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(57) ABSTRACT 

Disclosed are compositions and methods for ampli?cation of 
nucleic acid sequences of interest. It has been discovered that 
ampli?cation reactions can produce ampli?cation products of 
high quality, such as loW ampli?cation bias, if performed on 
an amount of nucleic acid at or over a threshold amount and/ or 

on nucleic acids at or beloW a threshold concentration. The 
threshold amount and concentration can vary depending on 
the nature and source of the nucleic acids to be ampli?ed and 
the type of ampli?cation reaction employed. Disclosed is a 
method of determining the threshold amount and/ or threshold 
concentration of nucleic acids that can be used With nucleic 
acid samples of interest in ampli?cation reactions of interest. 
Because ampli?cation reactions can produce high quality 
ampli?cation products, such as loW bias ampli?cation prod 
ucts, beloW the threshold amount and/ or concentration of 
nucleic acid, such below-threshold amounts and/or concen 
trations can be used in ampli?cation reactions. 
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NUCLEIC ACID AMPLIFICATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of co-pending appli 
cation Ser. No. 10/429,229, ?led May 2, 2003, Which is a 
continuation-in-part of application Ser. No. 10/272,465, noW 
issued U.S. Pat. No. 7,074,600, ?led Oct. 15, 2002, Which is 
a continuation-in-part of copending application Ser. No. 
09/982,212, noW issued U.S. Pat. No. 6,617,137, ?led Oct. 
18, 2001, Which is a continuation of copending application 
Ser. No. 09/977,868, noW issued U.S. Pat. No. 6,977,148, 
?led Oct. 15, 2001, each of Which applications and issued 
patents are hereby incorporated herein by reference in their 
entirety. 

FIELD OF THE INVENTION 

[0002] The disclosed invention is generally in the ?eld of 
nucleic acid ampli?cation. 

