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GLOBAL AMPLIFICATION USING A 
RANDOMLY PRIMED COMPOSITE PRIMER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation application of 
US. Ser. No. 10/824,829, ?led Apr. 14, 2004, Which claims 
the bene?t of US. Provisional Patent Application Ser. Nos. 
60/462,962, ?ledApr. 14, 2003 and 60/462,965, ?ledApr. 14, 
2003, Which applications are incorporated herein by refer 
ence in their entirety. 

TECHNICAL FIELD 

[0002] The invention relates to the ?eld of polynucleotide 
ampli?cation. More particularly, the invention provides 
methods, compositions and kits for amplifying (i.e., making 
multiple copies of) a multiplicity of different polynucleotide 
template sequences using a randomly primed RNA/ DNA 
composite primer. 

BACKGROUND ART 

[0003] The quality and quantity of nucleic acid (eg 
genomic DNA) sample is important for many studies. High 
throughput genomic analysis requires large amounts of tem 
plate for testing, yet typically the yield of nucleic acids from 
individual patient samples is limited. Forensic and paleoar 
cheology Work also can be severely limited by nucleic acid 
sample siZe. The limitation of starting material impacts the 
ability to carry out large scale analysis of multiple param 
eters, as is required for, for example, the genotyping of mul 
tiple loci in the study of complex diseases. Moreover, it is Well 
accepted that molecular analysis determination of genomic 
instability in various pathological condition such as cancer, is 
most precisely carried out in Well de?ned cell populations, 
such as that obtained by laser capture micro-dissection or cell 
sorting. Nucleic acid ampli?cation technologies that provide 
global ampli?cation of very small polynucleotide samples, 
for example, from one or a very feW cells, may provide a 
solution to the limited starting materials generally available 
for analysis. 
[0004] Likewise, the ability to amplify ribonucleic acid 
(RNA) is an important aspect of efforts to elucidate biological 
processes. Total cellular mRNA represents gene expression 
activity at a de?ned time. Gene expression is affected by cell 
cycle progression, developmental regulation, response to 
internal and external stimuli and the like. The pro?le of 
expressed genes for any cell type in an organism re?ects 
normal or disease states, response to various stimuli, devel 
opmental stages, cell differentiation, and the like. Non-cod 
ing RNAs have been shoWn to be of great importance in 
regulation of various cellular functions and in certain disease 
pathologies. Such RNAs are often present in very loW levels. 
Thus, ampli?cation methods capable of amplifying loW abun 
dance RNAs, including RNAs that are not polyadenylated, 
are of great importance. 
[0005] Various methods for global ampli?cation of DNA 
target molecules (e.g., Whole genome ampli?cation) have 
been described, including methods based on the polymerase 
chain reaction (PCR). See, e.g., US. Pat. Nos. 5,731,171; 
6,365,375; Daigo et al., (2001) Am. J. Pathol. 158 (5):1623 
1631; Wang et al, (2001); Cancer Res. 61:4169-4174; Zheng 
et al, (2001) Cancer Epidemiol. 10:697-700; Dietmaier et al 
(1999) Am. J. Pathol. 154 (1) 83-95; Stoecklein et al (2002) 
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Am. J. Pathol. 161 (1):43-51; US. Pat. Nos. 6,124,120; 
6,280,949; Dean et al (2002) PNAS 99 (8)15261-5266. HoW 
ever, PCR-based global ampli?cation methods, such as Whole 
genome ampli?cation (WGA), may generate non-speci?c 
ampli?cation artifacts, give incomplete coverage of loci, or 
generate DNA of insuf?cient length that cannot be used in 
many applications. PCR-based methods also suffer from the 
propensity of the PCR reaction to generate products that are 
preferentially ampli?ed, and thus resulting in biased repre 
sentation of genomic sequences in the products of the ampli 
?cation reaction. 

[0006] Additionally, a number of methods for the analysis 
of gene expression have been developed in recent years. See, 
for example, US. Pat. Nos. 6,251,639, 6,692,918, 6,686,156, 
5,744,308; 6,143,495; 5,824,517; 5,829,547; 5,888,779; 
5,545,522; 5,716,785; 5,409,818; EP 0971039A2; 
EP0878553A2; and US. published patent applications nos. 
2002/0115088, 2003/0186234, 2003/0087251, and 2004/ 
0023271. These include quanti?cation of speci?c mRNAs, 
and the simultaneous quanti?cation of a large number of 
mRNAs, as Well as the detection and quanti?cation of pat 
terns of expression of knoWn and unknoWn genes. RNA 
ampli?cation is most commonly performed using the reverse 
transcriptase-polymerase chain reaction (RT-PCR) method 
and variations thereof. These methods are based on replica 
tion of RNA by reverse transcriptase to form single stranded 
DNA complementary to the RNA (cDNA), Which is folloWed 
by polymerase chain reaction (PCR) ampli?cation to produce 
multiple copies of double stranded DNA. Although these 
methods are mo st commonly used, they have some signi?cant 
draWbacks: a) the reactions require thermocycling; b) the 
products are double stranded, thus rendering them less acces 
sible to binding to probes; and c) the reactions are prone to 
contamination With products of prior ampli?cation, thus 
requiring strict containment of reaction mixtures. Other cur 
rent RNA ampli?cation methods use initiation of replication 
of mRNA from the poly-A tail at their 3' ends. HoWever, not 
all RNA transcripts have a mRNA tail (for example, prokary 
otic RNAs and non-coding RNAs). In addition, due to sample 
preparation procedures, the RNA transcript structural integ 
rity is compromised. Thus, it may be desirable in certain 
circumstances to use RNA ampli?cation methods that do not 
require initiation of replication at the de?ned poly-A tail. 
Although analysis of non-ampli?ed RNA is feasible, a sig 
ni?cant amount of starting RNA Would be required. HoWever, 
the total amount of sample RNA that is available is frequently 
limited by the amount of biological sample from Which it is 
derived. Biological samples are often limited in amount and 
precious. Moreover, the amount of the various RNA species is 
not equal; some species are more abundant than others are, 
and these are more likely and easier, to analyZe. The ability to 
amplify RNA sequences enables the analysis of less abun 
dant, rare RNA species. The ability to analyZe small samples, 
by means of nucleic acid ampli?cation, is also advantageous 
for design parameters of large scale screening of effector 
molecule libraries, for Which reduction in sample volume is a 
major concern both for the ability to perform very large scale 
screening or ultra high throughput screening, and in vieW of 
the limiting amounts of library components. 
[0007] Therefore, there is a need for improved ampli?ca 
tion methods, particularly methods Which can globally 
amplify DNA or RNA polynucleotide targets. The invention 
described herein ful?lls this need. 
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[0008] All references cited herein, including patent appli 
cations and publications, are incorporated by reference in 
their entirety. 

