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(57) ABSTRACT 

Methods for isothermal exponential amplification of a target 
polynucleotide are disclosed. The methods employ two tran 
Scription modules, the first module providing linear amplifi 
cation resulting in RNA transcripts, and a second module 
providing for further (generally cyclical) amplification result 
ing in more RNA transcripts. In one aspect, the amplification 
of the first module is composite primer based. In a second 
aspect, the amplification of the first module is based on target 
Switching to generate a primer extension product comprising 
a promoter sequence. In all aspects, the RNA transcripts of 
the first transcription module are subjected to further ampli 
fication by creating an intermediate product comprising a 
double Stranded promoter region from which transcription 
can occur. The invention further provides compositions and 
kits for practicing said methods, as well as methods which use 
the amplification results. 
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Figure 1A 
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Figure 1B 
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Figure 1C 
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Figure 1D 
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Figure 1E 
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Figure 2A 
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Figure 2C 
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Figure 2D 
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METHODS AND COMPOSITIONS FOR 
TRANSCRIPTION-BASED NUCLECACD 

AMPLIFICATION 

CROSS-REFERENCE 

0001. This application is a divisional of U.S. Ser. No. 
10/686,466, filed Oct. 14, 2003, which is a divisional of U.S., 
Ser. No. 09/893,191, filed Jun. 26, 2001, now U.S. Pat. No. 
6,686, 156, which claims the priority benefit of provisional 
patent applications 60/277,748, filed Mar. 21, 2001 and 
60/213.908 filed Jun. 26, 2000, all of which are incorporated 
herein by reference in their entirety. 

TECHNICAL FIELD 

0002 This invention relates to the filed of polynucleotide 
amplification. More particularly, the invention provides 
methods, compositions and kits for amplifying (i.e., making 
multiple copies) target polynucleotide sequences which 
involve transcription, and employ either an RNA/DNA com 
posite primer and/or a target Switch polynucleotide. 

BACKGROUND ART 

0003. The development of methods for nucleic acid ampli 
fication and detection of amplification products have 
advanced the detection, identification, quantification and 
sequence analyses of nucleic acids in recent years. Use of 
these methods has contributed to rapid advances in the areas 
of genomics, cell biology, molecular medicine, genetics and 
the like. 
0004 Nucleic acid analysis is widely used for detection 
and identification of pathogens, detection of gene alterations 
leading to defined phenotypes, diagnosis of genetic diseases 
or Susceptibility to Such disease, assessment of gene expres 
sion in development, in disease and in response to defined 
stimuli, as well as in various genome projects. Other applica 
tions of nucleic acid amplification methods include the detec 
tion of rare cells, detection of pathogens and the detection of 
altered gene expression in malignancy, and the like. Nucleic 
acid amplification is potentially useful for both qualitative 
analysis Such as the detection of the presence of defined 
nucleic acid sequences, and quantification of defined gene 
sequences. The latter is useful for assessing and determining 
the amount of pathogenic sequences in a sample as well as for 
the determination of gene multiplication or deletion, as often 
found in cell transformation from normal to malignant type. 
0005. Although detection of the presence of a defined 
nucleic acid sequence, and its sequence analysis, can be car 
ried out by direct probe hybridization to target nucleic acid 
sequences, the method generally lacks sensitivity when 
amounts of the target nucleic acid sequence present in the test 
sample are low. One solution to this obstacle was the devel 
opment of methods for generation of multiple copies of the 
defined nucleic acid sequence to make them more accessible 
to further analysis. Methods for generating multiple copies of 
a specific nucleic acid sequence in a sample are generally 
defined as target amplification methods. Other methods for 
increasing the sensitivity of detection of hybridization analy 
sis are based on the generation of multiple products from the 
hybridized probe(s), for example, cleaving the hybridized 
probe to form multiple products or ligating adjacent probes to 
form a unique hybridization-dependent product. Similarly, 
increased sensitivity of hybridization reaction is achieved by 
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methods for amplifying signals generated by the hybridiza 
tion event, such as methods based on hybridization of 
branched DNA probes. 
0006 Various target nucleic acid amplification methods 
have been described in recent years. Target nucleic acid 
amplification is carried out through multiple cycles of incu 
bations at various temperatures (thermal cycling) or alterna 
tively, carried out by an isothermal process. The discovery of 
thermostable nucleic acid modifying enzymes has also con 
tributed to rapid advances in nucleic acid amplification tech 
nology. Thermostable nucleic acid modifying enzymes. Such 
as DNA and RNA polymerases, ligases, nucleases and the 
like, are used both in methods dependent on thermal cycling 
and isothermal amplification methods. For example, a 
method for "homogeneous isothermal amplification and 
detection of nucleic acids using a template Switch oligonucle 
otide' is described in WO/070095A2 (Liu, et al.) 
0007. The most commonly used target amplification 
method is the polymerase chain reaction (PCR) which is 
based on multiple cycles of denaturation, hybridization of 
two oligonucleotide primers, one to each Strand of a double 
Stranded target, and primer extension by a nucleotide poly 
merase to produce multiple double stranded copies of the 
target sequence. Many variations of PCR have been 
described, and the method is being used for amplification of 
DNA or RNA nucleic acid sequences, sequence determina 
tion, mutation analysis and others. (see PCR Protocols: A 
Guide to Methods and Applications (Innis, M., Gelfand, D., 
Sninsky, J. and White, T., eds.) Academic Press (1990); Mul 
lis et al., Methods in Enzymology, 155:335-350 (1987)). 
Thermocycling-based methods that employ a single primer 
are also described. Other methods that depend on thermal 
cycling include the ligase chain reaction (LCR) and the 
related repair chain reaction (RCR). 
0008 Isothermal nucleic acid amplification methods 
based on Strand displacement, are described. See, for e.g., 
Fraiser et al. in U.S. Pat. No. 5,648.211: Cleuziat et al. in U.S. 
Pat. No. 5,824,517; and Walker et al. Proc. Natl. Acad. Sci. 
U.S.A. 89:392–396 (1992). Other isothermal target amplifica 
tion methods are the transcription-based amplification meth 
ods, in which an RNA polymerase promoter sequence is 
incorporated into primer extension products at an early stage 
of the amplification (WO/01050), and target sequence, or 
target complementary sequence, is further amplified by tran 
scription and digestion of the RNA strand in a DNA/RNA 
hybrid intermediate product. See, for example, U.S. Pat. Nos. 
5,169,766 and 4.786,600. Target nucleic acid amplification 
may be carried out through multiple cycles of incubations at 
various temperatures, i.e. thermal cycling, or at one tempera 
ture (an isothermal process). These methods include tran 
scription-mediated amplification (TMA), self-sustained 
sequence replication (3SR), nucleic acid sequence-based 
amplification (NASBA), and variations thereof. See, for 
example, Guatellietal. Proc. Natl. Acad. Sci. U.S.A. 87: 1874 
1878 (1990); U.S. Pat. Nos. 5,766,849 (TMA); and 5,654,142 
(NASBA). Other amplifications methods use template 
Switching oligonucleotides (TSOs) and blocking oligonucle 
otides. For example, a template Switch amplification method 
in which chimeric DNA primers are utilized is disclosed in 
U.S. Pat. No. 5,679,512 and by Pateletal. (Proc. Natl. Acad. 
Sci. U.S.A. 93:2969-2974 (1996)), and a method that uses 
blocking oligonucleotides is disclosed by Laney et al. in U.S. 
Pat. No. 5,679,512. 
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0009 Since isothermal target amplification methods do 
not require athermocycler, they are easier to adapt to common 
instrumentation platforms. However, previously known iso 
thermal target amplification methods have severe drawbacks. 
Amplification according to the strand displacement amplifi 
cation (SDA) process requires the presence of sites for 
defined restriction enzymes, thus limiting its applicability. 
Existing transcription-based amplification methods. Such as 
the NASBA and TMA, on the other hand, are limited by the 
need for incorporation of the RNA polymerase promoter 
sequence into the amplification product by means of a primer, 
a process prone to causing non-specific amplification. More 
over, the mechanism of amplification of a DNA target by 
these transcription-based amplification methods is not Well 
established. 
0010. The completion of sequencing of a number of 
genomes, and the sequencing of the human genome in par 
ticular, has tremendous implications for advances in molecu 
lar and cell biology in general and molecular medicine in 
particular. Development of methods for isothermal gene 
sequencing will greatly enhance the application of this infor 
mation in various testing facilities, as isothermal sequencing 
markedly simplifies the process of genetic identification com 
pared to current methods that require thermocycling. 
0011. The methods of the present invention provide for 
isothermal, high efficiency nucleic acid sequence amplifica 
tion and methods that use these amplification methods and 
products, such as in sequence determination. 
0012 All references cited herein, including patent appli 
cations and publications, are incorporated by reference in 
their entirety. 

DISCLOSURE OF THE INVENTION 

0013 The invention provides methods, compositions and 
kits for amplifying polynucleotide sequences. The methods 
generally comprise use of a primer (which in Some aspects of 
the invention is an RNA/DNA composite primer), optionally 
a termination sequence, and a propromoter oligonucleotide 
Sequence. 
0014. Accordingly, in one aspect the invention provides 
methods for generating multiple copies of a nucleic acid 
sequence of interest, comprising the steps of: (a) hybridizing 
a single stranded target polynucleotide comprising the 
nucleic acid sequence of interest with a first primer, wherein 
said first primer is a composite primer comprising an RNA 
portion and a 3' DNA portion; (b) optionally hybridizing a 
polynucleotide comprising a termination polynucleotide 
sequence to a region of the target polynucleotide 5' with 
respect to hybridization of the first primer to the target poly 
nucleotide; (c) extending the first primer with a DNA-depen 
dent DNA polymerase to generate a complex comprising a 
first primer extension product and target polynucleotide; (d) 
cleaving the RNA portion from the composite primer in the 
complex of first primer extension product and target poly 
nucleotide with an enzyme that cleaves RNA from an RNA/ 
DNA hybrid such that another composite primer (which is 
generally and preferably the same as the first primer) can 
hybridize to the target polynucleotide and repeat primer 
extension by Strand displacement to produce displaced 
primer extension product; (e) hybridizing a propromoter 
polynucleotide comprising a propromoter and a region which 
hybridizes to the displaced primer extension product under 
conditions which allow transcription to occur by RNA poly 
merase (these conditions generally but not necessarily 
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include extension of the 3' end of the primer extension prod 
uct to generate a double stranded promoter region). Such that 
an RNA transcript comprising sequences complementary to 
the displaced primer extension products is produced; (f) 
hybridizing a second primer to the RNA transcript of step (e); 
(g) extending the second primer with RNA-dependent DNA 
polymerase to generate a complex comprising a second 
primer extension product and the RNA transcript: (h) cleav 
ing RNA in the complex of step (g) with an enzyme that 
cleaves RNA in an RNA/DNA hybrid: (i) hybridizing the 
single stranded second primer extension product with a pro 
promoter polynucleotide, wherein the propromoter poly 
nucleotide comprises a propromoter and a region which 
hybridizes to the single stranded second primer extension 
product under conditions which allow transcription to occur 
by RNA polymerase (these conditions generally but not nec 
essarily include extension of the 3' end of the primer exten 
sion product to generate a double stranded promoter region), 
Such that an RNA transcript comprising the sequence of inter 
est is produced; whereby multiple copies of the nucleic acid 
sequence of interest are produced. 
0015. In another aspect the invention provides methods for 
generating multiple copies of a nucleic acid sequence of 
interest, comprising (a) combining: the complex comprising 
a first primer extension product and target polynucleotide as 
described above; a composite primer (which is generally and 
preferably the same as the first primer) that is hybridizable to 
the target polynucleotide, wherein the composite primer is a 
primer that comprises an RNA portion and a 3' DNA portion; 
an enzyme that cleaves RNA from an RNA/DNA hybrid; a 
propromoter polynucleotide comprising a propromoter and a 
region which hybridizes to displaced composite primer 
extension product; an RNA polymerase; a second primer that 
is hybridizable to a sense RNA transcript comprising the 
sequence of interest; an RNA-dependent DNA polymerase: 
and a propromoter polynucleotide comprising a propromoter 
and a region which hybridizes to a second primer extension 
product; and (b) incubating the mixture of step (a) under 
conditions that permit primer hybridization and extension, 
RNA cleavage, displacement of the first primer extension 
product from the complex comprising a first primer extension 
product and target polynucleotide when its RNA is cleaved 
and a composite primer binds to the target polynucleotide in 
the complex, hybridization of a propromoter polynucleotide 
to a first primer extension product to form a complex com 
prising a first primer extension product and a propromoter 
polynucleotide, hybridization of a propromoter polynucle 
otide to a second primer extension product to form a complex 
comprising a second primer extension product and a propro 
moter polynucleotide, and RNA transcription, whereby mul 
tiple copies of the nucleic acid sequence of interest are gen 
erated. 