BACKGROUND OF THE INVENTION 

[0003] A number of methods have been developed for 
exponential ampli?cation of nucleic acids. These include the 
polymerase chain reaction (PCR), ligase chain reaction 
(LCR), self-sustained sequence replication (3SR), nucleic 
acid sequence based ampli?cation (NASBA), strand dis 
placement ampli?cation (SDA), and ampli?cation with O6 
replicase (Birkenmeyer and MushahWar, .I. Virological Meth 
ods, 35:117-126 (1991); Landegren, Trends Genetics 9:199 
202 (1993)). 
[0004] Fundamental to most genetic analysis is availability 
of genomic DNA of adequate quality and quantity. Since 
DNA yield from human samples is frequently limiting, much 
effort has been invested in general methods for propagating 
and archiving genomic DNA. Methods include the creation of 
EBV-transformed cell lines or Whole genome ampli?cation 
(WGA) by random or degenerate oligonucleotide-primed 
PCR. Whole genome PCR, a variant of PCR ampli?cation, 
involves the use of random or partially random primers to 
amplify the entire genome of an organism in the same PCR 
reaction. This technique relies on having a su?icient number 
of primers of random or partially random sequence such that 
pairs of primers Will hybridize throughout the genomic DNA 
at moderate intervals. Replication initiated at the primers can 
then result in replicated strands overlapping sites Where 
another primer can hybridiZe. By subjecting the genomic 
sample to multiple ampli?cation cycles, the genomic 
sequences Will be ampli?ed. Whole genome PCR has the 
same disadvantages as other forms of PCR. HoWever, WGA 
methods suffer from high cost or insu?icient coverage and 
inadequate average DNA siZe (Telenius et al., Genomics. 
13:718-725 (1992); Cheung and Nelson, Proc Natl Acad Sci 
USA. 93:14676-14679 (1996); Zhang et al., Proc NazlAcad 
Sci USA. 89:5847-5851 (1992)). 
[0005] Another ?eld in Which ampli?cation is relevant is 
RNA expression pro?ling, Where the objective is to determine 
the relative concentration of many different molecular spe 
cies of RNA in a biological sample. Some of the RNAs of 
interest are present in relatively loW concentrations, and it is 
desirable to amplify them prior to analysis. It is not possible 
to use the polymerase chain reaction to amplify them because 
the mRNA mixture is complex, typically consisting of 5,000 
to 20,000 different molecular species. The polymerase chain 
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reaction has the disadvantage that different molecular species 
Will be ampli?ed at different rates, distorting the relative 
concentrations of mRNAs. 
[0006] Some procedures have been described that permit 
moderate ampli?cation of all RNAs in a sample simulta 
neously. For example, in Lockhart et al., Nature Biotechnol 
ogy 14:1675-1680 (1996), double-stranded cDNA Was syn 
thesiZed in such a manner that a strong RNA polymerase 
promoter Was incorporated at the end of each cDNA. This 
promoter sequence Was then used to transcribe the cDNAs, 
generating approximately 100 to 150 RNA copies for each 
cDNA molecule. This Weak ampli?cation system alloWed 
RNA pro?ling of biological samples that contained a mini 
mum of 100,000 cells. HoWever, there is a need for a more 
poWerful ampli?cation method that Would permit the pro?l 
ing analysis of samples containing a very small number of 
cells. 
[0007] Another form of nucleic acid ampli?cation, involv 
ing strand displacement, has been described in Us. Pat. No. 
6,124,120 to LiZardi. In one form of the method, tWo sets of 
primers are used that are complementary to opposite strands 
of nucleotide sequences ?anking a target sequence. Ampli? 
cation proceeds by replication initiated at each primer and 
continuing through the target nucleic acid sequence, With the 
groWing strands encountering and displacing previously rep 
licated strands. In another form of the method a random set of 
primers is used to randomly prime a sample of genomic 
nucleic acid. The primers in the set are collectively, and 
randomly, complementary to nucleic acid sequences distrib 
uted throughout nucleic acid in the sample. Ampli?cation 
proceeds by replication initiating at each primer and continu 
ing so that the groWing strands encounter and displace adja 
cent replicated strands. In another form of the method con 
catenated DNA is ampli?ed by strand displacement synthesis 
With either a random set of primers or primers complemen 
tary to linker sequences betWeen the concatenated DNA. 
Synthesis proceeds from the linkers, through a section of the 
concatenated DNA to the next linker, and continues beyond, 
With the groWing strands encountering and displacing previ 
ously replicated strands. 