DISCLOSURE OF THE INVENTION 

[0009] The invention provides methods, compositions, and 
kits for isothermal global ampli?cation using a randomly 
hybridized RNA/ DNA composite primer, as Well as applica 
tions of the ampli?cation methods. 
[0010] Accordingly, in one aspect, the invention provides 
methods for ampli?cation of a template polynucleotide, said 
methods comprising: (a) incubating a reaction mixture, said 
reaction mixture comprising: (i) a template polynucleotide; 
(ii) a ?rst primer, Wherein the ?rst primer is a composite 
primer that is hybridizable to a multiplicity of template poly 
nucleotide sites, Wherein the composite primer comprises an 
RNA portion and a 3' DNA portion; (iii) a DNA-dependent 
DNA polymerase; and (iv) an RNA-dependent DNA poly 
merase (Which may be present as a separate enzyme or as an 
enzyme comprising both DNA-dependent DNA polymerase 
and RNA-dependent DNA polymerase activities); Wherein 
the incubation is under conditions that permit composite 
primer random hybridization, primer extension and, in some 
embodiments, displacement of the primer extension product 
from template polynucleotide, Whereby a complex compris 
ing an RNA/DNA partial heteroduplex is generated; and (b) 
incubating a reaction mixture, said reaction mixture compris 
ing (i) the reaction products generated according to step (a) 
(or an aliquot thereof); (ii) a composite primer (Which may be 
the same as the ?rst primer, or may be a different primer), 
Wherein the composite primer comprises an RNA portion and 
a 3' DNA portion; (iii) an DNA-dependent DNA polymerase; 
and (iv) an agent (such as an enzyme) that cleaves RNA from 
an RNA/DNA hybrid; Wherein the incubation is under con 
ditions that permit RNA cleavage from an RNA/ DNA hetero 
duplex, primer hybridization, primer extension, and displace 
ment of the primer extension product from the complex of (a) 
When its RNA is cleaved and another composite primer binds 
to the template and is extended, Whereby multiple copies of a 
polynucleotide (generally, DNA) ampli?cation product are 
generated. In embodiments Wherein the template polynucle 
otide is RNA, the reaction mixture of step (a) further com 
prises (v) an agent (such as an enzyme) that cleaves RNA 
from an RNA/ DNA hybrid, Whereby template RNA is 
cleaved form the complex comprising template RNA and ?rst 
primer extension product. In some embodiments, the reaction 
mixture of step (b) comprises the reaction mixture according 
to step (a) (or an aliquot thereof). In other embodiments, step 
(b) is initiated by the addition of an agent that cleaves RNA 
from a partial RNA/DNA heteroduplex (such as RNase H), 
and optionally, a DNA-dependent DNA polymerase, to the 
reaction mixture of step (a). In some embodiments, the reac 
tion mixture of step (a) and/or (b) further comprises auxiliary 
primers. In some embodiments (generally embodiments in 
Which the template polynucleotide is DNA), the RNA-depen 
dent DNA polymerase may be omitted from reaction mixture 
(a). 
[0011] In another aspect, the invention provides methods 
for ampli?cation of a template polynucleotide by incubating 
a reaction mixture, said reaction mixture comprising: (a) a 
complex comprising a RNA/ DNA partial heteroduplex, 
Wherein the complex is generated by incubating a ?rst reac 
tion mixture, said ?rst reaction mixture comprising: (i) a 
polynucleotide template; (ii) a ?rst primer; Wherein the ?rst 
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primer is a composite primer, the composite primer compris 
ing a RNA portion and a 3' DNA portion; and Wherein the 
composite primer is capable of hybridizing to a multiplicity 
of template polynucleotide sites; (iii) a DNA-dependent DNA 
polymerase; and (iv) an RNA-dependent DNA polymerase; 
Wherein the incubation is under conditions that permit com 
posite primer random hybridization, primer extension and 
displacement of the primer extension product from template 
polynucleotide, Whereby a complex comprising an RNA/ 
DNA partial heteroduplex is generated; (b) a composite 
primer, Wherein the composite primer comprises an RNA 
portion and a 3' DNA portion; (c) a DNA-dependent DNA 
polymerase; and (d) an enzyme that cleaves RNA from an 
RNA/DNA hybrid; Wherein the incubation is under condi 
tions that permit primer hybridization, primer extension, 
RNA cleavage from an RNA/DNA heteroduplex, and dis 
placement of composite primer from the complex of step (a) 
When its RNA is cleaved and another composite primer binds 
and is extended, Whereby multiple copies of a polynucleotide 
ampli?cation product are generated. In some embodiments, 
the reaction mixture and/ or ?rst reaction mixture further com 
prises auxiliary primers. In some embodiments Wherein the 
template polynucleotide is RNA, template RNA in step (a) is 
cleaved folloWing primer extension via conditions or agents 
promoting cleavage. In some embodiments, the ?rst reaction 
mixture further comprises: (v) an agent (such as an enzyme) 
that cleaves RNA from an RNA/ DNA hybrid, Whereby tem 
plate RNA is cleaved from the complex comprising template 
RNA and composite primer extension product. In some 
embodiments (generally those in Which the template poly 
nucleotide is DNA), the complex comprising a RNA/DNA 
partial heteroduplex may be generated Without the use of 
RNA-dependent DNA polymerase. 
[0012] In another aspect, the invention provides methods 
for ampli?cation of a template polynucleotide by incubating 
a reaction mixture, said reaction mixture comprising: (a) a 
complex of a ?rst primer extension product and a second 
primer extension product, Wherein the ?rst primer extension 
product is generated by extension of a randomly primed ?rst 
primer hybridized to target polynucleotide With a DNA poly 
merase, Wherein the ?rst primer is a composite primer com 
prising an RNA portion and a 3' DNA portion, Wherein the 
?rst primer is capable of hybridizing to a multiplicity of 
template polynucleotide sites, and Wherein the second primer 
extension product is generated by extension of a second 
primer hybridized to the ?rst primer extension product; (b) a 
composite primer that is hybridizable to the second primer 
extension product, Wherein the composite primer comprises 
an RNA portion and a 3' DNA portion; (c) a DNA-dependent 
DNA polymerase; and (d) an enzyme that cleaves RNA from 
an RNA/DNA hybrid; Wherein the incubation is under con 
ditions that permit primer hybridization, primer extension, 
RNA cleavage from an RNA/DNA heteroduplex, and dis 
placement of composite primer from the complex of step (a) 
When its RNA is cleaved and another composite primer binds 
and is extended, Whereby multiple copies of a polynucleotide 
ampli?cation product are generated. In some embodiments 
Wherein the template polynucleotide is RNA, the ?rst primer 
extension product is generated by extension of a randomly 
primed ?rst primer hybridized to target RNA With a RNA 
dependent DNA polymerase. In some embodiments, the ?rst 
primer extension product and/or the second primer extension 
product are generated in the presence of auxiliary primers. 
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[0013] In another aspect, the invention provides methods 
for ampli?cation of a polynucleotide template comprising: 
(a) random priming of polynucleotide template strand With a 
composite primer; Wherein the composite primer comprises 
an RNA portion and a 3' DNA portion, and Wherein the 
composite primer is capable of hybridizing to a multiplicity 
of template polynucleotide sites; and (b) incubating template 
strand in the presence of a DNA-dependent DNA polymerase, 
an RNA-dependent DNA polymerase, and an agent that 
cleaves RNA from an RNA/ DNA, Whereby multiple copies of 
polynucleotide ampli?cation product are generated via 
primer extension and strand displacement. In some embodi 
ments, random priming occurs in the presence of a DNA 
polymerase. In some embodiments, auxiliary primers are 
included in step (a) and/or step (b). In some embodiments 
(generally those in Which the polynucleotide template is 
DNA), the RNA-dependent DNA polymerase is omitted from 
the incubation. 

[0014] In another aspect, the invention provides methods 
for ampli?cation of RNA template polynucleotides Which 
operate as folloWs: a multiplicity of template polynucleotide 
sequences are ampli?ed by incubating a reaction mixture, the 
reaction mixture comprising: (a) a complex of a ?rst primer 
extension product and a second primer extension product, 
Wherein the ?rst primer extension product is generated by 
extension of a ?rst primer hybridized to template RNA strand 
With an RNA-dependent DNA polymerase, Wherein the ?rst 
primer is a composite primer comprising an RNA portion and 
a 3' DNA portion, Wherein the ?rst primer is capable of 
hybridizing to a multiplicity of sites on template RNA; 
Wherein the second primer extension product is generated by 
extension of a second primer hybridized to the ?rst primer 
extension product; and Wherein RNA from the complex of 
?rst and second primer extension product is cleaved (using 
e.g., an enzyme that cleaves RNA from an RNA/ DNA hybrid 
or conditions permitting cleavage, such as heat and/or alka 
line conditions); (b) a composite primer that is hybridizable to 
the second primer extension product, Wherein the composite 
primer comprises an RNA portion and a 3' DNA portion; (c) 
a DNA-dependent DNA polymerase; and (d) an enzyme that 
cleaves RNA from an RNA/DNA hybrid; Wherein the incu 
bation is under conditions that permit primer hybridization, 
primer extension, RNA cleavage from an RNA/ DNA hetero 
duplex, and displacement of composite primer from the com 
plex of step (a) When its RNA is cleaved and another com 
posite primer binds to the second primer extension product 
and is extended, Whereby multiple copies of polynucleotide 
ampli?cation product are generated. In some embodiments, 
the complex of step (a) is generated in the presence of auxil 
iary primers. In some embodiments, the second primer com 
prises fragment(s) of cleaved RNA template. 
[0015] In another aspect, the invention provides methods 
for ampli?cation of a template polynucleotide by (a) ran 
domly priming a template polynucleotide With a ?rst primer, 
Wherein said ?rst primer is a composite primer that is hybrid 
izable to a multiplicity of template polynucleotide sites, 
Wherein the composite primer comprises a RNA portion and 
a 3' DNA portion; (b) extending the ?rst primer With a DNA 
polymerase; (c) cleaving RNA from the ?rst primer With an 
agent that cleaves RNA from a RNA/ DNA heteroduplex; (d) 
hybridizing an ampli?cation primer to the template poly 
nucleotide, Wherein said ampli?cation primer is a composite 
primer comprising a RNA portion and a 3' DNA portion; (e) 
extending the hybridized ampli?cation primer by strand dis 
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placement DNA synthesis; and (f) cleaving RNA from the 
ampli?cation primer With an agent that cleaves RNA from a 
RNA/DNA heteroduplex, such that another ampli?cation 
primer can hybridize and be extended, Whereby multiple cop 
ies of a polynucleotide ampli?cation product are generated. 
[0016] In another aspect, the invention provides methods 
for ampli?cation of a template polynucleotide by incubating 
a reaction mixture including: (a) a polynucleotide template 
strand; (b) a ?rst primer, Wherein said ?rst primer is a com 
posite primer comprising a RNA portion and a 3' DNA por 
tion, and Wherein the ?rst primer is capable of hybridizing to 
a multiplicity of template polynucleotide sites; (c) a DNA 
dependent DNA polymerase; (d) a RNA-dependent DNA 
polymerase; and (e) an agent that cleaves RNA from a RNA/ 
DNA heteroduplex, Whereby multiple copies of polynucle 
otide ampli?cation product are generated by primer extension 
and strand displacement. In some embodiments (generally 
those embodiments in Which the polynucleotide template is 
DNA), the RNA-dependent DNA polymerase is omitted from 
the reaction mixture. 
[0017] As is clear to one skilled in the art, reference to 
production of copies of a polynucleotide (e.g., DNA or RNA) 
template or copies of a polynucleotide sequence complemen 
tary to a polynucleotide template refers to products that may 
contain, comprise or consist of such sequences. As is evident 
to one skilled in the art, aspects that refer to combining and 
incubating the resultant mixture also encompasses method 
embodiments Which comprise incubating the various mix 
tures (in various combinations and/or subcombinations) so 
that the desired products are formed. 
[0018] Various embodiments of the composite primer(s) 
used in the methods of the invention are described herein. For 
example, in some embodiments, the RNA portion of a com 
posite primer is 5' With respect to the 3' DNA portion. In still 
other embodiments, the 5' RNA portion is adjacent to the 3' 
DNA portion. In other embodiments, the RNA portion of the 
composite primer consists of 7 to about 20 nucleotides and the 
DNA portion of the composite primer consists of about 5 to 
about 20 nucleotides. In still other embodiments, the RNA 
portion of the composite primer consists of about 10 to about 
20 nucleotides and the DNA portion of the composite primer 
consists of about 7 to about 20 nucleotides. In some embodi 
ments the composite primer is selected from the folloWing 
composite primers: 5'-GACGGAUGCGGUCUdCd 
CdAdGdTdGdT-3 (SEQ ID NO:1); and 5'-CGUAUU 
CUGACGACGUACUCdTdCdAdGdCdCdT-3' (SEQ ID 
NO:2), Wherein italics denote ribonucleotides and “d” 
denotes deoxyribonucleotides. 
[0019] In some embodiments, the composite primer com 
prises random sequence or partially randomized sequence, 
although certain embodiments (such as certain embodiments 
Wherein the template polynucleotide is RNA) exclude the use 
of primers comprising random or partially random sequence. 
In embodiments utilizing a composite primer With random or 
partially random sequence, the composite primer may be a 
population or pool of different primers comprising at least 2, 
at least 3, at least 4, at least 5, at least 10, at least 15, at least 
20, at least 30, at least 40, at least 50, or at least 100 different 
sequences. In other embodiments, the composite primer con 
tains one or more “degenerate” nucleotides that is able to 
hybridize to multiple different nucleotide bases (e.g., inosine, 
Which is able to hybridize to all four canonical bases). 
[0020] In some embodiments, the composite primer that 
hybridizes to target polynucleotide (such as mRNA or 
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genomic DNA) and the composite primer used during single 
primer isothermal ampli?cation (i.e., phase (b) of the meth 
ods) are the same. In some embodiments, the composite 
primer that hybridizes to target polynucleotide (such as 
mRNA or genomic DNA) and the composite primer used 
during single primer isothermal ampli?cation are different. In 
some embodiments, tWo (or more) different composite prim 
ers that hybridize to target polynucleotide are used in the 
methods of the invention. 

