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(57) ABSTRACT 

Methods and compositions Suitable for accomplishing the in 
Vitro amplification of nucleic acid molecules via enzymatic 
means are provided. The preferred means employ circular 
rather than linear replicons. Means for producing Such 
circular replicons from linear reactants are also provided. 
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IN WITRO AMPLIFICATION OF NUCLEC ACID 
MOLECULES VIA CIRCULAR REPLICONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 09/899,834 (filed Jul. 9, 2001), which 
application is a continuation-in-part of U.S. patent applica 
tion Ser. No. 09/657,943 (filed Sep. 8, 2000, which issued on 
Jul. 17, 2001, as U.S. Pat. No. 6,621.808), which application 
is a continuation-in-part of U.S. patent application Ser. No. 
09/188,214 (filed Nov. 9, 1998, which issued on Apr. 17, 
2001, as U.S. Pat. No. 6,218,152), which application is 
incorporated herein by reference in its entirety, and which is 
a continuation application of U.S. patent application Ser. No. 
08/906,491 (filed Aug. 5, 1997, which issued on Nov. 10, 
1998, as U.S. Pat. No. 5,834,202), which application is a 
continuation-in-part of U.S. patent application Ser No. 
08/595.226 (filed Feb. 1, 1996; issued Mar. 31, 1998, as U.S. 
Pat. No. 5,733,733), which is a continuation-in-part of U.S. 
patent application Ser. No. 08/533,852 (filed Sep. 26, 1995; 
issued Mar. 25, 1997, as U.S. Pat. No. 5,614,389), which is 
a continuation-in-part of U.S. patent application Ser. No. 
08/383,327 (filed Feb. 3, 1995; issued Jan. 7, 1997, as U.S. 
Pat. No. 5,591,609), which is a continuation-in-part of PCT 
Application No. PCT/US93/07309 (filed Aug. 4, 1993), 
which is a continuation-in-part of U.S. patent application 
Ser. No. 07/933,945, filed Aug. 24, 1992 (which application 
was abandoned in favor of continuation application U.S. 
patent application Ser. No. 08/136,405, filed Oct. 15, 1993, 
which issued on Oct. 11, 1994 as U.S. Pat. No. 5,354,668), 
which is a continuation-in-part of U.S. patent application 
Ser. No. 07/924,643, filed Aug. 4, 1992 (abandoned), all 
herein incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention is in the field of recombinant 
DNA technology. This invention is directed to a process for 
amplifying a nucleic acid molecule, and to the molecules, 
cells, and non-human transgenic animals employed and/or 
produced through this process. 

BACKGROUND OF THE INVENTION 

0.003 Assays capable of detecting the presence of a 
particular nucleic acid molecule in a Sample are of Substan 
tial importance in forensics, medicine, epidemiology and 
public health, and in the prediction and diagnosis of disease. 
Such assays can be used, for example, to identify the causal 
agent of an infectious disease, to predict the likelihood that 
an individual will Suffer from a genetic disease, to determine 
the purity of drinking water or milk, or to identify tissue 
Samples. The desire to increase the utility and applicability 
of Such assays is often frustrated by assay Sensitivity. Hence, 
it would be highly desirable to develop more sensitive 
detection assayS. 
0004. The usefulness of a detection assay is often limited 
by the concentration at which a particular target nucleic acid 
molecule is present in a Sample. Thus, methods that are 
capable of amplifying the concentration of a nucleic acid 
molecule have been developed as adjuncts to detection 
asSayS. 

0005 One method for overcoming the sensitivity limita 
tion of nucleic acid concentration is to Selectively amplify 
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the nucleic acid molecule whose detection is desired prior to 
performing the assay. Recombinant DNA methodologies 
capable of amplifying purified nucleic acid fragments in 
Vivo have long been recognized. Typically, Such method 
ologies involve the introduction of the nucleic acid fragment 
into a DNA or RNA vector, the clonal amplification of the 
vector, and the recovery of the amplified nucleic acid 
fragment. Examples of Such methodologies are provided by 
Cohen et al. (U.S. Pat. No. 4,237,224), Maniatis, T. et al., 
Molecular Cloning (A Laboratory Manual), Cold Spring 
Harbor Laboratory, 1982, etc. 

0006. In many instances in clinical medicine and diag 
nostics, however, the concentration of a target Species in a 
Sample under evaluation is So low that it cannot be readily 
cloned. To address Such situations, methods of in Vitro 
nucleic acid amplification have been developed that employ 
template directed extension. In Such methods, the nucleic 
acid molecule is used as a template for extension of a nucleic 
acid primer in a reaction catalyzed by polymerase. 

0007 One such template extension method is the “poly 
merase chain reaction” (“PCR”), which is among the most 
widely used methods of DNAn amplification (Mullis, K. et 
al., Cold Spring Harbor Symp. Quant. Biol. 51:263-273 
(1986); Erlich H. et al., EP50,424; EP 84,796, EP258,017, 
EP 237,362; Mullis, K., EP 201,184, Mullis K. et al., U.S. 
Pat. No. 4,683,202; Erlich, H., U.S. Pat. No. 4,582,788; 
Saiki, R. et al., U.S. Pat. No. 4,683,194 and Higuchi, R. 
“PCR Technology,” Ehrlich, H. (ed.), Stockton Press, NY, 
1989, pp 61-68), which references are incorporated herein 
by reference). 
0008. The polymerase chain reaction can be used to 
Selectively increase the concentration of a nucleic acid 
molecule even when that molecule has not been previously 
purified and is present only in a single copy in a particular 
Sample. The method can be used to amplify either Single- or 
double-stranded DNA. The essence of the method involves 
the use of two oligonucleotides to Serve as primers for the 
template-dependent, polymerase mediated replication of the 
desired nucleic acid molecule. 

0009. The precise nature of the two oligonucleotide prim 
ers of the PCR method is critical to the Success of the 
method. AS is well known, a molecule of DNA or RNA 
possesses directionality, which is conferred through the 
5'-->3' linkage of the Sugar-phosphate backbone of the mol 
ecule. Two DNA or RNA molecules may be linked together 
through the formation of a phosphodiester bond between the 
terminal 5' phosphate group of one molecule and the termi 
nal 3' hydroxyl group of the second molecule. Polymerase 
dependent amplification of a nucleic acid molecule proceeds 
by the addition of a nucleotide having 5' phosphate to the 3' 
hydroxyl end of a nucleic acid molecule. Thus, the action of 
a polymerase extends the 3' end of a nucleic acid molecule. 
These inherent properties are exploited in the Selection of 
the two oligonucleotide primers of the PCR. The oligonucle 
otide sequences of the two primers of the PCR method are 
Selected Such that they contain Sequences identical to, or 
complementary to, Sequences which flank the Sequence of 
the particular nucleic acid molecule whose amplification is 
desired. More specifically, the nucleotide Sequence of the 
Amplification Primer is selected such that it is capable of 
hybridizing to an oligonucleotide Sequence located 3' to the 
Sequence of the desired nucleic acid molecule that is to be 
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amplified, whereas the nucleotide Sequence of the Target 
Primer is Selected Such that it contains a nucleotide Sequence 
identical to one present 5' to the Sequence of the desired 
nucleic acid molecule that is to be amplified. Both primers 
possess the 3' hydroxyl groups which are necessary for 
enzyme mediated nucleic acid Synthesis. 

0010. In the polymerase chain reaction, the reaction con 
ditions must be cycled between those conducive to hybrid 
ization and nucleic acid polymerization, and those which 
result in the denaturation of duplex molecules. In the first 
Step of the reaction, the nucleic acid molecules of the Sample 
are transiently heated, and then cooled, in order to denature 
any double Stranded molecules that may be present. The 
amplification and Target Primers are then added to the 
Sample at a concentration which greatly exceeds that of the 
desired nucleic acid molecule. When the Sample is then 
incubated under conditions conducive to hybridization and 
polymerization, the Amplification Primer will hybridize to 
the nucleic acid molecule of the Sample at a position 3' to the 
Sequence of the desired molecule to be amplified. If the 
nucleic acid molecule of the Sample was initially double 
stranded, the Target Primer will hybridize to the comple 
mentary Strand of the nucleic acid molecule at a position 3 
to the Sequence of the desired molecule that is the comple 
ment of the Sequence whose amplification is desired. Upon 
addition of a polymerase, the 3' ends of the amplification and 
(if the nucleic acid molecule was double Stranded) Target 
Primers will be extended. The extension of the Amplification 
Primer will result in the synthesis of a DNA molecule having 
the exact Sequence of the complement of the desired nucleic 
acid. Extension of the Target Primer will result in the 
Synthesis of a DNA molecule having the exact Sequence of 
the desired nucleic acid. 

0.011 The PCR reaction is capable of exponentially 
amplifying the desired nucleic acid Sequences, with a near 
doubling of the number of molecules having the desired 
Sequence in each cycle. This exponential increase occurs 
because the extension product of the Amplification Primer 
contains a Sequence which is complementary to a sequence 
of the Target Primer, and thus can Serve as a template for the 
production of an extension product of the Target Primer. 
Similarly, the extension product of the Target Primer, of 
necessity, contain a Sequence which is complementary to a 
Sequence of the Amplification Primer, and thus can Serve as 
a template for the production of an extension product of the 
Amplification Primer. Thus, by permitting cycles of hybrid 
ization, polymerization, and denaturation, an exponential 
increase in the concentration of the desired nucleic acid 
molecule can be achieved. Reviews of the polymerase chain 
reaction are provided by Mullis, K. B. (Cold Spring Harbor 
Symp. Quant. Biol. 51:263-273(1986)); Saiki, R. K., et al. 
(Bio/Technology 3:1008-1012 (1985)); and Mullis, K. B., et 
al. (Met. Enzymol. 155:335-350 (1987), which references are 
incorporated herein by reference). 

0012 PCR technology is useful in that it can achieve the 
rapid and extensive amplification of a polynucleotide mol 
ecule. However, the method has Several Salient deficiencies. 
First, it requires the preparation of two different primers 
which hybridize to two oligonucleotide Sequences of the 
target Sequence flanking the region that is to be amplified. 
The concentration of the two primers can be rate limiting for 
the reaction. Although it is not essential that the concentra 
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tion of the two primerS be identical, a disparity between the 
concentrations of the two primers can greatly reduce the 
overall yield of the reaction. 
0013 A further disadvantage of the PCR reaction is that 
when two different primers are used, the reaction conditions 
chosen must be such that both primers “prime' with similar 
efficiency. Since the two primers necessarily have different 
Sequences, this requirement can constrain the choice of 
primerS and require considerable experimentation. Further 
more, if one tries to amplify two different Sequences Simul 
taneously using PCR (i.e. using two sets of two primers), the 
reaction conditions must be optimized for four different 
primerS. 
0014) A further disadvantage of PCR is that it requires the 
thermocycling of the molecules being amplified. Since this 
thermocycling requirement denatures conventional poly 
merases, it thus requires the addition of new polymerase at 
the commencement of each cycle. The requirement for 
additional polymerase increases the expense of the reaction, 
and can be avoided only through the use of thermostable 
polymerases, Such as Taq polymerase. Moreover, the ther 
mocycling requirement attenuates the overall rate of ampli 
fication because further eXtension of a primer ceaseS when 
the Sample is heated to denature double-Stranded nucleic 
acid molecules. Thus, to the extent that the extension of any 
primer molecule has not been completed prior to the next 
heating Step of the cycle, the rate of amplification is 
impaired. 
0015. Other known nucleic acid amplification procedures 
include transcription-based amplification Systems (Kwoh D. 
et al., Proc. Natl. Acad. Sci. (U.S.A.) 86:1173 (1989); 
Gingeras T. R. et al., PCT appl. WO 88/10315 (priority: U.S. 
patent applications Ser. Nos. 064,141 and 202,978); Davey, 
C. et al., European Patent Application Publication no. 
329,822; Miller, H. I, et al., PCT appl. WO 89/06700(pri 
ority: U.S. patent application Ser. No. 146,462, filed 21 Jan. 
1988)), and “race” (Frobman, M. A., In: PCR Protocols: A 
Guide to Methods and Applications, Academic Press, NY 
(1990)) and “one-sided PCR" (Ohara, O. et al., Proc. Natl. 
Acad. Sci. (U.S.A.) 86:5673-5677 (1989)). 
0016 Methods based on ligation of two (or more) oligo 
nucleotides in the presence of nucleic acid having the 
Sequence of the resulting “di-oligonucleotide', thereby 
amplifying the di-oligonucleotide, are also known (Wu, D. 
Y. et al., Genomics 4:560 (1989)). 
0017. An isothermal amplification method has been 
described in which a restriction endonuclease is used to 
achieve the amplification of target molecules that contain 
nucleotide 5'-a-thiotriphosphates in one Strand of a restric 
tion site (Walker, G. T. et al., Proc. Natl. Acad. Sci. (U.S.A.) 
89:392–396 (1992)). 
0018 All of the above amplification procedures depend 
on the principle that an end-product of a cycle is functionally 
identical to a starting material. Thus, by repeating cycles, the 
nucleic acid is amplified exponentially. 
0019 Methods that use thermocycling, e.g. PCR or Wu, 
D. Y. et al., Genomics 4:560 (1989)), have a theoretical 
maximum increase of product of 2-fold per cycle, because in 
each cycle a single product is made from each template. In 
practice, the increase is always lower than 2-fold. Further 
Slowing the amplification is the time spent in changing the 
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temperature. Also adding delay is the need to allow enough 
time in a cycle for all molecules to have finished a step. 
Molecules that finish a step quickly must “wait” for their 
slower counterparts to finish before proceeding to the next 
Step in the cycle, to shorten the cycle time would lead to 
skipping of one cycle by the “slower molecules, leading to 
a lower exponent of amplification. 

SUMMARY OF THE INVENTION 

0020. The present invention concerns a method and in 
Vitro polynucleotide complexes for achieving the amplifi 
cation of a nucleic acid molecule using a Single primer, 
under isothermal conditions. 

0021. In detail, the invention provides a composition for 
amplifying in vitro a target polynucleotide region of an 
initial linear nucleic acid molecule, wherein the composition 
comprises: 

0022 (A) a single-stranded first polynucleotide, 
wherein the polynucleotide (i) contains a polynucle 
otide region that is complementary in Sequence to the 
target polynucleotide region, and (ii) is a circular 
polynucleotide or is circularizable when hybridized 
to the target polynucleotide region in vitro, and 

0023 (B) a second polynucleotide comprising the 
target polynucleotide region. 

0024. The present invention particularly concerns the 
embodiments of Such a composition wherein the composi 
tion additionally comprise a template-dependent polymerase 
sufficient to extend a 3' terminus of a polynucleotide hybrid 
ized to the Single-Stranded first polynucleotide in vitro to 
thereby produce a template-dependent extension product 
and wherein the polymerase is additionally capable of 
causing extension-dependent Strand displacement of hybrid 
ized polynucleotides. 
0.025 The present invention particularly concerns the 
embodiments of Such compositions wherein, the Single 
Stranded first polynucleotide is circularizable via the action 
of a ligase, or is circularizable via the action of a recombi 

Sc. 

0026. The present invention particularly concerns the 
embodiments of Such compositions wherein, the Single 
Stranded first polynucleotide contains a modified nucleotide, 
especially a ribonucleotide or a biotinylated nucleotide. 
0027. The present invention further concerns a kit for 
amplifying in vitro a target polynucleotide region of an 
initial linear nucleic acid molecule, wherein the kit com 
prises: 

0028 (A) a first container containing a single 
Stranded first polynucleotide, wherein the polynucle 
otide (i) contains a polynucleotide region that is 
complementary in Sequence to the target polynucle 
otide region, and (ii) is a circular polynucleotide or 
is circularizable when hybridized to the target poly 
nucleotide region; and 

0029 (B) a second container containing a second 
polynucleotide comprising the target polynucleotide 
region. 

0030 The present invention particularly concerns the 
embodiments of such a kit wherein the kit additionally 
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comprise a third container containing a template-dependent 
polymerase Sufficient to extend a 3' terminus of a polynucle 
otide hybridized to the Single-Stranded first polynucleotide 
in vitro to thereby produce a template-dependent extension 
product and wherein the polymerase is additionally capable 
of causing extension-dependent Strand displacement of 
hybridized polynucleotides. 

0031. The present invention particularly concerns the 
embodiments of Such kits wherein, the Single-stranded first 
polynucleotide is circularizable via the action of a ligase, or 
is circularizable via the action of a recombinase. 

0032. The present invention particularly concerns the 
embodiments of Such kits wherein, the Single-stranded first 
polynucleotide contains a modified nucleotide, especially a 
ribonucleotide or a biotinylated nucleotide. 

BRIEF DESCRIPTION OF THE FIGURES 

0033 FIG. 1 shows examples of suitable 5' adaptor 
molecules. 

0034 FIGS. 2A and 2B (comprising Drawings A,B,C 
and D) show examples of suitable 3' adaptor molecules. 
0035 FIGS. 3A and 3B show the adaptation of the 3' 
terminus of the primer extension product. Lines A, B and C 
of FIG. 3A illustrate the use of different adaptor molecules 
to modify the 3' terminus of the primer extension product 
through further primer extension. Line D of FIG. 3B shows 
the use of ligation to modify the 3' terminus. 

0036 FIGS. 4A, 4B, 4C, and 4D show the formation of 
double-Stranded circular molecules from linear molecules 
adapted using adaptor molecules that contain a recombina 
tional Site. 

0037 FIG. 5 shows the formation of hairpin loop mol 
ecules from the adaptation of the primer extension product 
with a 3' adaptor molecule having an inverted repeated 
Sequence. 

0038 FIG. 6 shows the formation of “bow-tie” mol 
ecules from the adaptation of the primer extension product 
with a 3' adaptor molecule having a pair of nested inverted 
repeated Sequences. 

0039 FIG. 7 shows the conversion of hairpin loop and 
"bow-tie' molecules having directly repeated recombina 
tional Sites into Single Strand circular molecules. 
0040 FIGS. 8A and 8B show the amplification replicons 
of the present invention. FIG. 8A shows the twin origin 
“rolling circle” replicon that results from the extension of 
two primers during the amplification of a Single-Stranded 
circular molecule. FIG. 8B shows the 0 (“theta”) and 
“rolling circle” replicons that result from the amplification 
of a double-Stranded circular molecule. 

0041 FIG. 9 provides a diagramatic representation of an 
illustrative isothermal amplification reaction described in 
Example 1. 