BRIEF SUMMARY OF THE INVENTION 

[0008] Disclosed are compositions and methods for ampli 
?cation of nucleic acid sequences of interest. It has been 
discovered that ampli?cation reactions can produce ampli? 
cation products of high quality, such as loW ampli?cation 
bias, if performed on an amount of nucleic acid at or over a 
threshold amount and/ or on nucleic acids at orbeloW a thresh 
old concentration. The threshold amount and concentration 
can vary depending on the nature and source of the nucleic 
acids to be ampli?ed and the type of ampli?cation reaction 
employed. Disclosed is a method of determining the thresh 
old amount and/or threshold concentration of nucleic acids 
that can be used With nucleic acid samples of interest in 
ampli?cation reactions of interest. Because ampli?cation 
reactions can produce high quality ampli?cation products, 
such as loW bias ampli?cation products, beloW the threshold 
amount and/or concentration of nucleic acid, such beloW 
threshold amounts and/or concentrations can be used in 
ampli?cation reactions. Accordingly, also disclosed is a 
method of determining amounts and/or concentrations of 
nucleic acids that can be used With nucleic acid samples of 
interest in ampli?cation reactions of interest to produce 
ampli?cation products having less than a selected ampli?ca 
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tion bias (or other measure of the quality of the ampli?ed 
nucleic acids). The quality of the ampli?cation products pro 
duced by the disclosed methods can be measured by any 
desired standard, and the threshold amount (or above) and/ or 
threshold concentration (or beloW) to achieve a desired level 
of quality measured by a standard of interest can be deter 
mined by, and for used in, the disclosed methods. 
[0009] It Was also discovered that exposure of nucleic acids 
to alkaline conditions, reduction of the pH of nucleic acids 
exposed to alkaline conditions, and incubation of the result 
ing nucleic acids at or over a threshold amount and/or at or 
beloW a threshold concentration can produce ampli?cation 
products With loW ampli?cation bias. Such an alkaline/neu 
traliZation procedure can improve the quality of the ampli? 
cation products. The quality of the ampli?cation products can 
be measured in a variety of Ways, including, but not limited to, 
ampli?cation bias, allele bias, locus representation, sequence 
representation, allele representation, locus representation 
bias, sequence representation bias, percent representation, 
percent locus representation, percent sequence representa 
tion, and other measures that indicate unbiased and/or com 
plete ampli?cation of the input nucleic acids. 
[0010] In some forms of the disclosed method, a genomic 
sample is prepared by exposing the sample to alkaline con 
ditions to denature the nucleic acids in the sample; reducing 
the pH of the sample to make the pH of the sample compatible 
With DNA replication; and incubating the sample under con 
ditions that promote replication of the genome. In some 
embodiments, the conditions of incubation can be conditions 
that promote replication of the genome and produce ampli?ed 
genomic nucleic acids having a loW ampli?cation bias, an 
ampli?cation bias at or beloW a desired level, or any other 
measure of the quality of the ampli?cation products. Accord 
ingly, also disclosed is a method of determining conditions 
that can be used With nucleic acid samples of interest in 
ampli?cation reactions of interest to produce ampli?cation 
products having less than a selected ampli?cation bias (or 
other measure of the quality of the ampli?ed nucleic acids). 
[0011] The disclosed methods can be performed on any 
desired samples. For example, the disclosed methods can be 
performed using samples that contain or are suspected of 
containing nucleic acids. Some forms of the disclosed meth 
ods do not require knoWledge of any sequence present in a 
sample in order to amplify nucleic acids in the sample. 
Accordingly, some forms of the disclosed methods can be 
used to determine if a sample contains nucleic acids. If ampli 
?cation products are produced When the method is per 
formed, the sample contains nucleic acids. The disclosed 
methods can be performed on cells and on nucleic acid 
samples, including crude nucleic acid samples, partially puri 
?ed nucleic acid sample, and puri?ed nucleic acid samples. 
Exposing any cell or nucleic acid sample to alkaline condi 
tions and then reducing the pH of the sample can produce a 
stabiliZed sample suitable for ampli?cation or replication. 
[0012] Some forms of the methods are based on strand 
displacement replication of the nucleic acid sequences by 
multiple primers. Such methods, referred to as multiple dis 
placement ampli?cation (MDA), improves on prior methods 
of strand displacement replication. The disclosed method 
generally involves bringing into contact a set of primers, 
DNA polymerase, and a target sample, and incubating the 
target sample under conditions that promote replication of the 
target sequence. Replication of the target sequence results in 
replicated strands such that, during replication, the replicated 
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strands are displaced from the target sequence by strand dis 
placement replication of another replicated strand. 
[0013] In some forms of the disclosed method, a genomic 
sample is prepared by exposing cells to alkaline conditions, 
thereby lysing the cells and resulting in a cell lysate; reducing 
the pH of the cell lysate to make the pH of the cell lysate 
compatible With DNA replication; and incubating the cell 
lysate under conditions that promote replication of the 
genome of the cells by multiple displacement ampli?cation. It 
has been discovered that alkaline lysis can cause less damage 
to genomic DNA and that alkaline lysis is compatible With 
multiple displacement ampli?cation. The alkaline conditions 
can be, for example, those that cause a substantial number of 
cells to lyse or those that cause a su?icient number of cells to 
lyse. The number of lysed cells can be considered su?icient if 
the genome can be suf?ciently ampli?ed in the disclosed 
method. The ampli?cation is su?icient if enough ampli?ca 
tion product is produced to permit some use of the ampli? 
cation product, such as detection of sequences or other analy 
sis. The reduction in pH is generally into the neutral range of 
pH 9.0 to pH 6.0. 
[0014] In some embodiments, the cells are not lysed by heat 
and/or the nucleic acids in the cell lysate or sample are not 
denatured by heating. Those of skill in the art Will understand 
that different cells under different conditions Will be lysed at 
different temperatures and so can determine temperatures and 
times at Which the cells Will not be lysed by heat. In general, 
the cells are not subjected to heating above a temperature and 
for a time that Would cause substantial cell lysis in the absence 
of the alkaline conditions used. In some embodiments, the 
cells and/or cell lysate are not subjected to heating substan 
tially above the temperature at Which the cells groW. In other 
embodiments, the cells and/ or cell lysate are not subjected to 
heating substantially above the temperature of the ampli?ca 
tion reaction (Where the genome is replicated). The disclosed 
multiple displacement ampli?cation reaction is generally 
conducted at a substantially constant temperature (that is, the 
ampli?cation reaction is substantially isothermic), and this 
temperature is generally beloW the temperature at Which the 
nucleic acids Would be substantially or signi?cantly dena 
tured. 