[0021] The methods are applicable to amplifying any target 
polynucleotide, including, for example, DNA (such as 
genomic DNA, including human and other mammalian 
genomic DNA) and RNA (such as total RNA, mRNA, non 
coding RNA and ribosomal RNA). One or more steps may be 
combined and/ or performed sequentially (often in any order, 
as long as the requisite product(s) are able to be formed), and, 
as is evident, the invention includes various combinations of 
the steps described herein. It is also evident, and is described 
herein, that the invention encompasses methods in Which the 
initial, or ?rst, step is any of the steps described herein. For 
example, the methods of the invention do not require that the 
?rst step be random hybridization of composite primer. Meth 
ods of the invention encompass embodiments in Which later, 
“downstream” steps are an initial step. 

[0022] The enzymes Which may be used in the methods and 
compositions are described herein. For example, the agent 
(such as an enzyme) that cleaves RNA may be an RNase H, 
and the RNA-dependent DNA polymerase may be reverse 
transcriptase. The RNA-dependent DNA polymerase may 
comprise an RNase H enzyme activity, or separate enzymes 
may be used. Similarly, a DNA polymerase may comprise 
both RNA-dependent and DNA-dependent DNA polymerase 
enzyme activities, or separate enzymes may be used. A DNA 
dependent DNA polymerase, an RNA-dependent DNA poly 
merase, and the enzyme that cleaves RNA can also be the 
same enzyme, or separate enzymes comprising each of these 
activities may be used. 

[0023] In some embodiments, methods of the invention are 
used to generate labeled polynucleotide products (generally 
DNA products). In some embodiments of methods for gen 
erating labeled DNA products, at least one type of dNTP used 
is a labeled dNTP. In other embodiments of methods for 
generating labeled DNA products, a labeled composite 
primer is used. 
[0024] The invention also provides methods Which employ 
(usually, analyze) the products of the ampli?cation methods 
of the invention, such as detection of sequence alteration(s) 
(e. g., genotyping, nucleic acid mutation detection, analysis of 
splice variants, and the like); determining presence or 
absence of a sequence of interest; quantifying a sequence of 
interest; gene expression pro?ling; subtractive hybridization; 
preparation of subtractive hybridization probe; differential 
ampli?cation; preparation of libraries (including genomic, 
cDNA and differential expression libraries); preparation of an 
immobilized nucleic acid (Which can be a nucleic acid immo 
bilized on a microarray, preparing labeled probes for analysis 
on arrays (including high density arrays) for the detection and 
quanti?cation of sequences of interest, including, for 
example, sequence determination, detecting sequence varia 
tion and genotyping; comparative genome hybridization; 
detection and/ or identi?cation of novel RNAs; and character 
izing nucleic acids using the ampli?cation nucleic acid prod 
ucts generated by the methods of the invention. 
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[0025] Any of the methods of the invention can be used to 
generate polynucleotide products that are suitable for char 
acterization of a polynucleotide sequence of interest in a 
sample. In one embodiment, the invention provides methods 
for characterizing (for example, detecting (presence or 
absence) and/or quantifying) a polynucleotide sequence of 
interest comprising: (a) amplifying a target polynucleotide by 
any of the methods described herein; and (b) analyzing the 
ampli?cation products. Step (b) of analyzing the ampli?ca 
tion products can be performed by any method knoWn in the 
art or described herein, for example by detecting and/ or quan 
tifying ampli?cation products that are hybridized to a probe. 
These ampli?cation products may or may not be labeled. Any 
of the methods of the invention can be used to generate 
polynucleotide (such as DNA) products that are labeled by 
incorporating labeled nucleotides and/or labeled composite 
primers into appropriate step(s) of the methods. These labeled 
products are particularly suitable for quanti?cation and/or 
identi?cation by methods knoWn in the art, Which include the 
use of arrays such as cDNA microarrays and oligonucleotide 
arrays. In one aspect, the invention provides a method of 
characterizing a polynucleotide sequence of interest, com 
prising (a) amplifying a target polynucleotide by a method 
described herein to generate labeled polynucleotide products; 
and (b) analyzing the labeled polynucleotide products. In 
some embodiments, the step of analyzing polynucleotide 
products comprises determining amount of said products, 
Whereby the amount of the polynucleotide sequence of inter 
est present in a sample is quanti?ed. 

[0026] The ampli?cation products can also serve as tem 
plate for further analysis such as sequence analysis, polymor 
phism detection (including multiplex SNP detection) using, 
e.g., oligonucleotide ligation-based assays, analysis using 
Invader, Cleavase or limited primer extension, and other 
methods knoWn in the art. For methods that generally require 
larger volumes of input material, the methods of the invention 
may be used to “pre” amplify a pool of polynucleotides to 
generate suf?cient input material for subsequent analysis. 
[0027] In another embodiment, the polynucleotide prod 
ucts can be analyzed by, for example, contacting them With at 
least one probe. In some embodiments, the at least one probe 
is provided as a microarray. The microarray can comprise at 
least one probe immobilized on a solid or semi-solid substrate 
fabricated from a material selected from the group consisting 
of paper, glass, ceramics, plastic, polypropylene, polysty 
rene, nylon, polyacrylamide, nitrocellulose, silicon, other 
metals, and optical ?ber. A probe can be immobilized on the 
solid or semi-solid substrate in a tWo-dimensional con?gura 
tion or a three-dimensional con?guration comprising pins, 
rods, ?bers, tapes, threads, beads, particles, microtiter Wells, 
capillaries, and cylinders. 
[0028] In another aspect, the invention provides methods of 
determining a gene expression pro?le in a sample, the meth 
ods comprising (a) amplifying RNA template in a sample 
using any of the methods described herein; and (b) determin 
ing an amount of ampli?cation products of each RNA 
sequence of interest in the sample, Whereby the gene expres 
sion pro?le of the sample is determined. The invention further 
provides methods of determining a gene expression pro?le by 
determining an amount of ampli?cation products of each 
RNA sequence of interest in a sample, the sample comprising 
multiple copies of RNA template ampli?ed by any of the 
methods described herein, Whereby the gene expression pro 
?le of the sample is determined. 
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[0029] Additionally, the invention also provides methods 
for archiving polynucleotide templates. Because the ampli? 
cation methods of the invention provide representative ampli 
?cation of the sequences of the template polynucleotide, 
ampli?ed product produced by the instant methods may be 
used as an archival source for the original template polynucle 
otide. Accordingly, the invention provides methods for 
archiving a polynucleotide template by storing the ampli?ca 
tion products produced by the methods of the invention. The 
archived ampli?cation products may be analyzed as 
described herein, or may be subjected to further ampli?cation 
in accordance With the methods of the invention. 
[0030] In another aspect, the invention provides products 
(e. g., multiple copies of a template polynucleotide) produced 
by the methods disclosed herein. 
[0031] The invention also provides compositions, kits, 
complexes, reaction mixtures and systems comprising vari 
ous components (and various combinations of the compo 
nents) used in the ampli?cation methods described herein. 
[0032] In another aspect, the invention provides composi 
tions comprising any of the complexes (Which are generally 
considered as intermediates With respect to the ?nal ampli? 
cation products) described herein. 
[0033] In another aspect, the invention includes any one or 
more products (including intermediates) and compositions 
comprising the products (including intermediates) produced 
by any aspect of the methods of the invention. 
[0034] In another aspect, the invention provides reaction 
mixtures (or compositions comprising reaction mixtures) 
Which contain various combinations of components 
described herein. 
[0035] In another aspect, the invention provides kits for 
conducting the methods described herein. These kits, in suit 
able packaging and generally (but not necessarily) containing 
suitable instructions, contain one or more components used in 
the ampli?cation methods. 
[003 6] In another aspect, the invention provides systems for 
effecting the ampli?cation methods described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 illustrates one embodiment of a composite 
primer useful in the methods of the present invention. As 
illustrated in the Figure, the composite primer comprises a 
DNA portion at its 3' end and an RNA portion at its 5' end. As 
discussed herein, it is also possible to employ a composite 
primer in Which the 3' DNA portion is folloWed, in the direc 
tion of its 5', by an RNA portion, Which is folloWed by a 
portion Which is DNA. 
[0038] FIG. 2 illustrates a composite primer that hybridizes 
to multiple sites on a template polynucleotide Where differing 
portions of the composite primer are hybridized to template 
polynucleotide depending on the site at Which it is hybridized. 
[0039] FIG. 3 illustrates primer extension from composite 
primers that are hybridized at multiple sites on a template 
strand, Where a composite primer extension products is being 
displaced by primer extension from a composite primer 
hybridized at a doWnstream site on the template strand. 
[0040] FIG. 4 shoWs a collection of composite primer 
extension products comprising composite primer I linked 
(via extension) to sequences corresponding to a multiplicity 
of target polynucleotide sequences. 
[0041] FIG. 5 shoWs generation of second primer extension 
product that is randomly primed by the composite primer. 