0042 FIG. 10 provides a diagramatic representation of 
an alternative illustrative isothermal amplification reaction 
described in Example 1. The Figure illustrates the use of a 
5' fourth region of Primer I that is complementary to a 
portion of the proto-LOX site. 
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0.043 FIG. 11 provides a diagramatic representation of 
the use of ligation to form double-Stranded circular mol 
ecules, as described in Example 2. In FIG. 1, the 5' fourth 
region of Primer I that is complementary to a portion of the 
proto-LOX site may be deleted, if desired. 
0044 FIG. 12 provides a diagramatic representation of 
an alternative use of ligation to form double-Stranded cir 
cular molecules, as described in Example 2. In FIG. 12, the 
5' fourth region of Primer I that is complementary to a 
portion of the proto-LOX site may be deleted, if desired. 
004.5 FIG. 13 provides a diagramatic representation of 
the alternative illustrative isothermal amplification reaction 
described in Example 4 in which an unmodified primer is 
used and a DNA ligase is employed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0046) 
0047 The present invention provides a method for ampli 
fying a "target' polynucleotide region of a nucleic acid 
molecule that is present in a Sample. Such Samples may 
include biological Samples derived from a human or other 
animal Source (such as, for example, blood, Stool, sputum, 
mucus, Serum, urine, Saliva, teardrop, a biopsy Sample, an 
histology tissue Sample, a PAP Smear, a mole, a wart, an 
agricultural product, waste water, drinking water, milk, 
processed foodstuff, air, etc.) including samples derived 
from a bacterial or viral preparation, as well as other Samples 
(Such as, for example, agricultural products, waste or drink 
ing water, milk or other processed foodstuff, air, etc.). 

I. Terminology of the Invention 

0.048 AS used herein, the term “desired” nucleic acid 
molecule is intended to refer to the nucleic acid molecule 
that is to be amplified by the present methods. The “desired” 
molecule can have been purified, or partially purified, or 
may be present in an unpurified State in the Sample. A nucleic 
acid molecule that contains the “desired molecule is said to 
be a “target' molecule. The nucleic acid molecules of the 
present invention are described as "polynucleotides' in 
order to denote that they contain more than three nucleotide 
residues. The nucleic acid molecules of the present invention 
are further described as comprising “regions, in order to 
more fully describe the Structural components of the mol 
ecules. The linear nucleic acid molecules of the invention 
contain terminal "portions.” AS used herein, Such portions 
define a region at the end of the molecules. 
0049. As used herein, the term “amplification” refers to a 
“template-dependent process” that results in an increase in 
the concentration of a nucleic acid molecule relative to its 
initial concentration. AS used herein, the term “template 
dependent process” is intended to refer to a process that 
involves the template-dependent extension of a primer mol 
ecule. AS Such, the term amplification, as used herein, is 
intended to exclude in Vivo Vector-mediated propagation of 
the type described by Cohen et al. (U.S. Pat. No. 4,237,224); 
Maniatis, T. et al., (Molecular Cloning A Laboratory 
Manual, Cold Spring Harbor Laboratory, 1982), etc. The 
term “template dependent process' refers to nucleic acid 
synthesis of RNA or DNA wherein the sequence of the 
newly Synthesized Strand of nucleic acid is dictated by the 
well-known rules of complementary base pairing (see, for 
example, Watson, J. D. et al., In: Molecular Biology of the 
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Gene, 4th Ed., W. A. Benjamin, Inc., Menlo Park, Calif. 
(1987)). AS used herein, a sequence of one nucleic acid 
molecule is said to be the “complement” of another if it 
contains a T (or U), A, C, or G at a position in which the 
other molecule contains an A, T (or U), G or C, respectively. 
0050. The present invention employs a variety of differ 
ent enzymes to accomplish the amplification of the desired 
nucleic acid molecule. A "polymerase' is an enzyme that is 
capable of incorporating nucleotides to extend a 3' hydroxyl 
terminus of a “primer molecule.” A nucleotide that has been 
incorporated into a nucleic acid molecule is termed a nucle 
otide “residue.” As used herein, a “primer' or “primer 
molecule' is a nucleic acid molecule, that when hybridized 
to a nucleic acid molecule, possesses a 3' hydroxyl terminus 
that can be extended by a polymerase. Polymerase enzymes 
are discussed in Watson, J. D. et al., In: Molecular Biology 
of the Gene, 4th Ed., W. A. Benjamin, Inc., Menlo Park, 
Calif. (1987), which reference is incorporated herein by 
reference, and Similar texts. Examples of DNA polymerases 
that can be used in accordance with the methods described 
herein include E. coli DNA polymerase I, the large pro 
teolytic fragment of E. coli DNA polymerase I, commonly 
known as “Klenow' polymerase, “Taq polymerase, T7 
polymerase, T4 polymerase, T5 polymerase, reverse tran 
Scriptase, etc. 

0051 Polymerases exhibiting processivity (the capacity 
to continue the extension of a particular primer to thereby 
produce an extension product of Significant length) are 
preferred. 

0052. In several of the embodiments of the present inven 
tion, amplification is achieved by extending a hybridized 
primer on a Single-Stranded DNA template that is base 
paired to itself. Thus, polymerases capable of mediating 
Such primer eXtension and Strand displacement are particu 
larly preferred. Examples of preferred polymerases include 
T5 DNA polymerase (Chatterjee, D. K. et al., Gene 97:13-19 
(1991), T4 polymerase, and T7 polymerase. Where a DNA 
polymerase does not displace a base-paired Stand of a DNA 
molecule and extend a primer into the previously base 
paired region with Sufficient efficiency, Such capacity may be 
facilitated by the addition of an accessory protein. For 
example, the capacity of T7 polymerase to displace a Strand 
of a base-paired molecule is enhanced by the presence of T7 
gene 4 protein (Kolodner, R. et al., J. Biol. Chem 253:574 
584 (1978)). Similarly, T4 DNA polymerase can catalyze 
extensive primer extension if the reaction additionally con 
tains T4 gene 32 protein (Gillin, F. D. et al., J. Biol. Chem 
251:5219-5224 (1976)). Use of the T7 promoter and gene 4 
protein, however, has the advantage that the gene 4 protein 
is used catalytically rather than Stoichiometrically during the 
primer extension reaction. 

0053. In some embodiments of the invention, amplifica 
tion is achieved by extending a hybridized primer on a DNA 
template of a double-stranded DNA molecule composed of 
two separable Strands. Thus, in Such embodiments, poly 
merases capable of mediating Such primer eXtension are 
preferred. Examples of preferred polymerases include those 
cited above. The capacity to extend primer molecules using 
such double-stranded DNA templates may be facilitated 
through the addition of topisomerases and/or gyrases (Eki, T. 
et al., J. Biol. Chem 266:3087-3100 (1991); Parada, C. A. et 
al., J. Biol. Chem 264:15120-15129 (1989)). 
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0.054 When an enzymatic reaction, such as a polymer 
ization reaction, is being conducted, it is preferable to 
provide the components required for Such reaction in 
“excess” in the reaction vessel. “Excess” in reference to 
components of the amplification reaction refers to an amount 
of each component Such that the ability to achieve the 
desired amplification is not substantially limited by the 
concentration of that component. 
0.055 A “ligase' is an enzyme that is capable of 
covalently linking the 3' hydroxyl group of a nucleotide to 
the 5' phosphate group of a Second nucleotide. Ligases 
capable of joining "blunt ended' or “Staggered ended” 
double-Stranded nucleic acids, may be employed. Examples 
of suitable ligases include E. coli DNA ligase, T4 DNA 
ligase, etc. 
0056. The present invention employs a “recombinase,” 
and most preferably, a “site-specific recombinase.” AS used 
herein, a recombinase is an enzyme whose action on two 
nucleic acid molecules results in recombination between the 
two molecules. Recombination is a well-Studied natural 
proceSS which results in the Scission of two nucleic acid 
molecules having identical or Substantially similar (i.e. 
“homologous') sequences, and the reformation of the two 
molecules Such that one region of each initially present 
molecule becomes ligated to a region of the other initially 
present molecule (Sedivy, J. M., Bio-Technol. 6:1192-1196 
(1988), which reference is incorporated herein by reference). 
Recombinases are naturally present in both prokaryotic and 
eucaryotic cells (Smith, G. R., In: Lambda II, (Hendrix, R. 
et al., Eds.), Cold Spring Harbor Press, Cold Spring Harbor, 
N.Y., pp. 175-209 (1983), herein incorporated by refer 
ence)). 
0057 Two types of recombinational reactions have been 
identified. In the first type of reaction, “general' or “homolo 
gous' recombination, any two homologous Sequences can 
be recognized by the recombinase (i.e. a "general recombi 
nase”), and can thus act as Substrates for the reaction. In 
contrast, in the Second type of recombination, termed “site 
Specific’ recombination, the recombinase can catalyze 
recombination only between certain Specialized “recombi 
national Sites.” Thus, in “site-specific recombination,' only 
homologous molecules having a particular Sequence may act 
as Substrates for the reaction. 

0.058 Site specific recombination is thus mediated by a 
Site-specific recombinase acting on two “recombinational 
Sites.” Several Such site-specific recombination Systems 
have been described. The most preferred site-specific 
recombinational System is the site-specific recombination 
system of the E. coli bacteriophage P1. The P1 bacterioph 
age cycles between a quiescent, lysogenic State and an 
active, lytic State. The bacteriophage's Site-specific recom 
bination system catalyzes the circularization of P1 DNA 
upon its entry into a host cell. It is also involved in the 
breakdown of dimeric P1 DNA molecules which may form 
as a result of replication or homologous recombination. 
0059. The P1 site-specific recombination system cata 
lyZeS recombination between specialized “recombinational 
sites” known as “lox” sites (e.g.,"loxP,”“loxB” etc.). The 
loxPsite is the preferred lox site of the present invention has 
been shown to consist of a double-Stranded 34bp Sequence. 
This Sequence contains two 13 bp inverted repeated 
Sequences which are Separated from one another by an 8bp 
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Spacer region (Hoess, R. et al., Proc. Natl. Acad. Sci. 
(U.S.A.) 79:3398-3402 (1982); Sauer, B. L., U.S. Pat. No. 
4.959,317, herein incorporated by reference). 
0060. The recombination of lox sites is mediated by a 
P1-encoded protein known as “Cre” (Hamilton, D. L. et al., 
J. Molec. Biol. 178:481-486 (1984), herein incorporated by 
reference). The Cre protein mediates recombination between 
two loxP sequences (Sternberg, N. et al., Cold Spring 
Harbor Symp. Quant. Biol. 45:297-309 (1981)). These 
Sequences may be present on the same DNA molecule, or 
they may be present on different molecules. Cre protein has 
a molecular weight of 35,000. The protein has been purified 
to homogeneity, and its reaction with the loXP Site has been 
extensively characterized (Abremski, K. et al., J. Molec. 
Biol. 259:1509-1514 (1984), herein incorporated by refer 
ence). The cre gene (which encodes the Cre protein) has 
been cloned (Abremski, K. et al., Cell 32: 1301-1311 (1983), 
herein incorporated by reference). Plasmids producing Cre 
may be obtained from Life Technologies, Inc. (Gaithersburg, 
Md.). Cre protein is available from Novogen, Inc. (Madison, 
Wis.). 
0061 Any protein that is capable of mediating recombi 
nation between two lox Sites is the functional equivalent of 
Cre protein. Any nucleotide Sequence that can be recom 
bined with a lox Sequence by Cre is the functional equivalent 
of a lox site. 

0062) The site specific recombination catalyzed by the 
action of Cre protein on two lox sites is dependent only upon 
the presence of the above-described lox sites and Cre. No 
energy is needed for this reaction; thus, there is no require 
ment for ATP or other similar high energy molecules. 
Moreover, no factors or proteins other than the Cre protein 
is required in order to mediate site-specific recombination at 
lox sites (Abremski, K. et al., J. Molec. Biol. Chem. 
259:1509-1514 (1984)). In vitro, the reaction is highly 
efficient; Cre is able to convert 70% of the DNA Substrate 
into products and it appears to act in a Stoichiometric manner 
(Abremski, K. et al., J. Molec. Biol. Chem. 259:1509-1514 
(1984)). 
0063 Cre-mediated recombination can occur between 
lox sites which are present on two different molecules. 
Because the internal Spacer Sequence of the loXp Site is 
asymmetrical, two loXp Sites exhibit directionality relative to 
one another (Hoess, R. H. et al., Proc. Natl. Acad. Sci. 
(U.S.A.) 81:1026-1029 (1984)). If the loxp sites are in the 
Same relative orientation, Cre acts to excise and circularize 
the DNA between them. If the sites are in an opposite 
relative orientation, Cre acts to flip the DNA between them. 
The recombinational event works efficiently on linear or 
circular molecules (Abremski, K. et al., Cell 32:1301-1311 
(1983); Abremski, K. et al., J. Molec. Biol. Chem. 261:391 
396 (1986)). 
0064. The nature of the interaction between Cre and lox 
sites has been extensively studied (Hoess, R. P. et al., Cold 
Spring. Harb. Symp. Quant. Biol. 49:761-768 (1984), herein 
incorporated by reference). In particular, mutations have 
been produced both in Cre, and in the lox site. 

0065. The Cre mutants thus far identified have been 
found to catalyze recombination at a much slower rate than 
that of the wild-type Cre protein. lox mutants have been 
identified which recombine at lower efficiency than the 
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wild-type site (Abremski, K. et al., J. Molec. Biol. Chem. 
261:391-396 (1986); Abremski, K. et al., J. Molec. Biol. 
202:59-66 (1988), herein incorporated by reference). 
0.066 Experiments with mutant lox sites in which either 
the left or right inverted repeat had been removed, has 
revealed that Cre is capable of binding to partial loXp Sites, 
but is incapable of mediating efficient recombination 
between Such Sites. Insertions in the Spacer region impair the 
ability of Cre to catalyze recombination. Of particular inter 
est to the present invention is the use of a loxP511 mutant 
Site. 

0067. The Cre protein is capable of mediating lox-spe 
cific recombination in eucaryotic hosts, Such as Saccharo 
myces cerevisiae (Sauer, B., Molec. Cell. Biol. 7:2087-2096 
(1987); Sauer. B. L., U.S. Pat. No. 4.959,317, herein incor 
porated by reference), or mammalian cells (Sauer, B. et al., 
Proc. Natl. Acad. Sci. (U.S.A.) 85:5166-5170 (1988), Sauer, 
B. et al., Nucleic Acids Res. 17:147-161 (1989), both refer 
ences herein incorporated by reference). 
0068 Significantly, the lox-Cre system can mediate site 
Specific recombination between loX sites Separated by 
extremely large numbers of nucleotides (Sauer, B. et al., 
Gene 70:331-341 (1988); Stemberg, N., Proc. Natl. Acad. 
Sci. (U.S.A.) 87:103-107 (1990); Sauer, B. et al., Proc. Natl. 
Acad. Sci. (U.S.A.) 84:9108-9112 (1987); Palazzolo, M.J. et 
al., Gene 88:25-36 (1990), all herein incorporated by refer 
ence). 
0069. It has been found that certain E. coli enzymes 
inhibit efficient circularization of linear molecules which 
contain two loX Sites. Hence, enhanced in Vivo circulariza 
tion efficiency can be obtained through the use of E. coli 
mutants which lack exonuclease V activity (Sauer, B. et al., 
Gene 70:331-341 (1988)). 
0070 Although the Cre-lox site-specific recombination 
System is preferred, alternative site-specific recombination 
Systems have been identified, and can be used in accordance 
with the methods of the present invention. 
0071 For example, the site-specific recombination sys 
tem of the E. coli bacteriophage (Weisberg, R. et al., In: 
Lambda II, (Hendrix, R. et al., Eds.), Cold Spring Harbor 
Press, Cold Spring Harbor, N.Y., pp. 211-250 (1983), herein 
incorporated by reference) can be employed. Bacteriophage 
w uses its recombinational System in order to integrate its 
genome into its host, the bacterium E. coli. The System is 
also employed to excise the bacteriophage from the host 
genome in preparation for virus lytic growth. 

0.072 The w recombination system is composed of four 
proteins-Int and Xis, which are encoded by the bacterioph 
age, and two host integrative factors encoded by the E. coli. 
These proteins catalyze site-specific recombination between 
“att' sites. 

0073. The Int protein (together with the E. coli host 
integration factors) will catalyze recombination between 
“attP and “attB' sites. If the attP sequence is present on a 
circular molecule, and the attB site is present on a linear 
molecule, the result of the recombination is the disruption of 
both att Sites, and the insertion of the entire attP-containing 
molecule into the attB site of the second molecule. The 
newly formed linear molecule will contain an attL and an 
attR site at the termini of the inserted molecule. 
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0074 The Int enzyme is unable to catalyze the excision 
of the inserted molecule. Thus, the reaction is unidirectional. 
In the presence of the W Xis protein, the reverse reaction can 
proceed, and a Site-specific recombinational event will occur 
between the attR and attL sites to regenerate the initial 
molecules. 

0075) The nucleotide sequence of both the Int and Xis 
proteins are known, and both proteins (as well as the host 
integrative factors) have been purified to homogeneity. Both 
the integration and the excision reaction can be conducted in 
vitro (Better, M.; Wickner, S.; Auerbach, J. and Echols, H., 
Cell 32:161-168 (1983)). The nucleotide sequences of the 
four att sites has also been determined (Weisberg, R. et al., 
In: Lambda II, (Hendrix, R. et al., Eds.), Cold Spring Harbor 
Press, Cold Spring Harbor, N.Y., pp. 211-250 (1983), which 
reference has been herein incorporated by reference). 
0076. Additional site-specific recombination systems that 
may be employed include TpnI and the B-lactamase trans 
posons (Levesque, R. C., J. Bacteriol. 172:3745-3757 
(1990)); the Tn3 resolvase (Flanagan, P. M. et al., J. Molec. 
Biol. 206:295-304 (1989); Stark, W. M. et al., Cell 58:779 
790 (1989)); the yeast recombinases (Matsuzaki, H. et al., J. 
Bacteriol. 172:610-618 (1990)); the B. subtilis SpoVC 
recombinase (Sato, T. et al., J. Bacteriol. 172:1092-1098 
(1990)); the Flp recombinase (Schwartz, C. J. et al., J. 
Molec. Biol. 205:647-658 (1989); Parsons, R. L. et al., J. 
Biol. Chem. 265:4527-4533 (1990); Golic, K. G. et al., Cell 
59:499-509 (1989); Amin, A. A. et al., J. Molec. Biol. 
214:55-72 (1990)); the Hin recombinase (Glasgow, A. C. et 
al., J. Biol. Chem. 264:10072-10082 (1989)); immunoglo 
bulin recombinases (Malynn, B. A. et al., Cell 54:453 
460(1988)); and the Cin recombinase (Hafter, P. et al., 
EMBO J. 7:3991-3996 (1988); Hubner, P. et al., J. Molec. 
Biol. 205:493-500 (1989)), all herein incorporated by refer 
ence. Such alternate Systems are discussed by Echols, H. (J. 
Biol. Chem. 265:14697-14700 (1990)), de Villartay, J. P. 
(Nature 335:170-174 (1988); Craig, N. L. (Ann. Rev. Genet. 
22:77-105 (1988)), Poyart-Salmeron, C. et al. (EMBO J. 
8:2425-2433 (1989)), Hunger-Bertling, K. et al. (Molec. 
Cell. Biochem. 92:107-116 (1990)), and Cregg, J. M. 
(Molec. Gen. Genet. 219:320-323-(1989)), all herein incor 
porated by reference. 
0077 Conditions or agents which increase the rate or the 
extent of priming, primer elongation, or Strand displace 
ment, may be used to increase the extent of the amplification 
obtained with the methods of the present invention. For 
instance, as indicated above, the addition of topoisomerases, 
helicases, gyrases or Single-Stranded nucleic acid binding 
proteins (Such as the gene 32 protein of T4 or the gene 4 
protein of T7) may be used to increase the Strand displace 
ment rate of a DNA polymerase, or may allow the use of a 
DNA polymerase that might not ordinarily give Substantial 
amplification. 
0078. It is desirable to provide to the assay mixture an 
amount of required co-factors such as Mg", and dATP, 
dCTP, dGTP, TTP, ATP, CTP, GTP, UTP or other nucleotides 
in Sufficient quantity to Support the degree of amplification 
desired. Nucleotide analogues, etc. (Piccirilli, J. A. et al., 
Nature 343:33-37 (1990)) can be substituted or added to 
those Specified above, provided that the base pairing, poly 
merase and Strand displacing functions are not adversely 
affected to the point that the amplification does not proceed 
to the desired extent. 
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0079 
Method 

0080 A. The Nature of the Target Molecule 

II. The Molecules Employed in the Amplification 

0081. The methods of the present invention may be used 
to amplify any desired target nucleic acid molecule. Such 
molecules may be either DNA or RNA. The molecule may 
be homologous to other nucleic acid molecules present in 
the sample (for example, it may be a fragment of a human 
chromosome isolated from a human cell biopsy, etc.). Alter 
natively, the molecule may be heterologous to other nucleic 
acid molecules present in the sample (for example, it may be 
a viral, bacterial, or fungal nucleic acid molecule isolated 
from a sample of human blood, Stools, etc.). The methods of 
the invention are capable of Simultaneously amplifying both 
heterologous and homologous molecules. For example, 
amplification of a human tissue Sample infected with a virus 
may result in amplification of both Viral and human 
Sequences. 