0016. In another aspect the invention provides methods for 
generating multiple copies of a nucleic acid sequence of 
interest, comprising: (a) combining: the displaced primer 
extension product generated as described above; a propro 
moter polynucleotide comprising a propromoter and a region 
which hybridizes to displaced first primer extension product; 
an RNA polymerase; a second primer that is hybridizable to a 
sense RNA transcript comprising the sequence of interest; an 
RNA-dependent DNA polymerase; an enzyme that cleaves 
RNA from an RNA/DNA hybrid; and a propromoter poly 
nucleotide comprising a propromoter and a region which 
hybridizes to a second primer extension product; and (b) 
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incubating the mixture of step (a) under conditions that per 
mit primer hybridization and extension, RNA cleavage, 
hybridization of a propromoter polynucleotide to a first 
primer extension product to forma complex comprising a first 
primer extension product and a propromoter polynucleotide, 
hybridization of a propromoter polynucleotide to a second 
primer extension product to form a complex comprising a 
second primer extension product and a propromoter poly 
nucleotide, and RNA transcription, whereby multiple copies 
of the nucleic acid sequence of interest are generated. 
0017. In another aspect the invention provides methods for 
generating multiple copies of a nucleic acid sequence of 
interest, comprising: (a) combining: an RNA transcript com 
prising sequences complementary to the displaced primer 
extension products as described above; a second primer that is 
hybridizable to a sense RNA transcript comprising the 
sequence of interest; an RNA-dependent DNA polymerase: 
an enzyme that cleaves RNA from an RNA/DNA hybrid; a 
propromoter polynucleotide comprising a propromoter and a 
region which hybridizes to a second primer extension prod 
uct; and an RNA polymerase; and (b) incubating the mixture 
of step (a) under conditions that permit primer hybridization 
and extension, RNA cleavage, hybridization of a propromoter 
polynucleotide to a primer extension product to form a com 
plex comprising a primer extension product and a propro 
moter polynucleotide, and RNA transcription, whereby mul 
tiple copies of the nucleic acid sequence of interest are 
generated. 
0.018. In yet another aspect the invention provides meth 
ods for generating multiple copies of a nucleic acid sequence 
of interest, comprising: (a) combining: a first primer, wherein 
the first primer is a composite primer that is hybridizable to a 
target polynucleotide, and wherein the composite primer 
comprises an RNA portion and a 3' DNA portion; optionally 
a polynucleotide comprising a termination polynucleotide 
sequence that is hybridizable to a region of the target poly 
nucleotide which is 5' with respect to hybridization of the 
composite primer to the target polynucleotide; a DNA-depen 
dent DNA polymerase; an enzyme that cleaves RNA from an 
RNA/DNA hybrid; a propromoter polynucleotide compris 
ing a propromoter and a region which hybridizes to a first 
primer extension product; an RNA polymerase; a second 
primer that is hybridizable to a sense RNA transcript com 
prising the sequence of interest; an RNA-dependent DNA 
polymerase; and a propromoter polynucleotide comprising a 
propromoter and a region which hybridizes to a second 
primer extension product; and (b) incubating the mixture of 
step (a) under conditions that permit primer hybridization and 
extension, RNA cleavage, displacement of a first primer 
extension product from a complex comprising a first primer 
extension product and target polynucleotide when its RNA is 
cleaved and a composite primer binds to the target polynucle 
otide in the complex, hybridization of a propromoter poly 
nucleotide to a primer extension product to form a complex 
comprising a primer extension product and a propromoter 
polynucleotide, and RNA transcription, whereby multiple 
copies of the nucleic acid sequence of interest are generated. 
0019. In another aspect, the invention provides methods 
for generating multiple copies of a nucleic acid sequence of 
interest, comprising: (a) hybridizing a second primer to an 
RNA transcript, said RNA transcript produced by a process 
comprising (i) hybridizing a single stranded target polynucle 
otide comprising the nucleic acid sequence of interest with a 
first primer, wherein said first primer is a composite primer 
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comprising an RNA portion and a 3' DNA portion; (ii) option 
ally hybridizing a polynucleotide comprising a termination 
polynucleotide sequence to a region of the target polynucle 
otide 5' with respect to hybridization of the first primer to the 
target polynucleotide; (iii) extending the first primer with a 
DNA-dependent DNA polymerase to generate a complex 
comprising a first primer extension product and target poly 
nucleotide; (iv) cleaving the RNA portion from the composite 
primer in the complex of first primer extension product and 
target polynucleotide with an enzyme that cleaves RNA from 
an RNA/DNA hybrid such that another composite primer 
(which is generally and preferably the same as the first 
primer) can hybridize to the target polynucleotide and repeat 
primer extension by Strand displacement to produce dis 
placed primer extension product, (v) hybridizing a propro 
moter polynucleotide comprising a propromoter and a region 
which hybridizes to the displaced primer extension product 
under conditions which allow transcription to occur by RNA 
polymerase (these conditions generally but not necessarily 
include extension of the 3' end of the primer extension prod 
uct to generate a double stranded promoter region). Such that 
an RNA transcript comprising sequences complementary to 
the displaced primer extension product is produced; and (b) 
extending the second primer with RNA-dependent DNA 
polymerase to generate a complex comprising a second 
primer extension product and the RNA transcript; (c) cleav 
ing RNA in the complex of step (b) with an enzyme that 
cleaves RNA in an RNA/DNA hybrid; (d) hybridizing the 
single stranded second primer extension product with a pro 
promoter polynucleotide, wherein the propromoter poly 
nucleotide comprises a propromoter and a region which 
hybridizes to the single stranded second primer extension 
product under conditions which allow transcription to occur 
by RNA polymerase (these conditions generally but not nec 
essarily include extension of the 3' of the primer extension 
product to generate a double Stranded promoter region). Such 
that an RNA transcript comprising the sequence of interest is 
produced; whereby multiple copies of the nucleic acid 
sequence of interest are produced. 
0020 Various embodiments of the composite primer used 
in the composite primer-based methods of the invention are 
described herein. For example, in some embodiments, the 
RNA portion of the composite primer is 5' with respect to the 
3' DNA portion. In still other embodiments, the 5' RNA por 
tion is adjacent to the 3' DNA portion. For the composite 
primer-based methods described herein, one or more com 
posite primers can be used. In preferred embodiments of the 
composite primer-based methods, the first and second prim 
ers are different (for example, the first primer is a composite 
primer and the second primer is not a composite primer). In 
preferred embodiments wherein the first and second primers 
are different, the primers are hybridizable to similar, prefer 
ably identical, sequences. In still other embodiments of the 
composite primer-based methods, the first and second prim 
ers are hybridizable to different sequences. 
0021 Various exemplary embodiments of polynucle 
otides comprising a termination sequence are also described 
herein. In some embodiments, the polynucleotide comprising 
a termination sequence is a template Switch oligonucleotide 
(TSO), which may (but not necessarily) contain one or more 
modifications to enhance binding to template. Accordingly, in 
some embodiments, the TSO comprises a modification in the 
region which hybridizes to the template, wherein, under a 
given set of conditions, the TSO binds more tightly to the 
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region as compared to a TSO without the modification. 
Examples of suitable modifications are provided herein. In 
Some embodiments, the polynucleotide comprising a termi 
nation sequence is a blocking sequence, which, like the TSO, 
may contain one or more modifications to enhance binding to 
template. Accordingly, in some embodiments, the blocker 
sequence comprises a modification in the region which 
hybridizes to the template, wherein, under a given set of 
conditions, the blocker binds more tightly to the region as 
compared to a blocker without the modification. Examples of 
suitable modifications are provided herein. 
0022. The enzymes which may be used in the methods and 
compositions are described herein. For example, the enzyme 
that cleaves RNA may be an RNaseH. 
0023. In some aspects, a TSO provides propromoter func 
tion and also comprises a region (which may or may not be 
adjacent to the promoter) which hybridizes to the displaced 
primer extension product. In other embodiments, the poly 
nucleotide comprising the propromoter comprises a region at 
the 3' end which hybridizes to the displaced primer extension 
product, whereby DNA polymerase extension of displaced 
extension product produces a double Stranded promoter from 
which transcription occurs. In some embodiments, the poly 
nucleotide comprising the propromoteris a propromoter tem 
plate oligonucleotide (PTO). In some embodiments, the poly 
nucleotide comprising the propromoter is a polynucleotide 
comprising: (a) a termination sequence that does not effect 
template switch under conditions wherein the termination 
sequence is hybridizable to a target polynucleotide; (b) a 
propromoter sequence, wherein the propromoter sequence is 
not hybridizable to a target polynucleotide under conditions 
wherein the termination sequence is hybridizable to the target 
polynucleotide; and (c) a sequence which is hybridizable to a 
complementary sequence of said target polynucleotide. 
0024. In another aspect the invention provides methods for 
generating multiple copies of a nucleic acid sequence of 
interest, comprising: (a) hybridizing a single stranded target 
polynucleotide comprising the sequence of interest with a 
first primer; (b) hybridizing a propromoter template switch 
oligonucleotide (TSO) comprising a propromoter sequence 
and a region that is hybridizable to a region of the target 
polynucleotide which is 5, with respect to hybridization of the 
first primer to the target polynucleotide; (c) extending the first 
primer with DNA polymerase such that a first primer exten 
sion product comprising a sequence complementary to the 
propromoter sequence of the propromoter TSO is produced, 
whereby a complex of first primer extension product, target 
polynucleotide and propromoter TSO is generated, wherein 
said complex comprises a double Stranded promoter region; 
(d) transcribing from the double stranded promoter region 
with a DNA-dependent RNA polymerase to generate a sense 
RNA transcript: (e) hybridizing a second primer (which is 
generally and preferably the same as the first primer) to the 
sense RNA transcript of step (d); (f) extending the second 
primer with RNA-dependent DNA polymerase to generate a 
complex comprising a second primer extension product and 
an RNA transcript: (g) cleaving RNA in the complex of step 
(f) with an enzyme that cleaves RNA in an RNA/DNA hybrid; 
(h) hybridizing a single stranded second primer extension 
product with a propromoter polynucleotide, wherein the pro 
promoter polynucleotide comprises a propromoter and a 
region which hybridizes to the single stranded second primer 
extension product under conditions which allow transcription 
to occur by RNA polymerase, such that sense RNA tran 
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Scripts comprising the sequence of interest are produced; 
whereby multiple copies of the nucleic acid sequence of 
interest are produced. 
0025 Inanother aspect the invention provides methods for 
generating multiple copies of a nucleic acid sequence of 
interest, comprising: (a) combining: the complex described 
above of a first primer extension product, target polynucle 
otide and propromoter TSO, wherein said complex comprises 
a double Stranded promoter region; an RNA polymerase; a 
second primer (which is generally and preferably the same as 
the first primer) that is hybridizable to a sense RNA transcript 
comprising the sequence of interest; an RNA-dependent 
DNA polymerase; an enzyme that cleaves RNA from an 
RNA/DNA hybrid; and a propromoter polynucleotide com 
prising a propromoter and a region which hybridizes to a 
second primer extension product; and (b) incubating the mix 
ture of step (a) under conditions that permit primer hybrid 
ization and extension, RNA cleavage, hybridization of a pro 
promoter polynucleotide to a primer extension product to 
form a complex comprising a primer extension product and a 
propromoter polynucleotide, and RNA transcription, 
whereby multiple copies of the nucleic acid sequence of 
interest are generated. 
0026. In another aspect the invention provides methods for 
generating multiple copies of a nucleic acid sequence of 
interest, comprising: (a) combining: a sense RNA transcript 
generated as described above; a second primer (which is 
generally and preferably the same as the first primer) that is 
hybridizable to the RNA transcript; an RNA-dependent DNA 
polymerase; an enzyme that cleaves RNA froman RNA/DNA 
hybrid; a propromoter polynucleotide comprising a propro 
moter and a region which hybridizes to a second primer 
extension product; and an RNA polymerase; and (b) incubat 
ing the mixture of step (a) underconditions that permit primer 
hybridization and extension, RNA cleavage, hybridization of 
a propromoter polynucleotide to a primer extension product 
to form a complex comprising a primer extension product and 
a propromoter polynucleotide, and RNA transcription, 
whereby multiple copies of the nucleic acid of interest are 
generated. 
0027. In another aspect the invention provides methods for 
generating multiple copies of a nucleic acid sequence of 
interest, comprising: (a) combining: a target polynucleotide; 
a first primer which is hybridizable to the target polynucle 
otide; a propromoter template Switch oligonucleotide com 
prising a propromoter sequence and a region that is hybrid 
izable to a region of the target polynucleotide which is 5' with 
respect to hybridization of the first primer to the target poly 
nucleotide; optionally a DNA-dependent DNA polymerase: 
an RNA polymerase; a second primer (which is generally and 
preferably the same as the first primer) that is hybridizable to 
a sense RNA transcript comprising the sequence of interest; 
an RNA-dependent DNA polymerase; an enzyme that cleaves 
RNA from an RNA/DNA hybrid; and a propromoter poly 
nucleotide comprising a propromoter and a region which 
hybridizes to a second primer extension product; and (b) 
incubating the mixture of step (a) under conditions that per 
mit primer hybridization and extension, RNA cleavage, 
hybridization of a propromoter polynucleotide to a primer 
extension product to form a complex comprising a primer 
extension product and a propromoter polynucleotide, and 
RNA transcription, whereby multiple copies of the nucleic 
acid sequence of interest are generated. 
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0028. In another aspect, the invention provides methods 
for generating multiple copies of a nucleic acid sequence of 
interest, comprising: (a) hybridizing a second primer to an 
RNA transcript, said RNA transcript produced by a process 
comprising (i) hybridizing a single stranded target polynucle 
otide comprising the sequence of interest with a first primer 
(which is generally and preferably the same as the second 
primer); (ii) hybridizing a propromoter template Switch oli 
gonucleotide (TSO) comprising a propromoter sequence and 
a region that is hybridizable to a region of the target poly 
nucleotide which is 5' with respect to hybridization of the first 
primer to the target polynucleotide; (iii) extending the first 
primer with DNA polymerase such that a first primer exten 
sion product comprising a sequence complementary to the 
propromoter sequence of the propromoter TSO is produced, 
whereby a complex of first primer extension product, target 
polynucleotide and propromoter TSO is generated, wherein 
said complex comprises a double Stranded promoter region; 
(iv) transcribing from the double stranded promoter region 
with a DNA-dependent RNA polymerase to generate a sense 
RNA transcript; (b) extending the second primer with RNA 
dependent DNA polymerase to generate a complex compris 
ing a second primer extension product and an RNA transcript; 
(c) cleaving RNA in the complex of step (b) with an enzyme 
that cleaves RNA in an RNA/DNA hybrid; (d) hybridizing a 
single stranded second primer extension product with a pro 
promoter polynucleotide, wherein the propromoter poly 
nucleotide comprises a propromoter and a region which 
hybridizes to the single stranded second primer extension 
product under conditions which allow transcription to occur 
by RNA polymerase, such that sense RNA transcripts com 
prising the sequence of interest are produced; whereby mul 
tiple copies of the nucleic acid sequence of interest are pro 
duced. 
0029. In preferred embodiments of the propromoter TSO 
based methods, the first primer and the second primer are the 
same. In other embodiments of the propromoter TSO-based 
methods, the first and second primers are different. In certain 
embodiments wherein the first and second primers are differ 
ent, the primers are hybridizable to similar, preferably iden 
tical, sequences. In still other embodiments of the propro 
moter TSO-based methods, the first and second primers are 
hybridizable to different sequences. 
0030 The methods are applicable to amplifying any DNA 
or RNA target, including, for example, genomic DNA or 
RNA and cDNA. One or more steps may be combined and/or 
performed sequentially (often in any order, as long as the 
requisite product(s) are formed). 
0031. The invention also provides methods which employ 
(usually, analyze) the products of the amplification methods 
of the invention, Such as sequencing and detection of 
sequence alteration(s). A method of sequencing according to 
the invention comprises: (a) amplifying a target polynucle 
otide by the methods of the invention in the presence of a 
mixture of rNTPs and rNTP analogs such that transcription is 
terminated upon incorporation of an rNTP analog; and (b) 
analyzing the amplification products to determine sequence. 
0032. Another method of sequencing according to the 
invention comprises: (a) amplifying a target polynucleotide 
by the methods of the invention wherein RNA transcripts 
generated from a first primer extension product are amplified 
in the presence of a mixture of rNTPs and rNTP analogs such 
that transcription is terminated upon incorporation of an 
rNTP analog; and (b) analyzing the amplification products to 
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determine sequence. Another method of sequence analysis 
according to the invention comprises: (a) amplifying a target 
polynucleotide by the methods of the invention; and (b) ana 
lyzing the amplification products for single stranded confor 
mation, wherein a difference in conformation as compared to 
a reference single stranded polynucleotide indicates a muta 
tion in the target polynucleotide sequence. 
0033. The invention provides methods of characterizing a 
sequence of interest in a target polynucleotide comprising (i) 
amplifying a target polynucleotide sequence containing the 
sequence of interest by the methods of the invention, wherein 
the sequence of the RNA portion of the composite primer is 
known, and (ii) comparing the amplification products if any 
from step (i) with the amount of amplification products from 
a reference template wherein (1) production of detectably 
fewer amplification products from the template as compared 
to the amount of amplification products from the reference 
template which comprises a region complementary to the 
RNA portion of the composite primer indicates that the target 
polynucleotide does not comprise a sequence complementary 
to the RNA portion of the composite primer and is a sequence 
variant with respect to the sequence complementary to the 
RNA portion of the composite primer; or (2) production of 
detectably more amplification products from the template as 
compared to the amount of amplification products from the 
reference template which does not comprise a region which is 
complementary to the RNA portion of the composite primer 
indicates that the target polynucleotide comprises a sequence 
complementary to the RNA portion of the composite primer 
and is not a sequence variant with respect to the sequence 
complementary to the RNA portion of the composite primer. 
0034. In the methods of the invention the sequence of the 
RNA portion of the composite primer may comprise a 
sequence complementary to the sequence of interest which 
may be a wild type sequence, a mutant sequence, or an allelic 
variant sequence. 
0035. The methods of the invention are useful for detec 
tion and quantification of a target nucleic acid sequence. 
0036. For example, in one aspect, the invention provides 
methods of sequencing a sequence of interest comprising 
sequencing a nucleic acid amplification product, wherein said 
nucleic acid amplification product is generated by an ampli 
fication method described herein. Sequencing of the amplifi 
cation products reveals the sequence of the sequence of inter 
est 

0037. In yet another example, the invention provides 
methods of detecting presence of a nucleic acid sequence of 
interest in a sample, said method comprising detecting pres 
ence of the sequence of interestina nucleic acid amplification 
product generated by an amplification method described 
herein. Detection of the sequence of interest in the amplifi 
cation products is indicative of presence of the sequence of 
interest in a sample. 
0038. In various embodiments of methods of the inven 
tion, a sequence of interest comprises a mutation. In some 
embodiments wherein a sequence of interest comprises a 
mutation, the mutation is a single nucleotide polymorphism. 
In some embodiments, detecting of a sequence of interest 
comprises hybridizing an amplification product comprising 
the sequence of interest with a nucleic acid probe that is 
hybridizable to said nucleic acid sequence of interest. In other 
embodiments, detecting of a sequence of interest comprises 
hybridizing an amplification product comprising the comple 
ment of the sequence of interest with a nucleic acid probe that 