Mar. 12, 2009 

[0042] FIG. 6 shoWs single primer isothermal ampli?cation 
using the complex comprising a RNA/ DNA partial heterodu 
plex as a template for further composite-primer dependent 
ampli?cation. 
[0043] FIG. 7 illustrates primer extension from composite 
primers and auxiliary primers that are hybridized at multiple 
sites on a template strand. 
[0044] FIG. 8 illustrates generation of a second primer 
extension product primed by auxiliary primers hybridized to 
composite primer extension product. 
[0045] FIG. 9 shoWs a photograph of a gel shoWing ampli 
?ed reaction product generated using a single randomly 
primed composite primer to amplify a multiplicity of tem 
plate polynucleotide sequences from human genomic DNA. 

MODES FOR CARRYING OUT THE INVENTION 

OvervieW of the Invention and its Advantages 

[0046] The invention discloses novel methods, composi 
tions and kits for global ampli?cation. The methods provide 
for ampli?cation using a composite primer that is capable of 
binding to multiple sites Within template polynucleotide (e. g., 
mRNA or genomic DNA), Whereby a large multiplicity of 
template polynucleotide sequences (for example, essentially 
all genomic DNA) is ampli?ed. The methods are suitable for 
use With either DNA or RNA template. They generate poly 
nucleotide (generally, DNA) products, Which are readily suit 
able for a variety of uses including comparative genome 
hybridization, expression pro?ling, and multiple genotype 
determinations, e.g., by multiplex analysis by microarray 
technologies. The methods are amenable to automation and 
do not require thermal cycling. Thus, one of the major advan 
tages of the methods of the invention is the ability to amplify 
an entire pool of sequences (or a subset thereof, depending on 
the desired extent of ampli?cation), Which is essential for 
application such as comparative genome hybridization, gen 
eration of cDNA libraries, generation of subtractive hybrid 
ization probes, and array based assays, including multiple 
genotype determinations. 
[0047] The ampli?cation methods of the invention involve 
composite primer random hybridization, primer extension 
and displacement of composite primer extension product by 
strand displacement, Whereby a complex comprising a RNA 
DNA heteroduplex is generated, folloWed by composite 
primer-dependent isothermal ampli?cation using the com 
plex as a substrate for further ampli?cation, an aspect that 
permits rapid ampli?cation and distinguishes the invention 
from other strand displacement ampli?cation methods, such 
as MDA. 