0082 The present methods do not require that the desired 
target molecule have any particular Sequence or length. In 
particular, the molecules which may be amplified include 
any naturally occurring procaryotic (for example, patho 
genic or non-pathogenic bacteria, Escherichia, Salmonella, 
Clostridium, Agrobacter, StaphylococcuS and Streptomyces, 
Streptococcus, Rickettsiae, Chlamydia, Mycoplasma, etc.), 
eucaryotic (for example, protozoans (such as amoebas, etc.), 
parasites (such as Plasmodium, and TrypanoSomes), fungi, 
yeast, higher plants, lower and higher animals, including 
mammals and humans) or viral (for example, Herpes 
viruses, HIV, influenza virus, Epstein-Barr virus, hepatitis 
virus, polio virus, etc.) or Viroid nucleic acid. The nucleic 
acid molecule can also be any nucleic acid molecule which 
has been or can be chemically Synthesized. Thus, the desired 
target nucleic acid Sequence need not be found in Nature. 
0.083. The target nucleic acid molecule which is to be 
amplified may be in either a double-Stranded or Single 
stranded form. If the nucleic acid is double-stranded at the 
Start of the amplification reaction it may be first treated to 
render the two Strands into a single-Stranded, or partially 
Single-Stranded, form. Methods are known to render double 
Stranded nucleic acids into Single-Stranded, or partially 
Single-Stranded, forms, Such as heating, or by alkali treat 
ment, or by enzymatic methods (such a by helicase action, 
etc.), or by binding proteins, etc. General methods for 
accomplishing this treatment are provided by Maniatis, T, et 
al. (In: Molecular Cloning, A Laboratory Manual, Cold. 
Spring Harbor Laboratories, Cold Spring Harbor, N.Y. 
(1982)), and by Haymes, B. D., et al. (In: Nucleic Acid 
Hybridization, A Practical Approach, IRL Press, Washing 
ton, DC (1985)), which references are herein incorporated 
by reference. Such treatment permits the obtained Single 
Stranded molecules to be amplified using the recombina 
tional-Site-containing primer molecules described below. 
Alternatively, double-Stranded target molecules may be 
ligated into circular or linear double-Stranded molecules that 
contain recombinational Sites. 

0084. Single-stranded RNA, double-stranded RNA or 
mRNA are also capable of being amplified by the method of 
the invention. For example, the RNA genomes of certain 
viruses can be converted to DNA by reaction with enzymes 
Such as reverse transcriptase (Maniatis, T. et al., Molecular 
Cloning (A Laboratory Manual), Cold Spring Harbor Labo 
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ratory, 1982; Noonan, K. F. et al., Nucleic Acids Res. 
16:10366 (1988)). The product of the reverse transcriptase 
reaction may then be amplified according to the invention. 
0085. The complete nucleotide sequence of the desired 
molecule need not be known in order to employ the methods 
of the present invention. The present invention requires 
knowledge only of the Sequences that flank the Sequence that 
is to be amplified. The target polynucleotide that is to be 
amplified may thus be envisioned as consisting of three 
regions. The first region, corresponding to the 3' terminus of 
the desired molecule that is to be amplified is the region to 
which the Single-primer of the present invention hybridizes, 
or to which double-Stranded ligation adaptors are added. 
Thus, the Sequence of this first region must be ascertained in 
order to construct a complementary primer that would be 
capable of hybridizing to the desired molecule. 
0086 As used herein, two nucleic acid molecules are said 
to be able to hybridize to one another if their Sequences are 
complementary and they are thus capable of forming a stable 
anti-parallel double-Stranded nucleic acid structure. Condi 
tions of nucleic acid hybridization Suitable for forming Such 
double stranded structures are described by Maniatis, T., et 
al. (In: Molecular Cloning, A Laboratory Manual, Cold 
Spring Harbor Laboratories, Cold Spring Harbor, N.Y. 
(1982)), and by Haymes, B. D., et al. (In: Nucleic Acid 
Hybridization, A Practical Approach, IRL Press, Washing 
ton, DC (1985)). For the purpose of the present invention, 
the Sequences need not exhibit precise complementarity, but 
need only be Sufficiently complementary in Sequence to be 
able to form a stable double-stranded structure. Thus, depar 
tures from complete complementarity are permissible, So 
long as Such departures are not Sufficient to completely 
preclude hybridization to form a double-Stranded Structure. 
0087. The size of the first region of the target molecule is 
Such as to permit a primer molecule to stably hybridize to it. 
Preferably, therefore, the first region of the desired mol 
ecule-will be greater than 10 nucleotides in length, and most 
preferably, 15 to 50 nucleotides in length. Longer or shorter 
primerS may be used, however. The use of Shorter primers 
may result in the amplification of nucleic acid Sequences in 
addition to that of the desired Sequence. The use of longer 
primers may slow the rate of hybridization. Extension of the 
primer may be done with reverse transcriptase where the 
desired molecule is present as RNA. Alternatively, Such 
extension can be accomplished with other DNA polymerases 
where the desired molecule is DNA. If the first region is not 
used as a template for a primer, it need not be of a length 
Sufficient to permit stable priming. 
0088. The second region of the desired molecule is 
located 5' to the first region, and consists of the central 
portion of the desired molecule. The Second region of the 
desired molecule may have any Sequence, and be of any 
length. AS Stated above, the Sequence of this region need not 
be known in order to follow the methods of the present 
invention. Typically, the Second region may extend from a 
few nucleotides to Several kilobases. 

0089. The third region of the desired molecule is located 
at the 5' terminus of the desired molecule. The sequence of 
this region must be known in order to follow the methods of 
the present invention. Typically, the third region may extend 
from as few as 3 nucleotides to 10-20. If the third region is 
not used as a template for a primer, it need not be of a length 
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Sufficient to permit Stable priming. In a preferred embodi 
ment, however, the third region must be of Sufficient length 
to permit stable hybridization to occur. In this embodiment, 
the third region is preferably of a length of 15 to 50 
nucleotides in length. Longer or shorter primerS may be 
used, however. 

0090 Thus, the extent of sequence information of the 
desired molecule that is needed to practice the present 
invention is typically less than that needed to practice PCR 
methods. 

0091 B. The Nature of the Single Primer 
0092. In its most preferred embodiments, the present 
invention employs a Single primer to achieve the amplifi 
cation of the desired molecule. This single primer is also 
referred to herein as an “Amplification Primer,” in order to 
distinguish it from other primers that optionally may be 
employed. The Single primer molecule is of Suitable length 
to stably hybridize to the first region of the desired molecule. 
Primer molecules of 10-50 nucleotides are thus Suitable. In 
a most preferred embodiment, the primer molecule will 
comprise from 3' terminus to 5' terminus: 

0093 (1) a first polynucleotide region complemen 
tary to the 3' terminus of the target polynucleotide 
region; 

0094) (2) a second polynucleotide region containing 
modified nucleotides (especially methylated nucle 
otides or (C-thio)phosphorothioate nucleotides, 
wherein, if the Second polynucleotide region were 
hybridized to a complementary polynucleotide, a 
double-stranded polynucleotide would thereby be 
formed that would contain one or more restriction 
endonuclease cleavage Sites that would be recog 
nized by a restriction endonuclease that is Substan 
tially incapable of cleaving a Strand of a nucleic acid 
molecule that contains the modified nucleotides, and 

0.095 (3) a third polynucleotide region, wherein, if 
the third polynucleotide region were hybridized to a 
complementary polynucleotide, a double-Stranded 
polynucleotide would thereby be formed that would 
contain a recombinational Site (especially a lox site); 

0096. The nucleotide sequence of the second polynucle 
otide region of the Amplification Primer may be selected 
from any of a wide variety of Sequences that, if hybridized 
to a complementary polynucleotide, would form a double 
Stranded polynucleotide that would contain one or more 
restriction endonuclease sites. All that is desired is that the 
restriction endonuclease(s) that recognizes the contained 
site(s) be Substantially incapable of cleaving a Strand of a 
nucleic acid molecule that contains the modified nucleotides 
and that the contained site(s) not be present in the target 
polynucleotide that is to be amplified (i.e., that the Second 
polynucleotide region of the Amplification Primer not be 
complementary to any portion of the target polynucleotide). 
0097. In a highly preferred sub-embodiment, the single 
primer will additionally contain a fourth polynucleotide 
region, the fourth polynucleotide region of the Amplification 
Primer molecules being located 5' to the third polynucleotide 
region of the Amplification Primer molecules, and having a 
nucleotide Sequence complementary thereto, Such that the 
third and fourth polynucleotide regions of the Amplification 
Primer molecules are hybridized to one another forming a 
complete or (more preferably) a partial recombinational Site. 
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0098. Any of a variety of methods can be used to produce 
the primer molecule. For example, the molecule can be 
excised from a vector that contains it using Suitable 
enzymes, Such as restriction enzymes. Most preferably, 
however, the primer will be made Synthetically, using well 
known chemical methods. 

0099 Since the lox site is the most preferred recombi 
national Site of the present invention, the following descrip 
tion illustrates the invention by reference to the loX recom 
binational Site. It will, however, be recognized that any of 
the above-described recombinational Sites may be alterna 
tively employed. 

0100 C. The Adaptor Molecules of the Invention 
0101 The above-described single primer is preferably 
employed in concert with a target polynucleotide that has 
been adapted to be a part of a circular double-stranded DNA 
molecule that comprises: (a) a lox site; (b) the target 
polynucleotide region; and (c) a hemi-modified restriction 
Site located between the target polynucleotide region and the 
lox site, wherein one Strand of the hemi-modified restriction 
contains modified nucleotides (especially methylated nucle 
otides and (C-thio)-phosphorothioate nucleotides), Such that 
a restriction endonuclease that recognizes Such restriction 
Site will be incapable of cleaving that Strand containing the 
modified nucleotides, but will cleave that Stand lacking 
modified bases (or Vice versa). The target polynucleotide 
will be present in that strand of the hemi-modified site that 
is cleaved by the restriction endonuclease. 
0102) Such a double-stranded circular molecule can be 
obtained in any of a variety of ways (see FIGS. 11 and 12). 
In one embodiment, a circular double-stranded DNA pre 
cursor molecule comprising: (a) a lox site; (b) a target 
restriction endonuclease cleavage site; and (c) a hemi 
modified restriction site located between the target restric 
tion endonuclease cleavage Site and the lox site will be 
employed. The target polynucleotide is introduced (e.g., via 
target restriction site cleavage and ligation) into Such a 
circular precursor molecule in order to form the desired 
double-Stranded circular molecule. In employing Such a 
circular precursor molecule, the molecule's lox Site must be 
oriented (3'->5") opposite to the orientation of the single 
primer (such that if that strand of the desired circular 
molecule that lackS modified nucleotides were linearized by 
cleavage at the hemi-modified restriction Site, and were 
hybridized to the Single primer, primer extension of the 
linearized molecule would yield a linear double-Stranded 
molecule having a lox site at each end that would be in direct 
orientation with respect to one another (see, FIG. 11). 
0103) In an alternative embodiment, such a double 
Stranded circular molecule is obtained via Cre-mediated 
recombination of a linear double-stranded DNA molecule 
that comprises: (a) a first lox site located at a first end of the 
linear molecule, (b) a Second lox site located at a Second end 
of the linear molecule, wherein the first and the second lox 
Sites are directly oriented with respect to one another So as 
to permit the Cre to mediate the circularization of the linear 
double-stranded molecules, and to thereby form the double 
Stranded circular molecule; (c) the target polynucleotide 
region located internal to the first and Second lox sites, and 
(d) a hemi-modified restriction site located between the 
target polynucleotide region and one of the lox sites, 
wherein one strand of the hemi-modified restriction site of 
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each of the linear molecules contains modified nucleotides 
(especially methylated nucleotides and (C-thio)phospho 
rothioate nucleotides), Such that a restriction endonuclease 
that recognizes Such restriction Site will be incapable of 
cleaving that Strand containing the modified nucleotides 
(see, FIG. 12). 
0104. In a sub-embodiment, such a linear molecule may 
be obtained by inserting the target polynucleotide into a 
target restriction endonuclease site of a precursor double 
Stranded linear nucleic acid molecule that comprises: (a) a 
first lox site located at a first end of the linear molecule, (b) 
a Second lox Site located at a Second end of the linear 
molecule, wherein the first and the Second lox Sites are 
directly oriented with respect to one another So as to permit 
the Cre to mediate the circularization of the linear double 
stranded molecules, and to thereby form the double-stranded 
circular molecule; (c) a target restriction endonuclease 
cleavage site; and (d) a hemi-modified restriction site 
located between the target restriction site and one of the lox 
Sites. 

0105. In alternative embodiments, such linear molecules 
may be obtained using one or more Specialized “adaptor 
molecules.” Such adaptor molecules alter the 3' and 5' 
termini of the target molecule in Oder to install the loX Sites 
and hemi-modified restriction site onto the target molecule. 
0106 Such adaptor molecules may be either partially 
Single-Stranded, partially double-Stranded nucleic acid mol 
ecules, completely single-Stranded or completely double 
Stranded molecule. Thus, in one embodiment, the adaptation 
of the 5' terminus is accomplished by employing a primer 
molecule whose 5' terminus is designed Such that it contains 
the desired adaptation. In a Second embodiment, the 5' 
terminus of the primer extension product is altered (e.g., via 
ligation) using a 5' adaptor molecule. With respect to the 
alteration of the 3' terminus of the primer eXtension product, 
Such alteration can be accomplished using either a single 
adaptor molecule, or, in an alternate embodiment with a pair 
of adaptor molecules having similar structure (and resulting 
in a mixture of primer extension products, Some of which 
have been modified by one of the 3' adaptor molecules, and 
Some of which have been modified by the other 3' adaptor 
molecule). Thus, for example, a linear double-Stranded 
nucleic acid molecule containing the desired Sequence may 
be incubated in the presence of ligase and double-Stranded 
nucleic acid adaptor molecules So as to cause the adaptation 
of both ends of the linear molecule. Alternatively, such 
adaptation may be accomplished using primers and a poly 
merase-mediated primer eXtension reaction. In a third alter 
native, a combination of ligation (to adapt one end of the 
linear nucleic acid molecule containing the desired 
Sequence) and primer extension (to adapt the linear mol 
ecule's other end) may be employed. 
0107 The adaptor molecules permit the linear molecule 
to form either Single-Stranded or double-Stranded circular 
nucleic acid molecules which may be readily amplified 
under isothermal conditions. 

0108) 1) Illustrative Adaptor Molecules of the 5' Termi 
US 

0109) Any of a variety of adaptor molecules may be used 
to modify the 5' terminus of the primer molecule or the 
primer eXtension product Such that it contains a recombina 
tional Site, most preferably a lox site. 
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0110. The adaptor molecule of the 5' terminus can be 
added to the primer molecule either before or after its 
template dependent extension. In the most preferred 
embodiment, a primer molecule is employed that has been 
modified to contain the 5' adaptor molecule. Thus, in this 
embodiment, the primer may be Synthesized Such that it 
contains an additional region (including the recombinational 
Site) at its 5' terminus. If desired, when employing a recom 
binational site that, like loX exhibits directionality, Some of 
the primer may be Synthesized with the loX site in one 
orientation, and Some of the primer Synthesized with the loX 
Site in the opposite orientation. Alternatively, 5' adaptor 
primer molecules that all have their recombinational Site in 
a single orientation can be used in conjunction with 3' 
adaptor molecules that contain their recombinational Site in 
an appropriate orientation. 
0111 Alternatively, however, the 5' terminus can be 
modified through the action of a ligase using either Single 
stranded or, more preferably, double-stranded DNA contain 
ing the recombinational Site. In one embodiment, Such 
ligation Substrates will possess a 5' terminus (Such as a 5' 
hydroxyl group) that prevents the ligation of more than one 
Such ligation Substrate molecule to the primer extension 
molecule. Alternatively, the adaptor molecule may be a 
Single-Stranded molecule, that exhibits intra-Strand hybrid 
ization (i.e. a "hairpin' loop). AS in the case of the adapted 
primer molecule discussed above, the use of a recombina 
tional Site having directionality will generally require the use 
of two hairpin loop species having opposite orientations for 
their recombinational Sites. Alternatively, one may ligate a 
double-stranded molecule having the above-described 
attributes of the Single-Stranded 5' adaptor to one end of the 
linear double-Stranded molecules of the Sample. Additional 
Sequences may, if desired, be added 3' or 5' of the recom 
binational Site. Examples of Suitable 5' adaptor molecules 
are shown in FIG. 1. 

0112 2) Illustrative Adaptor Molecules of the 3' Termi 
US 

0113 Any of a variety of different adaptor molecules can 
be used to alter the 3' terminus of the primer extension 
molecule. The choice of which type of adaptor molecule to 
use will depend upon whether the formation of Single 
Stranded or double-Stranded molecules is preferred. 
Examples of Suitable 3' adaptor molecules are shown in 
FIGS. 2A and 2B. 