US 2008/O 182300 A1 

is hybridizable to said complement. In some embodiments, a 
nucleic acid probe comprises DNA. In other embodiments, a 
nucleic acid probe comprises RNA. In some embodiments, a 
probe is provided as a microarray. In some embodiments, a 
microarray comprises a probe immobilized on a substrate 
fabricated from a material selected from the group consisting 
of paper, glass, plastic, polypropylene, nylon, polyacryla 
mide, nitrocellulose, silicon, and optical fiber. In some 
embodiments, a sequence of interest or its complement is 
detected by conducting limited primer extension, wherein the 
limited primer extension comprises extending a primer 
hybridized to an amplification product Such that a primer 
extension product is generated that has a characteristic that 
indicates presence or absence of the sequence of interest. 
0.039 Thus, the methods of the invention are useful for 
detection and quantification of a target nucleic acid sequence. 
The single-stranded nucleic acid amplification products of 
the invention can also be used for the detection and quantifi 
cation of a target nucleic acid sequence by hybridization to 
probes, such as immobilized probes. The invention also pro 
vides methods of producing a microarray, comprising (a) 
amplifying a target polynucleotide by the methods of the 
invention; and (b) immobilizing the amplification products on 
a Substrate to fabricate a microarray comprising the amplifi 
cation products. 
0040. One aspect of the invention provides methods of 
determining gene expression profile in a sample comprising: 
(a) amplifying at least two sequences of interest in the sample 
by the methods of the invention; and (b) determining amount 
of amplification products of each sequence of interest, 
wherein each said amount is indicative of amount of each 
sequence of interest in the sample, whereby the gene expres 
sion profile in the sample is determined. In one embodiment 
each target polynucleotide is a cDNA. In another embodiment 
each target polynucleotide is RNA. 
0041. 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 amplification methods described herein. 
One aspect of the invention provides a system for amplifying 
a sequence of interest, comprising: (a) a first primer which is 
a composite primer; (b) a second primer; (c) a DNA-depen 
dent DNA polymerase; (d) an RNA-dependent DNA poly 
merase; (e) a propromoter polynucleotide, (f) an RNA poly 
merase; and (g) an enzyme that cleaves RNA from an RNA/ 
DNA hybrid; and optionally, (h) a polynucleotide comprising 
a termination polynucleotide sequence. Another aspect of the 
invention provides a system for amplifying a sequence of 
interest, comprising: (a) a propromoter TSO, (b) a first 
primer; (c) optionally a DNA-dependent DNA polymerase: 
(d) an RNA-dependent DNA polymerase; (e) an enzyme that 
cleaves RNA from an RNA/DNA hybrid: (f) an RNA poly 
merase; and optionally (g) a second primer. 
0042. In another aspect, the invention provides reaction 
mixtures (or compositions comprising reaction mixtures) 
which contain various combinations of components 
described herein. In another aspect, the invention provides 
kits for conducting the methods described herein. These kits, 
in Suitable packaging and generally (but not necessarily) con 
taining Suitable instructions, contain one or more components 
used in the amplification methods. For example, the invention 
provides kits that comprise a composite primer (for example, 
comprising a 3' DNA portion and an RNA portion, which may 
be 5' and may further be adjacent to the 3' DNA portion) that 
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is hybridizable to a target polynucleotide, a propromoter 
polynucleotide, and instructions for amplifying the target 
polynucleotide according to any composite primer-based 
method described herein. The composite primer and propro 
moter polynucleotide in the kits can be any described herein. 
The kits can contain further components, such as any of (a) a 
polynucleotide comprising a termination polynucleotide 
sequence; (b) any of the enzymes described herein, such as an 
enzyme which cleaves RNA from an RNA/DNA hybrid (for 
example, RNaseH); (c) a propromoter TSO; and (d) a second 
primer. In another example, the invention provides kits com 
prising a propromoter TSO and a first primer (which may or 
may not be a composite primer), wherein both are hybridiz 
able to a target polynucleotide, and instructions for amplify 
ing the target polynucleotide according to any propromoter 
TSO-based method described herein. The kits can contain 
further components, such as any of (a) any of the enzymes 
described herein, such as an enzyme which cleaves RNA 
from an RNA/DNA hybrid (for example, RNaseH); (b) a 
polynucleotide comprising a propromoter and a region which 
hybridizes to a second primer extension product; and (c) 
optionally a second primer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0043 FIGS. 1A-F is a diagrammatic representation of the 
steps of a composite primer isothermal amplification process 
using a blocker sequence component as a termination poly 
nucleotide. 
0044 FIGS. 2A-E is a diagrammatic representation of the 
steps of a composite primer isothermal amplification process 
using a template Switch oligonucleotide sequence as a termi 
nation polynucleotide. 
0045 FIGS. 3A-B is a diagrammatic representation of the 
steps of a single primer isothermal amplification of a DNA 
target using template Switching. 
0046 FIGS. 4A-B is a diagrammatic representation of the 
steps of a single primer isothermal amplification of an RNA 
target using template Switching. 

MODES FOR CARRYING OUT THE INVENTION 

0047. The invention provides methods, compositions and 
kits for amplifying nucleic acid sequences. Amplification of 
target nucleic acid sequence can be advantageous in many 
instances, for example in cases where the target polynucle 
otide is present in very Small quantities, or where only a few 
molecules of a target polynucleotide is available, or for the 
purpose of nucleotide sequence determination of a defined 
target nucleic acid. 
0048. In one aspect, the invention provides methods gen 
erally using an RNA/DNA composite primer and two sets or 
rounds of transcription steps (each set or round referred to 
herein as a “transcription module') based on hybridization of 
a propromoter polynucleotide to intermediate polynucle 
otides. In another aspect, the invention provides methods 
comprising using, in a first transcription module, a propro 
moter template Switch oligonucleotide to generate an inter 
mediate polynucleotide complex capable of being transcribed 
to generate sense RNA transcripts and, in a second transcrip 
tion module, further amplifying the RNA transcripts of the 
first transcription module by transcription. 
0049. In one aspect, the amplification methods generally 
work as follows: a composite RNA/DNA primer and a first 
propromoter polynucleotide form the basis for transcription 
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of a target polynucleotide in the first transcription module. In 
Some embodiments, a termination sequence provides an end 
point for the replication by either diverting or blocking further 
replication along the target strand. Generally, the termination 
sequence comprises a sequence that is sufficiently comple 
mentary to hybridize to the target strand. As described below, 
in Some embodiments a polynucleotide comprising a termi 
nation sequence is a template Switch oligonucleotide (TSO) 
which comprises sequences that are not sufficiently comple 
mentary to hybridize to the target strand in addition to the 
sequences which are sufficiently complementary to hybrid 
ize. A DNA polymerase uses the primer to initiate copying of 
the target polynucleotide to generate a primer extension prod 
uct. An enzyme (such as RNaseH) which cleaves RNA from 
an RNA/DNA hybrid cleaves (removes) RNA sequences 
from the hybrid of template strand and primer extension 
product, leaving a sequence on the template strand available 
for binding by another composite primer. A second strand is 
then produced by DNA polymerase, which displaces the pre 
viously replicated Strand, resulting in a displaced extension 
product. A polynucleotide comprising a propromoter and a 
region which hybridizes to the displaced primer extension 
product (which can be, for example, a template Switch oligo 
nucleotide or propromoter template oligonucleotide) is 
hybridized to the displaced primer extension product. 
0050. If the primer extension product comprises a propro 
moter sequence, hybridization of a propromoter polynucle 
otide (such as a template switch oligonucleotide (TSO)) to 
this sequence generates a double stranded promoter region. 
Where the displaced primer extension product does not com 
prise a suitable propromoter sequence, a propromoter 
sequence is incorporated using a propromoter polynucle 
otide, such as a propromoter template oligonucleotide (PTO). 
A propromoter polynucleotide binds to the displaced primer 
extension product. The double stranded promoter that is cre 
ated from the displaced primer extension product is used by a 
DNA-dependent RNA polymerase to produce sense RNA 
products (i.e., RNA which comprises the target sequence, as 
opposed to its complement). A second primer is then hybrid 
ized to the sense RNA transcript and extended by an RNA 
dependent DNA polymerase to generate a complex of a sec 
ond primer extension product and the sense RNA transcript. A 
ribonuclease that cleaves RNA in an RNA/DNA hybrid (such 
as RNaseH) cleaves the RNA in the complex. A propromoter 
polynucleotide is then hybridized to a single stranded second 
primer extension product Such that a double Stranded pro 
moter region is created (which, as described herein, can arise 
directly via hybridization or indirectly via extension of the 
primer extension product along the propromoter polynucle 
otide). Transcription from the double stranded promoter 
region produces sense RNA transcripts comprising the 
sequence of interest. 
0051. Accordingly, the invention provides methods of 
producing at least one copy of a nucleic acid sequence of 
interest (generally, methods of amplifying a target polynucle 
otide sequence) comprising combining and reacting the fol 
lowing: (a) a single-stranded target polynucleotide compris 
ing a target sequence; (b) a first primer, which is a composite 
primer comprising an RNA portion and a 3' DNA portion; (c) 
a DNA polymerase; (d) deoxyribonucleoside triphosphates 
or Suitable analogs; (e) an enzyme, such as RNaseH, which 
cleaves RNA from an RNA/DNA duplex; (f) optionally a 
polynucleotide comprising a termination sequence, Such as 
any of those described herein, which comprises a portion (or 
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region) which hybridizes to the template polynucleotide; (g) 
a polynucleotide comprising a propromoter sequence (which 
can be in any of a number of forms, as described herein) and 
a region which hybridizes to the displaced primer extension 
product, (h) ribonucleoside triphosphates or Suitable analogs; 
(i) a second primer (which may or may not be the same as the 
first primer; and () RNA polymerase, under conditions such 
that transcription of the displaced Strand can occur. The com 
bination is subjected to suitable conditions such that (a) the 
composite primer (and, optionally, a polynucleotide compris 
ing a termination sequence) hybridizes to the template; (b) 
primer extension occurs from the composite primer, to form a 
duplex; (c) RNaseH cleaves RNA of the composite primer 
from the RNA/DNA duplex; (d) another composite primer 
(which is generally and preferably the same as the first 
primer) hybridizes to the template, and another round of 
primer extension (mediated by DNA polymerase) occurs, 
displacing the Strand already copied from the template; (e) 
transcription occurs to generate RNA transcripts complemen 
tary to a composite primer extension product, (f) a second 
primer hybridizes to the RNA transcript of step (e); (g) primer 
extension occurs from the second primer, to form a duplex; 
(h) a ribonuclease such as RNaseH cleaves RNA from the 
duplex of step (g): (i) a propromoter polynucleotide hybrid 
izes to the single stranded second primer extension product 
that is generated by step (h) such that a double stranded 
promoter region is generated (either directly or indirectly as 
described herein); and () transcription occurs to generate 
sense RNA transcripts comprising the sequence of interest. 
Optional repetition of the second set of transcription steps 
using the sense transcripts of step () as the starting Substrate 
(to which the second primer would hybridize) results in expo 
nential amplification of the sequence of interest. 
0052. It is understood that, with respect to the combina 
tions described herein, it is not necessary to react all compo 
nents in the same vessel and/or simultaneously. Accordingly, 
the invention provides Subcombinations, as long as the Sub 
combinations expressly or implicitly reflect the amplification 
manipulations/methods described herein. 
0053. In another aspect, as a general Summary, the ampli 
fication methods work as follows: template Switching during 
extension of a first primer due to a propromoter TSO that is 
hybridized 5" with respect to the hybridization site of the first 
primer on a target polynucleotide results in generation of a 
polynucleotide complex that comprises a double stranded 
promoter region. The propromoter TSO comprises a 
sequence hybridizable (i.e., that hybridizes) to the target 
polynucleotide, and a sequence that is not hybridizable (i.e., 
does not hybridize under conditions that permit hybridization 
of the hybridizable sequence) to the target polynucleotide, 
wherein the sequence that is not hybridizable comprises a 
propromoter sequence. In a first transcription module, exten 
sion of the first primer along the target polynucleotide 
sequence is Switched to the non-hybridizable sequence of the 
propromoter TSO at the point where the TSO is hybridized to 
the target polynucleotide. In some embodiments wherein the 
target polynucleotide is RNA, the RNA is cleaved following 
first primer extension. In other embodiments wherein the 
target polynucleotide is RNA, the RNA is not cleaved follow 
ing first primer extension. The complex of the primer exten 
sion product and the non-hybridizable sequence of the TSO 
comprises a double stranded promoter region. Transcription 
occurs from the double stranded promoter region to generate 
sense RNA transcripts. In a second transcription module, 
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these sense RNA transcripts are subjected to further amplifi 
cation. In the second module, a second primer (which is 
generally and preferably the same as the first primer) is 
hybridized to a sense RNA transcript and extended by an 
RNA-dependent DNA polymerase to generate a complex of a 
second primer extension product and the sense RNA tran 
script. A ribonuclease that cleaves RNA in an RNA/DNA 
hybrid (such as RNaseH) cleaves RNA in the complex. A 
propromoter polynucleotide is then hybridized to a single 
Stranded second primer extension product such that a double 
Stranded promoter region is created (either directly or indi 
rectly, as described herein). Transcription from the double 
Stranded promoter region produces sense RNA transcripts 
comprising the sequence of interest. 
0054 Accordingly, the invention provides methods of 
producing at least one copy of a nucleic acid sequence of 
interest (generally, methods of amplifying target polynucle 
otide sequence) comprising combining and reacting the fol 
lowing: (a) a single stranded target polynucleotide; (b) a first 
primer that is hybridizable to the target polynucleotide at a 
location 3' of the sequence of interest; (c) a propromoter TSO; 
(d) a DNA polymerase; (e) deoxyribonucleoside triphos 
phates or Suitable analogs, (f) an RNA polymerase; and (g) 
ribonucleoside triphosphates or Suitable analogs; (h) a second 
primer (which is generally and preferably the same as the first 
primer) that is hybridizable to an RNA transcript produced in 
the first transcription step; (i) an enzyme. Such as RNaseH, 
which cleaves RNA from an RNA/DNA duplex: (i) a propro 
moter polynucleotide (which can be in any of a number of 
forms, as described herein) which hybridizes to a second 
primer extension product. The combination is Subjected to 
Suitable conditions such that: (a) the first primer and propro 
moter TSO hybridize to the target polynucleotide; (b) primer 
extension occurs from the first primer along the target poly 
nucleotide, and the non-hybridizable sequence of the propro 
moter TSO following template switching, to form a complex 
comprising a double stranded promoter region; (c) transcrip 
tion occurs from the double stranded promoter region of step 
(b); and (d) a second primer (which is generally and prefer 
ably the same as the first primer) hybridizes to the RNA 
transcript of step (c); (e) primer extension occurs from the 
second primer, to form a duplex; (f) a ribonuclease Such as 
RNaseH cleaves RNA from the duplex of step (e); (g) a 
propromoter polynucleotide hybridizes to a single stranded 
second primer extension product such that a double stranded 
promoter region is generated (either directly or indirectly, as 
described herein); and (h) transcription occurs to generate 
sense transcripts comprising the sequence of interest. 
0055 Any of the methods of the invention can be used to 
generate RNA products that are labeled by incorporating 
labeled nucleotides into appropriate steps of the methods. 
These labeled products are particularly suitable for quantifi 
cation and/or identification of the nucleic acids by methods 
known in the art, which include the use of arrays Such as 
cDNA microarrays and oligonucleotide arrays. 
0056. In some embodiments, the invention provides meth 
ods of sequencing a nucleic acid sequence of interest. For 
sequencing methods based on methods described herein, the 
appropriate rNTPs, or analogs thereof, which may be labeled 
or unlabelled, are used. Accordingly, the invention provides 
methods of sequencing a target polynucleotide comprising a 
sequence of interest based on the methods described above, 
wherein rNTPs and rNTP analogs, which may be labeled or 
unlabelled primer elongation terminators, are used and the 
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amplification products are analyzed for sequence informa 
tion, as described below. Sequencing by transcription can be 
used for both DNA and RNA target sequences using rNTPs 
and rNTP analogs. 
0057 The invention provides methods of detecting 
nucleic acid sequence mutations in target sequence(s). In one 
embodiment of the composite primer-based methods, the 
presence or absence of a mutation in a target polynucleotide is 
detected based on the ability to amplify the target polynucle 
otide using a composite primer whose RNA portion either 
contains or lacks the mutated sequence using the methods of 
the invention. The amplified products of the methods of the 
invention can also be characterized for sequences of interest. 
For example, the amplification products can be sequenced to 
determine a sequence of interest. They can also be used for 
detection of mutations, such as by hybridization with specific 
probes. The amplified products can also be used to detect 
and/or identify sequence alterations or single nucleotide 
polymorphisms in the target nucleic acid sequence by deter 
mining single Strand conformation polymorphisms. Thus, the 
invention provides methods to characterize (for example, 
detect and/or quantify) a sequence of interest by generating 
RNA products using amplification methods of the invention, 
and analyzing the products by detection/quantification meth 
ods such as those based on array technologies or solution 
phase technologies. Generally, but not necessarily, these 
amplified products are labeled. 
0058. In yet another embodiment, the invention provides 
methods for generating microarrays of nucleic acids (RNA) 
using products of the amplification methods of the invention. 
0059 Details regarding the various components of the 
methods of the present invention are provided below. 

General Techniques 
0060. The practice of the present invention 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. 2d. edition (Sambrook et al., (1989)): “Oligonucle 
otide Synthesis” (M. J. Gait, ed., 1984): “Animal Cell Cul 
ture' (R. I. Freshney, ed., 1987); “Methods in Enzymology” 
(Academic Press, Inc.); "Current Protocols in Molecular 
Biology” (F. M. Ausubel et al., eds., (1987)), and periodic 
updates); “PCR: The Polymerase Chain Reaction”. (K. Mul 
lis et al., eds., (1994)). 
0061 Primers, oligonucleotides and polynucleotides 
employed in the present invention can be generated using 
standard techniques known in the art. The primers of the 
present invention can be prepared by methods known in the 
art. Preferably, the primers are synthesized by chemical meth 
ods. For example, Caruthers et al. (Methods In Enzymology, 
vol. 154, p. 287 (1987)) describe using standard phosphora 
midite Solid-phase chemistry to join nucleotides by phos 
phodiester linkages. 