[0015] In some embodiments, the cell lysate or sample is 
not subjected to puri?cation prior to the ampli?cation reac 
tion. In the context of the disclosed method, puri?cation 
generally refers to the separation of nucleic acids from other 
material in the cell lysate or sample. It has been discovered 
that multiple displacement ampli?cation can be performed on 
unpuri?ed and partially puri?ed samples. It is commonly 
thought that ampli?cation reactions cannot be e?iciently per 
formed using unpuri?ed nucleic acid. In particular, PCR is 
very sensitive to contaminants. 

[0016] In some forms of the disclosed method, the target 
sample is not subjected to denaturing conditions. It Was dis 
covered that the target nucleic acids, genomic DNA, for 
example, need not be denatured for e?icient multiple dis 
placement ampli?cation. It Was discovered that elimination 
of a denaturation step and denaturation conditions has addi 
tional advantages such as reducing sequence bias in the 
ampli?ed products. In another embodiment, the primers can 
be hexamer primers. It Was discovered that such short, 6 
nucleotide primers can still prime multiple strand displace 
ment replication ef?ciently. Such short primers are easier to 
produce as a complete set of primers of random sequence 
(random primers) than longer primers because there are feWer 
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separate species of primers in a pool of shorter primers. In 
another embodiment, the primers can each contain at least 
one modi?ed nucleotide such that the primers are nuclease 
resistant. In another embodiment, the primers can each con 
tain at least one modi?ed nucleotide such that the melting 
temperature of the primer is altered relative to a primer of the 
same sequence Without the modi?ed nucleotide(s). For these 
last tWo embodiments, it is preferred that the primers are 
modi?ed RNA. In another embodiment, the DNA polymerase 
can be (1)29 DNA polymerase. It Was discovered that (1)29 DNA 
polymerase produces greater ampli?cation in multiple dis 
placement ampli?cation. The combination of tWo or more of 
the above features also yields improved results in multiple 
displacement ampli?cation. In a preferred embodiment, for 
example, the target sample is not subjected to denaturing 
conditions, the primers are hexamer primers and contain 
modi?ed nucleotides such that the primers are nuclease resis 
tant, and the DNA polymerase is (1)29 DNA polymerase. The 
above features are especially useful in Whole genome strand 
displacement ampli?cation (WGSDA). 
[0017] In some forms of the disclosed method, the method 
includes labeling of the replicated strands (that is, the strands 
produced in multiple displacement ampli?cation) using ter 
minal deoxynucleotidyl transferase. The replicated strands 
can be labeled by, for example, the addition of modi?ed 
nucleotides, such as biotinylated nucleotides, ?uorescent 
nucleotides, 5 methyl dCTP, bromodeoxyuridine triphos 
phate (BrdUTP), or 5-(3-aminoallyl)-2'-deoxyuridine 
5'-triphosphates, to the 3' ends of the replicated strands. The 
replicated strands can also be labeled by incorporating modi 
?ed nucleotides during replication. Probes replicated in this 
manner are particularly useful for hybridiZation, including 
use in microarray formats. 