0114) a) Adaptor Molecules for the Formation of Single 
Stranded Circular Molecules: Use of Partially Single 
Stranded and Partially Double-Stranded 3' Adaptor Mol 
ecules 

0.115. In one embodiment, a partially single-stranded and 
partially double-Stranded nucleic acid adaptor molecule is 
employed to alter the 3' terminus of the primer extension 
product as a prelude to the formation of Single-Stranded 
circular molecules. A feature of Such molecules is that they 
possess a 3' protruding region having a predefined Sequence. 
The Sequence of this protruding Sequence is Selected Such 
that 3'-most portion of the region has the same Sequence as 
that of the third region of the desired molecule. In a first 
preferred Sub-embodiment, this protruding terminus is 
blocked, as by the use or presence of a dideoxynucleotide, 
etc., Such that it is incapable of being extended by a 
polymerase in a template-directed process. 
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0116. The strand of the adaptor molecule that contains the 
3' protruding Sequence may be composed of RNA, Such that 
it can be readily degraded by the inclusion of RNASe to the 
reaction, or by alkali treatment. Methods of forming RNA 
oligonucleotides are disclosed by Sharmeen, L. et al. 
(Nucleic Acids Res. 15:6705-6711 (1987)) and by Milligan, 
J. F., et al., Nucleic Acids Res. 15:8783-8798 (1987)). In 
another embodiment, the Strand of the adaptor molecule that 
contains this protruding Sequence is composed of a nucleic 
acid that has been biotinylated, Such that the Strand can be 
Selectively removed from the reaction by addition of agents 
Such as anti-biotin antibodies, avidin, Streptavidin, etc. 
0117. A second feature of the adaptor molecules is the 
presence of a double-Stranded region located 5' to the 
above-described protruding 3' terminus. 
0118. In one embodiment, the invention employs a single 
Such 3' terminus adaptor molecule whose double-Stranded 
region comprises a pair of inverted repeated Sequences, 
preferably Separated by a Spacer Sequence. This aspect of the 
invention is shown in FIG. 2A (Drawing A), wherein the 
terms X and X’ are used to designate complementary 
Sequences that comprise the inverted repeated Sequence. The 
Spacer Sequence is preferably 3-100 nucleotides in length. 
The length of the Spacer is Selected Such that the inverted 
repeated Sequences are Sterically capable of hybridizing to 
one another. Thus, if the inverted repeated Sequences are of 
Sufficient length, the Sequences will be capable of hybrid 
izing to one another in the absence of a spacer Sequence. In 
a preferred embodiment, however, the Spacer Sequence is 
10-50 nucleotide long, and preferably not an inverted 
repeated Sequence. In this embodiment, the Spacer Sequence 
is adapted to function as a primer binding site (designated 
“PBS” in the Figures) for the amplification of the desired 
Sequence. 

0119). In an alternate preferred embodiment, the invention 
employs two different 3' terminus adaptor molecules. In 
each of these adaptor molecules, the Spacer Sequence is 
composed of a Second pair of inverted repeated Sequences, 
Such that the Structure of the adaptor molecule provides a 
pair of external inverted repeated Sequences that flank a pair 
of internal inverted repeated Sequences. In a preferred 
embodiment, the Sequences of the pair of internal inverted 
repeated Sequences are interrupted by a primer binding site 
that is preferably 10-50 bases long, and preferably not an 
inverted repeated Sequence. This aspect of the invention is 
shown in FIG. 2A (Drawing B) and FIG. 2B (Drawing D), 
where the term “PBS' is used to designate the relative 
position of the optional primer binding Site, the terms Y and 
Y" or Q and Q' are used to designate complementary 
Sequences that comprise the optional internal inverted 
repeated Sequences, and the terms X and X’ are used to 
designate complementary Sequences that comprise the exter 
nal inverted repeated Sequences. In the most preferred 
Sub-embodiment of this embodiment, the Sequences of the 
external and internal repeated Sequences are different. The 
Sequences of the two adaptor molecules are Selected Such 
that the nucleotide Sequence of the external inverted repeat 
Sequence of the first of the two adaptor molecules is different 
from the external inverted repeated Sequence of the Second 
of the two adaptor molecules. The Sequences of the external 
inverted repeats of the first and Second adaptor molecules 
are thus Selected Such that they are Substantially incapable of 
hybridizing to one another (i.e. the external repeat Sequence 
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of the first adaptor molecule is Substantially incapable of 
hybridizing to the external inverted repeat of the Second 
adaptor molecule). The nucleotide sequence of the internal 
inverted repeated Sequences of the two adaptor molecules is 
preferably the Same, or at least Sufficiently similar to allow 
the respective internal repeated Sequences of the adaptor 
molecules to hybridize to one another. If the internal 
repeated Sequences are interrupted by a primer binding site, 
such sequences may be different, but will preferably be the 
SC. 

0120 AS used herein, two sequences are said to be 
“inverted repeats of one another if they are complementary 
to one another. Similarly, an “inverted repeat Sequence” is 
composed of two oligonucleotide or polynucleotide 
Sequences ("arms”) which are complimentary to one 
another. Thus, a feature of the adaptor molecules is that, 
although the inverted repeat Sequences of the two Strands of 
the double-Stranded region of the adaptor molecules are 
hybridized to one another in the adaptor molecule, they 
would-be capable of intra-strand hybridization (i.e. "Snap 
ping-back” and forming a hairpin loop structure) if the 
adaptor molecule were denatured or converted to a single 
Stranded form. The length of the inverted repeated Sequences 
is selected such that intra-strand hybridization would be 
possible if the adaptor molecule were denatured or con 
verted to a single-Stranded form. Thus, the inverted repeated 
Sequences are preferably greater than 10 nucleotides in 
length, and most preferably, 15 to 50 or more nucleotides in 
length. Longer or Shorter inverted repeated Sequences may 
however be used. The use of shorter inverted repeated 
Sequences may result in a decreased rate of hairpin forma 
tion. The use of longer Sequences may lead to a destabliza 
tion of inter-Strand hybridization, and thus may be undesir 
able where such hybridization is desired. 

0121 When defining conditions to be used in any specific 
embodiment of the present invention, it is desirable to Select 
a primer that cannot prime on itself. To minimize the 
likelihood of potential interfering reactions, candidate prim 
erS should be tested in reactions which address this issue 
prior to use in the amplification process. One Such example 
is to measure the addition of nucleotides by a polymerase to 
the 3' end of the candidate primer in the absence of any target 
molecule. 

0.122 The above-described adaptor molecules can be 
Synthesized using any of a variety of methods. For example, 
the “inverted repeated Sequence-inverted repeated Sequence, 
"inverted repeated Sequence-spacer Sequence-inverted 
repeated Sequence” or the “external inverted repeated 
Sequence-internal inverted repeated Sequence-internal 
inverted repeated Sequence-external inverted repeated 
Sequence” segment of the adaptor molecules can be obtained 
by cloning Such a Sequence, propagating the Vector, and then 
excising the Sequence using a restriction endonuclease. The 
protruding 3' terminus can be formed using deoxynucleotide 
terminal transferase and the appropriate nucleotide triphos 
phates. In following such a method, it would be desirable to 
block the 3' terminus of the second strand of the adaptor 
molecule. Alternatively, the protruding 3' terminus can be 
added by ligating a single- or double-Stranded molecule to 
the “inverted repeat-inverted repeat' Segment of the adaptor 
molecule (or any of the above-described variants thereof), 
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and then removing the Sequence complementary to the 
“protruding 3' Sequence” to thereby render that Sequence 
actually protruding. 

0123. In a preferred embodiment, the strands of the 
adaptor molecule(s) are prepared separately (preferably by 
primer eXtension using Suitable primerS and templates, or by 
clonal propagation, by transcription, by Synthetic means, or 
by any combination of these methods), and then mixed 
together under conditions Sufficient to permit the molecules 
to hybridize to one another. This method is particularly 
Suited to the embodiments wherein the Strand that contains 
the protruding 3' end is RNA or is biotinylated. Those of 
ordinary skill will readily comprehend alternative methods 
for forming the adaptor molecules. 

0124 b) Adaptor Molecules for the Formation of Single 
Stranded Circular Molecules: Use of Single-Stranded 3' 
Adaptor Molecules 

0.125. In a second, and preferred, sub-embodiment, the 
adaptor molecule(s) in the formation of Single-stranded 
circular molecules will be single-stranded DNA (preferably 
biotinylated) or RNA molecules. Such molecules will have 
a Sequence and structure that are identical to the Structure of 
the that Strand of the above-described partially single 
Stranded and partially double-Stranded adaptor molecules 
which contain the discussed protruding 3' terminus. In the 
most preferred embodiment, the 3' terminus of the molecule 
is blocked, Such that it cannot be extended by a polymerase. 

0126) 3) Adaptor Molecules for the Formation of Double 
Stranded Circular Molecules 

0127. The above-described 3' adaptor molecules are 
designed to permit the formation of Single-Stranded circular 
molecules. In order to form double-Stranded circular mol 
ecules, a different type of 3' adaptor molecule is preferably 
employed. 

0128. In this embodiment of the invention, the 3' termi 
nus of the primer eXtension product is modified Such that it 
contains a recombinational Site. If a Site Such as lox is 
employed, the orientation of the Site must be Such that upon 
adaptation, the two loX Sites are present in a direct repeat 
orientation. For Such purpose, a partially Single-Stranded and 
partially double-Stranded adaptor molecule or a single 
Stranded molecule is employed. The partially single 
Stranded and partially double-Stranded adaptor molecule 
will have a protruding 3' terminus that is capable of hybrid 
izing to the primer eXtension product in the manner 
described above, and of being extended in a template 
dependent manner. The double-Stranded region of the mol 
ecule, located 5' to the protruding 3' terminus, will comprise 
a recombinational site. Most preferably, the double-stranded 
region will also contain a region that is Substantially inca 
pable of participating in inter-Strand hybridization flanked 
by Sequences that are capable of participating in Such 
hybridization. Most preferably, Such incapacity is obtained 
through the use of Sequences that are identical, and have the 
attributes of the primer binding Sequence discussed above. 
Such a molecule is illustrated in FIG. 2B (Drawing C). If a 
Single-Stranded 3' terminus adaptor molecule is employed, 
the molecule will preferably contain the same Structure and 
Sequence as that Strand of the above-described partially 
Single-Stranded and partially double-Stranded adaptor mol 
ecule that possess the protruding 3' terminus. Alternatively, 
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one may ligate a double-Stranded molecule having the 
above-described attributes of the single-stranded 3' adaptor 
to one end of the linear double-stranded molecules of the 
Sample. 

0129. D. The Amplification Substrates 
0.130. The present invention employs amplification Sub 
Strate molecules in order to achieve the amplification of the 
desired molecule. 

0131) Any of a variety of amplification Substrates may be 
employed. In one embodiment, Such Substrates are either the 
primer molecule used to form the primer extension product 
(i.e., a 5' adaptor primer (either containing or lacking the 5' 
recombinational site) or a sequence complementary to that 
of the optional primer binding site of the 3' terminus adaptor 
molecule. Most preferably, the substrate is a primer that 
contains the 5' adaptor molecule (including a recombina 
tional site). The above-described single primer is the most 
preferred amplification Substrate. 

0132) III. Illustrative Amplification Methods of the 
Present Invention 

0133 A. Primer Extension Method 
0134) 1. The First Step of the Method 
0135) In the first step of one embodiment of the ampli 
fication methods of the present invention, the nucleic acid 
molecules of the sample are incubated with the above 
described Single primer molecule in the presence of DNA 
polymerase, and requisite nucleotide triphosphates and co 
factors. The molecules are incubated under conditions Suf 
ficient to permit the primer to hybridize to its target 
Sequence, and to be extended to form a primer extension 
product. Thus, if the desired Sequence is a double-Stranded 
DNA or RNA molecule, the strands are separated as by heat 
denaturation, or other means. If the desired Sequence is a 
single-stranded DNA or RNA molecule, the denaturation 
Step may be omitted. 

0.136. In one sub-embodiment of the invention, as for 
example when the concentration of the desired molecule is 
anticipated to be low, the molecules can be denatured and 
renatured in a cyclical manner So as to permit repeated 
rounds of primer extension. In this embodiment, the use of 
thermostable polymerases, Such as Taq polymerase is pre 
ferred, So that the expense of adding new polymerase can be 
avoided. 

0.137 Most preferably, the conditions of the primer 
extension will be controlled Such that the average length of 
the extended Single primers will be the length Separating the 
beginning of the first region from the end of the third region 
of the desired molecule. Such controlling of conditions can 
be accomplished by altering the concentration of DNA 
polymerase, the duration of the polymerization reaction, or 
by limiting the concentration of a nucleotide triphosphate 
Such that “stuttering of the primer extension product occurs 
when it reaches the desired average length. 

0.138. After single primer extension has been completed, 
the reaction is treated, preferably with heat or RNAse H (if 
the target molecule was RNA) So as to denature double 
Stranded nucleic acid molecules and render Such molecules 
Single-Stranded. If desired, exceSS primer can be removed 
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from the sample (as by filtration, adsorption, etc.), however, 
Such action is not necessary to the invention. 
0139 2. The Second Step of the Methods: Adaptation of 
the 3' Terminus of the Primer Extension Product 

0140. The second step of this embodiment of the method 
entails the adaptation of the primer extension product Such 
that it is capable of conversion into a circular molecule. The 
adaptation of the 3' terminus may precede or follow the 
adaptation of the 5' terminus, depending upon the adaptor 
molecules Selected. Adaptation of the termini may also be 
accomplished simultaneously. AS indicated, the adaptation 
of the 5' terminus may be accomplished through the use of 
modified primers, and may thus be accomplished prior to the 
primer eXtension Step. 
0141) 
0142. In a first and preferred sub-embodiment employing 
either the partially single-Stranded/partially double-Stranded 
3' adaptor molecule(s) or the single-stranded 3' adaptor 
molecule(s), the adaptation of the 3' terminus of the primer 
extension product is accomplished through the further tem 
plate-mediated extension of the primer extension products 
(FIG. 3A, lines A, B, C). Most preferably, the adaptor 
molecules used in this embodiment will contain blocked 3' 
termini. 

0143. In this embodiment, the primer extension products, 
which have been rendered Single-Stranded, are permitted to 
hybridize to the adaptor molecules. AS indicated above, the 
molecules have regions of homology Sufficient to permit the 
primer extension products to hybridize to the adaptor mol 
ecule. 

a) Further Primer Extension 

0144) Regardless of which type of adaptor molecule(s) is 
employed, the further extension of the primer extension 
products results in the formation of a partially-double 
Stranded and partially single Stranded molecule. The mol 
ecule is characterized in possessing a protruding 5' terminus 
whose Sequence comprises that of the primer extension 
product. If the adaptor molecule was partially double 
Stranded, the further extension of the primer extension 
product causes the displacement or destruction of the Strand 
that was initially complementary to the template. 
0145 b) Ligation 
0146 In a second Subembodiment, to be used for 
example when the partially Single-stranded/partially double 
Stranded 3' adaptor molecule(s) of the present invention is 
employed, the adaptation of the 3' terminus of the primer 
extension product is accomplished by the ligation of the 
primer extension molecule to the 3' adaptor molecule (FIG. 
3B, line D). Because of the complementarity between the 
Sequence of the protruding 3' terminus of the adaptor mol 
ecule and the 5' terminus of the primer eXtension molecule, 
the two molecules can hybridize to one another. Since the 
primer extension reaction has been controlled So that the 
average extension product terminates at a length correspond 
ing to the end of the third region of the desired molecule, the 
average primer eXtension product will have a 5' terminus 
that can hybridize to the adaptor molecule. 
0147 In an alternative embodiment, of the invention, as 
for example when the concentration of the desired molecule 
is anticipated to be high, the molecules of the Sample need 
not be denatured and can be directly cleaved into double 
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stranded molecules and then incubated with double-stranded 
or "hairpin'-shaped adaptors that contain recombinational 
Sites and the other adaptor attributes described herein, So as 
to produce double-Stranded molecules that contain the 
desired 3' and 5' adaptations. 
0148 When the adaptor molecule is DNA, any DNA 
ligase may be used to accomplish the ligation of the Strands. 
Significantly, primer eXtension products that are longer or 
Shorter than the precise length needed to permit the recessed 
5' terminus of the adaptor to abut the 3' terminus of the 
primer extension are not amplified by the methods of the 
invention. They need not be removed from the reaction, and 
do not interfere with the Subsequent desired amplification. 
0149 When the adaptor molecule is a DNA/RNA hybrid 
(in which the Strand having the protruding 3' terminus is 
RNA), T4 ligase is employed to ligate the DNA strands 
together (Lehman, I. R., Science 186:790-797 (1974); Oliv 
ers, B. M. et al., J. Molec. Biol. 26:261 (1968); Kleppe, K. 
et al., Proc. Natl. Acad. Sci. (U.S.A.) 67:68 (1970);. Fareed, 
G. C. et al., J. Biol. Chem. 246:925 (1971); Sgaramella, V. 
et al., Proc. Natl. Acad. Sci. (U.S.A.) 67:1468 (1970)). 
0150. The primer molecules will also have been modified 
to contain a recombinational Site at their 5' terminus as 
discussed above. Such modification may be performed prior 
to or after the primer extension of the first or Second steps 
of the method. If the modification is performed by ligation 
using a Single-Stranded molecule, the modification is per 
formed prior to the third step of the process. If the modifi 
cation is performed by ligation using a double-Stranded 
molecule, the modification is performed after the 5' terminus 
of the primer extension product has been rendered double 
Stranded. 

0151. 3. The Third Step of the Embodiment: Adaptation 
of the 5' Terminus of the Primer Extension Product 

0152. Where the 5' terminus of the above-described 
primer was not initially modified to contain a DNA sequence 
that, when present in a double-Stranded form comprises a 
recombinational Site, Such a sequence or site is added to the 
molecule produced after modification by the above-de 
Scribed 3' adaptor molecules. 

0153 a) The Methods Wherein the 3' Adaptor Molecule 
Comprises a Recombinational Site 
0154) In the Subembodiment wherein the 3' adaptor mol 
ecule comprises a recombinational Site, it is important that 
the orientation of that Site be the same as the orientation of 
the recombinational Site that is to adapt, or has adapted, the 
5' terminus of the primer or primer extension product. 

O155 In this embodiment of the methods of the inven 
tion, illustrated in FIGS. 4A, 4B, 4C and 4D, the single 
Stranded adaptor molecule (if that 3' terminus adaptor mol 
ecule was used), or the Strand of the above-described 
partially single-Stranded and partially double-Stranded adap 
tor Molecule that possesses the protruding 3' terminus (if 
that 3' terminus adaptor molecule was used) is not removed, 
and is extended by a DNA polymerase to form a double 
Stranded linear DNA molecule having termini that comprise 
recombinational Sites (in direct orientation, if loXp sites). 
Preferably, the use of a primer binding site in the adaptor 
molecule will create a “bubble' of single-stranded region 
located between the recombinational Sites. 
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0156 Action by a recombinase on the recombinational 
Sites yields a double-Stranded circular molecule. If the 
molecule contains the described primer binding site, then 
Such site will provide a single-Stranded region which may be 
used to initiate the replication of the circular molecule. 

O157. In one embodiment, such replication leads to a 
theta replicon. In a preferred embodiment, the double 
Stranded circle is "nicked' in one Strand to permit a “rolling 
circle” replicon to form. 