DEFINITIONS 

0062. A “target polynucleotide, as used herein, is a poly 
nucleotide known or Suspected of comprising a nucleic acid 
sequence of interest, for which amplification is desired. The 
nucleic acid sequence of interest may be known or not known, 
in terms of its actual sequence. Generally, a “template.” as 
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used herein, is a polynucleotide that contains a nucleic acid 
sequence of interest. In some instances, the terms “target 
sequence.” “template DNA.”“template polynucleotide.” “tar 
get nucleic acid, and variations thereof, are used inter 
changeably. 
0063 Amplification,” 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), inten 
tional sequence alterations (such as sequence alterations 
introduced through a primer comprising a sequence that is 
hybridizable, but not complementary, to the template), and/or 
sequence errors that occur during amplification. 
0064. A “sense' polynucleotide (for example, a sense 
RNA transcript), as used herein, refers to a polynucleotide 
that comprises a sequence of interest from a target nucleic 
acid sequence as opposed to its complement. 
0065 “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, modified 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 modified nucleotides, such as 
methylated nucleotides and their analogs. If present, modifi 
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 modified after polymerization, 
Such as by conjugation with a labeling component. Other 
types of modifications include, for example, "caps'. Substi 
tution of one or more of the naturally occurring nucleotides 
with an analog, internucleotide modifications 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, ply-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 modified 
linkages (e.g., alpha anomeric nucleic acids, etc.), as well as 
unmodified 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'-fluoro- or 2’-azido-ribose, carbocyclic sugar 
analogs, O-anomeric Sugars, epimeric Sugars such as arabi 
nose, 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, 
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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 Ror Ris 
independently H or substituted or unsubstituted alkyl (1-20 
C) optionally containing an ether (—O—) linkage, aryl, alk 
enyl, cycloalkyl, cycloalkenyl or araldyl. Notall linkages in a 
polynucleotide need be identical. The preceding description 
applies to all polynucleotides referred to herein, including 
RNA and DNA. 
0066. A “first transcription module,” as used herein, refers 
to a process comprising steps of the methods up to and includ 
ing the first transcription step. A 'second transcription mod 
ule as used herein, refers to a process comprising steps of the 
methods starting from priming of the RNA transcript gener 
ated in the first transcription module to creating a DNA prod 
uct up to and including the second transcription step. 
0067. A “labeled rNTP as used herein, refers, respec 
tively, to an rNTP, or analogs thereof, that is directly or 
indirectly attached with a label. For example, a “labeled 
rNTP may be directly labeled with, for example, a dye and/or 
a detectable moiety, such as a member of a specific binding 
pair (such as biotin–avidin). A “labeled rNTP may also be 
indirectly labeled by its attachment to, for example, a moiety 
to which a label is/can be attached. An rNTP may also com 
prise a moiety (for example, an amine group) to which a label 
may be attached following incorporation of the rNTP into an 
extension product. Useful labels in the present invention 
include fluorescent dyes (e.g., fluorescein isothiocyanate, 
Texas red, rhodamine, green fluorescent protein and the like), 
radioisotopes (e.g., 3H, 35S, 32P 33P 125I, or 14C), 
enzymes (e.g., lacZ, horseradish peroxidase, alkaline phos 
phatase, digoxigenin) and colorimetric labels such as colloi 
dal 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 conjunction with labeled anti-ligands. 
0068. The “type' of rNTP, as used herein, refers to the 
particular base of a nucleotide, namely adenine, cytosine, 
uridine, or guanine. 
0069 “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 
present invention include the composite primer, TSO, PTO 
and blocker sequence. The terms "oligonucleotide' and 
"polynucleotide' are not mutually exclusive. The description 
above for polynucleotides is equally and fully applicable to 
oligonucleotides. 
0070 Aprimer' is generally a nucleotide sequence, gen 
erally with a free 3'-OH group, that hybridizes with a template 
sequence (such as a target RNA, or a primer extension prod 
uct) and is capable of promoting polymerization of a poly 
nucleotide complementary to the template. A "primer can 
be, for example, an oligonucleotide. It can also be, for 
example, a sequence of the template (such as a primer exten 
sion product) that is hybridized to a sequence in the template 
itself (for example, as a hairpin loop), and that is capable of 
promoting nucleotide polymerization. 
0071. A “random primer, as used herein, is a primer that 
comprises a sequence that is designed not based on a particu 
lar or specific sequence in a sample, but rather is based on a 
statistical expectation that the sequence (of the random 
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primer) is hybridizable (under a given set of conditions) to 
one or more sequences in the sample. The sequence of a 
random primer (or its complement) may or may not be natu 
rally existing, or present in a pool of sequences in a sample of 
interest. The amplification of a plurality of RNA species in a 
single reaction mixture would generally employ a multiplic 
ity, preferably a large multiplicity, of random primers. As is 
well understood in the art, a “random primer can also refer to 
a primer that is a member of a population of primers (a 
plurality of random primers) which collectively are designed 
to hybridize to a desired and/or a significant number of target 
sequences. A random primer may hybridize at a plurality of 
sites on a nucleic acid sequence. The use of random primers 
provides a method for generating primer extension products 
complementary to a target polynucleotide by a polymerase 
which does not require prior knowledge of the exact sequence 
of the target. 
0072 A“termination polynucleotide sequence' or “termi 
nation sequence.” as used interchangeably herein, is a poly 
nucleotide sequence which effects cessation of DNA replica 
tion by DNA polymerase with respect to the template 
comprising the target sequence. A termination sequence com 
prises a portion (or region) that generally hybridizes to the 
template at a location 5' to the termination point (site). The 
hybridizable portion may or may not encompass the entire 
termination sequence. Examples of Suitable termination 
polynucleotide sequences (such as blocker sequences and 
TSOs) are provided herein. Other examples of suitable ter 
mination polynucleotide sequences include a combination 
polynucleotide comprising a termination sequence (which 
generally and preferably does not effect template switch 
underconditions in which the termination sequence is hybrid 
izable to a target polynucleotide) and a propromoter 
sequence, as described herein. 
0073 "Blocker sequence, or “blocking sequence’ as 
used interchangeably herein, is an example of a termination 
sequence, and refers to an oligonucleotide that binds, gener 
ally with high affinity, to the template nucleic acid at a loca 
tion 5' to the termination site and effects cessation of DNA 
replication by DNA polymerase with respect to the template 
comprising the target sequence. Its 3' end may or may not be 
blocked for extension by DNA polymerase. 
0074 “Termination site.” or “termination point, as used 
interchangeably herein, refers to the site, point or region of 
the template that is last replicated by the DNA polymerase 
before termination of polymerization (generally, primer 
extension) or template Switch. For example, with respect to a 
TSO, it is the position or region in the target sequence that is 
complementary to the 3' end of the primer extension product 
prior to Switching template from the template polynucleotide 
to the unhybridized portion of the TSO. 
0075 “Protopromoter sequence.” and “propromoter 
sequence.” as used herein, refer to a single-stranded DNA 
sequence region which, in double-stranded form is capable of 
mediating RNA transcription. In some contexts, “protopro 
moter sequence.” “protopromoter,” “propromoter sequence.” 
“propromoter,” “promoter sequence.” and “promoter are 
used interchangeably. A propromoter sequence may be pro 
vided by any of the propromoter polynucleotides described 
herein, for example TSO, PTO, or a combination polynucle 
otide comprising a termination sequence (which generally 
and preferably does not effect template switch under condi 
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tions in which the termination sequence is hybridizable to a 
target polynucleotide) and a propromoter sequence, as 
described herein. 
0076 “Template switch oligonucleotide.” “target switch 
oligonucleotide' or “TSO, as used herein, refers to an oli 
gonucleotide that comprises a portion (or region) that is 
hybridizable to a template at a location 5' to the termination 
site of primer extension and that is capable of effecting a 
template switch in the process of primer extension by a DNA 
polymerase, generally due to a sequence that is not hybridized 
to the template. TSOs are generally known in the art. “Tem 
plate Switch” refers to a change in template nucleic acid, 
generally from the target nucleic acid to the unhybridized 
portion of a TSO, during the course of a single round of 
primer extension. 
(0077. A “propromoter TSO, as used herein, is a TSO that 
further comprises a propromoter sequence that is not hybrid 
izable to a target polynucleotide (under a given set of condi 
tions, which are generally those in effect when the hybridiz 
able portion or region of the TSO is hybridized to the target). 
The propromoter sequence is generally, but not necessarily, in 
the 5' region of the TSO. 
(0078 “Propromoter template oligonucleotide (PTO), as 
used herein, refers to an oligonucleotide that comprises a 
propromoter sequence and a portion, generally a 3' portion, 
that is hybridizable to the 3' region of a primer extension 
product. The propromoter sequence and the hybridizable por 
tion may be the same, distinct or overlapping nucleotides of 
an oligonucleotide. 
0079 A first sequence which "corresponds' to a second 
sequence, such as an RNA portion of a composite primer, 
means that the first sequence has significant sequence identity 
with respect to the second sequence. This term is generally 
used in the context of detecting mutations, or characterizing 
sequences of a target. 
0080. To “inhibit is to decrease or reduce an activity, 
function, and/or amount as compared to a reference. 
I0081. A “complex' is an assembly of components. 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 final amplification product(s). 
I0082. 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 of 3, 5, 10, 15, 20, 25 contigu 
ous nucleotides. 
I0083. 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. For an illustration of this example, see FIG. 1A-C. 
I0084. 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). 
0085 “A”, “an and “the’, and the like, unless otherwise 
indicated include plural forms. 

“Comprising Means Including. 

0.086 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 
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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, Strand extension or 
transcription. 
0087 Sequence “mutation,” as used herein, refers to any 
sequence alteration in a sequence of interest in comparison to 
a reference sequence. A reference sequence can be a wildtype 
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, 
deletion or insertion. Single nucleotide polymorphism (SNP) 
is also a sequence mutation as used herein. 
0088. “Single stranded conformation polymorphism,” and 
“SSCP as used herein, generally refers to the specific con 
formation of a single stranded nucleic acid as is affected by its 
specific nucleic acid sequence. Alteration of the sequence of 
the single stranded polynucleotide. Such as single nucleotide 
Substitution, deletions or insertions, results in change, or 
polymorphism, of the conformation of the single stranded 
polynucleotide. The conformation of the polynucleotide is 
generally detectable, identifiable and/or distinguishable 
using methods known in the art, Such as electrophoretic 
mobility as measured by gel electrophoresis, capillary elec 
trophoresis, and/or susceptibility to endonuclease digestion. 
0089 “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 defined positions on a sub 
strate. Arrays are formed on substrates fabricated with mate 
rials such as paper, glass, plastic (e.g., polypropylene, nylon), 
polyacrylamide, nitrocellulose, silicon, optical fiber or any 
other Suitable Solid or semi-solid Support, and configured in a 
planar (e.g., glass plates, silicon chips) or three-dimensional 
(e.g., pins, fibers, beads, particles, microtiter wells, capillar 
ies) configuration. Probes forming the arrays may be attached 
to the Substrate by any number of ways including (i) in situ 
synthesis (e.g., high-density oligonucleotide arrays) using 
photolithographic techniques (see, Fodor et al., Science 
(1991), 251:767-773: Pease et al., Proc. Natl. Acad. Sci. 
U.S.A. (1994), 91:5022-5026: Lockhart et al., Nature Bio 
technology (1996), 14:1675: U.S. 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. U.S.A. (1995), 93:10539-11286); (iii) by masking (Mas 
kos and Southern, Nuc. Acids. Res. (1992), 20:1679-1684) 
and (iv) by dot-blotting on a nylon or nitrocellulose hybrid 
ization 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 immobilized on the sub 
strate by hybridization to anchors, by means of magnetic 
beads, or in a fluid phase such as in microtiter wells or cap 
illaries. The probe molecules are generally nucleic acids Such 
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as DNA, RNA, PNA, and cDNA but may also include pro 
teins, polypeptides, oligosaccharides, cells, tissues and any 
permutations thereof which can specifically bind the target 
molecules. 
0090 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. 
0091. 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. 
0092. 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 20, more preferably from about 3 
to about 18, even more preferably from about 5 to about 15 
nucleotides. 
0093. 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 20, more preferably from about 3 
to about 18, even more preferably from about 5 to about 15 
nucleotides. 
0094) “Detection' includes any means of detecting, 
including direct and indirect detection. For example, “detect 
ably fewer products may be observed directly or indirectly, 
and the term indicates any reduction (including no products). 
Similarly, “detectably more product means any increase, 
whether observed directly or indirectly. 
(0095 Amplification Methods 
0096. The following are examples of amplification meth 
ods of the invention. It is understood that various other 
embodiments may be practiced, given the general description 
provided. For example, reference to using a composite primer 
means that any of the composite primers described herein 
may be used. 
0097. In one aspect, the methods of the invention utilize 
two linked transcription modules: a first transcription module 
that provides a composite primer-based linear nucleic acid 
amplification that is transcription-based (also referred to 
herein as "enhanced linear amplification'), which is in turn 
linked to a second transcription module that enables further 
isothermal amplification of the amplification products of the 
first module. The methods of the invention generally utilize 
two primers, both of the same sense with respect to the target 
nucleic acid strand to be amplified. All amplification reac 
tions can be isothermal, and do not require thermocycling. 
0098. In another aspect, methods for generating multiple 
copies of sense RNA transcripts of a nucleic acid of interest 
are based on using a propromoter template Switch oligonucle 
otide (TSO) to generate an intermediate polynucleotide prod 
uct capable of being transcribed in a first set of transcription 
steps (a first transcription module) to generate RNA tran 
scripts that are further amplified through a second set of 
transcription steps (a second transcription module). 
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0099. The products of the amplification methods can be 
detected by either homogenous or heterogeneous detection, 
including identification by size and/or migration properties in 
gel electrophoresis, or by hybridization to sequence-specific 
probes. The detection of the amplification product is indica 
tive of the presence of the target nucleic acid. Quantitative 
analysis is also feasible. For example, by comparing the 
amount of product amplified from a test sample containing an 
unknown amount of a polynucleotide containing a target 
sequence to the product of amplification of a reference 
sample that has a known quantity of a polynucleotide that 
contains the target sequence, the amount of target sequence in 
the test sample can be determined. Further extensions of this 
amplification method to the analysis of sequence alterations 
and sequencing of target nucleic acids are also feasible, as 
described below. 

0100. As amounts of single stranded DNA amplification 
products increase, the level of components such as free TSO 
and/or other propromoter polynucleotides becomes limiting, 
thus controlling the total amplification capacity. This is an 
unique feature of the amplification methods of the invention 
wherein amounts of such components used in the process can 
be adjusted to fine tune amplification capacity for maximal 
detection potential which is advantageous for nucleic acid 
detection and quantification processes. 
0101 The ability to modulate the total amount of the 
amplification product as determined by the amount of com 
ponents such as TSO in the reaction mixture can facilitate 
more accurate detection and/or quantification of target poly 
nucleotides. Excessive amplification produced by other 
known amplification methods, such as PCR, NASBA, TMA, 
etc. can pose problems for detection and/or quantification 
using methods employing two or more detection probes. The 
“hook effect” from binding excess analyte is well known in 
the art and results in non-linearity and signal drop-offs lead 
ing to false negatives or reduced signal strengths relative to 
expected levels at high analyte concentrations. The present 
invention has the advantage of limiting the maximum amount 
of product generated as appropriate for the chosen method for 
detection of the amplified product. 
0102 Amplification methods of the invention have the 
additional advantage of being resistant to non-specific incor 
poration of a promoter sequence into primer extension prod 
ucts which can lead to non-specific amplification. In the com 
posite primer-based methods, the promoter sequence is 
introduced by a TSO and/or another propromoter polynucle 
otide as described herein. In the propromoter TSO-based 
methods, the promoter sequence is introduced by a propro 
moter TSO in the first transcription module, and another 
propromoter polynucleotide which, as described herein, can 
be a TSO, in the second transcription module. In the first 
transcription module of the propromoter TSO-based meth 
ods, the formation of a double stranded functional promoteris 
dependent on primer extension and template Switch. The 
formation of a functional promoter in the second module 
requires hybridization of the second primer extension product 
to a propromoter polynucleotide such as a propromoter TSO. 
The step of propromoter polynucleotide hybridization in the 
methods of the invention increases the specificity of the pro 
cess. A non-specific extension product would not be likely to 
have a sequence (e.g., a 3' end sequence) which is comple 
mentary to a propromoter polynucleotide designed to be 
hybridizable to a particular sequence in a primer extension 
product. 
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0103) The methods are applicable to amplification of 
either DNA or RNA target molecules. The amplification 
methods of the invention can be used for, for example, detec 
tion, quantification and sequencing of a target sequence. 

