined, with
another primer binding site added at the 5' end, the single
stranded DNA may form secondary structures; 4) Both Cross
Primer 1s and Cross Primer 2a can anneal to the 3' of the
template. The extension product by Cross Primer 2a is elon-
gated by adding another priming site at the 5' end; 5) Similar
to step 4 with the other strand; 6), 7) and 8) With each round
of extension and displacement, the amplicon is elongated,
with repetitive addition of priming sites. The repeated prim-
ing sites allow multiple primer annealing and extensions,
facilitating the amplification. The repeated sequences also
form secondary structures and “branched” DNA, helping the
templates stay at single stranded structures. The amplicons at
this stage are highly heterozygous, differing in lengths and
structures. Multiple DNA synthesis may occur simulta-
neously on the same template.

[0050] FIG. 9B—Gel image of heterozygous amplification
products
[0051] FIG. 9C—HPV target sequence and CPA primer

design, displacement primers not shown. The primer tags
were designed for identification of each primer location in the
sequenced amplicon. The amplification products were cloned
and 30 colonies were selected and sequenced. One of CPA
amplicon sequences was shown. Note that the cross primers
1s and 2a are overlapping each other.

[0052] FIG. 10A: Schematic of mechanism of double
primer crossing amplification.

[0053] FIG. 10B: Schematic of Cross Priming Amplifica-
tion (double crossing)

[0054] FIG. 10C: Gel image of heterozygous amplification
products

[0055] FIG. 10D: Sequencing of an amplification product
[0056] FIG. 11A: Schematic of Single Crossing Amplifi-
cation

[0057] FIG. 11B: Target sequence, primer locations and
primer design

[0058] FIG. 11C: Gel of Amplification products with dif-

ferent primer combinations

[0059] FIG. 11D: Gel of restriction digestion of amplifica-
tion products

[0060] FIG. 11E: Sequence analysis of amplification prod-
ucts
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[0061] Legend for FIG. 11:

[0062] FIG.11A: Mechanism of single crossing amplifica-
tion.

[0063] FIG. 11B: Target sequence, primer locations and

primer design. Note that an Xba I site (TCTAGA) was
inserted into the cross primer between 1s and 2a.

[0064] FIG. 11C Amplification products with different
primer combinations. Lane 1: 1s, 2a and 3a; Lane 2: 1s, 2a, 3a,
4s and 5a; Lane 3: 1s, 3a, 4s and 5a; Lane 4: 1s, 2a, 4s and 5a;
Lane 5: 2a, 3a, 4s and 5a; (-) indicates no target control for the
corresponding reaction. The system works with minimum of
3 primers, and at least 1 of these to be cross primer. The 2
arrows point to the 2 smallest amplification products (1s/2a
product and 1s/3a product, respectively), which are basic
units as shown in FIG. 24 and the sequencing data (FIG. 2e).
Note that in lane 3, the 1s/2a product is missing, and in lane 4,
the 1s/3a product is missing. Lane 5 showed no product when
the cross primer 1s is not present.

[0065] FIG. 11D The CPA amplification product digested
by restriction enzyme Xba 1. Lane 1, CPA amplification prod-
uct not digested; Lane 2, CPA amplification product digested
by Xba I. High molecular weight products were reduced,
indicating repetitive fragments, The digestion is not complete
possibly due to the heterozygous secondary structures of the
amplification products amplification products.

[0066] FIG. 11E: Sequencing of CPA amplification prod-
ucts. The 2 bands indicated by arrows at F1G. 2¢ were excited,
cloned and sequenced. The sequences correspond to the final
products illustrated in FIG. 2a. The amplification products
with higher molecular weight are tandem repeats of these
basic units (data not shown).

[0067] FIG. 12A: Gel of different reaction temperatures.
[0068] FIG. 12B: Gel of Sensitivity test for TB-CPA.
[0069] FIG. 12C: Gel of Specificity of TB-CPA.

[0070] FIG. 12D: Gel of time course of single crossing
amplification.