0158 b) The Methods Wherein the 3' Adaptor Molecule 
Comprises an Inverted Repeated Sequence 

0159. In the Subembodiment wherein the 3' adaptor mol 
ecule comprises an inverted repeated Sequence (FIG. 5), the 
Strand of the adaptor molecule that contained the “protrud 
ing 3' terminus’ is separated from the primer extension 
Strand. Any means known in the art may be used to accom 
plish Such separation. Optionally, and preferably, the Strand 
of the adaptor molecule that contained the “protruding 3' 
terminus’ is removed from the Sample. In a leSS preferred 
embodiment, the Strand of the adaptor molecule that con 
tained the “protruding 3' terminus” is labelled with biotin. In 
this Subembodiment, the sample is heated to denature 
double-Stranded molecules and treated with a biotin-binding 
agent (for example, Streptavidin) to thereby separate or 
remove the biotinylated molecule from the primer extension 
product. 

0160 In the most preferred Subembodiment, the strand of 
the adaptor molecule that contained the “protruding 3' 
terminus” is RNA, and is separated or removed from primer 
extension product through the enzymatic activity of RNASe 
H, which preferentially. degrades the RNA strand of an 
RNA/DNA hybrid. 

0.161 The reaction conditions are then adjusted, if nec 
essary, to permit DNA polymerization to occur. DNA poly 
merase is added, if needed, to the reaction, along with 
nucleotide triphosphates, etc., Such that template-dependent 
extension of the 3' terminus of the adapted molecules can 
OCC. 

0162 Since the adaptor molecule contains an inverted 
repeat, Such polymerization results in the formation of a 
hairpin loop Structure. In a preferred mode of the invention, 
the adaptation of the 5' terminus of the extension product is 
accomplished after Such hairpin loop Structures have 
formed, by providing double-Stranded recombinational Sites 
to the reaction, and permitting Such sites to ligate to the 
terminus of the hairpin. This mode of adaptation is preferred, 
Since the ligation of Such molecules will occur in a random 
ized orientation, Such that, on average one-half of the 
molecules will contain recombinational Sites that are in one 
orientation, and one-half of the molecules will contain 
recombinational Sites that are in the opposite orientation. 

0163 Action by a recombinase on the recombinational 
Sites of two adapted hairpin loop molecules having the 
opposite orientation (i.e. direct repeat) yields a single 
Stranded circular molecule. If the molecule contains the 
described primer binding Site, then Such site will provide a 
region which may be used to initiate the replication of the 
circle in a twin origin “rolling circle” replicon manner as 
described below. 
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0164 c) The Methods Wherein the 3' Adaptor Molecule 
Comprises a Pair of Nested Inverted Repeated Sequences 

0.165. In the Subembodiment wherein the 3' adaptor mol 
ecule comprises a pair of nested inverted repeated Sequences 
(FIG. 6), the strand of the adaptor molecule that contained 
the “protruding 3' terminus” is separated from the primer 
extension Strand, in the manner described above. 

0166 The reaction conditions are then adjusted, if nec 
essary, to permit DNA hybridization to occur. The random 
hybridization of the primer extension products will also 
result in the formation of a double-Stranded molecule having 
different external inverted repeated Sequences (i.e. formed 
from different 3' adaptor molecules, having different exter 
nal inverted repeated Sequences Such as are depicted as X/X 
and Q/Q"). The strands of these molecules will anneal to one 
another due to hybridization between their respective inter 
nal inverted repeated Sequences. Because the external 
inverted repeated Sequences of the two Strands are not 
complementary to one another, they will not hybridize to one 
another. Thus, the external repeated Sequences of each 
Strand will be able to participate in intra-Strand hybridiza 
tion. 

0167. After permitting such hybridization, DNA poly 
merase is added, if needed, to the reaction, along with 
nucleotide triphosphates, etc., Such that template dependent 
extension of the 3' terminus of the adapted molecules can 
occur. The action of DNA polymerase on these molecules 
will lead to the formation of a "bow-tie' molecule charac 
terized in possessing two hairpin loops that are annealed to 
one another by virtue of the hybridization between the 
internal inverted repeated Sequences of the molecules. 
0.168. The terminus of these molecules is then preferably 
adapted by providing double-Stranded recombinational Sites 
to the reaction, and permitting Such sites to ligate to the 
terminus of the hairpin, in the manner described above. 
Approximately one-half of all bow-tie molecules will con 
tain recombinational Sites in direct repeat. 
0169 Action by a recombinase on the recombinational 
Sites of two adapted hairpin loop molecules having the 
opposite orientation (i.e. direct repeat) yields a single 
Stranded circular molecule. If the molecule contains the 
described primer binding Site, then Such site will provide a 
region which may be used to initiate the replication of the 
circle in a twin-origin “rolling circle' manner as described 
below. 

0170 4. The Fourth Step of the Embodiment: Amplifi 
cation 

0171 Because the above steps produce molecules that 
contain recombinational Sites (e.g. loxp), the addition of a 
recombinase (preferably Cre) catalyzes a double-Strand 
eXchange at the recombinational Sites of the molecules. 
0172 For a “bow-tie” molecule having recombinational 
Sites in the same directional orientation, the recombinational 
action of the recombinase converts the linear molecules into 
a single strand circular molecule (FIG. 7). Similarly, two 
hairpin loops having recombinational Sites in the same 
directional orientation can be recombined to form a single 
strand circular molecule (FIG. 7). These circular molecules 
are characterized in having two copies of each Strand of the 
desired sequence, four copies of the Spacer region (which 
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optionally comprises the described internal inverted 
repeated Sequences), two copies of each of the two external 
inverted repeated Sequences and a single recombinational 
site (FIG. 7). 
0173 Unless the initially employed primer sequences 
have been removed or destroyed, these Sequences will 
displace the hybridized Strands of the circular molecule. 
Such displacement may be facilitated by thermally denatur 
ing the molecule, if desired. Such Sequences may be used to 
amplify the desired Sequence. 
0.174 Alternatively, amplification may be accomplished 
by providing a primer that is complementary to the optional 
primer binding Site. Since the circular molecule does not 
contain any Sequence complementary to the primer binding 
Site, Such primer molecules can readily access the Site and 
initiate amplification without thermal denaturation. 
0175 For single-stranded circular molecules, since the 
primers can anneal at two sites on the molecule, primer 
extension yields a twin-origin “rolling circle” replicon (i.e. 
a rolling circle replicon having two extending Strands, as 
shown in FIG. 8A). 
0176 For the double-stranded circular molecules pro 
duced by the above method steps, amplification can be 
preferably obtained in either of two manners. In one embodi 
ment, in which the addition of topoisomerase or gyrase is 
desirable, the double-Stranded molecule is replicated to form 
a theta replicon (FIG. 8B). More preferably, one strand of 
the double-Stranded molecule is nicked, Such that primer 
extension results in the displacement of the nicked Strand 
and the formation of a “rolling circle” replicon. Such nicks 
can be produced by radiation, by chemical adducts 
(ethidium bromide, etc.), by an endonuclease, or by other 
means. A preferred method for forming Such nickS is by 
incorporating at least one modified nucleotide (e.g., C.5'-a- 
thiotriphosphate (Pharmacia) or methylated nucleotide) 
into one Strand of a restriction site (preferably present in the 
3' adaptor molecule). Cleavage at that Site by the relevant 
restriction endonuclease will create a single-Strand nick 
(Walker, G. T. et al., Proc. Natl. Acad. Sci. (U.S.A.) 89:392 
396 (1992)). 
0177 As each strand of any of the above replicons is 
extended, it provides additional template binding Sites for 
additional primer extension. Thus, the kinetics of amplifi 
cation are similar to, but faster than, Viral burst kinetics. 
0.178 The presence of inverted repeated sequences and 
recombinational Sites permits additional hairpin loop Struc 
tures to form. Since the reaction contains Cre, it will mediate 
recombination between Such additional hairpin loop Struc 
tures to form additional circular structures, thus increasing 
the number of amplification foci in the reaction. 
0179 All of the enzymes used in this amplification 
reaction may be active under the same reaction conditions. 
Indeed, buffers exist in which all enzymes are near their 
optimal reaction conditions. Therefore, the amplification 
process of the present invention can be done in a single 
reaction Volume without any change of conditions Such as 
the replacement of reactants. Thus, though this process has 
Several Steps at a molecular level, operationally it may have 
a single Step. Once the reactants are mixed together, one 
need not add anything or change conditions, e.g. tempera 
ture, until the amplification reaction has exhausted one or 
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more components. During this time, the nucleic acid 
Sequence being amplified will have been increased many 
fold. 

0180 B. Ligation Extension Method 

0181. In an alternate embodiment, the nucleic acid of the 
Sample is cleaved (either enzymatically, or by physical 
means, Such as shearing, Sonication, etc.) into linear double 
Stranded polynucleotides. The ends of the polynucleotides 
are adapted (if necessary) So as to permit the polynucleotide 
to be inserted (most preferably via ligation) into a target 
restriction endonuclease cleavage Site of either a precursor 
linear double-Stranded molecule, or into a precursor circular 
molecule. In a preferred embodiment of Such methods, the 
ligase will not be thermally stable, or will be otherwise 
labile, Such that after the initial ligation reaction the ligase 
can be Substantially inactivated. 

0182 1. Forming the Desired Circular Molecule 

0183) 

0184. In this sub-embodiment of the present methods, the 
target polynucleotide is introduced (via ligation, preferably 
at a restriction site) into the above-described linear precursor 
molecule. Such introduction forms a double-stranded DNA 
molecule that comprises: (a) a first lox site located at a first 
end of the linear molecule, (b) a Second lox site located at 
a Second end of the linear molecule, wherein the first and the 
Second lox Sites are directly oriented with respect to one 
another So as to permit the Cre to mediate the circularization 
of the linear double-stranded molecules, and to thereby form 
the double-stranded circular molecule; (c) the target poly 
nucleotide region located internal to the first and Second lox 
Sites; and (d) a hemi-modified restriction site located 
between the target polynucleotide-region and one of the loX 
Sites, wherein one Strand of the hemi-modified restriction 
Site of each of the linear molecules contains modified 
nucleotides (especially methylated nucleotides and (C-thio 
)phosphorothioate nucleotides), Such that a restriction endo 
nuclease that recognizes Such restriction site will be inca 
pable of cleaving that Strand containing the modified 
nucleotides. 

0185. In accordance with the present invention, such a 
molecule is then incubated in the presence of Cre under 
conditions Sufficient to permit circularization of the mol 
ecule Such that a circular molecule 

a) Precursor Linear Molecule Method 

0186 b. Precursor Circular Molecule Method 

0187. This Subembodiment is similar to the above-de 
Scribed precursor linear molecule method, except that the 
Step of the initial circularization is rendered unnecessary 
because the molecules are initially circularized. 

0188 Thus, in this sub-embodiment, the target poly 
nucleotide is introduced (via ligation) into the target restric 
tion site of the above-described circular precursor molecule. 
The resulting circular molecule comprises: (a) a lox site; (b) 
the target polynucleotide; and (c) a hemi-modified restric 
tion site located between the target restriction endonuclease 
cleavage Site and the loX site. 
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0189 2. Amplification of the Circular Molecule 
0190. This circular molecule is then incubated in the 
presence of a restriction endonuclease that recognizes the 
hemi-modified Site and causes a single-Strand nick or gap 
having a 3' hydroxyl terminus to be created. 
0191) A polymerase and nucleotides are added to the 
reaction (if not already present). Under Such conditions, the 
polymerase will mediate the extension of the created 3' 
terminus, and the consequent Strand displacement of the 5' 
terminus of the cut strand. The nucleotides employed will 
preferably be unmodified, such that primer extension will 
recreate the hemi-modified restriction Site, which is then cut, 
generating a new extendible 3' terminus. The net effect of 
Such primer extension, Strand displacement and nicking 
reactions is the displacement of a linear Single-Stranded 
molecule having a lox site at (or near) its 5' terminus and a 
region complimentary to the Single primer at its 3' terminus. 
0192 The single primer is added (if not already present 
in the reaction). The presence of the Single primer (and the 
polymerase and unmodified nucleotides) permits the linear 
molecule and the Single primer to act as templates for one 
another to recreate the initially formed double-stranded 
DNA molecule. 

0193 Significantly, the above reactions use a single 
primer to mediate the amplification of a specific target 
polynucleotide even if that molecule were initially present in 
a complex mixture of undesired polynucleotides. 

0194 C. Isolation or Purification of the Amplified Mol 
ecules 

0.195 This invention may be combined with many other 
processes in the arts of molecular biology to achieve a 
Specific end. Of particular interest is purifying the target 
Sequence from the other Sequences in the nucleic acid 
Sample. This can be accomplished most advantageously by 
annealing the nucleic acid Sample to an oligonucleotide that 
is complementary to the target and is immobilized on a Solid 
Support. A convenient Support would be a micro-bead, 
especially a magnetic micro-bead. After being So bound, the 
non-target Sequences could be washed away, resulting in a 
complete or a partial purification. 

0196. After an amplification is performed, one may wish 
to detect any amplification products produced. Any number 
of techniques known to the art may be adapted to this end 
without undue experimentation. Particularly advantageous 
in Some situations is the capture of RNAn amplification 
products by a DNA oligonucleotide complementary to an 
RNA sequence determined by the target Sequence, the 
oligonucleotide being bound to a Solid Support Such as a 
magnetic micro-bead. Preferably, this oligonucleotide's 
Sequence does not overlap with that of any oligonucleotide 
used to purify the target before the amplification. RNA:DNA 
hybrids thus formed may then be detected by antibodies that 
bind RNA:DNA heteroduplexes. Detection of the binding of 
such antibodies can be done by a number of methods well 
known to the art. 

0.197 Alternatively, amplified nucleic acid can be 
detected by gel electrophoresis, hybridization, or a combi 
nation of the two, as is well understood in the art. Since the 
molecules that are being amplified comprise both Strands of 
the desired Sequence, the use of restriction endonucleases 
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can cleave the reaction products into discrete and defined 
fragments. Those in the art will find that the present inven 
tion can be adapted to incorporate many detection Schemes. 
0198 Sequences amplified according to the methods of 
the invention may be purified (for example, by gel electro 
phoresis, by column chromatography, by affinity chroma 
tography, by hybridization, etc.) and the fractions containing 
the purified products may be Subjected to further amplifi 
cation in accordance with the methods of the invention. 

0199 D. Production of Recombinant Cells and Non 
Human Transgenic Animals 
0200 AS stated above, the methods of the present inven 
tion provide a means for obtaining a double-Stranded linear 
DNA molecule comprising a lox site at each end, in direct 
repeat orientation, and a mammalian gene, or a polynucle 
otide fragment or cDNA transcript thereof between such lox 
sites. Such DNA molecules can be used as the Substrate for 
the insertion of DNA into non-bacterial cells by, for 
example, the method of Sauer, B. L., U.S. Pat. No. 4,959,317 
(herein incorporated by reference). Hence, the present 
invention may be employed in concert with the methods of 
Sauer. B. L., U.S. Pat. No. 4,959,317, to facilitate the 
production, and to produce recombinant non-bacterial cells, 
recombinant mammalian cells, and transgenic animals. The 
use of the Sauer, B. L. method (U.S. Pat. No. 4,959,317) to 
produce Such cells and animals is well known (see, e.g., 
Xaio, Y. et al., Nucl. Acids Res. 25:2985-2991 (1997); 
Bethke, B. et al., Nucl. Acids Res. 25:2828-2834 (1997); 
Tarutani, M. et al., Proc. Natl. Acad Sci. (U.S.A.) 94:7400 
7405 (1997); Agah, R. et al., J. Clin. Invest. 100:169-179 
(1997); Jiang, R. et al., Curr. Biol 7:R321-323 (1997); 
Akagi, K. et al., Nucl. Acids Res. 25:1766-1773 (1997), all 
herein incorporated by reference). 
0201 In particular, the methods of the present invention, 
in concert with Such known methods of generating recom 
binant cells and non-human transgenic animals (Such as 
transgenic rodents) thus permits a non-bacterial cell (e.g., a 
yeast cell, a mammalian cell (especially a mammalian 
embryonic stem cell) to be produced by introducing a 
double-Stranded linear DNA molecule comprising a lox site 
at each end, in direct repeat orientation, and a mammalian 
gene, or a polynucleotide fragment or cDNA transcript 
thereof between Such lox Sites, into a chromosome of Such 
cell, wherein the DNA molecule either contains a hemi 
modified restriction site, or was derived from a DNA mol 
ecule that contained Such a hemi-modified restriction site (as 
cloning Such DNA molecule into a plasmid and permitting 
in Vivo amplification to occur in the absence of modified 
nucleotides; by employing such DNA molecules in PCR or 
other in vitro amplification to occur in the absence of 
modified nucleotides, etc.). 
0202) The present invention includes articles of manu 
facture, Such as "kits.” In one embodiment, Such kits will, 
typically, be specially adapted to contain in close compart 
mentalization a first container which contains a nucleic acid 
molecule comprising a recombinational Site at its 5' terminus 
and a region complementary to the desired polynucleotide at 
its 3' terminus, and a Second container which contains a 
nucleic acid molecule comprising a recombinational Site at 
its 5' terminus and a region having a Sequence complemen 
tary to the 5' terminus of the desired polynucleotide at its 3 
terminus, and, optionally, a third containing a recombinase 
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Suitable for catalyzing the recombination of the Sequence of 
the first container which. The kit may also, optionally, 
contain one or more DNA and/or RNA polymerases, ligase, 
buffers, etc. in amounts Sufficient to permit the amplification 
of a desired nucleic acid molecule. The kit may additionally 
contain instructional brochures, and the like. 

0203 E. Gene Detection and the Detection of Gene 
Expression 

0204. The methods and reagents of the present invention 
may be used to accomplish the detection of genes, gene 
expression, chromosomal elements (such as telomeres, cen 
tromeres, etc.) and polymorphisms, and to facilitate the 
identification of pathogens and tissue. 
0205. In one embodiment, a sample containing DNA 
(Such as a fixed cell or tissue biopsy) is treated with the 
reagents of the present invention under conditions Sufficient 
to permit either linear or exponential amplification of target 
Sequences that are unique to a particular pathogen or to a 
particular tissue. The detection of amplification thus estab 
lishes the presence of the pathogen in the sample, or the 
identity and or location of the particular tissue in the sample. 
For example, a sample of tissue may be treated in situ (or in 
Solution) with oligonucleotide primer reagents of the present 
invention whose Sequences have been Selected to amplify 
DNA sequences unique to chlamydia. The detection of 
amplification thus establishes the presence of the pathogen. 
In a further embodiment, the Sample of tissue may be treated 
in situ (or in Solution) with oligonucleotide primer reagents 
of the present invention whoses Sequences have been 
Selected to amplify an antibiotic resistance determinant 
possibly possessed by a pathogen (for example, chlamydia). 
Such reagents can be used to determine the Susceptibility of 
the pathogen to particular antibiotics. In a Sub-embodiment 
thereof, oligonucleotide primer reagents of the present 
invention and the processes of the present invention may be 
performed to assess the presence of mRNA rather than 
genomic DNA. For Such purposes, initial denaturation of the 
Sample DNA is unnecessary, for either the first or Second 
primer molecules will be designed to hybridize to the 
Single-Stranded mRNA of transcribed genes Selected Such 
that they will together mediate amplification only if the, for 
example, gene encoding the antibiotic resistance determi 
nant is being expressed. 