Composite Primer-Based Amplification Methods 
0104. In one aspect, methods for generating multiple cop 
ies of sense RNA transcripts of a nucleic acid sequence of 
interest using composite primers are provided. The composite 
primer-based amplification methods of the invention provide 
for isothermal exponential amplification of a nucleic acid 
sequence of interest. The methods utilize a composite primer 
and generally a second primer which is generally, but not 
necessarily, non-composite. In one embodiment, the methods 
also employ a termination sequence, such as a blocker 
sequence (as described in Method 1) or a TSO (as described 
in Method 2). Methods 1 and 2 are described below. 
0105. The termination sequence (either TSO or blocker 
sequence component, if used) is added for generating a prod 
uct with a defined 3'-end. In some embodiments, natural 
sequence(s) within the template 5' of the primer binding site 
inhibits nucleic acid polymerization Such that termination of 
primer extension is achieved. Such natural sequences are 
known in the art (for example, GC rich sequences) or can be 
empirically determined. Use of a termination sequence is 
particularly beneficial when amplifying genomic DNA so as 
to provide a defined end for primer extension. When this 
feature is not desired, the isothermal amplification according 
to the methods of the invention can be carried out without a 
termination sequence. 
0106 The isothermal amplification utilizes three 
enzymes, a DNA polymerase, a ribonuclease such as 
RNaseH, and an RNA polymerase. One embodiment of 
method 1, which utilizes a blocker sequence, is illustrated in 
FIG. 1A-F. An embodiment of method 2, which utilizes a 
TSO, is illustrated in FIG. 2A-E. 
0107 The composite primer-based methods of the inven 
tion are generally designed to amplify a single stranded DNA 
target. When the target nucleic acid to be amplified is double 
stranded DNA, the target is first denatured to produce a single 
Stranded target. Target denaturation may be carried out using 
methods known in the art, such as heat denaturation or alkali 
treatment. When the target is single stranded RNA, such as 
mRNA or viral RNA, the target is first transcribed to produce 
a cDNA target by methods known in the art. 
0108. The target polynucleotide is combined with a com 
posite primer, DNA polymerase, a ribonuclease such as 
RNaseH and optionally, a blocker sequence component or a 
TSO, as described above. In one embodiment, each amplifi 
cation reaction includes composite primers of identical 
sequence. In another embodiment, each amplification reac 
tion includes a mixture of composite primer variants, wherein 
the variants represent two or more homologous but non 
identical sequences, and wherein all are capable of hybridiz 
ing to the same target nucleic acid sequence. The complemen 
tarity is preferably at least about 50%, more preferably at least 
about 75%, and most preferably at least about 90%. Advan 
tages of this embodiment include the ability to introduce 
different sequences of interest into the primer extension prod 
ucts. In yet another embodiment, each amplification reaction 
includes a mixture of composite primers, wherein the primers 
represent two or more non-identical sequences that are of low 
or no homology, and wherein the primers preferentially 
hybridize to different target nucleic acid sequences or differ 
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ent sites along the same target nucleic acid strand. Advantages 
of this embodiment include multiplex detection and/or analy 
sis of target nucleic acids through amplification of a plurality 
of target nucleic acid species in a single amplification reac 
tion. 
0109 Methods that utilize a blocker sequence (or that do 
not utilize a termination polynucleotide) result in the genera 
tion of a displaced primer extension product which when 
hybridized to a propromoter polynucleotide forms a complex, 
which is a substrate for the RNA polymerase. The methods 
that utilize a TSO result in the generation of a unique inter 
mediate amplification product comprising target and tem 
plate switch oligonucleotide (TSO)-related portions. The 
complex formed by the hybridization of a TSO to a displaced 
primer extension product is a Substrate fortranscription by the 
RNA polymerase, which generates an RNA product of the 
same sense as the initial target sequence. 
0110. Two exemplary embodiments of the composite 
primer-based methods are described below: 

Method 1: Blocker Sequence-Based Polynucleotide Ampli 
fication 

0111. In some embodiments, blocker sequence-based 
amplification methods are provided. An illustrative embodi 
ment is shown in FIGS. 1A-F. 
0112 FIGS. 1A-F illustrate an embodiment of the method 
that utilizes a composite primer, as described herein; a 
blocker sequence component which is either an oligonucle 
otide oran oligonucleotide analog which, as described herein, 
is further able to hybridize to a sequence on the same target 
nucleic acid strand as the single primer; and a third oligo 
nucleotide, a promoter template (PTO) which, as described 
herein, comprises a 3'-portion which is able to hybridize (and 
is preferably complementary) to the 3'-end of the displaced 
extension product and a 5'-portion which includes a sequence 
of a DNA-dependent RNA polymerase promoter. As in the 
TSO described herein, the sequence immediately adjacent to 
the promoter sequence can be designed to provide for pref 
erably optimal transcriptional activity by the RNA poly 
merase used in the amplification according to the method of 
the invention. The blocker sequence component is generally 
designed to hybridize to the target sequence at a site which is 
upstream, i.e., located towards the 5' end of the target relative 
to the hybridization site of the single primer. Stated alterna 
tively, and as described herein, the blocker sequence hybrid 
izes to a segment of the target nucleic acid sequence which is 
5' to the target sequence complementary to the 3' end of the 
primer extension product. The blocker sequence binds with 
Sufficiently high affinity so as to terminate primer extension at 
the site where the blocker hybridizes to the target. This feature 
provides a strong stop for primer extension by the polymerase 
and defines the 3'-end of the primer extension product. 
0113 Suitable reaction medium and conditions are as 
described herein. In one embodiment, transcription is per 
formed at a different temperature, generally lower, than that 
of the preceding steps. In another embodiment, all steps of the 
method are performed isothermally. 
0114. The single stranded nucleic acid target is combined 
with the composite primer, the blocker component, the pro 
promoter template (PTO), DNA polymerase, ribonuclease 
such as RNaseH, a DNA dependent RNA polymerase, and 
nucleotides, such as NTPs (e.g., dNTPs and rNTPs). The 
composite primer and the blocker sequence component 
hybridize to the same target strand to form a tri molecular 
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complex I (FIG. 1A). The primer is extended along the target 
up to the site of hybridization of the blocker sequence, to form 
complex II (FIG. 1A). 
0.115. A ribonuclease, such as RNaseH, cleaves the RNA 
portion, generally the 5' RNA portion, of the single composite 
primer of complex II to form complex III (FIG. 1B). As 
described herein, the ribonuclease is specific for cleaving the 
RNA strand of an RNA/DNA hybrid, and does not digest 
single stranded RNA. Thus, the ribonuclease does not 
degrade the free composite primer. Free primer hybridizes to 
the primer complementary site of the target nucleic acid in 
complex III (FIG. 1B). This hybridization results information 
of complex IV (FIG. 1B), in which only the 5' RNA portion of 
the primer is hybridized to the target strand. Displacement of 
the 5' most portion of the primer extension product by the 3' 
DNA portion of the partially hybridized primer will result in 
formation of complex V (FIG. 1C), a substrate for a DNA 
polymerase. Extension of the primer along the target strand 
results in displacement of the first primer extension product 
(VI) from the complex. Cycles of the process of RNaseH 
cleavage, hybridization of a free composite primer and gen 
eration of strand displacement product proceeds to form mul 
tiple single stranded DNA products (VII). The displaced 
extension products are fully complementary to the target 
sequence and does not comprise a 3' end portion which is not 
complementary to the target. 
0116. The promoter template oligonucleotide (PTO) binds 
to the displaced extension product to form complex VIII 
(FIG. 1C), by hybridization of the 3' end portion (A) of the 
propromoter template to the 3' end of the displaced primer 
extension product. As described herein, the 3' end of the PTO 
may or may not be blocked. When the 3' end of the propro 
moter template is not blocked, the template will be extended 
along the displaced primer extension product. The 3' end of 
the displaced extension product will be extended by the 
nucleotide (DNA) polymerase along the B portion of the 
hybridized propromoter template to form complex IX (see 
FIG. 1D), which comprises at one end a double stranded 
promoter sequence for the DNA-dependent RNA poly 
merase. Complex IX is depicted in FIG. 1D as the product of 
hybridization of a promoter template (PTO) in which the 3' 
end is blocked for extension by the polymerase. Alternatively, 
when the 3' end of the promoter template is not blocked, 
extension of the 3' end along the displaced primer extension 
product results in formation of a fully double stranded com 
plex. The DNA-dependent RNA polymerase will transcribe 
both forms of the extended displaced primer extension prod 
uct of complex IX. The choice of RNA polymerase takes into 
account its capability to transcribe either the partial duplex or 
the fully double stranded duplex forms of the complex. Mul 
tiple copies of a sense single stranded RNA (X) are produced 
by this transcription step. (FIG. 1D). 
0117 The production of preferably at least about 1, more 
preferably at least about 50, even more preferably at least 
about 75, still more preferably at least about 100, and most 
preferably at least about 1000, RNA transcript products from 
each primer extension product is expected. 
0118. As illustrated in FIG. 1E, the second set of steps 
(second transcription module) utilize a second oligonucle 
otide primer, 4, which is the same sense as the composite 
primer relative to the target nucleic acid sequence, the pro 
moter template oligonucleotide as used in the first module, an 
RNA-dependent DNA polymerase or reverse transcriptase 
(RT), a DNA-dependent DNA polymerase, RNaseH and a 
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DNA-dependent RNA polymerase. The DNA polymerase, 
reverse transcriptase, and the RNaseH activities may be con 
tained in the same enzyme, as is known in the art. 
0119 The two modules may be combined or carried out 
sequentially. For the purpose of simplicity, the processes are 
described herein as sequential steps. An aliquot of the reac 
tion mix of the first set of steps is combined with a mixture 
containing the above mentioned components and the ampli 
fication reaction carried out isothermally. 
0120. The second primer, 4, hybridizes to a sequence at the 

3' end of the RNA product of the first module. The second 
primer is thus generally designed to be complementary to a 
sequence which is upstream of the sequence which is comple 
mentary to the composite primer used in the first set of steps, 
e.g. a nested primer. The second primer is generally, although 
not necessarily, a DNA oligonucleotide (which is generally, 
but not necessarily, non-composite). The hybridized primeris 
extended by RT to form a RNA/DNA double stranded com 
plex XI (FIG. 1E). The RNA strand of complex XI is cleaved 
by RNaseH to produce a single stranded DNA product XII 
(FIG. 1E), which is anti-sense relative to the target nucleic 
acid sequence (i.e., is complementary), similar to the primer 
extension product of the first set of steps. 
0121 The 3'-end of primer extension product XII is gen 
erally complementary to the 3'-end of the promoter template 
oligonucleotide (as is the primer extension product of the first 
set of steps). Hybridization of product XII to the promoter 
template oligonucleotide results in formation of complex 
XIII (FIG. 1E). The 3'-end of the primer extension product is 
extended along the promoter template oligonucleotide by RT 
to form the partial duplex XIV (FIG.1F) which has a double 
stranded promoter sequence at one end. Partial duplex XIV is 
a substrate for transcription by a DNA-dependent RNA poly 
merase, to form sense RNA products X (FIG. 1F). 
0122) Hybridization of primer 4 to product X will reini 

tiate the process described for the second transcription mod 
ule, thus creating a cyclical amplification process, or expo 
nential amplification. In the second set of steps, the extent of 
amplification of the initial sequence of interest will be limited 
by the concentration of the promoter template oligonucle 
otide and the second primer. 
0123. As evident from the above description, methods of 
the invention are suitable for highly efficient amplification of 
target nucleic acid as well as for applications of the amplifi 
cation methods for purposes such as isothermal sequencing 
described herein. 

Method 2: TSO-Based Enhanced Linear Nucleic Acid Ampli 
fication 

0.124. In one embodiment, the TSO-based linear amplifi 
cation method of the present invention is linked to transcrip 
tion from the primer extension products to provide enhanced 
nucleic acid amplification. A schematic description of one 
embodiment of this novel amplification method, Method 2, is 
shown in FIGS. 2A-2E. 

0.125. The TSO-based nucleic acid amplification method 
of the invention employs a composite primer, as described 
herein. A second oligonucleotide used in the amplification 
method of the invention is a template Switch oligonucleotide 
(TSO), as described above. The nucleic acid target to be 
amplified can be DNA or RNA. Amplification of an RNA 
target will require an initial cDNA synthesis step according to 
methods known in the art. The TSO-based enhanced linear 
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amplification method of the present invention produces mul 
tiple copies of an RNA product homologous (i.e., sense) to the 
target DNA sequence. 
0.126 The single stranded target nucleic acid is combined 
with the composite primer, a TSO oligonucleotide, DNA 
polymerase, ribonuclease such as RNaseH, a DNA dependent 
RNA polymerase, and nucleotides, such as deoxyribonucleo 
side triphosphates (dNTPs) and ribonucleoside triphosphates 
(rNTPs) in a reaction medium suitable for nucleic acid 
hybridization and amplification, as is known in the art. In one 
embodiment, transcription is performed at a different tem 
perature, generally lower, than that of the preceding steps. In 
another embodiment, all the steps of the methods are per 
formed isothermally. 
0127. In one embodiment, the TSO functions as a termi 
nation sequence and provides a propromoter sequence. In 
another embodiment, the TSO does not comprise a propro 
moter sequence. In this embodiment, a propromoter sequence 
is provided separately by another oligonucleotide. Such as a 
PTO, that comprises a propromoter sequence and is hybrid 
izable to the 3' portion of the primer extension product such 
that transcription of the primer extension product can occur. 
I0128. The single composite primer and the TSO then 
hybridize to the same strand of the nucleic acid to be ampli 
fied. The two oligonucleotides may be added to the sample 
Suspected of containing the nucleic acid target prior to the 
target nucleic aciddenaturation step. Hybridization of the two 
oligonucleotides to the target Strand results in the formation 
of the trimolecular complex XV (FIG. 2A). 
I0129. A DNA polymerase carries out primer extension. 
The primer is extended along the target nucleic acid strand of 
complex XV (FIG. 2A) and terminates at the site of TSO 
hybridization. Template Switching from the target strand to 
the 5' unhybridized portion of the TSO, and further primer 
extension along the TSO template results in the formation of 
the tri molecular complex XVI which comprises a target 
nucleic acid, the TSO and the first primer extension product. 
The first primer extension product is a unique DNA compris 
ing both a target dependent portion (i.e., sequence comple 
mentary to the target nucleic acid) and a TSO dependent 
portion (i.e., sequence complementary to the unhybridized 
portion of the TSO). 
I0130 Complex XVI (FIG. 2A) is a substrate for both an 
RNA polymerase and a ribonuclease such as RNaseH. The 
DNA dependent RNA polymerase binds to the functional 
double stranded promoter of complex XVI and transcribes 
the first primer extension product to produce a sense RNA 
product X (FIG.2A). A ribonuclease, such as RNaseH, which 
is specific for degradation of the RNA strandofan RNA/DNA 
heteroduplex, degrades the 5' portion of the primer extension 
product in complex XVI to form the trimolecular complex 
XVII (FIG. 2B). 
I0131 Free composite primer hybridizes to the primer 
complementary site of the target nucleic acid in complex 
XVII (FIG. 2B). This hybridization results in formation of 
complex XVIII (FIG. 2B) in which only the RNA portion, 
generally the 5' RNA portion, of the primer is hybridized to 
the target strand. Displacement of the 5' most portion of the 
primer extension product by the 3' DNA portion (XVIII) of 
the partially hybridized primer will result in formation of 
complex XIX (FIG. 2B), which is a substrate for a DNA 
polymerase. Extension of the primer along the target strand 
(XIX; FIG. 2B) results in displacement of the first primer 
extension product XX from the complex. Repeated primer 
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extensions and strand displacements result in generation of 
multiple copies of polynucleotides (XX; FIG. 2C) that are 
Substantially complementary to the target nucleic acid. 
0132) The primer extension product generated as 
described above is used as a template for transcription in the 
embodiment wherein TSO that comprises a propromoter 
sequence is provided. The displaced primer extension prod 
uct (XX; FIG. 2C) hybridizes to free TSO oligonucleotide to 
form the partial duplex XXI (FIG. 2C). Complex (duplex) 
XXI comprises a double stranded portion at one end and two 
non-complementary single strands respectively derived from 
the primer extension product and the TSO. The double 
Stranded portion of this partial duplex contains a fully func 
tional double stranded promoter for the DNA dependent RNA 
polymerase. The latter recognizes the promoter of the partial 
duplex XXI and transcribes the primer extension product to 
form multiple copies of a sense RNA product X (FIG. 2C). 
0133. As described in method 1 and shown in FIGS. 2D-E, 
the isothermal amplification described above is linked to fur 
ther amplification by the combination of the reaction mixture 
with a second primer, 4, RT, RNaseH, a DNA dependent RNA 
polymerase and the required nucleotide triphosphates. The 
second primer 4 hybridizes at the 5' portion of the sense RNA 
product, as in method 1, and is extended by RT to form an 
RNA/DNA hybrid duplex XXII (FIG. 2D). RNaseH cleaves 
the RNA strand of XXII to generate a single stranded anti 
sense DNA primer extension product XXIII (FIG. 2D). The 
3'-end of the primer extension product is complementary to a 
sequence on the TSO. Hybridization of the primer extension 
product and free TSO results in formation of complex XXIV 
(FIG. 2D). DNA polymerase extends the 3' end of the primer 
extension product along the 5'-end of the TSO to form partial 
duplex XXV (FIG. 2E). The last is a substrate for DNA 
dependent RNA polymerase insofar as it comprises a double 
Stranded promoter sequence at one end. Transcription of the 
primer extension product results in the generation of multiple 
copies of sense single stranded RNA product X (FIG. 2E). 
0134) Hybridization of the second primer 4 to the RNA 
product and extension by RT reinitiates the process as 
described above, thus enabling a cyclical amplification of the 
target nucleic acid sequence, as described for method 1. 