[0071] FIG. 12E: Gel of negative test for TB-CPA

[0072] FIG. 13: Schematic of Assay Design Flexibility
[0073] FIG. 14: Theoretical Schematic of assembling of
separated sequences

DETAILED DESCRIPTION OF THE INVENTION

[0074] The present invention relates to novel technology
and methods for the amplification of nucleic acid sequences.
More particularly, the present invention relates to methods of
amplification of nucleic acids by utilizing cross priming iso-
thermal amplification. Methods of the present invention
named cross priming amplification utilize at least 6 types (3
pairs) of specific primers which are designed according to 6
areas of the target nucleic acid. The amplification methods
may be carried out under constant temperature (isothermal)
by using chain replacement DNA polymerases such as, but
not limited to Bst DNA polymerase. The processes of the
present invention therefore may not require template thermal
denaturation or temperature cycling.

[0075] A preferred embodiment of the cross priming ampli-
fication methods of the present invention include the follow-
ing procedures:

[0076] Primer design—Primer design may include one pair
of cross amplification primers, one pair of displacement prim-
ers and one pair of detection primers.

[0077] Starting phase—Cross priming hybridization sites
may be introduced into each end of the amplification target
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sequence. A fixed end may also be generated so as to prepare
the template for rapid amplification.

[0078] Amplification phase—The amplification may be
carried out in either the linear structure or secondary structure
mode. Several primer hybridization sites may be generated
and are carried out through the repeated hybridizations and
extensions of the primers and the self-hybridization folding
and extensions of the amplification products so as that several
amplification reactions may be carried out simultaneously in
the same template.

[0079] Detection of the products generated—Detection
primers may be used to synthesize dually-marked DNA
double stranded molecules for detection by taking the ampli-
fication products containing a large number of detection
sequences which are generated during the amplification
phase as the template. The amplification products may then
be detected by using the nucleic acid detection testing strips.
[0080] Primer design may include one pair of cross ampli-
fication primers, one pair of displacement primers and one
pair of detection primers. In preferred embodiments of the
methods of the present invention one pair of cross amplifica-
tion primers (cross amplification primer F and cross amplifi-
cation primer R) are synthesized. Cross amplification primer
F and cross amplification primer R may be comprised ofthree
segments:

[0081] 1) Hybridization sequences—these are base
sequences which hybridize with the template with high speci-
ficity for the amplification extension.

[0082] 2) Connectors—nucleotides used to connect two
different sequences in the primer, generally 1-3 mononucle-
otides.

[0083] 3) Interchanging sequence—the hybridization
sequence of the cross amplification primer F, which may also
be the 5' end sequence of cross amplification primer R; in like
fashion, the hybridization sequence of the cross amplification
primer R may act as the 5' end sequence of cross amplification
primer F. (FIG. 2).

[0084] One pair of displacement primers (displacement
primer F and the displacement primer R) may be synthesized
in which displacement primer F is the forward outer primer
that is complementary with the antisense strand of the target
gene and displacement primer R is the 5' outer primer that is
complementary with the sense strand of the target gene. The
displacement primer F and the displacement primer R are
primarily used for lengthening the strands of the displace-
ment cross amplification primer during the starting phase in
the isothermal amplification reaction. (FIG. 2).

[0085] One pair of detection primers (the detection primer
F and the detection primer R) may be synthesized in which the
detection primer F is the backward inner primer that is
complementary with the sense strand of the target gene and
the detection primer R is the forward inner primer that is
complementary with the antisense strand of the target gene.
The pair of primers are marked by at least one different
marker (preferably a hapten antigen), respectively, thus when
amplifying the target sequence the products of that amplifi-
cation can be detected by the presence of the dual antigen
(FIGS. 2,4, 5).

[0086] During the starting phase cross priming hybridiza-
tion sites may be introduced into the each end of the ampli-
fication target sequence and fixed ends may be generated so as
to prepare desired template for rapid amplification. CPA uti-
lizes the strand displacement function of DNA polymerase
(such as Bst, Klenow, Vent exo-DNA polymerase) to denature
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double stranded DNA. To permit hybridization between the
forward amplification primer F and the nucleic acid target
molecules the primers are designed such that there are hybrid-
ization identification sequences of the backward primer R in
the 5' end of the forward primer F. The double stranded
nucleic acid may be synthesized by the DNA polymerase
extension forward amplification primer F with displacement
function. To cause the hybridization between the forward
displacement primer F and the nucleic acid target molecules.
To use the DNA polymerase extension displacement primer F
with the displacement function and the extension strand of the
displacement forward amplification primer F to generate the
fixed forward strand 5' end.

[0087] The hybridization may be carried out between the
displacement amplification primer extension strand as the
template and the backward amplification primer R, at whose
5'end there is the hybridization identification sequence of the
forward primer F. The double stranded nucleic acid may be
synthesized by the DNA polymerase extension backward
amplification primer R with displacement function. The
hybridization is carried out by using the backward displace-
ment primer R and nucleic acid target molecules.