[0018] In one form of the disclosed method, referred to as 
Whole genome strand displacement ampli?cation (WGSDA), 
a random set of primers is used to randomly prime a sample of 
genomic nucleic acid (or another sample of nucleic acid of 
high complexity). By choosing a su?iciently large set of 
primers of random or partially random sequence, the primers 
in the set Will be collectively, and randomly, complementary 
to nucleic acid sequences distributed throughout nucleic acid 
in the sample. Ampli?cation proceeds by replication With a 
highly processive polymerase initiating at each primer and 
continuing until spontaneous termination. A key feature of 
this method is the displacement of intervening primers during 
replication by the polymerase. In this Way, multiple overlap 
ping copies of the entire genome can be synthesiZed in a short 
time. The method has advantages over the polymerase chain 
reaction since it can be carried out under isothermal condi 
tions. Other advantages of Whole genome strand displace 
ment ampli?cation include a higher level of ampli?cation 
than Whole genome PCR (up to ?ve times higher), ampli? 
cation is less sequence-dependent than PCR, and there are no 
re-annealing artifacts or gene shuf?ing artifacts as can occur 
With PCR (since there are no cycles of denaturation and 
re-annealing). In preferred embodiments of WGSDA, the 
target sample is not subjected to denaturing conditions, the 
primers are hexamer primers and contain modi?ed nucle 
otides such that the primers are nuclease resistant, the DNA 
polymerase is (1)29 DNA polymerase, or any combination of 
these features. 

[0019] In another form of the method, referred to as mul 
tiple strand displacement ampli?cation (MSDA), tWo sets of 
primers are used, a right set and a left set. Primers in the right 
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set of primers each have a portion complementary to nucle 
otide sequences ?anking one side of a target nucleotide 
sequence and primers in the left set of primers each have a 
portion complementary to nucleotide sequences ?anking the 
other side of the target nucleotide sequence. The primers in 
the right set are complementary to one strand of the nucleic 
acid molecule containing the target nucleotide sequence and 
the primers in the left set are complementary to the opposite 
strand. The 5' end of primers in both sets are distal to the 
nucleic acid sequence of interest When the primers are hybrid 
iZed to the ?anking sequences in the nucleic acid molecule. 
Preferably, each member of each set has a portion comple 
mentary to a separate and non-overlapping nucleotide 
sequence ?anking the target nucleotide sequence. Ampli?ca 
tion proceeds by replication initiated at each primer and con 
tinuing through the target nucleic acid sequence. In another 
form of MSDA, referred to as linear MSDA, ampli?cation is 
performed With a set of primers complementary to only one 
strand, thus amplifying only one of the strands. 
[0020] In another form of the method, referred to as gene 
speci?c strand displacement ampli?cation (GS-MSDA), tar 
get DNA is ?rst digested With a restriction endonuclease. The 
digested fragments are then ligated end-to-end to form DNA 
circles. These circles can be monomers or concatemers. TWo 

sets of primers are used for ampli?cation, a right set and a left 
set. Primers in the right set of primers each have a portion 
complementary to nucleotide sequences ?anking one side of 
a target nucleotide sequence and primers in the left set of 
primers each have a portion complementary to nucleotide 
sequences ?anking the other side of the target nucleotide 
sequence. The primers in the right set are complementary to 
one strand of the nucleic acid molecule containing the target 
nucleotide sequence and the primers in the left set are comple 
mentary to the opposite strand. The primers are designed to 
cover all or part of the sequence needed to be ampli?ed. 
Preferably, each member of each set has a portion comple 
mentary to a separate and non-overlapping nucleotide 
sequence ?anking the target nucleotide sequence. Ampli?ca 
tion proceeds by replication initiated at each primer and con 
tinuing through the target nucleic acid sequence. In one form 
of GS-MSDA, referred to as linear GS-MSDA, ampli?cation 
is performed With a set of primers complementary to only one 
strand, thus amplifying only one of the strands. In another 
form of GS-MSDA, cDNA sequences can be circulariZed to 
form single stranded DNA circles. Ampli?cation is then per 
formed With a set of primers complementary to the single 
stranded circular cDNA. 