[0048] In one aspect, the methods of the invention involve 
tWo phases: (a) composite primer random hybridization to 
template polynucleotide, primer extension and displacement 
of composite primer extension product by strand displace 
ment DNA synthesis, Whereby a complex comprising a RNA/ 
DNA partial heteroduplex is generated, and (b) composite 
primer-dependent single primer isothermal ampli?cation 
using the complex comprising a RNA/ DNA partial heterodu 
plex as a substrate for further ampli?cation. 
[0049] The methods generally comprise using specially 
designed primers, generally a RNA/DNA composite primer, 
to randomly prime template polynucleotide (such as genomic 
DNA template, mRNA or noncoding RNA). By “randomly 
prime” or “random hybridization”, as used herein, it is meant 
that the composite primer hybridizes to multiple sites Within 
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template polynucleotide. In some embodiments, an aspect of 
the invention is displacement of primer extension product 
from template polynucleotide(s) during primer extension by 
strand displacement DNA synthesis (e.g., by primer exten 
sion With a DNA polymerase having strand displacement 
activity) of primers hybridized at a doWnstream position(s) on 
the template. 
[0050] Thus, the invention provides methods of incubating 
a reaction mixture, said reaction mixture comprising: (a) a 
polynucleotide template; (b) a composite primer; Wherein the 
composite primer comprises an RNA portion and a 3' DNA 
portion, and Wherein the composite primer is capable of 
hybridizing to a multiplicity of template polynucleotide sites; 
(c) a DNA-dependent DNA polymerase With strand displace 
ment activity; and (d) an RNA-dependent DNA polymerase; 
Wherein the incubation is under conditions that permit com 
posite primer random hybridization, primer extension and 
displacement of the primer extension product from template 
polynucleotide, Whereby a population of intermediate com 
plexes are generated that generally includes (a) copies of 
template polynucleotide and/ or copies of the complement of 
polynucleotide sequence appended (via extension) to com 
posite primer sequences; and (b) copies of template poly 
nucleotide and copies of the complement of template poly 
nucleotide appended (via extension) to the complement of 
composite primer sequences. The intermediate complexes 
may be double-stranded or may be partially double stranded. 
By virtue of the presence of composite primer sequences in 
the intermediate complexes, the complexes comprise a RNA/ 
DNA heteroduplex partial heteroduplex. The RNA portion of 
the RNA/ DNA partial heteroduplex generally is introduced 
by the RNA portion of the composite primer, and the DNA 
portion of the heteroduplex is made of the complement of the 
RNA portion of the composite primer. For simplicity, this 
population of intermediate complexes is termed “a complex 
comprising an RNA/ DNA partial heteroduplex.” 
[0051] Generally, the composite primer comprises at least a 
3' DNA portion that is capable of randomly priming template 
polynucleotide. Thus, and as the description makes clear, 
reference to a primer that hybridizes to a sequence encom 
passes embodiments in Which at least a portion of the primer 
is hybridized, embodiments in Which tWo (or more portions) 
of the primer are hybridized (separated by unhybridized 
(looped out) portions of the primer), and embodiments in 
Which the entire primer is hybridized. 
[0052] The complex comprising a RNA/DNA partial het 
eroduplex is substrate for further ampli?cation as folloWs: an 
enzyme Which cleaves RNA from an RNA/ DNA hybrid (such 
as RNase H) cleaves RNA sequence from the hybrid, leaving 
a 3' single stranded DNA sequence available for binding by a 
composite primer (Which may or may not be the same as the 
?rst composite primer). Extension of a bound composite 
primer by DNA-dependent DNA polymerase produces a 
primer extension product, Which displaces the previously 
bound cleaved ?rst primer extension product, Whereby poly 
nucleotide (generally, DNA) product accumulates. It is 
understood that ampli?ed product generally is a mixture of 
sense and antisense copies of a given template polynucle 
otide. For example, if the template polynucleotide is double 
stranded DNA, the ampli?cation product Will correspond to 
each strand. If the template polynucleotide is single stranded, 
ampli?cation product Will generally be produced that is the 
copy of template polynucleotide (sense copy) and the 
complement of the template polynucleotide (antisense copy). 
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[0053] The methods disclosed herein are applicable to the 
ampli?cation of any target polynucleotide, including both 
DNA (e.g., genomic DNA) and RNA (e.g., mRNA and ribo 
somal RNA) targets. As is evident from the description and 
shoWn in the example, the methods of the invention are com 
posite-primer dependent. That is, ampli?cation is not 
observed in the absence of the composite primer. 
[0054] In another aspect of the invention, auxiliary primers 
are present in the reaction mixture comprising template poly 
nucleotide, composite primer, DNA-dependent DNA poly 
merase and RNA-dependent DNA polymerase. As used 
herein, “auxiliary primers” refers to a population of random 
and/or partially randomized primers. Inclusion of a popula 
tion of random primers during the ampli?cation is believed to 
enhance the ef?ciency of production of and/or global (tem 
plate-Wide, e. g., providing representative ampli?cation of the 
template, Whether the template is DNA or RNA) coverage of 
the ampli?cation product. 
[0055] In certain aspects, global ampli?cation of genomic 
DNA is exempli?ed herein. It is understood, hoWever, that the 
ampli?cation methods of the invention are suitable for ampli 
?cation of any pool or subset (or polynucleotides represent 
ing a signi?cant proportion of a pool or subset, depending on 
desired extent of ampli?cation) of polynucleotides. 
[0056] Accordingly, in one aspect, the invention provides 
methods for ampli?cation of a template polynucleotide, said 
methods comprising: (a) incubating a reaction mixture, said 
reaction mixture comprising: (i) a template polynucleotide; 
(ii) a ?rst primer, Wherein the ?rst primer is a composite 
primer that is hybridizable to a multiplicity of template poly 
nucleotide sites, Wherein the composite primer comprises an 
RNA portion and a 3' DNA portion; (iii) a DNA-dependent 
DNA polymerase; and (iv) an RNA-dependent DNA poly 
merase (Which may be present as a separate enzyme or as an 
enzyme comprising both DNA-dependent DNA polymerase 
and RNA-dependent DNA polymerase activities); Wherein 
the incubation is under conditions that permit composite 
primer random hybridization, primer extension and displace 
ment of the primer extension product from template poly 
nucleotide, Whereby a complex comprising an RNA/DNA 
partial heteroduplex is generated; and (b) incubating a reac 
tion mixture, said reaction mixture comprising (i) the reaction 
products generated according to step (a) (or an aliquot 
thereof); (ii) a composite primer (Which may be the same as 
the ?rst primer, or may be a different primer), Wherein the 
composite primer comprises an RNA portion and a 3' DNA 
portion; (iii) an DNA-dependent DNA polymerase; and (iv) 
an agent (such as an enzyme) that cleaves RNA from an 
RNA/DNA hybrid; Wherein the incubation is under condi 
tions that permit primer hybridization, primer extension, 
RNA cleavage from an RNA/DNA heteroduplex, and dis 
placement of the primer extension product (i.e., strand dis 
placement DNA synthesis) from the complex of (a) When its 
RNA is cleaved and another composite primer binds to the 
template and is extended, Whereby multiple copies of a poly 
nucleotide (generally, DNA) ampli?cation product are gen 
erated. In some embodiments, the reaction mixture of step (b) 
comprises the reaction mixture according to step (a) (or an 
aliquot thereof). In other embodiments, step (b) is initiated by 
the addition of an agent that cleaves RNA from an RNA/DNA 
heteroduplex (such as RNase H), and optionally, a DNA 
dependent DNA polymerase, to the reaction mixture of step 
(a). In some embodiments, the reaction mixture of step (a) 
and/or (b) further comprises auxiliary primers. 
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[0057] In another aspect, the invention provides methods 
for ampli?cation of a template polynucleotide by incubating 
a reaction mixture, said reaction mixture comprising: (a) a 
complex of a ?rst primer extension product and a second 
primer extension product, Wherein the ?rst primer extension 
product is generated by extension of a randomly primed ?rst 
primer hybridized to target polynucleotide With a DNA poly 
merase, Wherein the ?rst primer is a composite primer com 
prising an RNA portion and a 3' DNA portion, Wherein the 
?rst primer is capable of hybridizing to a multiplicity of 
template polynucleotide sites, and Wherein the second primer 
extension product is generated by extension of a second 
primer hybridized to the ?rst primer extension product; (b) a 
composite primer that is hybridizable to the second primer 
extension product, Wherein the composite primer comprises 
an RNA portion and a 3' DNA portion; (c) a DNA-dependent 
DNA polymerase; and (d) an enzyme that cleaves RNA from 
an RNA/DNA hybrid; Wherein the incubation is under con 
ditions that permit primer hybridization, primer extension, 
RNA cleavage from an RNA/DNA heteroduplex, and dis 
placement of composite primer from the complex of step (a) 
When its RNA is cleaved and another composite primer binds 
and is extended, Whereby multiple copies of a polynucleotide 
ampli?cation product are generated. In some embodiments, 
the ?rst primer extension product and/or the second primer 
extension product are generated in the presence of auxiliary 
primers. 
[0058] In another aspect-of the invention Wherein the tem 
plate polynucleotide is RNA, template RNA is cleaved fol 
loWing random composite primer hybridization and primer 
extension. Template RNA can be cleavedusing methods Well 
knoWn in the art, including cleavage With an agent (such as an 
enzyme, such as RNase H) that cleaves RNA from an RNA/ 
DNA hybrid, cleavage resulting from heat treatment, and 
cleavage due to chemical treatment (e.g., treatment under 
alkaline conditions). In some embodiments, the invention 
provides methods of incubating a reaction mixture, said reac 
tion mixture comprising: (a) an RNA template; (b) a compos 
ite primer; Wherein the composite primer comprises an RNA 
portion and a 3' DNA portion; and Wherein the composite 
primer is capable of hybridizing to a multiplicity of sites in 
template RNA; (c) a DNA-dependent DNA polymerase; (d) 
an RNA-dependent DNA polymerase; and (e) an enzyme 
capable of cleaving RNA from an RNA/DNA hybrid; 
Wherein the incubation is under conditions that permit com 
posite primer random hybridization, primer extension, tem 
plate RNA cleavage from an RNA/DNA heteroduplex, 
Whereby a complex comprising an RNA/DNA partial hetero 
duplex is generated. The complex comprising an RNA/ DNA 
partial heteroduplex is the substrate for further ampli?cation 
as described above (i.e., single primer isothermal ampli?ca 
tion). In some embodiments, an auxiliary primer is included 
in the reaction mixture. 

[0059] Template polynucleotide may also be prepared from 
RNA template by synthesis of cDNA. cDNA synthesis may 
be accomplished using standard methods, such as priming 
With random primers (e. g., random hexamer deoxyoligo 
nucleotides) and primer extension With a RNA-dependent 
DNA polymerase (e. g. reverse transcriptase) in the presence 
of dNTPs and appropriate reaction conditions (e.g., tempera 
ture, pH and ionic conditions). Only the ?rst strand cDNA 
synthesis need be performed, as ?rst strand cDNA synthesis 
Will produce a DNA polynucleotide that can be ampli?ed in 
accordance With the methods of the invention. 
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[0060] The methods of the invention include methods using 
the ampli?cation products (so-called “applications”). The 
invention also provides methods Which employ (usually, ana 
lyze) the products of the ampli?cation methods of the inven 
tion, such as methods of nucleic acid mutation detection 
(including methods of genotyping), determining the presence 
or absence of a sequence of interest, quantitating a sequence 
of interest, preparation of an immobilized nucleic acid, com 
parative genomic hybridization, discovery of novel nucleic 
acid sequences, and characterizing nucleic acids using the 
ampli?ed nucleic acid products generated by the methods of 
the invention. 
[0061] Any of the methods of the invention can be used to 
generate polynucleotide products that are suitable for char 
acterization of a polynucleotide sequence of interest in a 
sample. In one embodiment, the invention provides methods 
for characterizing (for example, detecting (presence or 
absence) and/or quantifying) a polynucleotide sequence of 
interest comprising: (a) amplifying a target polynucleotide by 
any of the methods described herein; and (b) analyzing the 
ampli?cation products. Step (b) of analyzing the ampli?ca 
tion products can be performed by any method knoWn in the 
art or described herein, for example by detecting and/ or quan 
tifying ampli?cation products that are hybridized to a probe. 
These ampli?cation products may or may not be labeled. Any 
of the methods of the invention can be used to generate 
polynucleotide (such as DNA) products that are labeled by 
incorporating labeled nucleotides and/or labeled composite 
primers into appropriate step(s) of the methods. These labeled 
products are particularly suitable for quanti?cation and/or 
identi?cation by methods knoWn in the art, Which include the 
use of arrays such as cDNA microarrays and oligonucleotide 
arrays. 
[0062] The invention provides methods to characterize (for 
example, detect presence or absence of and/or quantify) an 
polynucleotide sequence of interest by generating polynucle 
otide products using ampli?cation methods of the invention, 
and analyzing the products by detection/quanti?cation meth 
ods such as those based on array technologies or solution 
phase technologies. These ampli?cation products may be 
labeled or unlabeled. 
[0063] The methods of the invention may be used to 
amplify a pool of polynucleotides (or polynucleotides repre 
senting a signi?cant proportion of a pool, depending on 
desired extent of ampli?cation) to generate su?icient input 
material for subsequent analysis. Thus, and as is described 
herein, ampli?cation products can also serve as template for 
further analysis such as sequence, polymorphism detection 
(including multiplex SNP detection) using, e.g., oligonucle 
otide ligation-based assays, analysis using Invader, Cleavase 
or limited primer extension, and the like. Ampli?cation prod 
uct may also serve as template for further ampli?cation by the 
methods of the invention or other ampli?cation method 
knoWn in the art. 
[0064] In yet another embodiment, the invention provides 
methods for immobilizing nucleic acids, including methods 
for generating microarrays of nucleic acids, using ampli?ca 
tion products of the ampli?cation methods of the invention. 
[0065] In another embodiment, the invention provides 
methods of generating cDNA libraries, methods of generat 
ing subtractive hybridization probes, and methods of gener 
ating subtractive hybridization libraries. 