[0088] To usethe DNA polymerase extension displacement
primer R with the displacement function and the extension
strand of the backward amplification primer R to generate the
fixed backward strand 5' ends. Both ends of the generated
backward amplification primer R extension strand have been
fixed at this time; the hybridization sequences of the ampli-
fication primers F and R are introduced into the 3' end and the
5' end, respectively, so as to act as the templates for rapid
amplification. (FIG. 3A)

[0089] Amplification may be carried out in either a linear
structure (FIG. 3B) and/or secondary structure mode (FIG.
3C). Multiple primer hybridization sites are generated and are
amplified throughout the repeated hybridizations and exten-
sions of the primers and the self-hybridization folding and
extensions of the amplification products so as that several
amplification reactions may be carried out simultaneously in
the same template. Primer extensions at the ends displace the
extension strands, which may be again be used as the template
to participate in the next round of amplification so as to
greatly enhance the amplification speed.

[0090] Inthe linear structure mode, one new primer hybrid-
ization sequence may be introduced into the amplification
primer for every extension and the amplification products
may be lengthened along with every round of amplification.
Primer hybridization opportunities are increased because of
the increased synthesizing speed of short strand products
such that the most of' the final products may be the short strand
products. In other words, the products by using the cross
priming amplification method may be the mixture of ampli-
fication products of different lengths, in which the long
stranded amplification products may provide the multiple
primer hybridization sites for further amplification thereby
enhancing the amplification speed and the short stranded
amplification products may be the main objects for the final
detection. (FIG. 3A).

[0091] In the secondary structure mode, the amplification
products may form various complicated secondary structures
through self-folding due to the presence of repeated comple-
mentary sequences in the long strand amplification products.
These amplification products can be longer and the structures
more complicated through self extension and because single
strands may provide primer hybridization for synthesis of
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new amplification products. The linear structure and the sec-
ondary structure may be interchanged. The single-stranded
linear structure and secondary structure molecules may be
interconnected through hybridization so as to form huge
DNA hybridization complexes. Therefore, the products in the
cross priming amplification method are very complicated as
determined by gel electrophoresis. Different length DNAs
may be seen and huge DNA hybridization complexes are
located in the sampling wells of gel electrophoresis as they
have almost no mobility.

[0092] After amplification the products can be detected in
various fashions. In a preferred embodiment detection prim-
ers may synthesized each containing one or more different
markers. The resulting dually marked DNA double stranded
molecules can be detected by taking the amplification prod-
ucts containing a large number of detection sequences which
are generated during the amplification phase. Most of such
dually marked DNA double stranded molecules are relatively
short amplification final products; whereas, the relatively
large amplification products or huge hybridization complexes
contains the hybridization sites of the detection primers,
which may obtain the dually marking through the detection
primer hybridization; thus they may be detected. (FIG. 4).
[0093] The amplification products of the dually marked
target sequences may be detected through agarose gel elec-
trophoresis or nucleic acid detection testing strips. One
embodiment of the detection principal of the nucleic acid
testing strip is shown in FIG. 5.

[0094] The schematic for a single crossing assay for CPA is
shownin FIG. 11A. Inthe single crossing assay, the primer set
is designed to increase the abundance of small amplicons
while still providing the features necessary for overall ampli-
fication of the target sequence in the template. The primary
function of cross primer 1s is identical to that in the double
crossing assay: to allow strand displacement and to incorpo-
rate a second defined priming site in the 5' end of the resulting
product. Primers for the opposite strand each consist of a
single sequence complementary to the template, and are cho-
sen so that they bind in tandem on the template, in essence
providing a region of nicked double stranded DNA that can be
extended by a strand displacing DNA polymerase. The dis-
placed single stranded product from both strands are comple-
mentary at their 5' and 3' ends by virtue of the introduction of
the 2a sequence at the 5' end of the top strand and the 2s
sequence at the 3' end. These single stranded DNAs are able
to form hairpin-like structures stabilized by the 19 base pair
double helix formed between 2a and 2c, and can act as tem-
plates for further extension reactions (FIG. 11A).