0206. In an alternative embodiment, the primer mol 
ecules can be used to assess, and reveal, the presence of cells 
of a particular tissue in a Sample or biopsy. For example, by 
Selecting primer molecules that possess a Sequence capable 
of amplifying insulin-encoding mRNA, the present inven 
tion can be used to detect pancreatic cells that express 
insulin. In like manner, the primers of the present invention 
can be designed to amplify Sequences of any expressed 
mRNA, and thereby provide a sensitive means of histologi 
cal evaluation. Likewise, by addressing Such primers to 
amplify mRNA encoding fetal antigens or tissue-specific 
proteins, the present invention can be used to detect and 
locate metastasized tumor cells, and to assess the State of 
differentiation of tumor cells. 

0207. In a further embodiment, the primer molecules of 
the present invention may be designed Such that their 
sequences will amplify DNA only if the DNA in question 
contains a particular nucleotide residue at a polymorphic 
Site. In this matter, the reagents and methods of the present 
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invention can be used for polymorphic analysis. For 
example, either of the primers the present invention can be 
designed Such that their 3' terminus corresponds to a poly 
morphic site, such that the 3' terminus will hybridize to a 
target DNA sequence only if that Sequence possesses a 
complementary polymorphic-nucleotide. In a Sub-embodi 
ment of this embodiment, the primers of the present inven 
tion will be designed such that their 3' termini will each 
correspond to the same polymorphic site (Such that the 
primers for aligned for hybridization, their 3' termini would 
overlap by a Single nucleotide corresponding to the poly 
morphic Site). 
0208 Detection of genes and gene expression may be 
accomplished by any of a variety of means, for example by 
labeling the amplified product, by hybridization assays 
(including in situ hybridization), etc. 
0209 F. Quantitative Amplification 
0210. The reagents and methods of the present invention 
may be adapted to permit the quantitative amplification of 
DNA and RNA molecules. In the simplest embodiment, such 
quantitative amplification can be obtained by conducting the 
isothermal amplification in the presence of limiting, and 
preferably exhausted, amounts of Amplification Primer, 
Such that amplification will be Substantially linear and non 
exponential. 
0211. In an alternative embodiment, the unique catalysis 
mediated by Site-specific recombinases may be exploited to 
achieve quantitative amplification. When a site-specific 
recombinase, Such as Cre, is employed to mediate recom 
bination between two recombinational sites (such as two 
Lox sites) of a linear DNA molecule, the reaction leads to the 
formation of a circular molecule and to the formation of a 
LOX oligonucleotide. By performing the amplification in the 
presence of acceSS Cre, the rate of formation of the LOX 
oligonucleotide becomes proportional to the concentration 
of target DNA present in the Sample. Accordingly, one may 
measure the concentration of the target DNA initially 
present in the Sample by determining the concentration of 
loX oligonucleotide present and the Specific activity of the 
Cre enzyme employed. 

0212 G. DNA and Protein Detection 
0213 The reagents and methods of the present invention 
may also be used to facilitate the detection of DNA, or 
protein or other antigens that may be present in a Sample. In 
one embodiment, this may advantageously be accomplished 
by exploiting the fact that certain site-specific recombinases, 
Such as Cre, become covalently bound to DNA as a conse 
quence of the recombinational reaction. Accordingly, ampli 
fied DNA can be bound and detected using anti-Cre anti 
bodies. This feature of the invention permits DNA 
amplification to be discerned through an immunoassay for 
mat (Such as ELISA or radioimmunoassay). 
0214. In an alternative embodiment, chimeric antibodies 
capable of bonding to Cre and to a protein or antigen of 
interest may be constructed. In the presence of Cre, Such 
antibodies will cause Cre to become bound to the antibody, 
and will form a reagent that is capable of binding to a protein 
or antigen of interest, if present in a Sample, and mediating 
Site-specific amplification of target DNA in the presence of 
Suitable primers. In one Sub-embodiment, the employed 
primers will be designed with overlapping Sequences Such 
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that they are capable of hybridizing to one another even the 
absence of exogenous template. In Such a Sub-embodiment, 
the presence of the protein of interest in the Sample can thus 
be detected by DNA amplification mediated by Cre and the 
employed primers. In an alternative Sub-embodiment, the 
employed primers will not possess overlapping Sequences, 
and additional complementary target template molecule will 
be provided to the reaction. 
0215 Having now generally described the invention, the 
Same will be more readily understood through reference to 
the following examples, which are provided by way of 
illustration, and are not intended to be limiting of the present 
invention, unless Specified. 

EXAMPLE 1. 

Isothermal Amplification Method I 

0216 FIG. 9 provides a diagrammatic representation of 
a first preferred method for achieving the amplification of a 
desired region of genomic DNA. 
0217. With reference to FIG. 9, a sample of double 
Stranded genomic DNA is denatured, as by heat, etc., and 
incubated in the presence of either an Amplification Primer 
molecule whose 3' terminus is complementary to a target 
polynucleotide region whose amplification is desired, or a 
Target Primer whose 3' terminus contains a target polynucle 
otide region (or, equivalently, a region complementary to the 
complement of a target polynucleotide region whose ampli 
fication is desired). 
0218 Most preferably, the Target Primer is added as the 
initial primer (i.e., prior to the addition of Amplification 
Primer). The purpose of this primer is to create an initial 
template for further amplification that is mediated by the 
Amplification Primer. Thus, the Target Primer may be 
provided at lower concentration than the Amplification 
Primer, which should be present in Significant excess. By 
providing the Target Primer before addition of the Ampli 
fication Primer, undesired effects caused by primer-primer 
hybridization can be avoided. 
0219. In the preferred embodiment shown in FIG. 9, the 
Target Primer comprises two polynucleotide regions: (1) a 
“target” polynucleotide region present at the 5' end of the 
polynucleotide that is to be amplified, and (2) a “proto-lox” 
polynucleotide region. The “proto-lox” region is located 5' 
to the “target' region of the primer. 

0220. In the preferred embodiment shown in FIG. 9, the 
Amplification Primer comprises three polynucleotide 
regions: (1) a “target complement polynucleotide region 
(i.e., a polynucleotide complementary to a polynucleotide 
present at the 3' end of the target polynucleotide that is to be 
amplified), (2) a polynucleotide region containing modified 
nucleotides and (3) a “proto-lox” polynucleotide region (i.e., 
a polynucleotide, which, if hybridized to a complementary 
polynucleotide would form a double-stranded molecule that 
would comprise a lox Site. The polynucleotide region con 
taining modified nucleotides is located 3' to the “proto-lox” 
region. The Sequence of the polynucleotide region contain 
ing modified nucleotides is Selected Such that if it were 
hybridized to a complementary polynucleotide, the resulting 
double-Stranded polynucleotide would comprise one or 
more restriction endonuclease recognition site(s). The 
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Sequence of the polynucleotide region containing modified 
nucleotides of the primer is preferably further selected Such 
that this restriction endonuclease recognition site is recog 
nized by a restriction endonuclease that is capable of cleav 
ing DNA that lacks such modified nucleotides, but is sub 
Stantially or completely incapable of cleaving a 
polynucleotide containing Such modified nucleotides. 
Examples of modified nucleotides include ribonucleotides 
(where the polynucleotides are DNA), phosphorothioate 
nucleotides, methylated nucleotides, bromodeoxyuridine, 
deoxyuridine, etc. Examples of Suitable restriction endonu 
cleases and their recognition Sequences are described in 
Sambrook, J., et al. (In: Molecular Cloning, A Laboratory 
Manual, Second Edition, Cold Spring Harbor Laboratories, 
Cold Spring Harbor, N.Y. (1989)), in Walker, G. T. et al. 
(Proc. Natl. Acad. Sci. (U.S.A.) 89:392–396 (1992)), and in 
the GibcoBRL/Life Technologies 1993-1994 Catalog and 
Reference Guide, all of which references are herein incor 
porated by reference. 

0221) The primer (either Amplification Primer or Target 
Primer) is incubated with the denatured DNA of the sample 
under conditions which permit both hybridization and tem 
plate dependent primer extension to occur. Thus, a poly 
merase and (non-modified) nucleotides are provided to the 
reaction. The primer extension reaction is terminated by 
adjusting the reaction conditions to cause the denaturation of 
the extended primer from its template molecule. 

0222 AS will be appreciated, if the target molecule was 
present in the initial Sample, the extension product of the 
Amplification Primer molecule will contain a region that is 
complementary to the target molecule, and thus complemen 
tary to the 3' terminus of the Target Primer (see FIG. 9). As 
such, it and can hybridize to the Target Primer. If the Target 
Primer was employed in the initial primer eXtension reac 
tion, then the resulting extension product will comprise a 
region that is complementary to the 3' terminus of the 
Amplification Primer (see FIG. 9), and can hybridize to the 
Amplification Primer. A Second primer extension reaction is 
conducted using whichever primer (amplification or Target 
Primer) was not used in the initial primer extension reaction. 
0223 Thus, the reaction conditions are adjusted to permit 
hybridization and primer eXtension to occur. As a conse 
quence of the presence of polymerase and nucleotides, the 
annealed amplification and Target PrimerS produce blunt 
ended linear molecules in which the desired “target' region 
is flanked by lox sites. Significantly, the “proto-lox” poly 
nucleotides of the amplification and Target Primers are 
oriented (with respect to the target complement and target 
polynucleotide regions) Such that the flanking lox sites are in 
a direct repeated orientation. 

0224 Cre recombinase is added to the reaction. As will 
be appreciated, Cre may be added at an earlier Step in the 
process if desired. The presence of Cre catalyzes the circu 
larization of the lox sites of the blunt-ended linear molecules 
produced above. As a result, a double-Stranded circular 
molecule is formed. The double-Stranded molecule contains 
the target polynucleotide, a single lox Site, and a restriction 
endonuclease site in which one Strand (i.e., the Strand 
derived from the Amplification Primer) contains modified 
nucleotides and the other Strand (i.e., that derived from the 
extension of the Target Primer via DNA polymerase) does 
not contain modified nucleotides. 
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0225. A restriction endonuclease that recognizes the 
restriction endonuclease recognition Site of the double 
Stranded circular molecule is added to the reaction. AS 
discussed above, the restriction endonuclease and the rec 
ognition site are Selected Such that the endonuclease does 
not cleave DNA containing modified nucleotides. Thus, the 
introduction of the endonuclease "nicks’ (if a single site is 
present) or "gaps” (if more than one site are present) the 
non-modified Strand of the circular molecule. 

0226. Such “nicking” or "gapping” creates a 3' terminus 
which may be extended by the previously added poly 
merase. Such extension displaces the 5' terminus of the 
non-modified Strand. AS the polymerase extends the 3' 
terminus through the region containing the restriction site, a 
new hemi-modified site is created. This new site is "nicked” 
or "gapped' by the previously added restriction endonu 
clease, and thus generates yet another 3' terminus that may 
be extended by the polymerase (see, FIG. 9). Since the 
cleavage that creates this Subsequent 3' terminus occurs 
behind the initially created 3' terminus, it does not affect the 
ability of a polymerase to extend the initially created 3' 
terminus. In a like manner, the reactions continue without 
further intervention: generating a new 3' terminus, extending 
that terminus, creating a new hemi-modified restriction site, 
"nicking” or "gapping that Site to create yet another 3 
terminus. 

0227. As each primer extension product is extended, it 
displaces the prior Strand that was hybridized to its template. 
This Strand displacement reaction continues without further 
intervention, and generates a set of identical linear mol 
ecules, all of which contain a “proto-lox” site and the target 
polynucleotide region. 

0228. At this point in the protocol, a linear isothermal 
amplification of the target polynucleotide has been accom 
plished. Since the Amplification Primer (discussed above) 
has not been removed from the reaction, it will hybridize 
with the linear amplification product, and thereby provide a 
Substrate for a new primer extension reaction. The conse 
quence of this reaction is the generation of a new double 
stranded blunt-ended linear molecule in which a double 
stranded target region is flanked by lox sites (see, FIG. 9). 
This new blunt-ended molecule is identical to that described 
above. 

0229. Since the reaction still contains Cre recombinase, 
the linear molecule is converted into the above-described 
double-Stranded circular molecule. Significantly, the newly 
formed circular molecule contains the same hemi-modified 
restriction endonuclease recognition Site as the initially 
formed circular molecules. Thus, cleavage of that Site results 
in a "nick’ or "gap,” which creates a further amplification 
nucleus. 

0230. In sum, an exponential isothermal reaction results. 
This reaction produces double-Stranded polynucleotides 
having the Sequence of the desired target molecule. 
0231 Significantly, if the Amplification Primer were pro 
Vided in limiting amounts, were made of RNA and degraded 
(as with RNase A, etc.) after the reaction had been initiated, 
or if it contained other nuclease Sensitive bases, or was at 
least partially biotinylated, it would be possible to exhaust, 
degrade or remove the Amplification Primer from the reac 
tion after the reaction had initiated. Upon Such exhaustion, 
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degradation or removal, the reaction will shift from an 
exponential amplification reaction that amplifies both 
Strands of the target to a linear reaction that amplifies only 
the target polynucleotide Strand. Such a modification is 
desirable in instances in which the purification and recovery 
of only a single Strand is desired (e.g., in DNA sequencing, 
and in probe generation). 
0232 FIG. 10 provides an alternative embodiment of the 
above-described method. In this alternative embodiment, 
either or both of the amplification and Target Primers is 
modified to contain a Sequence that causes the 5' terminus of 
the primer(s) to partially Self-hybridize to the primer, Such 
that the 3' terminus of the primer is single-stranded. Such 
Self-hybridization acts to minimize or prevent any hybrid 
ization between the Amplification Primer and the Target 
Primer molecules. 

EXAMPLE 2 

Isothermal Amplification Method II 

0233 FIGS. 11 and 12 provide diagrammatic represen 
tations of alternate preferred methods for achieving the 
amplification of a desired region of genomic DNA. 
0234. With reference to FIG. 11, an amplification “cas 
Sette' is employed. The cassette comprises a linear double 
Stranded polynucleotide having directly oriented lox Sites at 
its two termini. The lox sites are separated from one another 
by a double-Stranded region that comprises a hemi-modified 
restriction site, and a target restriction site region that 
contains one of more restriction sites Suitable for receiving 
the target DNA fragment(s). Most preferably, the target 
restriction site region will have multiple restriction cleavage 
Sites, Such that, by treating the cassette with multiple restric 
tion endonucleases two fragments are produced, one of 
which contains a lox Site and a first partial restriction site, 
and the other of which contains a Second, and preferably 
different partial partial restriction site, the hemi-modified 
restriction site, and a lox site. The use of a cassette whose 
target restriction site region contains two restriction Sites 
having different Sequences, and yielding incompatible ter 
mini upon cleavage is preferred, Since Such prevents the 
religation of the cassette. Incompatible termini are termini 
that cannot be ligated to one another. Compatible termini are 
termini that are ligatable. 
0235 Genomic or other target DNA is cleaved using a 
restriction fragment that produces termini that are compat 
ible with the termini generated from the restriction cleavage 
of the cassette. The target fragments and the cassette frag 
ments are incubated together in the presence of ligase under 
conditions Sufficient to form a ligation product in which the 
target fragment has been inserted into the target restriction 
Site region (replacing any DNA present between the original 
restriction sites). 
0236. The resulting molecule is a double-stranded linear 
molecule having lox sites at its ends. The molecule is 
preferably purified away from the restriction enzymes and 
ligase used above. Alternatively, Such enzymes can be 
inactivated by heat, antibodies, or other means. 
0237 As shown in FIG. 11, Cre, present or now added to 
the reaction, catalyzes the circularization of the target frag 
ment-bearing cassette. Since the circular molecule bears a 
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hemi-modified restriction Site, it comprises a Substrate for a 
restriction enzyme that recognizes this site. AS in Example 
1, Such a restriction endonuclease will cleave only the 
unmodified Strand, and will produce a nick in one Strand of 
the double-stranded circular molecule. The 3' terminigen 
ertated from Such cleavage is extended by polymerase, in the 
presence of all four nucleotide Species. Such extension 
regenerates the restriction site, and leads to the production of 
a linear Single-Stranded molecule containing the entire 
length of one circular Strand. 
0238 An Amplification Primer is added to the reaction (it 
may be provided earlier, if desired). The Amplification 
Primer is identical to that described in Example 1. As such, 
the Amplification Primer contains a region complementary 
to the 3' terminus of the linear Single-Stranded molecule 
produced above. The amplification moleule hybridizes with 
the linear Single-Stranded molecule, and, because poly 
merase and nucleotides are present, mediates the formation 
of a double-Stranded molecule whose Structure is essentially 
identical to that of the target fragment-bearing cassette 
(differing only in having a partial restriction site at one 
terminus). The molecule has two directly oriented lox sites, 
and is thus circularized by Cre to yield a molecule that is 
identical to the double-standed circular molecule discussed 
above. This molecule is processed in the manner described 
above, leading to exponential amplification 
0239 FIG. 12 shows a related embodiment, differing 
only in employing a precircularized "cassette’ molecule. 

EXAMPLE 3 

Attributes of the Isothermal Amplification Methods 
I and II 

0240 Several aspects of the embodiments discussed in 
Examples 1 and 2 are noteworthy. FIGS. 9-12 show the 
circularization of a single "full-length' linear molecule into 
a “unit length' circle. However, the same lox orientations 
responsible for circularization of nucleic acid molecules can 
mediate multiple head to tail joining of full-length linear 
molecules So as to form a "multi-unit length' circle. Sig 
nificantly, Since the lox Site is asymmetric, Such head to tail 
joining conserves the both the orientation of lox Sites, and 
the orientation of strands. Thus, when multiple full-length 
linear double-Stranded molecules are joined together, all-of 
the target Strand Sequences of the individual full-length 
linear molecules are present on the same Strand of the 
“multi-unit length' circle, Similarly, all of the target comple 
ment Strand Sequences of the individual full-length linear 
molecules are present on the other Strand of the “multi-unit 
length' circle. Hence, because the modified nucleotides of 
the respective hemi-modified restriction site will all be 
present on the same Strand of the resulting double-Strand 
“multi-unit length' circle. As a consequence, only one Strand 
of the multi-unit circle would be cleaved by the restriction 
enzyme, and the other would remain intact. Thus, Such a 
circle will be processed in the same manner as a unit length 
circle, but will result in the production of multiple copies of 
the target (or target complement) Strand each time the entire 
circle is replicated. The same unit length amplification 
product will be produced regardless of the number of 
full-length linear molecules that have recombined to form a 
circle. 