ADVANTAGES OF THE INVENTION 

[0066] Various methods for global ampli?cation of nucleic 
acids have been developed. PCR-based methods, such as PEP, 
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may generate non-speci?c ampli?cation artifacts, give 
incomplete coverage of loci, or generate DNA product of 
insuf?cient length that cannot be used in many applications. 
PCR-based methods also suffer from the propensity of the 
PCR reaction to generate products that are preferentially 
ampli?ed, and thus resulting in biased representation of 
genomic sequences in the products of the ampli?cation reac 
tion. Also, PCR-based methods require cumbersome thermal 
cycling. 
[0067] Additionally, a number of methods for the detection 
and quanti?cation of gene expression levels have been devel 
oped in recent years. For example, microarrays, in Which 
either de?ned cDNAs or oligonucleotides are immobiliZed at 
discrete locations on, for example, solid or semi-solid sub 
strates, or on de?ned particles, enable the detection and/or 
quanti?cation of the expression of a multitude of genes in a 
given specimen. Using these previously knoWn methods to 
detect presence of absence of and/or quantify multiple RNA 
species in a sample, Which in turn is used as a measure of gene 
expression pro?ling, generally requires direct labeling of 
cDNA, Which requires a large amount of input total RNA. 
Thus, When using total RNA preparations from a given cell or 
tissue sample to analyZe mRNA, the analysis of gene expres 
sion in the sample using methods such as arrays requires a 
substantial amount of input RNA, Which generally ranges 
from 50 to 200 pg. Similarly, 2 to 5 pg of mRNA puri?ed from 
a total RNA preparation Would generally be required for a 
single analysis of gene expression pro?ling using array tech 
nologies. This is a clear limitation of methods such as those 
based on array technology, insofar as the number of cells, or 
siZe of tissue specimen required is very large, and these cells 
or tissue specimens are often scarcely available for testing or 
are too precious. This limitation is especially severe in the 
study of clinical specimens, Where the cells to be studied are 
rare and/or dif?cult to cultivate in vitro, and in high through 
put screening of libraries of effector molecules. Also, previ 
ous transcription-based methods of ampli?cation of mRNA 
(described in, for example, Lockhart et al, Nature Biotech 
nology (1996), 14, 1675-1680); van Gelder et al., US. Pat. 
No. 5,716,785), are limited to the ampli?cation e?iciency of 
DNA-dependent RNA polymerases and some of these meth 
ods require multiple steps. Moreover, the process by Which 
the polymerase promoter sequence is incorporated is prone to 
result in non-speci?c ampli?cation. 
[0068] The methods of the invention offer the ability to 
e?iciently amplify template polynucleotides (including both 
RNA and DNA). Thus, the utility of detection/ quanti?cation 
methods Which canbe used With the ampli?cation products of 
the invention, such as those based on array technology, real 
time PCR, quantitative TaqMan, quantitative PCR using 
molecular beacons, and the like, should be greatly enhanced. 
[0069] The methods of the invention do not require ther 
mocycling and all of the steps can be performed isothermally, 
although the various steps may be carried out a different 
temperatures. This feature provides numerous advantages, 
including facilitating automation and adaptation for high 
through-put procedures. The isothermal reaction is generally 
faster than that afforded by thermal cycling, and is suitable for 
performing the methods of the invention in miniaturized 
devices. 

[0070] The ability to e?iciently amplify pools of template 
polynucleotide sequences (such as genomic DNA) under 
conditions that Will generally not alter the representation of 
the nucleic acid sequences in the starting sample, Will greatly 
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enhance the utility of the detection/quanti?cation methods 
such as those based on the poWerful array technology. 
[0071] The ability to ef?ciently amplify RNA using the 
random initiation of replication according the methods of the 
invention provides means for representing all sequences in 
the pool of sequences (or representing a signi?cant propor 
tion of a pool depending on desired extent of the ampli?ca 
tion) in the sample, for example, sequences representing the 
full length of mRNA species in a sample. The methods of the 
invention do not rely on oligo-dT primers (to bind the poly-A 
tail of mRNA) to initiate ampli?cation; thus, the methods 
may be used to amplify non-poly-A tailed RNAs, such as 
noncoding RNAs and RNAs of non-eukaryotic species. The 
methods of the invention do not require prior knowledge of 
the sequences in the sample and are thus suitable for discov 
ery of novel transcripts, even When present in loW abundance 
and/or representing non-coding transcripts. The ability to 
e?iciently amplify RNA under conditions that Will generally 
not alter the representation of the nucleic acid sequences in 
the preparation, Will greatly enhance the utility of the detec 
tion/ quanti?cation methods such as those based on the poW 
erful array technology. 

General Techniques 

[0072] The practice of the invention Will employ, unless 
otherWise indicated, conventional techniques of molecular 
biology (including recombinant techniques), microbiology, 
cell biology, biochemistry, and immunology, Which are 
Within the skill of the art. Such techniques are explained fully 
in the literature, such as, “Molecular Cloning: A Laboratory 
Manual”, second edition (Sambrook et al., 1989); “Oligo 
nucleotide Synthesis” (M. J. Gait, ed., 1984); “Animal Cell 
Culture” (R. I. Freshney, ed., 1987); “Methods in EnZymol 
ogy” (Academic Press, Inc.); “Current Protocols in Molecu 
lar Biology” (F. M. Ausubel et al., eds., 1987, and periodic 
updates); “PCR: The Polymerase Chain Reaction”, (Mullis et 
al., eds., 1994). 
[0073] Primers, oligonucleotides and polynucleotides 
employed in the invention can be generated using standard 
techniques knoWn in the art. 

DEFINITIONS 

[0074] A “template, template stran , template poly 
nucleotide,” “template DNA,” target sequence,” “target 
nucleic acid,” or “target DNA,” “target polynucleotide,” 
“template RN ,” or “target RN ,” as used herein, is a poly 
nucleotide for Which ampli?cation is desired. The template 
polynucleotide can comprise DNA or RNA. The template 
sequence may be knoWn or not knoWn, in terms of its actual 
sequence. Generally, the terms “target,” “template,” and 
variations thereof, are used interchangeably. 
[0075] “Ampli?cation,” or “amplifying”, as used herein, 
generally refers to the process of producing multiple copies of 
a desired sequence. “Multiple copies” mean at least 2 copies. 
A “copy” does not necessarily mean perfect sequence 
complementarity or identity to the template sequence. For 
example, copies can include nucleotide analogs such as 
deoxyinosine, intentional sequence alterations (such as 
sequence alterations introduced through a primer comprising 
a sequence that is hybridiZable, but not complementary, to the 
template, or a non-target sequence introduced through a 
primer), and/ or sequence errors that occur during ampli?ca 
tion. “Amplifying” a sequence may generally refer to making 
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copies of a sequence or its complement, With the understand 
ing that, as stated above, copying does not necessarily mean 
perfect sequence complementarity or identity With respect to 
the template sequence. 
[0076] “Polynucleotide,” or “nucleic acid,” as used inter 
changeably herein, refer to polymers of nucleotides of any 
length, and include DNA and RNA. The nucleotides can be 
deoxyribonucleotides, ribonucleotides, modi?ed nucleotides 
or bases, and/or their analogs, or any substrate that can be 
incorporated into a polymer by DNA or RNA polymerase. A 
polynucleotide may comprise modi?ed nucleotides, such as 
methylated nucleotides and their analogs. If present, modi? 
cation to the nucleotide structure may be imparted before or 
after assembly of the polymer. The sequence of nucleotides 
may be interrupted by non-nucleotide components. A poly 
nucleotide may be further modi?ed after polymerization, 
such as by conjugation With a labeling component. Other 
types of modi?cations include, for example, “caps”, substi 
tution of one or more of the naturally occurring nucleotides 
With an analog, intemucleotide modi?cations such as, for 
example, those With uncharged linkages (e.g., methyl phos 
phonates, phosphotriesters, phosphoamidates, carbamates, 
etc.) and With charged linkages (e.g., phosphorothioates, 
phosphorodithioates, etc.), those containing pendant moi 
eties, such as, for example, proteins (e.g., nucleases, toxins, 
antibodies, signal peptides, poly-L-lysine, etc.), those With 
intercalators (e.g., acridine, psoralen, etc.), those containing 
chelators (e.g., metals, radioactive metals, boron, oxidative 
metals, etc.), those containing alkylators, those With modi?ed 
linkages (e.g., alpha anomeric nucleic acids, etc.), as Well as 
unmodi?ed forms of the polynucleotide(s). Further, any of 
the hydroxyl groups ordinarily present in the sugars may be 
replaced, for example, by phosphonate groups, phosphate 
groups, protected by standard protecting groups, or activated 
to prepare additional linkages to additional nucleotides, or 
may be conjugated to solid supports. The 5' and 3' terminal 
OH can be phosphorylated or substituted With amines or 
organic capping groups moieties of from 1 to 20 carbon 
atoms. Other hydroxyls may also be derivatized to standard 
protecting groups. Polynucleotides can also contain analo 
gous forms of ribose or deoxyribose sugars that are generally 
knoWn in the art, including, for example, 2'-O-methyl-, 2'-O 
allyl, 2'-?uoro- or 2'-azido-ribose, carbocyclic sugar analogs, 
ot-anomeric sugars, epimeric sugars such as arabinose, 
xyloses or lyxoses, pyranose sugars, furanose sugars, 
sedoheptuloses, acyclic analogs and abasic nucleoside ana 
logs such as methyl riboside. One or more phosphodiester 
linkages may be replaced by alternative linking groups. These 
alternative linking groups include, but are not limited to, 
embodiments Wherein phosphate is replaced by P(O)S (“thio 
ate”), P(S)S (“dithioate”), “(O)NR2 (“amidate”), P(O)R, 
P(O)OR', CO or CH2 (“formacetal”), in Which each R or R' is 
independently H or substituted or unsubstituted alkyl (1-20 
C) optionally containing an ether (40*) linkage, aryl, alk 
enyl, cycloalkyl, cycloalkenyl or araldyl. Not all linkages in a 
polynucleotide need be identical. The preceding description 
applies to all polynucleotides referred to herein, including 
RNA and DNA. 