[0021] A key feature of this method is the displacement of 
intervening primers during replication. Once the nucleic acid 
strands elongated from the right set of primers reaches the 
region of the nucleic acid molecule to Which the left set of 
primers hybridiZes, and vice versa, another round of priming 
and replication Will take place. This alloWs multiple copies of 
a nested set of the target nucleic acid sequence to be synthe 
siZed in a short period of time. By using a su?icient number of 
primers in the right and left sets, only a feW rounds of repli 
cation are required to produce hundreds of thousands of cop 
ies of the nucleic acid sequence of interest. The disclosed 
method has advantages over the polymerase chain reaction 
since it can be carried out under isothermal conditions. No 
thermal cycling is needed because the polymerase at the head 
of an elongating strand (or a compatible strand-displacement 
protein) Will displace, and thereby make available for hybrid 
iZation, the strand ahead of it. Other advantages of multiple 
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strand displacement ampli?cation include the ability to 
amplify very long nucleic acid segments (on the order of 50 
kilobases) and rapid ampli?cation of shorter segments (10 
kilobases or less). In multiple strand displacement ampli?ca 
tion, single priming events at unintended sites Will not lead to 
artifactual ampli?cation at these sites (since ampli?cation at 
the intended site Will quickly outstrip the single strand repli 
cation at the unintended site). In preferred embodiments of 
MSDA, the target sample is not subjected to denaturing con 
ditions, the primers are hexamer primers and contain modi 
?ed nucleotides such that the primers are nuclease resistant, 
the DNA polymerase is 429 DNA polymerase, or any com 
bination of these features. 
[0022] In preferred embodiments of WGSDA, the target 
sample is not subjected to denaturing conditions, the primers 
are hexamer primers and contain modi?ed nucleotides such 
that the primers are nuclease resistant, the DNA polymerase is 
(1)29 DNA polymerase, or any combination of these features. 
[0023] FolloWing ampli?cation, the ampli?ed sequences 
can be used for any purpose, such as uses knoWn and estab 
lished for PCR ampli?ed sequences. For example, ampli?ed 
sequences can be detected using any of the conventional 
detection systems for nucleic acids such as detection of ?uo 
rescent labels, enZyme-linked detection systems, antibody 
mediated label detection, and detection of radioactive labels. 
A preferred form of labeling involves labeling of the repli 
cated strands (that is, the strands produced in multiple dis 
placement ampli?cation) using terminal deoxynucleotidyl 
transferase. The replicated strands can be labeled by, for 
example, the addition of modi?ed nucleotides, such as bioti 
nylated nucleotides, ?uorescent nucleotides, 5 methyl dCTP, 
BrdUTP, or 5-(3 -aminoallyl)-2'-deoxyuridine 5'-triphos 
phates, to the 3' ends of the replicated strands. 
[0024] In the disclosed method ampli?cation takes place 
not in cycles, but in a continuous, isothermal replication. This 
makes ampli?cation less complicated and much more consis 
tent in output. Strand displacement alloWs rapid generation of 
multiple copies of a nucleic acid sequence or sample in a 
single, continuous, isothermal reaction. DNA that has been 
produced using the disclosed method can then be used for any 
purpose or in any other method desired. For example, PCR 
can be used to further amplify any speci?c DNA sequence 
that has been previously ampli?ed by the Whole genome 
strand displacement method. 
[0025] Genetic analysis must frequently be carried out With 
DNA derived from biological samples, such as blood, tissue 
culture cells, buccal sWabs, mouthWash, stool, tissues slices, 
biopsy aspiration, and archeological samples such as bone or 
mummi?ed tissue. In some cases, the samples are too small to 
extract a suf?cient amount of pure DNA and it is necessary to 
carry out DNA-based assays directly from the unprocessed 
sample. Furthermore, it is time consuming to isolate pure 
DNA, and so the disclosed method, Which can amplify the 
genome directly from biological samples, represents a sub 
stantial improvement. 
[0026] The disclosed method has several distinct advan 