0241 This attribute of the present invention is of par 
ticular Significance Since it permits one to amplify target 
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molecules that would otherwise be too small (i.e., too 
thermodynamically rigid) to circularize readily into unit 
length circles. Thus, the processes of the invention, without 
any additional intervention or attention, mediate the head to 
tail joining of target molecules until a multimer is formed 
that possesses sufficient thermodynamic flexibility to be 
capable of circularizing into a circle. If the target molecule 
is large, the resulting circle can be of unit length; if the target 
molecule is Small, a multi-unit length circle can be formed. 
0242. In embodiments, such as that described in Example 
2, in which no Target Primer. is employed, amplification is 
Single-primer mediated. As a consequence, if the method 
were employed in the absence of Amplification Primer (or if 
the Supply of Amplification Primer became exhausted), the 
method would mediate a general, linear amplification of one 
strand of all of the DNA in a sample. Such reaction condi 
tions are useful in applications, Such as those encountered in 
forensic analysis, in which the Supply of target material is 
limited and finite. The method provides a means for ampli 
fying all molecules present, thus increasing target material 
Supply. 
0243 In such single primer embodiments, the Amplifi 
cation Primer controls both the Sequence Specificity of the 
reaction, and the extent of exponential amplification. Thus, 
whereas the reactions of this Example 2 mediate a linear 
amplification of all target DNA present in the Sample, 
reactions conducted in the presence of Amplification Primer 
mediate an exponential amplification of those molecules of 
the sample containing Sequences complementary to the 
Sequence of the target region of the Amplification Primer. 
0244. In any of the methods of Example 1 or 2, multiple 
Amplification PrimerS may be employed in lieu of the Single 
Amplification Primer described. The use of multiple Ampli 
fication Primers permits one to selectively amplify Sub 
populations of molecules having desired characteristics. 
However, this use is particularly valuable with the single 
primer amplification methods of this Example 2. For 
example, if Such methods are conducted with an Amplifi 
cation Primer that contains a Sequence complementary to a 
promoter Sequence, an exponential amplification of all mol 
ecules having Such a promoter Sequence will occur. If a 
Second Amplification Primer is employed that contains a 
Sequence complementary to a repressor binding site, an 
exponential amplification of all molecules having both a 
repressor binding Site and a promoter will occur. 
0245 Likewise, in any of the embodiments, such as those 
of Example 1, in which two primers are employed, the 
primerS may be used to amplify polynucleotides having 
desired attributes without prior knowledge of their 
Sequences. Thus, for example, by employing an Amplifica 
tion Primer that is complementary to a promoter or cen 
tromere Sequence, and a Target Primer that is complemen 
tary to a telomere Sequence, the methods of the present 
invention permit amplification of nucleic acid molecules that 
possess both the promoter (or centromere) sequence and the 
telomere Sequence. 

EXAMPLE 4 

Isothermal Amplification Method III 
0246 FIG. 13 provides a diagrammatic representation of 
a Second preferred method for achieving the amplification of 
a desired region of genomic DNA. 
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0247. With reference to FIG. 13, a sample of double 
Stranded genomic DNA is denatured, as by heat, etc., and 
incubated in the presence of an Amplification Primer mol 
ecule whose 3' terminus is complementary to a target poly 
nucleotide region whose amplification is desired. 
0248. In the preferred embodiment shown in FIG. 13, the 
Amplification Primer need not be modified in any respect. It 
merely needs to be of Sufficient length to permit stable 
hybridization. 

0249. The primer is incubated with the denatured DNA of 
the sample under conditions which permit both hybridiza 
tion and template dependent primer eXtension to occur. 
Thus, a polymerase and (non-modified) nucleotides are 
provided to the reaction. The primer extension reaction is 
terminated by modifying the reaction conditions to cause the 
denaturation of the extended primer from its template mol 
ecule. 

0250) A Target Primer is added to the reaction. Although, 
in a preferred embodiment, this Target Primer is introduced 
after the termination of the primer extension reaction, Such 
Target Primer may be introduced at any time before, during 
or after the introduction of the modified Amplification 
Primer discussed above. The Target Primer comprises a 
partially single-Stranded-partially double-Stranded "loop' 
Structure. It contains a protruding 3' terminus whose 
Sequence is the same as a Sequence present at the 5' end of 
the polynucleotide that is to be amplified, Such that the 
protruding 3' terminus is complementary to the 3' terminus 
of the extension product of the Amplification Primer. 
0251 The reaction conditions are adjusted to permit both 
the ligation of the primer extension product of the Ampli 
fication Primer to the recessed 5' terminus of the Target 
Primer, and the template dependent extension of the pro 
truding 3' terminus of the Target Primer. Thus ligase, poly 
merase and nucleotides are provided. The resulting product 
comprises a double-Stranded, blunt-ended, target molecule 
having the 5' terminus of one strand connected to the 3' 
terminus of the other via the “loop” structure of the Target 
Primer (see, FIG. 13). 
0252) A linker molecule is introduced into the reaction. 
The linker molecule is a blunt-ended, double-stranded linear 
molecule which comprises a lox Site flanked by one or more 
pairs of restriction endonuclease recognition sites. Prefer 
ably, as shown in FIG. 13, the restriction sites are composed 
of modified nucleotides. Both strands of the restriction site 
are modified. 

0253) The previously added ligase catalyzes the ligation 
of the linker molecule to the free 3/5' terminus of the 
previously formed product (FIG. 13) to form a “looped 
target molecule.” Such ligation can occur in either of two 
possible orientations (owing to the directionality of the lox 
Site). The orientation of ligation is unimportant to the 
reaction. 

0254. Two products of such ligation in which the lox site 
has been ligated in opposite orientations can be recombined 
via the addition of Cre to form an end-looped structure 
having two copies of the double-Stranded target polynucle 
otide Separated by a single loX site. 

0255. A third primer is introduced which is preferably 
complementary to a polynucleotide region of the non-base 
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paired “loop” part of the molecule. The previously added 
polymerase, causes the 3' terminus of this third primer to be 
extended around the “loop” and into the polynucleotide 
region of the target, displacing the hybridized non-template 
Strand. The third primer is optional, and added to facilitate 
the initiation of the amplification reaction. Its presence is not 
needed during amplification. 
0256 Extension of the primer past the modified restric 
tion Site, creates a hemi-modified restriction site. The intro 
duction into the reaction of a restriction endonuclease that 
recognizes this site, causes a "nick’ or 'gap' in the non 
modified Strand. AS in Example 1, once Started, these 
reactions continue without further intervention. Thus, 
primer extension creates a hemi-modified Site, that Site is 
cleaved by a restriction endonuclease thereby creating a new 
3' terminus which is extended to form a new hemi-modified 
Site, thereby restarting the cycle. 
0257 Again, as in Example 1, the cleavage that creates a 
new 3' terminus occurs behind a previously created 3 
terminus, and thus does not affect the ability of a polymerase 
to extend the initially created 3' terminus. As shown in FIG. 
10, the product of Such primer extension and cleavage 
reactions is the same "looped target molecule' as that 
described above. 

0258 Since the reaction still contains ligase and the 
linker molecules, Such molecules will be ligated together, 
and the products of Such ligation can then circularize via the 
action of the previously added Cre recombinase. Such 
circularization generates new amplification foci. 
0259. In sum, the method achieves the exponential ampli 
fication of both strands of the target polynucleotide without 
using modified primers. 
0260 The isothermal nature of the amplification pro 
ceSSes described above permits each product of each reac 
tion to procede through the entire Set of reactions at its own 
pace. This capacity, which reflects the isothermal nature of 
the reactions, is in marked contrast to cyclic reactions Such 
as the polymerase chain reaction, in which all reactants are 
required to procede in unison to the next Step of the reaction. 
By avoiding Such a requirement, the isothermal amplifica 
tion methods of the present invention provide faster reaction 
kinetics. 

EXAMPLE 5 

Isothermal Amplification of a 4 kb DNA Molecule 

0261) The ability of the methods of the present invention 
to mediate DNA amplification is illustrated with respect to 
a 4 kb fragment of pBR322. The fragment is introduced into 
a cassette comprising a LOX site and a hemi-methylated 
restriction site, and is amplified in Vitro. 
0262 Construction of the pBR322-LOX Derivative: 
Method I 

0263 pBR322 is a double-stranded DNA plasmid 4,362 
nucleotides long Maniatis, T. et al., In: “Molecular Cloning 
A Laboratory Manual,” Cold Spring Harbor Press, Cold 
Spring Harbor, N.Y. (1982)). It has a single EcoRI site 
located at nucleotide 4360, and a single BamHI site located 
at nucleotide 375. Accordingly, pBR322 DNA that is 
restricted with both EcoRI and BamHI yields two fragments 
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whose lengths are 377 and 3,985 nucleotides (the 3,985 
nucleotide fragment is referred to as the 4 kb fragment). 
Because cleavage at the EcoRI site leaves a protruding 5' 
AATT end, and cleavage at the BamHI site leaves a pro 
truding 5' GATC end, a pBR322 fragment restricted with 
both EcoRI and BamHI cannot be ligated together. The 
LOX-pBR322 derivative is made as follows: 
0264 1. Isolation of a pBR322 EcoRI-BamHI Fragment 
0265. To isolate the desired pBR322 EcoRI-BamHI 
fragment, pBR322 is obtained (Life Technologies, Gaithers 
burg, Md.) and cleaved with both EcoRI and BamHI (Life 
Technologies, Gaithersburg, Md.) according to the manu 
facturers instructions. Linear molecules having a length of 
approximately 4,000 nucleotides are purified by agarose gel 
electrophoresis (Sambrook, J. et al., In “Molecular Cloning 
A Laboratory Manual,” Cold Spring Harbor Press, Cold 
Spring Harbor, N.Y. (1989)). 
0266 2. Construction of an EcoRI-NotI-LOX-BamHI 
Fragment 

0267 A double-stranded EcoRI-NotI-LOX-BamHI DNA 
linker molecule is. produced having the Sequences SEQ ID 
NO:1: 

5' aattic.gcggc cqcatalactit cqtataatgt atgctatacg 

aagttatg 3" 

0268) and SEQ ID NO:2: 

5' gatccataac titcgtatago atacattata cqaagttatg 

0269. These oligonucleotides hybridize to one another as 
shown below: 

EcoRI Not LOX SITE 
5' aattic goggcc.gc atalactitcgtataatgtatgctatacgaagittat g 

3 

0270. The underlined nucleotides in SEQ ID NO:2. are 
5-methylcytosine (however, phosphorothioated residues 
may be used). The double-stranded DNA linker molecule 
can be obtained in any of a variety of ways. In one 
embodiment, it may be formed by mixing equimolar 
amounts of Synthetic oligonucleotides having the Sequences 
SEO ID NO:1 and SEO ID NO:2. 

0271 Alternatively, and more preferably, the double 
Stranded EcoRI-Not-LOX-BamHI DNA linker molecule 
can be made by incubating an oligonucleotide primer having 
the sequence of SEQ ID NO:3: 

5' aattc.gcggc cqc 3' 

0272 with a synthetic oligonucleotide having the 
sequence of SEQ ID NO:2 in the presence of DNA poly 
merase, dATP, TTP, dCTP and dGTP. As indicated above, 

g cgc.cgg.cg tattgaag catattacatacgatatgcttcaata cctag 5' 
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the underlining below the nucleotides indicates that the 
residues are 5-methylcytosine residues. The appropriate 
termini are obtained from the resulting blunt-ended double 
stranded DNA molecule by treating it with EcoRI and 
BamHI. 

0273) 3. Construction of the pBR322-LOX Derivative 
0274) The desired pBR322-LOX derivative is con 
structed by incubating the previously isolated 4 kb EcoRI 
BamHI pBR322 fragment in the presence of the EcoRI 
Not-LOX-BamHI DNA linker molecule, and DNA ligase. 
After permitting the ligation reaction to occur, the ligated 
material is purified by gel electrophoresis, and material 
migrating at the position of relaxed double-Stranded circular 
DNA is recovered. This material is the desired p3R322 
LOX derivative. 

0275 Construction of the pBR322-LOX Derivative: 
Method II 

0276. The desired pBR322-LOX derivative is alterna 
tively made as follows: pBR322 is obtained (Life Technolo 
gies, Gaithersburg, Md.) and cleaved with both EcoRI and 
BamHI (Life Technologies, Gaithersburg, Md.) according to 
the manufacturer's instructions. Linear molecules having a 
length of approximately 4,000 nucleotides are thereby 
obtained (Sambrook, J. et al., In “Molecular Cloning A 
Laboratory Manual,” Cold Spring Harbor Press, Cold Spring 
Harbor, N.Y. (1989)). 
0277. The restricted DNA is then subjected to a PCR 
amplification using two PCR primers comprising the 
sequences, SEQ ID NO:4 and SEQ ID NO:5. 

SEQ ID NO: 4: 
5' tatacgaagt tatggatcca taactitcgta tag catacat 

tatacgaagt tatgcgg.ccg. c.gaattcttg aagacgaaag 3' 

0278) As will be recognized, the first PCR primer (SEQ 
ID NO:4) contains a 13 base long span of nucleotides 

BamHI 

3 SEQ ID NO: 1 

SEQ ID NO: 2 

(nucleotides 1-13) that is connected to a BamHI recognition 
sequence (14-19). Nucleotides 20-53 are a LOX site. The 
initial span of nucleotides is complementary to the initial 13 
nucleotides of the LOX site, such that a “loop” can form 
between these regions of the primer. Nucleotides 54-61 are 
a Not site. Nucleotides 62-80 comprise the sequence of the 
EcoRI site of plasmid pBR322 and nucleotides 4359-4347 
of p3R322. The underscoring of C residues in the Not site 
indicates that at least one of the residues is methylated or 
phosphorothioated. 

SEQ ID NO: 5: 
5' tatacgaagit tatgaattica taactitcgta taatgitatgc 

tatacgaagt tatggat.cct citacgc.cgga 3 

0279. As will be recognized, nucleotides 1-13 of the 
second PCR primer (SEQ ID NO:5) are complementary to 
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the first 13 nucleotides of the LOX site that is present at 
nucleotides 20-53. Nucleotides 14-19 are an EcoRI site. 
Nucleotides 54-70 are the BamHI site of pBR322, and the 
eleven nucleotides of p3R322 that follow that site. 
0280. The PCR amplification thus yields linear double 
Stranded molecules having LOX sites on each terminus. The 
molecule is circularized using Cre. 
0281) The Amplification Primer 
0282. The Amplification Primer is most preferably 
obtained by nucleotide Synthesis. The primer is single 
Stranded, and has 80 nucleotides comprising the Sequence, 
SEO ID NO:4: 

5' tatacgaagit tatggatcca taactitcgta tag catacat 

tatacgaagt tatgcgg.ccg cgaattcttg aagacgaaag 3' 

0283 As a control, a Target Primer may be synthesized 
having 70 nucleotides, and comprising the Sequence, SEQ 
ID NO:5: 

5' tatacgaagit tatgaattica taactitcgta taatgitatgc 

taitacgaagt tatggatcct citacgc.cgga 3 

Reagent 

Buffer 
2 tug/ml Cre 

10 Units/ml 
Polymerase 

Klenow 
Taq/MgCl, 

1 unit/ml Not 
0.2 tug/ml 
Amplification 
Primer 
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clease, Klenow DNA polymerase, Taq polymerase and plas 
mids that overproduce Cre are obtained from Life Technolo 
gies, Inc., Gaithersburg Md. 

0287. The Amplification Reaction 

0288 Amplification is obtained by incubating either the 
circular p3R322-LOX derivative produced in Method I, or 
the linear pBR322-LOX derivative produced in Method II, 
in the presence of 10 units/ml DNA polymerase (Klenow), 
1 unit/ml Not endonuclease, Amplification Primer and Cre. 
A typical reaction aliquot (50 ul) contains 50 mM Tris-HCl 
(pH 7.5), 33 mM NaCl, 1 lug/ml pBR322-LOX derivative, 
0.2 tug/ml of Amplification Primer, 50 tug/ml each of dATP, 
TTP, dCTP, and dGTP, and 2 tug/ml Cre. 2 mM MgCl is 
added in reactions conducted with Taq polymerase. Reac 
tions are incubated at 37-45 C. for 1-2 hours, or longer. 
0289 Analysis of Amplification Reaction 

0290. To analyze the amplification reaction, a series of 
control experiments are conducted. Each Such experiment is 
conducted in a reaction volume of 50 ul. The Buffer in the 
experiments is 50 mM Tris-HCl (pH 7.5), 33 mM NaCl, and 
50 ug/ml each of dATP, TTP, dCTP, and dGTP. All reactions 
are incubated for 2 hours either isothermally, or under 
thermocycling conditions, with 10 ul aliquots removed at 0, 
30, 60 and 120 minutes. The Experimental protocol for such 
experiments is shown below: 

Experimental Protocol 

Experiment 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

-- - - - - - - - - - - - - - 

-- - - - - - - - - - - - - - 

0.2 tug/ml Target - - - - - - - - - - - - -- -- 
Primer 
pBR322-LOX 

1 tug/ml 
10 ug/ml 
1 tug/ml 4 kb 

EcoRI-BamHI 
pBR322 
fragment 

0284. The Amplification Primer and the Target Primer are 
oriented with respect to one another So as to comprise 
primers that may be used in PCR for amplifying the 4 kb 
pBR322 EcoRI BamHI derivative. 
0285) Cre, Not and Polymerase 
0286 Cre is obtained from Novogen, Inc. (Madison, 
Wis.). Alternatively, it may be purified according to the 
methods of Abremski, K. et al. (J. Molec. Biol. 150:467-486 
(1981), herein incorporated by reference). NotI endonu 

0291. The results of the above-described experiments are 
analyzed by get electrophoresis in order to detect amplifi 
cation of DNA. Experiment 1 is a Cre-facilitated amplifi 
cation reaction. Experiments 2-6 explore the effect of delet 
ing Cre, Polymerase, Amplification Primer, Not and 
Substrate, respectively, from the amplification reaction. 
Experiments 7-8 are designed to permit a comparison 
between Cre-facilitated amplification and PCR under 
approximately identical conditions. Experiment 7 is an 
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amplification reaction run under isothermal conditions 
37-45 C. using Taq polymerase instead of Klenow. Experi 
ment 8 is a PCR protocol performed as described by 
Sambrook, J. et al. (In “Molecular Cloning A Laboratory 
Manual,” Cold Spring Harbor Press, Cold Spring Harbor, 
N.Y. (1989)). Experiment 9 is a Cre control for demonstrat 
ing the capacity of the Cre to mediate recombination. 
Experiments 10-12 are controls to identify the nature and 
migration of the DNA substrates. 
0292 Experiments 13 and 14 demonstrate the capacity of 
Cre-mediated amplification to amplify DNA lacking lox 
Sites. Experiments 13 and 14 are performed as follows: 

0293 1. The 3.9 kb EcoRI-BamHI linear pBR322 
fragment (in Buffer) is heat denatured and then cooled 
to 37-45 C. 

0294 2. The Target Primer and Taq polymerase are 
added, and a polymerization reaction is permitted to 
occur for 20 minutes. 

0295 3. The reaction is then heated to heat denature 
any double-stranded DNA present. 

0296 4. The reaction is cooled to 37-45° C., and 
Amplification Primer and Not restriction endonuclease 
are added. Cre is added to Experiment 14. Reactions 13 
and 14. The reaction is then permitted to continue under 
isothermal conditions for 2 hours. 