[0095] FIG. 11B shows a set of five primers to the IS6110
region of Mycobacterium tuberculosis genomic DNA for a
single crossing amplification reaction. Amplification reac-
tions were carrier out in the presence of template DNA using
various combinations of the 5 primers (FIG. 11C). The two
arrows point to the 1s/2a amplification product (top) and the
1s/3s amplification product (bottom), which are the basic
units shown in FIG. 10A. Both products are obtained using
solely the 1s, 2a and 3a primers (lane 1), but the yield is
enhanced when primers 4s and S5a are also included in the
reaction (lane 2). When primer 2a is omitted from the mix
(lane 4). If the cross primer 1s is not present in the reaction,
there are no products produced from the mixture of four
primers (lane 5). These result demonstrate that the system
works with a minimum of three primers as long as one of
these primers is a cross primer. (e.g. primer 1s).



US 2014/0093877 Al

[0096] The reaction scheme does not predict the formation
of'the higher molecular weight amplicons observed in a single
crossing reaction products shown in FIG. 11C. To determine
whether these products represent tandem copies of the basic
amplicons, the reaction products were digested with Xba I,
which is introduced in the design ofthe 1s primer. The higher
molecular weight products of the single crossing amplifica-
tion reaction are reduced in size upon digestion with Xba I
(FIG. 11D) as are the 1s/3a and 1s/2a basic products. The
incomplete digestion of the higher molecular weight frag-
ments may be the result of their ability to form a variety of
secondary structures which might interfere with restriction
enzyme cleavage at some Xba [ sites.

[0097] The two bands corresponding to the smallest ampli-
fication products (FIG. 11C) were excised from the gel,
ligated into a TA vector and sequenced. The sequences
obtained correspond to the predicted 1s/3a and 1s/2a final
products (FIG. 11E). The amplification products with higher
molecular weight were cloned and sequenced and are tandem
repeats of the 1s/3a and 1s/2a basic units.

[0098] CPA offers a great deal of flexibility through difter-
ent primer design strategies and by controlling the ratio of the
various primers (FIG. 13). Of particular interest are the strat-
egies for asymmetric amplification, multiplex amplification
coupled to specific detection and detection of separated target
areas by encouraging template switching and DNA shuffling
in a controlled fashion. This last application of interest in
designing amplification protocols to detect pathogens that
undergo rapid mutation and have only a small conserved
sequence area widely dispersed in their genomes. CPA com-
bined with careful primer design can result in the production
of'initial extension products that combine the dispersed con-
served regions in a tandem fashion thus producing a template
for further amplification and detection (FIG. 14).

[0099] CPA can be used for single universal primer detec-
tion of multiple targets. CPA may be designed to detect dif-
ferent pathogens simultaneously with a universal tail. Two
sets of specific primers with a universal tail are used to
amplify the specific pathogen with low concentration in the
initial stage. The amplicons with the universal sequence at
both 5' and 3' ends are further amplified by a single universal
primer, which is at a higher concentration. Specific amplicons
from different targets are (if present in the sample) may
“fuse” to for a heterogenous template and be amplified and
distinguished by a specific detector probe.

[0100] The optimal temperature for an isothermal amplifi-
cation assay must balance binding of the primer to the tem-
plate strand with elongation activity of DNA polymerase.
Single crossing amplification reactions were carried out at
different temperatures using M. tuberculosis DNA as with the
appropriate primers. Roughly equivalent levels of amplicons
were observed to form in a template-dependent manner at
temperatures ranging from 63° C. to 68° C., but failed to form
70° C. (FIG. 12A). Temperatures below 63° C. gave little to
no product. A reaction temperature 63° C. was selected as the
standard temperature for the rest of the CPA assays con-
ducted.