tages over current methodologies. The genome can be ampli 
?ed directly from Whole blood or cultured cells With simple 
cell lysis techniques such as KOH treatment. PCR and other 
DNA ampli?cation methods are severely inhibited by cellular 
contents and so puri?cation of DNA is needed prior to ampli 
?cation and assay. For example, heme present in lysed blood 
cells inhibits PCR. In contrast, the disclosed form of Whole 
genome ampli?cation can be carried out on crude lysates With 
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no need to physically separate DNA by miniprep extraction 
and precipitation procedures, or With column or spin cartridge 
methods. 
[0027] Bacteria, fungi, and viruses may all be involved in 
nosocomial infections. Identi?cation of nosocomial patho 
gens at the sub-species level requires sophisticated discrimi 
natory techniques. Such techniques utiliZe traditional as Well 
as molecular methods for typing. Some traditional techniques 
are antimicrobial susceptibility testing, determination of the 
ability to utiliZe biochemical substrates, and serotyping. A 
major limitation of these techniques is that they take several 
days to complete, since they require pure bacterial cultures. 
Because such techniques are long, and the bacteria may even 
be non-viable in the clinical samples, there is a need to have 
a quick and reliable method for bacterial species identi?ca 
tion. 
[0028] Some of the DNA-based molecular methods for the 
identi?cation of bacterial species are macrorestriction analy 
sis (MRA) folloWed by pulsed-?eld gel electrophoresis 
(PFGE), ampli?ed fragment length polymorphism (AFLP) 
analysis, and arbitrarily primed PCR (AP-PCR) (Tenover et 
al., J. Clin. Microbiol. 32:407-415 (1994), and Pruckler et al., 
J. Clin. Microbiol. 33:2872-2875 (1995)). These molecular 
techniques are labor-intensive and dif?cult to standardiZe 
among different laboratories. 
[0029] The disclosed method provides a useful alternative 
method for the identi?cation of bacterial strains by ampli? 
cation of microbial DNA for analysis. Unlike PCR (LantZ et 
al., Biotechnol. Annu. Rev. 5:87-130 (2000)), the disclosed 
method is rapid, non-biased, reproducible, and capable of 
amplifying large DNA segments from bacterial, viral or fun 
gal genomes. 
[0030] The disclosed method can be used, for example, to 
obtain enough DNA from unculturable organisms for 
sequencing or other studies. Most microorganisms cannot be 
propagated outside their native environment, and therefore 
their nucleic acids cannot be sequenced. Many unculturable 
organisms live under extreme conditions, Which makes their 
genetic complement of interest to investigators. Other micro 
organisms live in communities that play a vital role in certain 
ecosystems. Individual organisms or entire communities of 
organisms can be ampli?ed and sequenced, individually or 
together. 
[0031] Recombinant proteins may be puri?ed from a large 
biomass groWn up from bacterial or yeast strains harboring 
desired expression vectors. A high degree of purity may be 
desired for the isolated recombinant protein, requiring a sen 
sitive procedure for the detection of trace levels of protein or 
DNA contaminants. The disclosed method is a DNA ampli 
?cation reaction that is highly robust even in the presence of 
loW levels of DNA template, and can be used to monitor 
preparations of recombinant protein for trace amounts of 
contaminating bacterial or yeast genomic DNA. 
[0032] Ampli?cation of forensic material for RFLP-based 
testing is one useful application for the disclosed method. 
[0033] Also disclosed is a method for amplifying and 
repairing damaged DNA. This method is useful, for example, 
for amplifying degraded genomic DNA. The method involves 
substantially denaturing a damaged DNA sample (generally 
via exposure to heat and alkaline conditions), removal or 
reduction of the denaturing conditions (such as by reduction 
of the pH and temperature of the denatured DNA sample), and 
replicating the DNA. The damaged DNA is repaired during 
replication by increasing the average length of the damaged 














































































































































