[0077] A “labeled dNTP,” or “labeled rNTP,” as used 
herein, refers, respectively, to a dNTP or rNTP, or analogs 
thereof, that is directly or indirectly attached With a label. For 
example, a “labeled” dNTP or rNTP, may be directly labeled 
With, for example, a dye and/or a detectable moiety, such as a 
member of a speci?c binding pair (such as biotin-avidin). A 
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“labeled” dNTP or rNTP, may also be indirectly labeled by its 
attachment to, for example, a moiety to Which a label is/can be 
attached. A dNTP or rNTP, may comprise a moiety (for 
example, an amine group) to Which a label may be attached 
folloWing incorporation of the dNTP or rNTP into an exten 
sion product. Useful labels in the present invention include 
?uorescent dyes (e.g., ?uorescein isothiocyanate, Texas red, 
rhodamine, green ?uorescent protein and the like), radioiso 
topes (e.g., 3H, 35S, 32F, 33F, 1251, or 14C), enzymes (e.g., 
LacZ, horseradish peroxidase, alkaline phosphatase,), 
digoxigenin, and colorimetric labels such as colloidal gold or 
colored glass or plastic (e.g., polystyrene, polypropylene, 
latex, etc.) beads. Various anti-ligands and ligands can be 
used (as labels themselves or as a means for attaching a label). 
In the case of a ligand that has a natural anti-ligand, such as 
biotin, thyroxine and cortisol, the ligand can be used in con 
junction With labeled anti-ligands. 
[0078] The “type” of dNTP or rNTP, as used herein, refers 
to the particular base of a nucleotide, namely adenine, 
cytosine, thymine, uridine, or guanine. 
[0079] “Oligonucleotide,” as used herein, generally refers 
to short, generally single stranded, generally synthetic poly 
nucleotides that are generally, but not necessarily, less than 
about 200 nucleotides in length. Oligonucleotides in the 
invention include the composite primer and auxiliary primer. 
The terms “oligonucleotide” and “polynucleotide” are not 
mutually exclusive. The description above for polynucle 
otides is equally and fully applicable to oligonucleotides. 
[0080] A “primer,” as used herein, refers to a nucleotide 
sequence, generally With a free 3'-OH group, that hybridizes 
With a template sequence (such as a target polynucleotide, 
target DNA, or a primer extension product) and is capable of 
promoting polymerization of a polynucleotide complemen 
tary to the template. A “primer” can be, for example, an 
oligonucleotide. 
[0081] “Auxiliary primers” as used herein, are a population 
of primers comprising randomized and/or partially-random 
ized sequences. Auxiliary primers are a polynucleotide as 
described herein, though generally, auxiliary primers are 
made of DNA. Random primers are knoWn in the art and are 
commercially available. An example of auxiliary primers is 
the population of randomized hexamer primers shoWn in 
Example 1. 
[0082] To “inhibit” is to decrease or reduce an activity, 
function, and/ or amount as compared to a reference. 

[0083] By “randomly prime” or “random hybridization”, as 
used herein, it is meant that the composite primer hybridizes 
to multiple sites Within the template polynucleotide. 
[0084] As used herein, “complex comprising an RNA/ 
DNA partial heteroduplex” generally refers to a population of 
intermediate complexes that generally includes (a) copies of 
template polynucleotide and/ or copies of the complement of 
template polynucleotide sequence appended to composite 
primer sequences; and (b) copies of template polynucleotide 
and/or copies of the complement of template polynucleotide 
appended to the complement of composite primer sequences. 
By virtue of the presence of composite primer sequence in the 
intermediate complexes, the complexes comprise at least a 
RNA/DNA partial heteroduplex. The RNA portion of the 
partial heteroduplex generally is introduced (via extension) 
by the RNA portion of the composite primer, and the DNA 
portion of the partial heteroduplex comprises the complement 
of the RNA portion of the composite primer. As discussed 
herein, the complex comprising an RNA/DNA partial hetero 
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duplex functions as a substrate for further ampli?cation dur 
ing the single primer isothermal ampli?cation phase of the 
methods. Generally, RNA in the RNA/ DNA partial heterodu 
plex is cleaved, generating a 3' single stranded portion With 
sequences that are complementary to RNA in a composite 
primer (and thus forming a binding site for a composite 
primer). Thus, reference to “a complex comprising a 3' single 
stranded portion” generally refers to the complex comprising 
an RNA/DNA partial heteroduplex When its RNA is cleaved. 
[0085] A “complex” is an assembly ofcomponents.A com 
plex may or may not be stable and may be directly or indi 
rectly detected. For example, as is described herein, given 
certain components of a reaction, and the type of product(s) of 
the reaction, existence of a complex can be inferred. For 
purposes of this invention, a complex is generally an inter 
mediate With respect to the ?nal ampli?cation product(s). An 
example of a complex is a complex of composite primer 
extension product and second composite primer extension 
product, as described herein. 
[0086] A “portion” or “region,” used interchangeably 
herein, of a polynucleotide or oligonucleotide is a contiguous 
sequence of 2 or more bases. In other embodiments, a region 
or portion is at least about any of3, 5, 10, 15, 20, 25 or more 
contiguous nucleotides. 
[0087] A region, portion, or sequence Which is “adjacent” 
to another sequence directly abuts that region, portion, or 
sequence. For example, an RNA portion Which is adjacent to 
a 5' DNA portion of a composite primer directly abuts that 
region. 
[0088] A “reaction mixture” is an assemblage of compo 
nents, Which, under suitable conditions, react to form a com 
plex (Which may be an intermediate) and/or a product(s). 
[0089] “A”, “an” and “the”, and the like, unless otherWise 
indicated include plural forms. “A” fragment means one or 
more fragments. 
[0090] Conditions that “alloW” an event to occur or condi 
tions that are “suitable” for an event to occur, such as hybrid 
iZation, strand extension, and the like, or “suitable” condi 
tions are conditions that do not prevent such events from 
occurring. Thus, these conditions permit, enhance, facilitate, 
and/ or are conducive to the event. Such conditions, knoWn in 
the art and described herein, depend upon, for example, the 
nature of the nucleotide sequence, temperature, and buffer 
conditions. These conditions also depend on What event is 
desired, such as hybridiZation, cleavage, and/or strand exten 
sion. 
[0091] Sequence “mutation,” as used herein, refers to any 
sequence alteration in a sequence of interest in comparison to 
a reference sequence. A reference sequence canbe a Wild type 
sequence or a sequence to Which one Wishes to compare a 
sequence of interest. A sequence mutation includes single 
nucleotide changes, or alterations of more than one nucle 
otide in a sequence, due to mechanisms such as substitution, 
transversion, deletion or insertion. Single nucleotide poly 
morphism (SNP) is also a sequence mutation as used herein. 
[0092] “Microarray” and “array,” as used interchangeably 
herein, comprise a surface With an array, preferably ordered 
array, of putative binding (e.g., by hybridization) sites for a 
biochemical sample (target) Which often has undetermined 
characteristics. In a preferred embodiment, a microarray 
refers to an assembly of distinct polynucleotide or oligo 
nucleotide probes immobiliZed at de?ned locations on a sub 
strate. Arrays are formed on substrates fabricated With mate 
rials such as paper, glass, plastic (e.g., polypropylene, nylon, 
polystyrene), polyacrylamide, nitrocellulose, silicon, optical 
?ber or any other suitable solid or semi-solid support, and 
con?gured in a planar (e.g., glass plates, silicon chips) or 
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three-dimensional (e.g., pins, ?bers, beads, particles, micro 
titer Wells, capillaries) con?guration. Probes forming the 
arrays may be attached to the substrate by any number of 
Ways including (i) in situ synthesis (e.g., high-density oligo 
nucleotide arrays) using photolithographic techniques (see, 
Fodor et al., Science (1991), 251 :767-773; Pease et al., Proc. 
Natl. Acad. Sci. USA. (1 994), 9 1 : 5022-5026; Lockhart et al., 
Nature Biotechnology (1996), 14: 1675; US. Pat. Nos. 5,578, 
832; 5,556,752; and 5,510,270); (ii) spotting/printing at 
medium to loW-density (e.g., cDNA probes) on glass, nylon 
or nitrocellulose (Schena et al, Science (1995), 270:467-470, 
DeRisi et al, Nature Genetics (1996), 14:457-460; Shalon et 
al., Genome Res. (1996), 6:639-645; and Schena et al., Proc. 
Natl. Acad. Sci. USA. (1995), 93:10539-11286); (iii) by 
masking (Maskos and Southern, Nuc. Acids. Res. (1992), 
20: 1679-1684) and (iv) by dot-blotting on a nylon or nitro 
cellulose hybridization membrane (see, e.g., Sambrook et al., 
Eds., 1989, Molecular Cloning: A Laboratory Manual, 2nd 
ed., Vol. 1-3, Cold Spring Harbor Laboratory (Cold Spring 
Harbor, N.Y.)). Probes may also be noncovalently immobi 
liZed on the substrate by hybridiZation to anchors, by means 
of magnetic beads, or in a ?uid phase such as in microtiter 
Wells or capillaries. The probe molecules are generally 
nucleic acids such as DNA, RNA, PNA, and cDNA but may 
also include proteins, polypeptides, oligosaccharides, cells, 
tissues and any permutations thereof Which can speci?cally 
bind the target molecules. 
[0093] The term “3'” generally refers to a region or position 
in a polynucleotide or oligonucleotide 3' (doWnstream) from 
another region or position in the same polynucleotide or 
oligonucleotide. 
[0094] The term “5'” generally refers to a region or position 
in a polynucleotide or oligonucleotide 5' (upstream) from 
another region or position in the same polynucleotide or 
oligonucleotide. 
[0095] The term “3'-DNA portion,” “3'-DNA region,” “3' 
RNA portion,” and “3'-RNA region,” refer to the portion or 
region of a polynucleotide or oligonucleotide located toWards 
the 3' end of the polynucleotide or oligonucleotide, and may 
or may not include the 3' most nucleotide(s) or moieties 
attached to the 3' most nucleotide of the same polynucleotide 
or oligonucleotide. The 3' most nucleotide(s) can be prefer 
ably from about 1 to about 50, more preferably from about 10 
to about 40, even more preferably from about 20 to about 30 
nucleotides. 
[0096] The term “5'-DNA portion,” “5'-DNA region,” “5' 
RNA portion,” and “5'-RNA region,” refer to the portion or 
region of a polynucleotide or oligonucleotide located toWards 
the 5' end of the polynucleotide or oligonucleotide, and may 
or may not include the 5' most nucleotide(s) or moieties 
attached to the 5' most nucleotide of the same polynucleotide 
or oligonucleotide. The 5' most nucleotide(s) can be prefer 
ably from about 1 to about 50, more preferably from about 10 
to about 40, even more preferably from about 20 to about 30 
nucleotides. 
[0097] “Absent” or “absence” of product, and “lack of 
detection of product” as used herein includes insigni?cant, or 
de minimus levels, generally due to lack of signi?cant accu 
mulation of product. 
[0098] In accordance With Well established principles of 
patent laW “comprising” means “including.” 