[0101] Theminimallevel of template required for detection
by the CPA assay was determined by conducting single cross-
ing amplification assays with serial dilutions of M. tubercu-
losis bacteria cells. FIG. 12B shows amplicons were observed
when as few 4 bacterial cells were present in the amplification
reaction, indicating that the CPA assay is able to produce
specific amplicons from just a few cells.
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[0102] In the polymerase chain reaction, the reduction in
the background noise of non-specific products derived from
mis-priming events, or primer-primer interactions is con-
trolled by restricting the number of thermal cycles. In an
isothermal amplification reaction, total incubation time will
influence the production of specific vs. nonspecific ampli-
cons. Single crossing amplification reactions were incubated
from 60 minutes to 210 minutes in the absence of template
(FIG. 12C). Non-specific amplicons appeared after 180 min-
utes with a banding pattern distinct (lane 5) from the pattern
obtained after a 60 minute amplification in the presence of the
M. tuberculosis DNA template (lane 7). FIG. 12D shows a
time course for the production of specific amplicons in a
single crossing amplification assay conducted with 10* cop-
ies of template DNA. From the intensity of the banding pat-
tern it is apparent that the reaction reaches completion after 28
minutes, while a 60 minute incubation in the absence of
template DNA (lane N) does not yield any amplicons.
[0103] The specificity of the single crossing amplification
reaction was tested using bacterial cells from a variety of
mycobacterial species (FIG. 12 E). Amplification products
were only observed in the reactions that contained either M.
tuberculosis cells (lane 13) or a plasmid template containing
M. tuberculosis DNA target region (lane 14), demonstrating
that primers used in the assay and the reaction mechanism
combine with a high degree of specificity.

[0104] The invention is further illustrated by the following
non-limiting examples.
EXAMPLES
Example 1

Detection of Chlamydia trachomatis

[0105] Since 1990, Chlamydia trachomatis has become the
most common pathogen in urinary tract infections supplant-
ing Neisseria gonorrhoeae. Along with the gradually increas-
ing of the Chlamydia trachomatis infection diseases and cor-
responding complicating diseases, it has become greater
threat to the human reproductive health than ever. In 1995, the
World Health Organization estimated that there were about
90 million Chlamydia trachomatis patients all over the world,
which were only lower that those of HIV infection patients.
Therefore, to realize the rapid Chlamydia trachomatis diag-
nosis has an important significance. The invention patent may
be used to rapidly detect the DNA of the Chlamydia tra-
chomatis, whose concrete design on the corresponding prim-
ers may be listed as follows: we select the DNA sequences of
the Chlamydia trachomatis and the gene fragments for ampli-
fication; moreover, the specificity primer may be designed
according to the sequences.

[0106] Thebasic components of the amplification reactions
are listed below:

Displacement primer F 0.05 pmol
Displacement primer R 0.05 pmol
Cross amplification primer F 0.4 pmol
Cross amplification primer R 0.4 pmol
Detection primer F 0.2 pmol
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Detection primer R 0.2 pmol
dNTP : 0.4 mmol
Thermopol buffer (10x) 2 uL
MgSO, 8 mmol
Betaine 1 mol
Bst DNA Ploymerase 8 units
Reaction total volume: 20 pL

Displacement primer 1-

(SEQ ID 1)
5'-TTTGCCTTAACCCCACCATT-3"'
Displacement primer 2-

(SEQ ID 2)
5'-CCTCTGAAGTCTTAAGCTTG-3"'
Cross Amplification primer F-

(SEQ ID 3)

5'-ATTAGTCAGATTTGTTTCCAACTTCCGGAGTTACGAAGA-3!

Cross Amplification primer R-
(SEQ ID 4)
5'-TCCGGAGCGAGTTACGAAGATATTAGTCAGATTTGTTTCCAAC-3"

Detector F-
(SEQ ID 5)
5'-TACAAGAGTACATCGGTCAA-3!

Detector R-
(SEQ ID 6)
5' -GGGAGAAAGAAATGGTAGC-3

[0107] Optimization of the reaction time, temperature,
primer content and magnesium concentration were investi-
gated. In each case the reactants were held constant except for
the parameter being investigated. The reaction time for the
amplification reaction were investigating using 66 minutes,
68 minutes, 70 minutes, 72 minutes, 74 minutes, 76 minutes,
78 minutes and 80 minutes. The optimal reaction time
appears to be about 80 minutes.

[0108] The reaction temperature for the amplification reac-
tion was investigated using 54° C., 56° C., 58° C., 60° C., 62°
C., 64° C. and 66° C., the signals are enhanced with increas-
ing reaction temperature up to about 60° C. After about 60° C.
the signal decreases thereby indicating that the optimal tem-
perature for the reaction is around 60° C.

[0109] The concentration of primers F and R for the ampli-
fication reaction were investigated using 0.8 pmol, 0.7 pmol,
0.6 umol, 0.5 pmol, 0.4 umol, 0.3 umol, 0.2 pmol and 0.1
umol. The optimal concentration of the primers appears to be
about 0.4 umol.

[0110] The Mg>* concentration for the amplification reac-
tion was investigated using 10 mmol, 9 mmol, 8 mmol, 7
mmol, 6 mmol and 5 mmol. The optimal Mg** concentration
appears to be about 8 mmol.
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[0111] The results of the detection of the amplification
products by using the testing strips is shown in FIG. 6.