0297 Evaluation of Amplification Reaction 
0298 The absolute capacity of Cre-facilitated amplifica 
tion methods to amplify DNA is demonstrated by a com 
parison of the results of Experiments 1, 14 and 10-12. The 
efficiency of Cre-facilitated amplification relative to PCR is 
demonstrated by a comparison of the results of Experiments 
1, 14 and 8. 

EXAMPLE 6 

Isothermal Amplification of a Human Gene 
0299 The ability of the methods of the present invention 
to mediate DNA amplification is further illustrated with 
respect to the human p53 gene. 
0300. The p53 gene is a human tumor suppressor gene 
that comprises approximately 20 kilobases, and contains 11 
exons (393 codons). The gene is located at chromosome 
region 17p13.105-p12. Its sequence can be obtained from 
the GSDB database at accession X54156. Mutations in the 
p53 gene are the Single most common genetic alteration in 
human cancers. Indeed, of the more than 100,000 additional 
cases of colon, lung and breast cancer diagnosed each year, 
more than half have been reported to contain p53 mutations 
(Levine, A.J., Canc. Surveys 12:59-79 (1992); herein incor 
porated by reference). The majority of presently recognized 
p53 mutations are missense mutations tightly clustered 
between codons 118 and 309, the DNA binding region of the 
protein (Renault, B. et al., Cancer Res. 53:2614-2617 
(1993); Ziegler, A. et al., Proc. Natl. Acad. Sci. (U.S.A.) 
90.4216-4220 (1993)). These mutations generally result in 
loss of function of the p53 protein. Because of the correla 
tion between mutations in p53 and the incidence of cancer, 
the p53 gene is thought to be part of the cascade necessary 
for the development of many tumors, and the p53 gene is 
believed to play a role in regulating cell growth and apop 
tosis. 

23 
Sep. 30, 2004 

0301 The diversity and dispersion of mutations in the 
p53 gene is thus of Substantial clinically relevance. Unfor 
tunately, the large size of the p53 gene, and the large number 
of intervening Sequences that it contains, has hampered 
efforts to identify additional mutations that may be associ 
ated with colon, lung or breast cancer as well as mutations 
that may be predictive of other types of cancer. Because the 
methods of the present invention are able to amplify entire 
human genes, they permit. the amplification of the entire p53 
gene of a patient in a Single reaction. 
0302) The p53 gene of an individual can be amplified by 
incubating the gene in the presence of a Target Primer which 
is capable of hybridizing to the 5' terminus of one strand of 
the individual’s p53 gene, and then in the presence of an 
Amplification Primer which is capable of hybridizing to the 
5' terminus of the other strand of the individual’s p53 gene. 
Both the Target Primer and the Amplification Primer have 5' 
termini that, if hybridized to a complementary polynucle 
otide, would form a double-stranded polynucleotide that 
contains a lox site. The Amplification Primer additionally 
includes a polynucleotide region containing at least one 
modified nucleotide residues, Such that, if this polynucle 
otide region were hybridized to a complementary polynucle 
otide, a double-stranded polynucleotide would thereby be 
formed that would contain one or more restriction endonu 
clease cleavage Sites that would be recognized by a restric 
tion endonuclease but which could not (because of the 
presence of the modified nucleotide residue(s)) be cleaved. 
Rather, only that Strand of the restriction site that lacked 
modified nucleotide residues would be cleaved. 

0303) The sequence of a suitable Target Primer is (SEQ 
ID NO:6): 

5' tatacgaagit tatgaattica taactitcgta taatgitatgc 

tatacgaagit tatttcc cat caagccctag ggctcc 3' 

0304. As will be recognized, nucleotides 1-13 of the 
Target Primer (SEQID NO:6) are complementary to the first 
13 nucleotides of the LOX site that is present at nucleotides 
20-53. Nucleotides 14-19 are an EcoRI site. Nucleotides 
54-76 comprise the sequence of the nucleotides 1 through 23 
of the p53 gene. 
0305 The sequence of a suitable Amplification Primer is 
(SEQ ID NO:7): 

5' tatacgaagit tatggatcca taactitcgta tag catacat 

tatacgaagt tatgcggcc.gc.ccaccCtgt to CCttggala 

cccaggta 3" 

0306 AS will be recognized, the Amplification Primer 
(SEQ ID NO:7) contains a 13 base long span of nucleotides 
(nucleotides 1-13) that is connected to a BamHI recognition 
sequence (14-19). Nucleotides 20-53 are a LOX site. The 
initial span of nucleotides is complementary to the initial 13 
nucleotides of the LOX site, such that a “loop” can form 
between these regions of the primer. Nucleotides 54-61 are 
a Not site. Nucleotides 62-88 are complementary to nucle 
otides 20303 through 20277 of the human p53 gene. The 
underScoring of C residues in the Not Site indicates that at 
least one of the residues is methylated or phosphorothioated. 
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0307 Amplification is achieved by incubating a sample 
containing the p53 gene of an individual in the presence of 
the Target Primer and in the presence of Klenow (or Taq) 
polymerase, and nucleotides. Incubation is conducted under 
conditions sufficient to permit the Target Primer to hybridize 
to the p53 template. A typical reaction aliquot (50 ul) 
contains 50 mM Tris-HCl (pH 7.5), 33 mM NaCl, 50 
units/ml DNA polymerase (Klenow), 1 lug/ml sample DNA, 
0.2 tug/ml of Target Primer, and 100 tug/ml each of dATP, 
TTP, dCTP, and dGTP. The polymerization reaction is 
monitored, and permitted to proceed until full length Target 
Primer extension product molecules of 20 kb have been 
obtained. 

0308 The reaction is then treated so as to denature the 
Target Primer extension product from its p53 template. It is 
then returned to conditions suitable hot nucleic acid hybrid 
ization and primer extension. Cre (2 ug/ml), Amplification 
Primer (0.2 tug/ml), and 1 unit/ml NotI endonuclease are 
then added to the reaction. If heat is used as the denaturant, 
Such action will inactivate any non-thermostabile reagents 
present. Thus, an additional 50 units/ml of Klenow poly 
merase is also added to the reaction. 

0309 AS will be recognized, the 3' terminus of the 
Amplification Primer is complementary to the 3' terminus of 
the full length Target Primer extension product. It thus 
hybridizes to that product, and the polymerase mediates both 
the formation of an Amplification Primer eXtension product, 
and the further extension of the Target Primer extension 
product until a double-Stranded linear molecule is formed 
having lox Sites on each end and a hemi-modified Not 
recognition Site. 

0310. The added Cre converts this linear molecule into a 
double-stranded circular molecule. The Not endonuclease 
cleaves the target Strand at the Not restriction Site, thereby 
generating a free 3' terminus that initiates target Strand 
synthesis. This synthesis repairs the Not site and thus 
permits its repeated cleavage, thereby “shedding full length 
target Strand molecules. Since the Amplification Primer is 
still present in the reaction, it hybridizes with these full 
length target Strand molecules, and is extended by the 
polymerase to form a new double-Stranded linear molecule 
having lox Sites on each end and a hemi-modified Not 
recognition site. The amplification process then continues as 
described above. 

0311 Amplification is demonstrated by gel electrophore 
sis, as described above. 

EXAMPLE 7 

Circularization of an Amplified Fragment of a 
Human Gene 

0312 The ability of the methods of the present invention 
to circularize a fragment of a human gene is illustrated with 
respect to a 1.7 kb fragment of the p53 tumor Suppressor 
gene. 

0313 Target Primer 3al ox and Amplification Primer 
1794LoxNot were obtained by custom synthesis (Genosys). 
The sequence of Target Primer 3al ox is shown below as 
SEQ ID NO:8. Bases complementary to the p53 gene are 
shown in underline. 
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SEQ ID NO: 8 ATAACTTCGT ATAATGTATG CTATACGAAG 

TTATTAATTC TTAAAGCACC TGCACCG 

0314. The sequence of Amplification Primer 1794LOX 
Not is shown below as SEQID NO:9. Bases complementary 
to the p53 gene are shown in underline; the Not site 
(containing methylated C nucleotide residues) is shown in 
lowercase. 

SEQ ID NO: 9 ATAACTTCGT ATAGCATACA TTATACGAAG 

TTAT gCggcc gCCCATAACT AAGTAATCCA 

GAAAA 

0315) To characterize the amplification reaction, the reac 
tion was isolated into three “steps:” (1) the production of a 
double-Stranded linear nucleic acid molecule in which a 
target polynucleotide is flanked by LOX sites (i.e., a lox site 
is present at each terminus of the linear molecule), and 
which contains a hemi-modified (NotI) restriction site 
between the target polynucleotide and one of the LOX sites, 
(2) the circularization of Such a linear molecule by Cre; and 
(3) the nicking and amplification of Such circular molecules 
by the restriction endonuclease and a polymerase. 
0316 AS expected, the 3al ox and 1794LoxNot primers 
were found to possess significant Secondary structure. Puri 
fied 1794 LoxNot primer migrated as two bands of approxi 
mately equal intensity as judged by agarose gel electro 
phoresis (PreCast Agarose Gels, FMC). The fastest band 
migrated at the approximate position of primer 3al OX. These 
results suggest that the 1794LoxNot primer was capable of 
stable self-hybridization. The primers were found to inhibit 
the PCR amplification mediated by BDNF primers in control 
reactions (PCR Amplification Kit, Gibco/BRL). Each Lox 
primer alone had an IC of approximately 0.2 uM; a 
synergistic inhibition was observed when both primers were 
provided (IC's=0.02 uM). 
0317. The observed inhibition was sensitive to primer 
concentration and to Mg concentration. Successful PCR 
amplification (2 minutes at 55° C. for 35 cycles in 50-100 ul 
reaction volumes) of a polynucleotide fragment of the p53 
gene was obtained using primerS 3al OX and 1794 at 1.5-2 
mM Mg, amplification was not observed at 1 mM Mg. 
Amplification was observed at all primer concentrations 
tested (0.2-0.8 uM). Optimal PCR amplification was 
observed at 0.2 uM primer-concentration when conducted at 
2 mM Mg. Such amplification forms the desired linear, 
double-Stranded polynucleotide containing flanking recom 
binational Sites and a hemi-modified restriction Site. The 
experiment confirmed that primer molecules having 
extended 5" portions that are not complementary to any 
portion of an initial target molecule can Serve as primers for 
in vitro amplification. 
0318. In order to confirm that the amplified linear mol 
ecules contained a lox site at each termini, and to confirm 
that Such Sites were in proper orientation to one another, the 
above-described amplified product was incubated in the 
presence of Cre recombinase. 
0319 Amplified product is purified by glassMax filtra 
tion according to the manufacturers instructions, or by 
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ethanol precipitation. Circularization reactions are per 
formed in 30 ul volumes that contained: 13.5 ul of water, 3 
ul of 10xCre Buffer (50 mM Tris (pH 7.5), 33 mM NaCl, 10 
mM MgCl2), 10 mg/ml BSA (0.4 ul of a 75ugul solution), 
12.5 ul of the purified amplified product, and (except for 
control reactions) 1 ul of Cre (Novagen Stock Solution 
diluted /10 in 10xCre Buffer). Reactions are incubated for 30 
minutes at 37 C., and then were stopped by heating to 70 
C. for 5 minutes. 

0320 Circularization is determined by treating the reac 
tion products with HinDIII. The amplified linear molecule is 
expected to have two HinDIII sites, and to thus yield three 
fragments (of approximately 447,572 and 771 base pairs). 
If the reactants had circularized, HinDIII digestion would be 
expected to produce only two fragments (of approximately 
572 and 1184 (=447+771-34 (a lox site eliminated through 
circularization) base pairs. 
0321) HinDIII digestion is performed as follows: 15 ul of 
Cre-treated or control reactions are incubated with 2 ul of a 
HinDIII solution (16 ul water, 2 ul 10xReact II buffer (Life 
Technologies, Inc.), 2 ul HinDIII (Life Technologies, Inc.)). 
Digestion is stopped after a one hour incubation at 37 C. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS 9 

<21 Oc 
<211 
<212> 
<213> 

SEQ ID NO 1 
LENGTH 48 
TYPE DNA 

ORGANISM: pBR322 

<400 SEQUENCE: 1 
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aattcgcggc cqcataactt cqtataatgt atgctatacg aagttatg 

<210> SEQ ID NO 2 
&2 11s LENGTH 48 
&212> TYPE DNA 
<213> ORGANISM: pBR322 
&22O > FEATURE 
<221> NAME/KEY: modified base 
<222> LOCATION: (41) . . . (41) 
&223> OTHER INFORMATION 5c 
&22O > FEATURE 
<221> NAME/KEY: modified base 
<222> LOCATION: (44) . . . ( 45) 
&223> OTHER INFORMATION 5c 
&22O > FEATURE 
<221> NAME/KEY: modified base 
<222> LOCATION: (47) . . . (47) 
&223> OTHER INFORMATION 5c 

<400 SEQUENCE: 2 

gatccataac titcgtatag catacattata 

SEQ ID NO 3 
LENGTH 13 
TYPE DNA 

ORGANISM: pBR322 

<400 SEQUENCE: 3 

aattcgcggc cqc 

cgaagttat g c goccgc.g 

Sep. 30, 2004 

Digestion products are analyzed by electrophoresis using 
0.8% agarose gels. Bands of approximately 550 and 1150 
base pairs are observed in the HinDIII-treated, Cre-treated 
Samples, but are not observed in Samples incubated without 
Cre or without HinDIII. The experiment thus confirmed that 
the amplified linear product contained functional lox ter 
mini, and that Cre recombinase could mediate the circular 
ization of the linear reaction products into the desired 
double-Stranded circular molecule having a recombinational 
Site, a hemi-modified restriction Site and a polynucleotide 
fragment of a mammalian gene. 

0322) While the invention has been described in connec 
tion with specific embodiments thereof, it will be understood 
that it is capable of further modifications and this application 
is intended to cover any variations, uses, or adaptations of 
the invention following, in general, the principles of the 
invention and including Such departures from the present 
disclosure as come within known or customary practice 
within the art to which the invention pertains and as may be 
applied to the essential features hereinbefore Set forth and as 
follows in the Scope of the appended claims. 

48 

48 

13 
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<400 
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-continued 

SEQ ID NO 4 
LENGTH 80 
TYPE DNA 

ORGANISM: pBR322 
FEATURE: 
NAME/KEY: modified base 
LOCATION: (55) . . . (55) 
OTHER INFORMATION: methylated or phosphorthiolated 
FEATURE: 
NAME/KEY: modified base 
LOCATION: (58) . . . (59) 
OTHER INFORMATION: methylated or phosphorthiolated 
FEATURE: 

NAME/KEY: modified base 
LOCATION: (61) . . . (61) 
OTHER INFORMATION: methylated or phosphorthiolated 

SEQUENCE: 4 

tatacgaagt tatggatcca taactitcgta tag catacat tatacgaagt tatgcggcc.g 

c gaattcttg aagacgaaag 

<400 

SEQ ID NO 5 
LENGTH TO 
TYPE DNA 

ORGANISM: pBR322 

SEQUENCE: 5 

tatacgaagit tatgaattica taactitcgta taatgitatgc tatacgaagit tatggatcCt 

citacgc.cgga 

<400 

SEQ ID NO 6 
LENGTH 76 
TYPE DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 6 

tatacgaagt tatgaattica taactitcgta taatgitatgc tatacgaagit tatttcc cat 

caagcc ctag ggctoc 

<400 

SEQ ID NO 7 
LENGTH 88 
TYPE DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAME/KEY: modified base 
LOCATION: (55) . . . (55) 
OTHER INFORMATION: methylated or phosphorylated 
FEATURE: 

NAME/KEY: modified base 
LOCATION: (58) . . . (59) 
OTHER INFORMATION: methylated or phosphorylated 
FEATURE: 

NAME/KEY: modified base 
LOCATION: (61) . . . (61) 
OTHER INFORMATION: methylated or phosphorylated 

SEQUENCE: 7 

tatacgaagt tatggatcca taactitcgta tag catacat tatacgaagt tatgcggcc.g 

cccaccct gt toccittggaa cccaggta 

SEQ ID NO 8 
LENGTH 57 
TYPE DNA 

60 

60 

70 

60 

76 

60 

88 
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-continued 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 8 

ataactitcgt. ataatgtatgctatacgaag titattaattic ttaaag.c acc tocaccg 57 

<210 SEQ ID NO 9 
&2 11s LENGTH 65 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (36) . . . (36) 
&223> OTHER INFORMATION 5 c. 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (39) . . . (40) 
&223> OTHER INFORMATION 5 c. 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (42). . . (42) 
&223> OTHER INFORMATION 5 c. 

<400 SEQUENCE: 9 

ataactitcgt. atagoataca ttatacgaag titatgcggcc gcc cataact aagtaatcca 60 

gaaaa 

1-20 (canceled). 
21. A composition for amplifying a target polynucleotide 

region of a nucleic acid molecule, the composition compris 
ing: 

(a) a Sample comprising a component, or extract thereof, 
Selected from the group consisting of blood, Stool, 
Sputum, mucus, Serum, urine, Saliva, tear, biopsy mate 
rial, tissue, PAPSmear, mole, wart, agricultural product, 
waste water, drinking water, milk, processed food, and 
ar, 

(b) a single-stranded first polynucleotide comprising a 
polynucleotide region that is complementary in 
Sequence to a target polynucleotide region of a nucleic 
acid molecule of Said Sample, wherein Said first poly 
nucleotide is circular or is circularizable when hybrid 
ized to a polynucleotide comprising Said target poly 
nucleotide region; 

(c) a Second polynucleotide comprising a 3' terminus 
hybridized to Said Single-Stranded first polynucleotide 
and comprising Said target polynucleotide region; 

(d) a third polynucleotide comprising a polynucleotide 
region comprising a sequence that is complementary to 
a region of Said Second polynucleotide, and whose 3' 
terminus is hybridized thereto; and 

(e) a polymerase that extends the 3' termini of Said Second 
and third polynucleotides in a template-dependent 
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manner, thereby to provide exponential amplification 
of Said target polynucleotide region. 

22. A transgenic animal comprising a circularized nucleic 
acid molecule produced through the in vitro amplification of 
an in vitro composition, the composition comprising: 

(a) a single-stranded first polynucleotide comprising a 
polynucleotide region comprising a nucleic acid 
Sequence that is complementary to a target polynucle 
otide region of a nucleic acid molecule of a human or 
non-human mammalian gene, and is circular or is 
circularizable when hybridized to a polynucleotide 
comprising Said target polynucleotide region; 

(b) a Second polynucleotide comprising a 3' terminus 
hybridized to Said Single-Stranded first polynucleotide 
and comprising Said target polynucleotide region; 

(c) a third polynucleotide comprising a polynucleotide 
region that is complementary in Sequence to a region of 
Said Second polynucleotide, and whose 3' terminus is 
hybridized thereto; and 

(d) a polymerase that extends the 3' termini of Said Second 
and third polynucleotides in a template-dependent 
manner, thereby to provide exponential amplification 
of Said target polynucleotide region. 