Propromoter TSO-Based Amplification Methods 
0135 Propromoter TSO-based methods of the invention 
are based on the formation of a unique primer extension 
product using a template Switch mechanism. The nucleic acid 
amplification methods of the invention encompass both 
primer extension by nucleotide polymerase and primer-inde 
pendent transcription. The methods employ a single primer 
and a propromoter TSO capable of effecting template switch 
ing during primer extension. Both the primer and propro 
moter TSO are complementary to the same target nucleic acid 
strand. The propromoter TSO comprises a 3' portion which is 
complementary to the target polynucleotide; and a 5" portion 
which is not hybridizable to the target (under a given set of 
conditions), wherein the non-hybridizable 5' portion com 
prises a sequence (generally, a 5' most sequence) that is a 
single strand of a promoter for a DNA dependent RNA poly 
merase used in the amplification steps according to the meth 
ods of the invention. In some embodiments the sequence of 
the propromoter TSO which is immediately adjacent to the 
propromoter sequence (for example, 3' with respect to the 
propromoter sequence), is designed to maximize transcrip 
tion by the RNA polymerase. Such sequences are known in 
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the art and are described herein. TSO sequences capable of 
effecting template Switch can be designed according to crite 
ria known in the art (see Patel et. al., Proc. Natl. Acad. Sci. 
USA (1996), 93:2969-2974); U.S. Pat. Nos. 5,679,512; 
5,683,879; & 6,030,774. 
0.136 The propromoter TSO-based methods of amplifica 
tion generally utilize several enzymes: a DNA-dependent 
DNA polymerase, a DNA-dependent RNA polymerase, an 
enzyme that cleaves RNA in an RNA/DNA hybrid (such as 
RNaseH), and an RNA-dependent DNA polymerase (such as 
reverse transcriptase). The enzymatic activities may be pro 
vided in individual enzymes or in various combinations (i.e., 
in one or more enzymes with multiple activities). The 
enzymes used for the amplification according to the methods 
of the invention are commercially available, as known to 
people skilled in the art. 
0.137 The primer and the propromoter TSO are generally 
provided at high concentrations similar to those commonly 
used in PCR methods. The level of amplification of the target 
polynucleotide is generally limited by the concentration of 
these oligonucleotides. Whereas the primer is consumed by 
incorporation into the extension products, the propromoter 
TSO is not incorporated into the extension products. As illus 
trated in FIGS. 3A-B& 5A-B, the propromoter TSO partici 
pates in the initial template switch for the formation of a 
unique complex that is a substrate for DNA-dependent RNA 
polymerase (a transcription process). In certain embodi 
ments, the propromoter TSO also participates, as illustrated 
in FIG. 3B, in binding to a single stranded DNA product 
(reverse transcribed from an RNA transcript from the first 
transcription module) for the formation of a second substrate 
for transcription. It is understood that any polynucleotide that 
comprises a propromoter sequence and a region capable of 
hybridizing to said single stranded DNA product can be used. 
For example, a PTO may be used. 
0.138. Unlike other transcription-based isothermal ampli 
fication schemes, such as NASBA, TMA and the like, the 
propromoter TSO-based methods of the invention do not 
require the formation of a fully double stranded DNA prod 
uct, which is an essential intermediate in these previously 
described transcription-based nucleic acid amplification 
methods. Since a double stranded intermediate DNA product 
is not required, forward and reverse primer pairs (for primer 
extensions along a target polynucleotide strand and its 
complement) are not used. This reduces the complexity of the 
primer extension reactions by eliminating the formation of 
primer-dimers where two or more primers hybridize and are 
extended to form double stranded substrates for transcription 
comprising double stranded promoters in a target-indepen 
dent manner. The ability to use a single primeras described in 
the present invention reduces the complexity of the process. 
The process is further simplified by the ability to use a pro 
moter template that does not have to be extended, for 
example, by using the same propromoter TSO in both the first 
primer extension step and in hybridization to a second primer 
extension product. 

ANILLUSTRATIVE EMBODIMENT OF 
PROPROMOTERTSO-BASED METHODS OF 

THE INVENTION 

0.139. The amplification of target nucleic acid is generally 
based on a single stranded target, and so is typically preceded 
by rendering a target single stranded (if it is not already single 
stranded). Therefore, if the target nucleic acid is a double 
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stranded DNA, the first step of the amplification is denatur 
ation to yield a single Stranded target. When the target nucleic 
acid is RNA, amplification can proceed directly from the 
single stranded target RNA, as shown below. Alternatively, 
the amplification may be preceded by synthesis of cDNA 
from the RNA target by methods known in the art. 
0140. As illustrated in FIG. 3A-B, in one embodiment of 
the methods of the invention, a TSO and a single primer 
hybridize to a target nucleic acid strand to form the tri 
molecular complex I. The target strand of the complex may be 
DNA, as illustrated in FIG. 3A-B, or RNA, as illustrated in 
FIG. 4A-B. 

0141 A DNA polymerase carries out primer extension 
along the target strand of complex I. When the target is DNA, 
the enzyme is generally a DNA-dependent DNA polymerase, 
and when the target is RNA, the enzyme is generally an 
RNA-dependent DNA polymerase such as reverse tran 
Scriptase. 
0142. As illustrated in FIGS. 3A-B & 4A-B, primer exten 
sion is switched from the target to the 5' non-hybridized 
portion of the propromoter TSO at the point where the TSO is 
bound to the target thus effectively terminating replication of 
the target-specific sequence. Extension along the 5' non-hy 
bridized portion of the TSO results in the formation of a 
unique extension product which is composed of a target 
related portion and a TSO-related portion. The unique tri 
molecular complex II (FIGS. 3A & 4A) of the target, TSO and 
the first primer extension product, comprises a double 
Stranded promoter region, thus making it a substrate for a 
DNA-dependent RNA polymerase. 
0143. As illustrated in FIG. 4A-B, when the target is RNA, 
the RNA strand of complex II can be (but is not necessarily) 
degraded by RNaseH to form complex IIa, comprising the 
propromoter TSO and the first primer extension product. This 
complex further comprises a double Stranded promoter and is 
a substrate for an RNA polymerase. 
0144. A DNA-dependent RNA polymerase binds to the 
double stranded promoter of complexes II (FIG. 3) and IIa 
(FIG. 4), and transcription of the unique primer extension 
product is initiated. This process results in the generation of 
multiple copies of a single stranded RNA product which are 
of the same sense as the target polynucleotide. 
0145 A second primer hybridizes to the sense RNA prod 
uct to form complex III (FIGS. 3A & 4B). The second primer 
is generally and preferably the same as the first primer. In 
embodiments wherein the first and second primers are differ 
ent, the second primer is generally of the same polarity as the 
first primer. Primer extension along the RNA product is car 
ried out by an RNA-dependent DNA polymerase such as 
reverse transcriptase, yielding a DNA/RNA heteroduplex IV 
(FIGS. 3A & 4B). 
014.6 RNaseH digestion of the RNA strand of complex IV 
results in the formation of a single stranded DNA product of 
primer extension by the RNA-dependent DNA polymerase 
(the second primer extension product). A free propromoter 
polynucleotide (shown in FIG. 3B as a propromoter TSO) 
hybridizes to the 3' portion of the single stranded DNA prod 
uct to form complex V (FIG. 3B). If the propromoter poly 
nucleotide is a TSO used in the first step, a sequence on the 
second primer extension product (DNA) which is comple 
mentary to a sequence on the TSO would have been incorpo 
rated into the second primer extension product by the tem 
plate Switch process. 
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0147 The binding of a propromoter polynucleotide (illus 
trated in FIG. 3B as a TSO) to the DNA product results in a 5' 
overhang of the TSO, so the 3' end of the single stranded DNA 
product of complex V is extended along the propromoter 
polynucleotide (TSO) to replicate the promoter sequence. 
This results in the formation of complex VI (FIG. 3B) which 
contains a functional double stranded promoter sequence. 
Complex VI is a substrate for a DNA-dependent RNA poly 
merase. The polymerase binds to the double stranded pro 
moter and transcribes the second primer extension product to 
produce multiple copies of the sense RNA product. The RNA 
products are substrates for further primer hybridization and 
extension as described above. Thus, cyclical amplification 
proceeds to form multiple copies of the sense RNA products. 
0148 Unless terminated deliberately, amplification can be 
expected to proceed until all free TSO is hybridized to the 
second primer extension product, or the primer is fully con 
Sumed. 
0149. As illustrated in FIGS. 3A-B, once formed follow 
ing the transcription of the first primer extension products, the 
RNA product of amplification of either DNA or RNA target is 
the same, and the amplification schemes from that step on are 
the same. 
0150. Each transcription step (i.e., transcription of the first 
or second primer extension product) is expected to result in 
the production of preferably at least about 1, more preferably 
at least about 100, more preferably at least about 500, and 
most preferably at least about 1000, copies of a single 
stranded RNA product from a starting template (in the first 
transcription module, the template would be the target poly 
nucleotide; in the second transcription module, the template 
would be an RNA transcript generated in the first transcrip 
tion module). 
0151. The amplification products of the amplification 
method of the invention are single Stranded and are thus 
readily detectable by any of a variety of methods known in the 
art. Both homogeneous and heterogeneous methods for 
detection of single stranded nucleic acids are known and 
would be suitable for the detection and quantification of the 
reaction products of the amplification method of the inven 
tion. 

Components and Reaction Conditions Used in the Methods 
of the Invention 

Template Nucleic Acid 

0152 The nucleic acid target to be amplified includes 
nucleic acids from any source in purified or unpurified form, 
which can be DNA (dsDNA and ssDNA) or RNA, including 
tRNA, mRNA, rRNA, mitochondrial DNA and RNA, chlo 
roplast DNA and RNA, DNA-RNA hybrids, or mixtures 
thereof, genes, chromosomes, plasmids, the genomes of bio 
logical material Such as microorganisms, e.g., bacteria, 
yeasts, viruses, viroids, molds, fungi, plants, animals, 
humans, and fragments thereof. Obtaining and purifying 
nucleic acids use standard techniques in the art. In some 
embodiments, amplification of an RNA target will require 
initial clNA synthesis, as known in the art. Amplification of 
a DNA-RNA hybrid would require denaturation of the hybrid 
to obtain a ssDNA or ssRNA, or denaturation followed by 
reverse transcription to obtain a cDNA. The target nucleic 
acid can be only a minor fraction of a complex mixture Such 
as a biological sample and can be obtained from various 
biological material by procedures well known in the art. 
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0153. The initial step of the amplification of a target poly 
nucleotide is rendering the polynucleotide single stranded. If 
the target polynucleotide is double stranded, the initial step is 
target denaturation. The denaturation step may be thermal 
denaturation or any other method known in the art, such as 
alkali treatment. 

Composite Primer 
0154) In one aspect, methods of the invention employ a 
composite primer that is composed of RNA and DNA por 
tions. The composite design of the primer is designed Such 
that Subsequent displacement of the primer extension product 
by binding of a new (additional) composite primer and the 
extension of the new primer by the polymerase can be 
achieved. In addition, cleavage of the RNA portion of the 
primer extension product leads to generation of amplification 
product which is not a substrate for amplification by the 
composite primer, as described below. 
0155 Composite primers for use in the methods and com 
positions of the present invention comprise at least one RNA 
portion that is capable of (a) binding (hybridizing) to a 
sequence on the target nucleic acid (template) independent of 
hybridization of the DNA portion(s) to a sequence on the 
target nucleic acid; and (b) being cleaved with a ribonuclease 
when hybridized to the target DNA. The composite primers 
bind to the target nucleic acid to form a partial heteroduplex 
in which only the RNA portion of the primer is cleaved upon 
contact with a ribonuclease such as RNaseH, while the target 
Strand remains intact, thus enabling annealing of another 
composite primer. 
0156 The composite primers also comprise a 3' DNA 
portion that is capable of hybridization to a sequence on the 
target nucleic acid (template) Such that its hybridization to the 
target sequence (template) is favored over that of the nucleic 
acid strand that is displaced from the target nucleic acid by the 
DNA polymerase. Such primers can be rationally designed 
based on well known factors that influence nucleic acid bind 
ing affinity, such as sequence length and/or identity, as well as 
hybridization conditions. In a preferred embodiment, hybrid 
ization of the 3' DNA portion of the composite primer to its 
complementary sequence in the target nucleic acid is favored 
over the hybridization of the homologous sequence in the 5' 
end of the displaced strand to the target nucleic acid. 
0157 Generation of primers suitable for extension by 
polymerization is well known in the art, such as described in 
PCT Pub. No. WO99/42618 (and references cited therein). 
The composite primer comprises a combination of RNA and 
DNA (see definition above), with the 3'-end nucleotide being 
a nucleotide suitable for nucleic acid extension. The 3'-end 
nucleotide can be any nucleotide or analog that when present 
in a primer, is extendable by a DNA polymerase. Generally, 
the 3'-end nucleotide has a 3'-OH. Suitable primers include 
those that comprise at least one portion of RNA and at least 
one portion of DNA. For example, composite primers can 
comprise a 5'-RNA portion and a 3'-DNA portion (in which 
the RNA portion is adjacent to the 3'-DNA portion); or 5’- and 
3'-DNA portions with an intervening RNA portion. Accord 
ingly, in one embodiment, the composite primer comprises a 
5' RNA portion and a 3'-DNA portion, preferably wherein the 
RNA portion is adjacent to the 3'-DNA portion. In another 
embodiment, the composite primer comprises 5’- and 3'-DNA 
portions with at least one intervening RNA portion (i.e., an 
RNA portion between the two DNA portions). In yet another 
embodiment, the composite primer of the invention com 
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prises a 3'-DNA portion and at least one intervening RNA 
portion (i.e., an RNA portion between DNA portions). 
0158. The length of an RNA portion in a composite primer 
comprising a 3'-DNA portion and an RNA portion can be 
preferably from about 1 to about 50, more preferably from 
about 3 to about 20, even more preferably from about 4 to 
about 15, and most preferably from about 5 to about 10 
nucleotides. In some embodiments of a composite primer 
comprising a 3'-DNA portion and an RNA portion, an RNA 
portion can beat least about any of 1,3,4, 5 nucleotides, with 
an upper limit of about any of 10, 15, 20, 25, 3, 50 nucleotides. 
0159. The length of the 5'-RNA portion in a composite 
primer comprising a 5'-RNA portion and a 3-DNA portion 
can be preferably from about 3 to about 50 nucleotides, more 
preferably from about 5 to about 20 nucleotides, even more 
preferably from about 7 to about 18 nucleotides, preferably 
from about 8 to about 17 nucleotides, and most preferably 
from about 10 to about 15 nucleotides. In other embodiments 
of a composite primer comprising a 5'-RNA portion and a 
3'-DNA portion, the 5'-RNA portion can be at least about any 
of 3, 5, 7, 8, 10 nucleotides, with an upper limit of about any 
of 15, 17, 18, 20, 50 nucleotides. 
0160. In embodiments of a composite primer comprising a 
5'-RNA portion and a 3'-DNA portion further comprising 
non-5'-RNA portion(s), a non-5'-RNA portion can be prefer 
ably from about 1 to about 7 nucleotides, more preferably 
from about 2 to about 6 nucleotides, and most preferably from 
about 3 to about 5 nucleotides. In certain embodiments of a 
composite primer comprising a 5'-RNA portion and a 3'-DNA 
portion further comprising non-5'-RNA portion(s), a non-5'- 
RNA portion can be at least about any of 1, 2, 3, 5, with an 
upper limit of about any of 5, 6, 7, 10 nucleotides. 
0.161 In embodiments of a composite primer comprising a 
5'-RNA portion and a 3'-DNA portion, in which the 5'-RNA 
portion is adjacent to the 3'-DNA portion, the length of the 
5'-RNA portion can be preferably from about 3 to about 50 
nucleotides, more preferably from about 5 to about 20 nucle 
otides, even more preferably from about 7 to about 18 nucle 
otides, preferably from about 8 to about 17 nucleotides, and 
most preferably from about 10 to about 15 nucleotides. In 
certain embodiments of a composite primer comprising a 
5'-RNA portion and a 3'-DNA portion, in which the 5'-RNA 
portion is adjacent to the 3'-DNA portion, the 5'-RNA portion 
can be at least about any of 3, 5, 7, 8, 10 nucleotides, with an 
upper limit of about any of 15, 17, 18, 20, 50 nucleotides. 
0162 The length of an intervening RNA portion in a com 
posite primer comprising 5'- and 3'-DNA portions with at 
least one intervening RNA portion can be preferably from 
about 1 to about 7 nucleotides, more preferably from about 2 
to about 6 nucleotides, and most preferably from about 3 to 
about 5 nucleotides. In some embodiments of a composite 
primer comprising 5'- and 3'-DNA portions with at least one 
intervening RNA portion, an intervening RNA portion can be 
at least about any of 1, 2, 3, 5 nucleotides, with an upper limit 
of about any of 5, 6, 7, 10 nucleotides. The length of an 
intervening RNA portion in a composite primer comprising a 
3'-DNA portion and at least one intervening RNA portion can 
be preferably from about 1 to about 7 nucleotides, more 
preferably from about 2 to about 6 nucleotides, and most 
preferably from about 3 to about 5 nucleotides. In some 
embodiments of a composite primer comprising a 3'-DNA 
portion and at least one intervening RNA portion, an inter 
vening RNA portion can be at least about any of 1, 2, 3, 5 
nucleotides, with an upper limit of about any of 5, 6, 7, 10 