Example 2

Detection of Mycobacterium tuberculosis

[0112] Mycobacterium tuberculosis (IB) viral DNA was
used as template. The CPA reaction mixture contained five
primers F3, B3, F1, F2, BIP, respectively. BIP consisted of
Blc sequence complementary to the B1 and the F1 sequence.
F1 had labeled Biotin at its 5 end, and F2 labeled was labeled
with FitC at its 5' end. Amplification conditions were opti-
mized for temperature, primer and probe concentrations,
enzyme units, Mg++ concentration, buffer concentration, and
reaction time. The optimized reaction was carried out in a
total of 20 pl contained 0.5 pM each BIP, F1 and F2, 0.05 uM
F3 and B3, 0.8 mM each dNTP, 1M betaine(sigma), 20 mM
Tris-HC1 (pH 8.8), 10 mMKC], 10 mM (NH4)2S04, 6 mM
MgS04, 0.1% Triton X-100, 8 U Bst DNA polymerase large
fragment (New England Biolabs) and the specified amounts
of'double-stranded target DNA. The mixture was incubated at
66° C. for 1 h, without being heated at 95° C. for 5 min. After
incubation, the amplified products were detected by nucleic
acid detection strip directly without opening the lid of the
PCR tube.

(SEQ ID 7)
AGGACCACGATCGCTCCGGCCACAGCCGTCCCGCCGATCTCGTCCAGCGE

CGCTTCGGACCACCAGCACCTAACCGGCTGTGGGTAGCACCTCACCTATG
TGTCGACCTGGGCAGGGTTCGCCTACGTGGCCTTTGTCACCGACGCCTAC

GCTCGCAGGATCCTGGGCTGGCGGGTCGCTTCCACGATGGCCA

TBMPE2
(SEQ ID 8)
5' - ACAGCCCGTCCCGCCAT-3"
TBMMRin-5B
(SEQ ID 9)
5' - TAGCAGACCTCACCTATGTGTC-3"
TBDF-5F2
(SEQ ID 10)
5' -CTGGGCAGGGTTCGCCT-3 "
TBBIP
(SEQ ID 11)

5' -TAGCAGACCTCACCTATGTGTC-T- TCGGTGACAAAGGCCACGT

TBB3

(SEQ ID 12)
5'- TCGGTGACAAAGGCCACGT-3'
TBF3

(SEQ ID 13)

5'-AGGACCACGATCGCTGATC-3"

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 13

<210> SEQ ID NO 1
<211> LENGTH: 20
<212> TYPE: DNA
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<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 1

tttgccttaa ccccaccatt

<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 2

cctetgaagt cttaagettg

<210> SEQ ID NO 3

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 3

attagtcaga ttttgtttce aacttccgga gttacgaaga
<210> SEQ ID NO 4

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 4

tccggagega gttacgaaga tattagtcag atttgtttec aac
<210> SEQ ID NO 5

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 5

tacaagagta catcggtcaa

<210> SEQ ID NO 6

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 6

gggagaaaga aatggtagce

<210> SEQ ID NO 7

<211> LENGTH: 193

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 7

aggaccacga tcgcteegge cacagecgte cegecgatet cgtcecagege

cgctteggac

caccagcacce taaccggetg tgggtageac ctcacctatg tgtegacetyg ggcagggtte

gectacgtgg cctttgtcac cgacgectac gectegcagga tectgggetyg gegggteget

tccacgatgg cca

<210> SEQ ID NO 8

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

20

20

40

43

20

19

60

120

180

193
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<400> SEQUENCE: 8
acagccegte cegecat

<210> SEQ ID NO 9

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 9
tagcagacct cacctatgtg tc
<210> SEQ ID NO 10