Ampli?cation Methods of the Invention 

[0099] The folloWing are examples of the ampli?cation 
methods of the invention. It is understood that various other 
embodiments may be practiced, given the general description 
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provided above. For example, reference to using a composite 
primer means that any of the composite primers described 
herein may be used. 
Ampli?cation Using a Composite Primer that Hybridizes to a 
Multiplicity of Template Polynucleotide Sites 
[0100] The invention provides methods for global ampli? 
cation using a composite primer that is capable of binding to 
multiple sites Within template polynucleotide, including 
DNA and RNA template polynucleotides. 
[0101] Generally, the methods of the invention involve tWo 
phases. (a) composite primer random hybridization, primer 
extension and displacement of composite primer extension 
product by strand displacement, Whereby a complex compris 
ing a RNA/DNA partial heteroduplex is generated, and (b) 
compo site-primer dependent single primer isothermal ampli 
?cation. 
[0102] Thus, the methods of the invention Work as folloWs: 
(a) incubating a reaction mixture, said reaction mixture com 
prising: (i) a template polynucleotide; (ii) a ?rst primer, 
Wherein the ?rst primer is a composite primer that is hybrid 
izable to a multiplicity of template polynucleotide sites, 
Wherein the composite primer comprises an RNA portion and 
a 3' DNA portion; (iii) a DNA-dependent DNA polymerase; 
and (iv) an RNA-dependent DNA polymerase (Which may be 
present as a separate enzyme or as an enzyme comprising 
both DNA-dependent DNA polymerase and RNA-dependent 
DNA polymerase activities); Wherein the incubation is under 
conditions that permit composite primer random hybridiza 
tion, primer extension and, in some embodiments, displace 
ment of the primer extension product from template poly 
nucleotide, Whereby a complex comprising an RNA/DNA 
partial heteroduplex is generated; and (b) incubating a reac 
tion mixture, said reaction mixture comprising (i) the reaction 
products generated according to step (a) (or an aliquot 
thereof); (ii) a composite primer (Which may be the same as 
the ?rst primer or may different from the ?rst primer); (iii) an 
DNA-dependent DNA polymerase; and (iv) an agent (such as 
an enzyme) that cleaves RNA from an RNA/DNA hybrid; 
Wherein the incubation is under conditions that permit primer 
hybridization, primer extension, RNA cleavage from an 
RNA/DNA heteroduplex, and displacement of the primer 
extension product When its RNA is cleaved and another com 
posite primer binds to the template and is extended, Whereby 
multiple copies of a polynucleotide (generally, DNA) ampli 
?cation product are generated. In some embodiments, the 
reaction mixture of step (b) comprises the reaction mixture 
according to step (a) (or an aliquot thereof). In other embodi 
ments, step (b) is initiated by the addition of an agent that 
cleaves RNA from an RNA/DNA heteroduplex (such as 
RNase H) to the reaction mixture of step (a). In embodiments 
in Which the template polynucleotide is RNA, the reaction 
mixture of step (a) further comprises an agent (such as an 
enzyme) that that cleaves RNA from an RNA/DNA hetero 
duplex. 
[0103] (a) Composite Primer Random Hybridization, 
Primer Extension and Displacement of Composite Primer 
Extension Product by Strand Displacement 
[0104] The methods generally comprise using specially 
designed primers, generally a RNA/ DNA composite primer. 
In a ?rst phase of the ampli?cation methods, composite 
primer is used to randomly prime template polynucleotide 
(such as genomic DNA). By “randomly prime” or “random 
hybridization”, as used herein, it is meant that the composite 
primer hybridizes to multiple sites Within template poly 
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nucleotide. We have discovered that certain composite prim 
ers bind a multiplicity of sites Within template polynucleotide 
(generally, under conditions promoting random primer 
hybridization) and are thus particularly suitable for use in the 
methods of the invention. Generally, suitable composite 
primers shoW partial homology to a multiplicity of template 
nucleic acid sequences, particularly in the 3' sequences of the 
composite primer, and thus, the composite primer comprises 
at least a 3' DNA portion that is capable of randomly priming 
template polynucleotide (particularly under conditions per 
mitting random primer hybridization). Selection and design 
of composite primers is described further beloW. 
[0105] Various embodiments of the composite primer and 
used in the methods of the invention are described herein. For 
example, FIG. 1 illustrates one embodiment of a composite 
primer useful in the methods of the present invention. As 
illustrated in the Figure, the composite primer comprises a 
DNA portion at its 3' end and an RNA portion at its 5' end. As 
discussed herein, it is also possible to employ a composite 
primer in Which the 3' DNA portion is folloWed, in the direc 
tion of its 5', by an RNA portion, Which is folloWed by a 
portion Which is DNA. The length of each of these sections is 
generally determined for maximum ef?ciency of the ampli 
?cation. In some embodiments, the composite primer that 
hybridizes to target polynucleotide and the composite primer 
used during single primer isothermal ampli?cation are the 
same. In some embodiments, the composite primer that 
hybridizes to target polynucleotide and the composite primer 
used during single primer isothermal ampli?cation are differ 
ent. 

[0106] Reference to a primer that binds (hybridizes to) a 
sequence (or template) encompasses embodiments in Which 
at least a portion of the primer is hybridized, as Well as those 
embodiments in Which an entire primer is hybridized. Thus, 
and as the description makes clear, reference to a primer that 
hybridizes to a sequence encompasses embodiments in Which 
at least a portion of the primer is hybridized as Well as 
embodiments in Which tWo (or more portions) of the primer 
are hybridized, separated by unhybridized (looped out) por 
tions of the primer, and embodiments in Which the entire 
primer is hybridized. For example, FIG. 2 illustrates a single 
composite primer that hybridizes to multiple positions on a 
template polynucleotide Where differing portions of the com 
posite primer are hybridized to template polynucleotide 
depending on the site (sequence) at Which it is hybridized. 
Thus, according to the methods of the invention, only a por 
tion of the 3'-end of the composite primer must be hybridized 
in order for initiation of primer extension by DNA poly 
merase. In some embodiments, for example, only 2, 3, 4, 5, 6, 
7, 8 or more nucleotides of the 3' end of the primer need to 
hybridize in order for primer extension to be initiated. It is 
understood that hybridization of the 3'-most portion of the 
composite primer may be stabilized to various extents by 
further hybridization of another portion of the primer (With or 
Without looping out of intervening primer portions). A DNA 
polymerase can be included during primer hybridization to 
enhance (e. g., stabilize) hybridization of composite primer by 
initiation of primer extension, and thus, stabilization of 
primer hybridization. 
[0107] Random hybridization of the composite primer to 
template polynucleotide generally occurs under conditions 
permitting random (nonspeci?c) primer hybridization. Such 
conditions are Well knoWn in the art and include: decreased 
stringency during primer hybridization and/or primer exten 








