US 2008/O 182300 A1 

nucleotides. In a composite primer comprising a 3'-DNA 
portion and at least one intervening RNA portion, further 
comprising a 5'-RNA portion, the 5'-RNA portion can be 
preferably from about 3 to about 25 nucleotides, more pref 
erably from about 5 to about 20 nucleotides, even more pref 
erably from about 7 to about 18 nucleotides, preferably from 
about 8 to about 17 nucleotides, and most preferably from 
about 10 to about 15 nucleotides. In some embodiments of a 
composite primer comprising a 3'-DNA portion and at least 
one intervening RNA portion, further comprising a 5'-RNA 
portion, the 5'-RNA portion can be at least about any of 3, 5, 
7, 8, 10 nucleotides, with an upper limit of about any of 15, 17. 
18, 20 nucleotides. 
0163 The length of the 3'-DNA portion in a composite 
primer comprising a 3'-DNA portion and an RNA portion can 
be preferably from about 1 to about 20, more preferably from 
about 3 to about 18, even more preferably from about 5 to 
about 15, and most preferably from about 7 to about 12 
nucleotides. In some embodiments of a composite primer 
comprising a 3'-DNA portion and an RNA portion, the 
3'-DNA portion can be at least about any of 1, 3, 5, 7, 10 
nucleotides, with an upper limit of about any of 10, 12, 15, 18. 
20, 22 nucleotides. 
0164. The length of the 3'-DNA portion in a composite 
primer comprising a 5'-RNA portion and a 3'-DNA portion 
can be preferably from about 1 to about 20 nucleotides, more 
preferably from about 3 to about 18 nucleotides, even more 
preferably from about 5 to about 15 nucleotides, and most 
preferably from about 7 to about 12 nucleotides. In some 
embodiments of a composite primer comprising a 5'-RNA 
portion and a 3-DNA portion, the 3' DNA portion can be at 
least about any of 1,3,5,7,10 nucleotides, with an upper limit 
of about any of 10, 12, 15, 18, 20, 22 nucleotides. 
0.165. In embodiments of a composite primer comprising a 
5'-RNA portion and a 3'-DNA portion, further comprising 
non-3'-DNA portion(s), a non-3'-DNA portion can be prefer 
ably from about 1 to about 10 nucleotides, more preferably 
from about 2 to about 8 nucleotides, and most preferably from 
about 3 to about 6 nucleotides. In some embodiments of a 
composite primer comprising a 5'-RNA portion and a 3'-DNA 
portion, further comprising non-3'-DNA portion(s), a non-3'- 
DNA portion can be at least about any of 1,2,3,5 nucleotides, 
with an upper limit of about any of 6, 8, 10, 12 nucleotides. 
0166 In embodiments of a composite primer comprising a 
5'-RNA portion and a 3'-DNA portion in which the 5'-RNA 
portion is adjacent to the 3'-DNA portion, the length of the 
3'-DNA portion can be preferably from about 1 to about 20 
nucleotides, more preferably from about 3 to about 18 nucle 
otides, even more preferably from about 5 to about 15 nucle 
otides, and most preferably from about 7 to about 12 nucle 
otides. In certain embodiments of the primer comprising a 
5'-RNA portion and a 3'-DNA portion in which the 5'-RNA 
portion is adjacent to the 3'-DNA portion, the 3'-DNA portion 
can be at least about any of 1, 3, 5, 7, 10 nucleotides, with an 
upper limit of about any of 10, 12, 15, 18, 20, 22 nucleotides. 
0167. The length of a non-3'-DNA portion in a composite 
primer comprising 5'- and 3'-DNA portions with at least one 
intervening RNA portion can be preferably from about 1 to 
about 10 nucleotides, more preferably from about 2 to about 
8 nucleotides, and most preferably from about 3 to about 6 
nucleotides. In some embodiments of a primer comprising 5'- 
and 3'-DNA portions with at least one intervening RNA por 
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tion, a non-3'-DNA portion can be at least about any of 1,2,3, 
5 nucleotides, with an upper limit of about any of 6, 8, 10, 12 
nucleotides. 

0.168. The length of the 3'-DNA portion in a composite 
primer comprising 5'- and 3'-DNA portions with at least one 
intervening RNA portion can be preferably from about 1 to 
about 20 nucleotides, more preferably from about 3 to about 
18 nucleotides, even more preferably from about 5 to about 15 
nucleotides, and most preferably from about 7 to about 12 
nucleotides. In some embodiments of a composite primer 
comprising 5'- and 3'-DNA portions with at least one inter 
vening RNA portion, the 3'-DNA portion can be at least about 
any of 1, 3, 5, 7, 10 nucleotides, with an upper limit of about 
any of 10, 12, 15, 18, 20, 22 nucleotides. 
0169. The length of a non-3'-DNA portion (i.e., any DNA 
portion other than the 3'-DNA portion) in a composite primer 
comprising a 3'-DNA portion and at least one intervening 
RNA portion can be preferably from about 1 to about 10 
nucleotides, more preferably from about 2 to about 8 nucle 
otides, and most preferably from about 3 to about 6 nucle 
otides. In some embodiments of a composite primer compris 
ing a 3'-DNA portion and at least one intervening RNA 
portion, a non-3'-DNA portion can be at least about any of 1. 
3, 5, 7, 10 nucleotides, with an upper limit of about any of 6, 
8, 10, 12 nucleotides. The length of the 3'-DNA portion in a 
composite primer comprising a 3'-DNA portion and at least 
one intervening RNA portion can be preferably from about 1 
to about 20 nucleotides, more preferably from about 3 to 
about 18 nucleotides, even more preferably from about 5 to 
about 15 nucleotides, and most preferably from about 7 to 
about 12 nucleotides. In some embodiments of a composite 
primer comprising a 3'-DNA portion and at least one inter 
vening RNA portion, the 3'-DNA portion can be at least about 
any of 1, 3, 5, 7, 10 nucleotides, with an upper limit of about 
any of 10, 12, 15, 18, 20, 22 nucleotides. It is understood that 
the lengths for the various portions can be greater or less, as 
appropriate under the reaction conditions of the methods of 
this invention. 

0170 In some embodiments, the 5'-DNA portion of a 
composite primer includes the 5'-most nucleotide of the 
primer. In some embodiments, the 5'-RNA portion of a com 
posite primer includes the 5' most nucleotide of the primer. In 
other embodiments, the 3'-DNA portion of a composite 
primer includes the 3' most nucleotide of the primer. In other 
embodiments, the 3'-DNA portion is adjacent to the 5'-RNA 
portion and includes the 3' most nucleotide of the primer (and 
the 5'-RNA portion includes the 5' most nucleotide of the 
primer). 
0171 The total length of the composite primer can be 
preferably from about 10 to about 50 nucleotides, more pref 
erably from about 15 to about 30 nucleotides, and most pref 
erably from about 20 to about 25 nucleotides. In some 
embodiments, the length can be at least about any of 10, 15, 
20, 25 nucleotides, with an upper limit of about any of 25, 30. 
50, 60 nucleotides. It is understood that the length can be 
greater or less, as appropriate under the reaction conditions of 
the methods of this invention. 

0172 To achieve hybridization to a target nucleic acid 
(which, as is well known and understood in the art, depends 
on other factors such as, for example, ionic strength and 
temperature), the portion of the primer that is hybridizable to 
the target polynucleotide is preferably of at least about 60%, 
more preferably at least about 75%, even more preferably at 



US 2008/O 182300 A1 

least about 90%, and most preferably at least about 95% 
complementarity to the target polynucleotide. 
0173 As described herein, one or more composite primers 
may be used in an amplification reaction. 
0.174 Depending on the method of amplification, the first 
primer may or may not be a composite primer. The composite 
primer-based methods generally require the use of a first 
primer that is a composite primer. The propromoter TSO 
based methods may or may not utilize a first primer that is a 
composite primer. In some embodiments, the first primer of 
propromoter TSO-based methods consists of DNA. 

Second Primer 

0.175. The second primer in the methods of the invention 
comprises a sequence (which may or may not be the whole of 
the primer) that is hybridizable (under a given set of condi 
tions) to a sense RNA transcript generated in a first transcrip 
tion module at a site on the transcript such that the second 
primer extension product would include the sequence of 
interest. In some embodiments, the hybridizable sequence of 
the second primer is designed based on a known sequence of 
the desired binding site on a sense RNA transcript. In other 
embodiments, the hybridizable sequence is based on random 
sequences. In some embodiments, the second primer is a 
random primer. 
0176). In preferred embodiments of propromoter TSO 
based methods, the first and second primers are the same. In 
other embodiments of propromoter TSO-based methods, the 
first and second primers are different. In yet other embodi 
ments of propromoter TSO-based methods, the first and sec 
ond primers hybridize to different complementary sequences. 
0177. To achieve hybridization to a sense RNA transcript 
(which, as is well known and understood in the art, depends 
on other factors such as, for example, ionic strength and 
temperature), the sequence of the second primer that is 
hybridizable to the sense RNA transcript is preferably of at 
least about 60%, more preferably at least about 75%, even 
more preferably at least about 90%, and most preferably at 
least about 95% complementarity to the sense RNA tran 
Script. 
0178. In one embodiment, the second primer comprises 
DNA. In another embodiment, the second primer consists of 
DNA. In another embodiment, the second primer comprises 
RNA. In still another embodiment, the second primer consists 
of RNA. In yet another embodiment, the second primer com 
prises DNA and RNA. 
0179. In some embodiments, the second primer is pro 
vided by self priming (for example, by a hairpin loop) at the 
3' end of the sense RNA transcript. In these embodiments, a 
sequence at the 3' end of the sense RNA transcript hybridizes 
to another sequence in the transcript itself. Self priming of 
polynucleotides has been described in, for example, U.S. Pat. 
No. 6,132,997. In these embodiments, said sequence at the 3' 
of the sense RNA transcript is generally cleaved following its 
hybridization to the transcript and/or its extension along the 
transcript. 
0180. As described herein, one or more second primers 
may be used in an amplification reaction. 

Template Switch Oligonucleotide (TSO) 

0181. One aspect of the invention employs a template 
switch oligonucleotide (TSO) to effect template switching 
during primer extension along a target polynucleotide. In 
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Some embodiments of composite primer-based methods of 
the invention, the TSO functions as a termination sequence. In 
certain embodiments, the TSO functions as a propromoter 
polynucleotide. 
0182 ATSO comprises a 3' portion that can hybridize to 
the target and a 5" portion which is designed for strand switch 
during polymerization. Design of a TSO that would effect 
Strand Switch is known in the art, such as was previously 
described by Patel et al., (Proc. Natl Acad. Sci. USA, 
93:2969-2974 (1996)). 
0183 The 3' portion hybridizes to the template at a loca 
tion 5' to the position or region in the target polynucleotide 
that is complementary to the 3' end of the primer extension 
product prior to Switching template from the target poly 
nucleotide to the unhybridized portion of the TSO (“termina 
tion site'). 
0184. In one embodiment, strand switch is promoted by 
the presence of mutually complementary short sequences in 
the TSO segments immediately 5' and 3' to the junction 
between the hybridized and non-hybridized portions of the 
TSO. Without intending to be bound by theory, one explana 
tion is that in the event that the primer extension product is 
extended into the portion of the target nucleic acid that is 
hybridized to the TSO (through displacement of the hybrid 
ized portion of the TSO), the 3' end of the primer extension 
product would comprise a short sequence that can bind to its 
complementary short sequence in the segment of the TSO 
immediately adjacent to the junction between the hybridized 
and non-hybridized portions of the TSO. This increases the 
efficiency oftemplate switching by increasing the probability 
that the primer extension product would switch to the TSO 
tail portion as a template. The length of the short complemen 
tary sequences is preferably from about 3 to about 20 nucle 
otides; more preferably from about 5 to about 15 nucleotides, 
and most preferably from about 7 to about 10 nucleotides. In 
some embodiments, length is at least about any of 1,3,5,7,10 
nucleotides, with an upper limit of about any of 10, 15, 20, 25 
nucleotides. It is understood that the length can be greater or 
less, as appropriate under the reaction conditions of the meth 
ods of this invention. 
0185. In some embodiments, the 5' portion of the TSO 
(referred to herein as a “propromoter TSO) comprises a 
propromoter sequence that is designed for formation of a 
double stranded promoter of an RNA polymerase. This 
embodiment of the TSO can function both as a termination 
sequence and to provide a promoter template. In this embodi 
ment, the propromoter sequence of the TSO serves as a tem 
plate for incorporation of a propromoter sequence (generally 
complementary to the propromoter sequence of the template 
TSO) into the primer extension product. Subsequent hybrid 
ization of a TSO comprising a propromoter sequence that is 
hybridizable to the propromoter sequence of the primer 
extension product results in formation of a double stranded 
promoter capable of effecting transcription by a suitable RNA 
polymerase. Promoter sequences that allow transcription of a 
template DNA are known in the art, as are methods of obtain 
ing and/or making them. Preferably, the promoter sequence is 
selected to provide optimal transcriptional activity of the 
particular RNA polymerase used. Criteria for such selection, 
i.e., a particular promoter sequence particularly favored by a 
particular RNA polymerase, are also known in the art. For 
example, the sequences of the promoters for transcription by 
T7 DNA dependent RNA polymerase and SP6 are known in 
the art. The promoter sequence can be from a prokaryotic or 
eukaryotic source. 
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0186. In one embodiment, the promoter sequence is adja 
cent to a sequence that is designed to provide for enhanced, or 
more optimal, transcription by the RNA polymerase used. In 
Some embodiments, the sequence is not related (i.e., it does 
not substantially hybridize) to the target nucleic acid. More 
optimal transcription occurs when transcriptional activity of 
the polymerase from a promoter that is operatively linked to 
said sequence is greater than from a promoter that is not so 
linked. The sequence requirements for optimal transcription 
are generally known in the art as previously described for 
various DNA dependent RNA polymerases, such as in U.S. 
Pat. Nos. 5,766,849 and 5,654,142. 
0187. In a preferred embodiment, a segment of the 3' por 
tion of the TSO (including the entire 3' portion that hybridizes 
to target) that hybridizes to the template DNA is attached to 
the template DNA such that displacement of the TSO by the 
polymerase that effects primer extension is Substantially, or at 
least sufficiently, inhibited. Suitable methods for achieving 
Such attachment includes techniques known in the art, such as 
using a cytosine analog that contains a G-clamp heterocyclic 
modification (described in Flanagan et al., Proc. Natl. Acad. 
Sci. USA 1999,96(7):3513-8); and locked nucleic acids (de 
scribed, e.g., in Kumaret al., Bioorg. Med. Chem. Lett. 1998, 
8(16):2219–22; and Wahlestedt et al., Proc. Natl. Acad. Sci. 
USA 2000, 97(10):5633-8). Other suitable methods include 
using, where appropriate, sequences with a high GC content 
and/or cross-linking. Any of these methods for obtaining 
enhanced attachment may be used alone or in combination. 
Displacement of the TSO is substantially or sufficiently 
inhibited if the polymerase switches template from the target 
nucleic acid strand to the unhybridized portion of the TSO in 
at least about 25%, preferably at least about 50%, more pref 
erably at least about 75%, and most preferably at least about 
90%, of the events of primer extension. Substantially or suf 
ficiently inhibited TSO displacement can also be empirically 
indicated if the amplification methods lead to a satisfactory 
result in terms of amount of the desired product. Generally, 
under a given set of conditions, the “modified TSO binds 
more tightly to template as compared to a TSO not so modi 
fied. 
0188 The length of the TSO portion that hybridizes to the 
target nucleic acid strand is preferably from about 15 to 50 
nucleotides, more preferably from about 20 to 45 nucleotides, 
and most preferably from about 25 to 40 nucleotides. In other 
embodiments, the length is at least about any of the following: 
10, 15, 20, 25, 30; and less than about any of the following: 35, 
40, 45, 50, 55. It is understood that the length can be greater 
or less, as appropriate under the reaction conditions of the 
methods of this invention. The complementarity of the TSO 
portion that hybridizes to the target nucleic acid strand is 
preferably at least about 25%, more preferably at least about 
50%, even more preferably at least about 75%, and most 
preferably at least about 90%, to its intended binding 
sequence on the target nucleic acid. 
Polynucleotide Comprising a Termination Polynucleotide 
Sequence 
0189 In some embodiments of the methods of the present 
invention, a polynucleotide comprising a termination 
sequence is included, examples of which are provided below. 
(i) TSO 
0190. As described above, a TSO can function as a poly 
nucleotide comprising a termination sequence to affect 
primer extension along a target polynucleotide. 
(ii) Blocker Sequence 
0191 In some embodiments, the primer extension termi 
nation sequence is provided by a blocker sequence. The 
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blocker sequence is a polynucleotide, usually a synthetic 
polynucleotide, that is single stranded and comprises a 
sequence that is hybridizable, preferably complementary, to a 
segment of target nucleic acid sequence 5' of the position in 
the target sequence that is complementary to the 3' end of the 
primer extension product (“termination site'). The blocker 
comprises nucleotides that bind to the target nucleic acid with 
an affinity, preferably a high affinity, such that the blocker 
sequence resists displacement by DNA polymerase in the 
course of primer extension, in preferably more than about 
30%, more preferably more than about 50%, even more pref 
erably more than about 75%, and most preferably more than 
about 90%, of primer extension events. The length and com 
position of the blocker polynucleotide should be such that 
excessive random non-specific hybridization is avoided 
under the conditions of the methods of the present invention. 
The length of the blocker polynucleotide is preferably from 
about 3 to about 30 nucleotides, more preferably from about 
5 to about 25 nucleotides, even more preferably from about 8 
to about 20 nucleotides, and most preferably from about 10 to 
about 15 nucleotides. In other embodiments, the blocker 
polynucleotide is at least about any of the following: 3, 5, 8, 
10, 15; and less than about any of the following: 20, 25, 30, 35. 
It is understood that the length can be greater or less as 
appropriate under the reaction conditions of the methods of 
this invention. The complementarity of the blocker poly 
nucleotide is preferably at least about 25%, more preferably 
at least about 50%, even more preferably at least about 75%, 
and most preferably at least about 90%, to its intended bind 
ing sequence on the target nucleic acid. 
0.192 In one embodiment, the blocker sequence com 
prises a segment that is attached to the target DNA such that 
displacement of the blocker sequence by the polymerase that 
effects primer extension is substantially, or at least suffi 
ciently, inhibited. Suitable means for achieving such attach 
ment and determining Substantial, or Sufficient, inhibition of 
displacement are as described above for TSO used in the 
methods of the present invention. 
0193 In one embodiment, the blocker polynucleotide can 
not function efficiently as a primer for nucleic acid extension 
(i.e., extension from the blocker sequence is reduced, or 
inhibited). Techniques for blocking the primer function of the 
blocker polynucleotide include any that prevent addition of 
nucleotides to the 3' end of the primer by a DNA polymerase. 
Such techniques are known in the art, including, for example, 
substitution or modification of the 3' hydroxyl group, or 
incorporation of a modified nucleotide, Such as a dideoxy 
nucleotide, in the 3'-most position of the blocker polynucle 
otide that is not capable of anchoring addition of nucleotides 
by a DNA polymerase. 
Polynucleotide Comprising a Propromoter and a Region 
which Hybridizes to a Primer Extension Product 
0194 Some embodiments employ a propromoter poly 
nucleotide comprising a propromoter and a region which 
hybridizes to a primer extension product. In some embodi 
ments, the propromoter polynucleotide is provided as a PTO. 
as described in greater detail below. In other embodiments, 
the propromoter polynucleotide is provided as a TSO (as 
described herein). In yet other embodiments, a propromoter 
polynucleotide comprises a portion (generally a 3, portion) 
that comprises a termination sequence (which does not Sub 
stantially effect template Switch), and a portion (generally a 5' 
portion) that comprises a propromoter sequence, wherein the 
portion that comprises a propromoter sequence is generally 
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not hybridizable to a target polynucleotide (under conditions 
wherein the portion that comprises a termination sequence is 
hybridizable to a target polynucleotide). In some embodi 
ments wherein a propromoter polynucleotide that comprises 
a portion comprising a termination sequence (which does not 
Substantially effect template Switch) and a portion compris 
ing a propromoter sequence is provided, the propromoter 
polynucleotide may function both to effect termination of 
primer extension and to provide a propromoter sequence in 
the same amplification reaction. 