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 10

17

22

Cys Thr Gly Gly Gly Cys Ala Gly Gly Gly Thr Thr Cys Gly Cys Cys

1 5 10

Thr

<210> SEQ ID NO 11

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 11

tagcagacct cacctatgtg tcttceggtga caaaggccac gt
<210> SEQ ID NO 12

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 12

tecggtgacaa aggccacgt

<210> SEQ ID NO 13

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 13

aggaccacga tcgctgatce

15

42

19

19

1. A method for amplifying a target nucleic acid sequence
comprising:

a) designing at least a first cross amplification primer and a
second cross amplification primer wherein the cross
amplification primers comprise a hybridization
sequence and an interchanging sequence and at least a
first displacement primer and a second displacement
primer wherein the first displacement primer is located
5'to the first cross amplification primer and wherein first
displacement primer is located 5'to the first cross ampli-
fication primer;

b) generating cross priming sites by introducing the cross
amplification primers and the displacement primers to a
target sequence in the presence of a DNA polymerase

under to isothermal conditions such that cross priming
hybridization sites are introduced into the ends of the
target nucleic acid sequence thereby producing a target
nucleic acid sequence containing cross amplification
primer sites; and

¢) amplification of the target nucleic acid sequence con-
taining cross amplification primer sites through repeated
hybridizations and extensions of the cross hybridization
primers.

2. A method for detecting the presence of a target nucleic

acid sequence comprising:

a) designing at least a first cross amplification primer and a
second cross amplification primer wherein the cross
amplification primers comprise a hybridization
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sequence and an interchanging sequence and at least a
first displacement primer and a second displacement
primer wherein the first displacement primer is located
5'to the first cross amplification primer and wherein first
displacement primer is located 5'to the first cross ampli-
fication primer;

b) generating cross priming sites by introducing the cross
amplification primers and the displacement primers to a
target sequence in the presence of a DNA polymerase
under isothermal conditions such that cross priming
hybridization sites are introduced into the ends of the
target nucleic acid sequence thereby producing a target
nucleic acid sequence containing cross amplification
primer sites; and

¢) amplification of the target nucleic acid sequence con-
taining cross amplification primer sites through repeated
hybridizations and extensions of the cross hybridization
primers;

d) introducing a first detection primer labeled with a first
marker and a second detection primer labeled with a
second marker to the amplified target nucleic acid
sequence containing cross amplification primer sites
wherein the introduction of the first and second detec-
tion primers produces double stranded nucleic acid mol-
ecules containing both markers; and

e) detecting the double stranded nucleic acid molecules
containing both markers.

3. The method of claim 2 wherein the double stranded
nucleic acid molecules containing both markers are detected
by nucleic acid test strips.

4. The method of claim 1 wherein the interchanging
sequence the first cross amplification primer is identical to the
hybridization sequence of the second amplification primer
and the interchanging sequence the second cross amplifica-
tion primer is identical to the hybridization sequence of the
first amplification primer.

5. The method of claim 2 wherein the interchanging
sequence the first cross amplification primer is identical to the
hybridization sequence of the second amplification primer
and the interchanging sequence the second cross amplifica-
tion primer is identical to the hybridization sequence of the
first amplification primer.
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6. The method of claim 1 wherein the first displacement
primers is complementary with the antisense strand of the
target nucleic acid sequence and second displacement primer
is complementary with the sense strand of the target nucleic
acid.

7. The method of claim 1 carried out in the linear structure
mode during amplification.

8. The method of claim 1 carried out in the secondary
structure mode during amplification.

9. The method of claim 2 wherein the markers are haptens.

10. The method of claim 9 wherein the double stranded
nucleic acid molecules containing both markers primer
amplification products contain two antigens for detection.

11. The method of claim 1 wherein the DNA polymerase is
selected from Bst DNA polymerase, Klenow DNA poly-
merase, Vent DNA polymerase and Phi29 DNA polymerase
or combinations thereof.

12. The method of claim 2 wherein the DNA polymerase is
selected from Bst DNA polymerase, Klenow DNA poly-
merase, Vent DNA polymerase and Phi29 DNA polymerase
or combinations thereof.

13. A kit for detecting pathogenic microorganisms, envi-
ronmental microorganisms, microorganism typing, infec-
tious disease pathogens for detecting human, animals or
plants, infectious disease pathogens for detecting foods or
biological weapons, the detection human genetic diseases or
health risk genes comprising:

a) cross amplification primers

b) displacement primers

¢) detection primers

d) DNA polymerase

14. The kit of claim 14 further comprising a detection strip.

15. The kit of claim 15 wherein the detection strip is
enclosed in a device that prevents contamination of the
sample.

16. The kit of claim 13 wherein the DNA polymerase is Bst
DNA polymerase.

17. The kit of claim 13 wherein the pathogenic organism is
Mycobacterium tuberculosis.

18. The kit of claim 13 wherein the pathogenic organism is
Chlamydia trachomatis.
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