Propromoter Template Oligonucleotide 

0.195. In some embodiments, the methods employ a pro 
moter sequence for transcription which is provided by a pro 
promoter template oligonucleotide (PTO). 
0196. A PTO for use in the methods and compositions of 
the invention is a single-stranded polynucleotide, generally 
DNA, comprising a propromoter sequence that is designed 
for formation of a double stranded promoter of an RNA 
polymerase, and a portion capable of hybridizing to the 3, end 
of a primer extension product. In a preferred embodiment, the 
propromoter sequence is located in the 5' portion of the oli 
gonucleotide and the hybridizing sequence is located in the 3' 
portion of the oligonucleotide. In one embodiment, and most 
typically, the promoter and hybridizing sequences are differ 
ent sequences. In another embodiment, the promoter and 
hybridizing sequences overlap in sequence identity. In yet 
another embodiment, the promoter and hybridizing 
Sequences are the same sequence, and thus are in the same 
location on the PTO. In the embodiments wherein hybridiza 
tion of the PTO to the primer extension product results in a 
duplex comprising an overhang (the 5' end of the PTO that 
does not hybridize to the primer extension product, typically 
comprising all or part of the propromoter sequence), DNA 
polymerase fills in the overhang to create a double stranded 
promoter capable of effecting transcription by a suitable RNA 
polymerase. 
0197) Promoter sequences that allow transcription of a 
template polynucleotide are known in the art and have been 
discussed above. Preferably, the promoter sequence is 
selected to provide optimal transcriptional activity of the 
particular RNA polymerase used. Criteria for such selection, 
i.e., a particular promoter sequence particularly favored by a 
particular RNA polymerase, is also known in the art. For 
example, the sequences of the promoters for transcription by 
T7 DNA dependent RNA polymerase and SP6 are known in 
the art. The promoter sequence can be from a prokaryotic or 
eukaryotic source. 
0198 In some embodiments, the PTO comprises an inter 
vening sequence between a propromoter sequence and a por 
tion capable of hybridizing to the 3' end of the primer exten 
sion product. Suitable length of the intervening sequence can 
be empirically determined, and can be at least about 1, 2, 4, 6, 
8, 10, 12, 15 nucleotides. Suitable sequence identity of the 
intervening sequence can also be empirically determined, and 
the sequence is designed to preferably, but not necessarily, 
enhance degree of amplification as compared to omission of 
the sequence. In one embodiment, the intervening sequence is 
a sequence that is designed to provide for enhanced, or more 
optimal, transcription by the RNA polymerase used. Gener 
ally, the sequence is not related (i.e., it does not substantially 
hybridize) to the target nucleic acid. More optimal transcrip 
tion occurs when transcriptional activity of the polymerase 
from a promoter that is operatively linked to said sequence is 
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greater than from a promoter that is not so linked. The 
sequence requirements for optimal transcription are generally 
known in the art as previously described for various DNA 
dependent RNA polymerases, such as in U.S. Pat. Nos. 5,766, 
849 and 5,654,142, and can also be empirically determined. 
(0199. In another embodiment, the PTO comprises a 
sequence that is 5' to the propromoter sequence, i.e., the PTO 
comprises additional nucleotides (which may or may not be 
transcriptional regulatory sequences) located 5' to the propro 
moter sequence. Generally, but not necessarily, the sequence 
is not hybridizable (under a given set of conditions) to the 
primer extension product. 
0200. In one embodiment, the PTO cannot function effi 
ciently as a primer for nucleic acid extension. Techniques for 
blocking the primer function of the PTO include any that 
prevent addition of nucleotides to the 3' end of the PTO by a 
DNA polymerase. Such techniques are known in the art, 
including, for example, substitution or modification of the 3' 
hydroxyl group, or incorporation of a modified nucleotide, 
Such as a dideoxynucleotide, in the 3'-most position of the 
PTO that is not capable of anchoring addition of nucleotides 
by a DNA polymerase. It is possible to block the 3' end using 
a label, or a small molecule which is a member of a specific 
binding pair, such as biotin. It is also possible to render the 3' 
end non-extendable by addition of nucleotides which cannot 
hybridize to a primer extension product, either due to non 
complementarity or due to structural modifications which do 
not support hydrogen bonding. In other embodiments, the 
PTO is not blocked. 
0201 The length of the portion of the PTO that hybridizes 
to a primer extension product of interest is preferably from 
about 5 to about 50 nucleotides, more preferably from about 
10 to about 40 nucleotides, even more preferably from about 
15 to about 35 nucleotides, and most preferably from about 20 
to 30 nucleotides. In some embodiments, the hybridizing 
portion is at least about any of the following: 3, 5, 10, 15, 20; 
and less than about any of the following: 30, 40, 50, 60. The 
complementarity of the hybridizing portion is preferably at 
least about 25%, more preferably at least about 50%, even 
more preferably at least about 75%, and most preferably at 
least about 90%, to its intended binding sequence on the 
primer extension product of interest. 

Combination Polynucleotide Comprising a Termination 
Sequence and a Propromoter Sequence 

0202. In some embodiments of methods of the invention, a 
termination sequence and a propromoter sequence are pro 
vided in a single combination polynucleotide. The combina 
tion polynucleotide comprises a portion (generally a 3' por 
tion) that comprises a termination sequence that does not 
effect template switch under conditions wherein the termina 
tion sequence is hybridizable to a target polynucleotide, and a 
portion (generally a 5" portion) that comprises a propromoter 
sequence, wherein the portion that comprises a propromoter 
sequence is generally not hybridizable to the target poly 
nucleotide (under conditions wherein the portion that com 
prises a termination sequence is hybridizable to the target 
polynucleotide). A termination sequence can be designed so 
as not to effect template Switch using techniques known in the 
art, for example by ensuring that design characteristics that 
are known to promote template Switch (such as described in 
Patel et al., Proc. Natl Acad. Sci. USA 1996, 93:2969-2974) 
are not present in the combination polynucleotide. The com 
bination polynucleotide is hybridizable to the sequence of the 
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template which is in the 5' direction with respect to the tem 
plate sequence which is hybridizable to the primer. The poly 
nucleotide further comprises a sequence which is hybridiz 
able to a complementary sequence of the target 
polynucleotide. The sequence that is hybridizable to a 
complementary sequence of the target polynucleotide may be 
non-overlapping, overlapping or co-extensive with the termi 
nation sequence and/or propromoter sequence of the combi 
nation polynucleotide. Generally and preferably the sequence 
that is hybridizable to a complementary sequence of the target 
polynucleotide is hybridizable to a 3' portion of the comple 
mentary sequence of the target polynucleotide. Thus, in some 
embodiments of methods of the invention, a combination 
polynucleotide that comprises a portion comprising a termi 
nation sequence and a portion comprising a propromoter 
sequence functions both to effect termination of primer exten 
sion and to provide a propromoter sequence in the same 
amplification reaction. 

DNA Polymerase, Ribonuclease and RNA Polymerase 
0203 The amplification methods of the invention employ 
some or all of the following enzymes: an RNA-dependent 
DNA polymerase, a DNA-dependent DNA polymerase, a 
ribonuclease such as RNaseH, and a DNA-dependent RNA 
polymerase. One or more of these activities may be found and 
used in a single enzyme. For example, RNaseH activity may 
be supplied by an RNA-dependent DNA polymerase (such as 
reverse transcriptase) or may be provided in a separate 
enzyme. Reverse transcriptases useful for this method may or 
may not have RNaseH activity. 
0204 One aspect of the invention is the formation of a 
single stranded cDNA from a primer-RNA complex. This 
process generally utilizes the enzymatic activities of an RNA 
dependent DNA polymerase and a ribonuclease activity. 
0205 RNA-dependent DNA polymerases for use in the 
methods and compositions of the invention are capable of 
effecting extension of a primer according to the methods of 
the invention. Accordingly, a preferred RNA-dependent RNA 
polymerase is one that is capable of extending a nucleic acid 
primer along a nucleic acidtemplate that is comprised at least 
predominantly of ribonucleotides. Suitable RNA-dependent 
DNA polymerases for use in the methods and compositions of 
the invention include reverse transcriptase. Many reverse 
transcriptases, such as those from avian myeloblastosis virus 
(AMV-RT), and Moloney murine leukemia virus (MMLV 
RT) comprise more than one activity (for example, poly 
merase activity and ribonuclease activity) and can function in 
the formation of cDNA molecules. However, in some 
instances, it is preferable to employ a reverse transcriptase 
which lacks the RNaseH activity. Reverse transcriptase 
devoid of RNaseH activity are known in the art, including 
those comprising a mutation of the wild type reverse tran 
scriptase where the mutation eliminates the RNaseHactivity. 
In these cases, the addition of an RNaseH from other sources, 
such as that isolated from E. coli, can be employed for the 
formation of cDNA. 
0206 DNA-dependent DNA polymerases for use in the 
methods and compositions of the invention are capable of 
effecting extension of a primer according to the methods of 
the invention. Accordingly, a preferred polymerase is one that 
is capable of extending a nucleic acid primer along a nucleic 
acid template that is comprised at least predominantly of 
deoxynucleotides. Amplification of a polynucleotide accord 
ing to certain methods of the invention involves the use of a 
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DNA polymerase that is able to displace a nucleic acid strand 
from the polynucleotide to which the displaced strand is 
bound, and, generally, the more strand displacement capabil 
ity the polymerase exhibits (i.e., compared to other poly 
merases which do not have as much strand displacement 
capability) is preferable. Preferably, the DNA polymerase has 
high affinity for binding at the 3'-end of an oligonucleotide 
hybridized to a nucleic acid strand. Preferably, the DNA 
polymerase does not possess Substantial nicking activity. 
Generally, the polymerase preferably has little or no 5'->3' 
exonuclease activity so as to minimize degradation of primer, 
or primer extension polynucleotides. Generally, this exonu 
clease activity is dependent on factors such as pH, salt con 
centration, whether the template is double stranded or single 
stranded, and so forth, all of which are familiar to one skilled 
in the art. Mutant DNA polymerases in which the 5'->3' 
exonuclease activity has been deleted, are known in the art 
and are suitable for the amplification methods described 
herein. It is preferred that the DNA polymerase displaces 
primer extension products from the template nucleic acidinat 
least about 25%, more preferably at least about 50%, even 
more preferably at least about 75%, and most preferably at 
least about 90%, of the incidence of contact between the 
polymerase and the 5' end of the primer extension product. In 
some embodiments, the use of thermostable DNA poly 
merases with strand displacement activity is preferred. Such 
polymerases are known in the art, such as described in U.S. 
Pat. No. 5,744,312 (and references cited therein). Preferably, 
the DNA polymerase has little to no proofreading activity. 
0207 Suitable DNA polymerases for use in the methods 
and compositions of the invention include those disclosed in 
U.S. Pat. Nos. 5,648,211 and 5,744,312, which include exo 
Vent (New England Biolabs), exo-Deep Vent (New England 
Biolabs), Bst (BioRad), exo-Pfu (Stratagene), Bca (Panvera), 
sequencing grade Taq (Promega), and thermostable DNA 
polymerases from Thermoanaerobacter thermohydrosulfuri 
CS. 

0208. The ribonuclease for use in the methods and com 
positions of the invention is capable of cleaving ribonucle 
otides in an RNA/DNA hybrid. Preferably, the ribonuclease 
cleaves ribonucleotides regardless of the identity and type of 
nucleotides adjacent to the ribonucleotide to be cleaved. It is 
preferred that the ribonuclease cleaves independent of 
sequence identity. Examples of suitable ribonucleases for the 
methods and compositions of the invention are well known in 
the art, including ribonuclease H(RNaseH). 
(0209. The DNA-dependent RNA polymerase for use in 
the methods and compositions of the invention are known in 
the art. Either eukaryotic or prokaryotic polymerases may be 
used. Examples include T7, T3 and SP6 RNA polymerases. 
Generally, the RNA polymerase selected is capable of tran 
scribing from the promoter sequence provided by the propro 
moter polynucleotides as described herein. Generally, the 
RNA polymerase is a DNA-dependent polymerase, which is 
preferably capable of transcribing from a single stranded 
DNA template so long as the promoter region is double 
Stranded. 
0210. In general, the enzymes used in the methods and 
compositions of the invention should not produce Substantial 
degradation of the nucleic acid components of said methods 
and compositions. 
Reaction Conditions and Detection 

0211 Appropriate reaction media and conditions for car 
rying out the methods of the invention are those that permit 
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nucleic acid amplification according to the methods of the 
invention. Such media and conditions are known to persons of 
skill in the art, and are described in various publications. Such 
as U.S. Pat. Nos. 5,554,516; 5,716,785; 5,130,238; 5,194, 
370; 6,090,591; 5,409,818; 5,554,517; 5,169,766; 5,480,784: 
5,399,491; 5,679,512; and PCT Pub. No. WO99/42618. For 
example, a buffer may be Tris buffer, although other buffers 
can also be used as long as the buffer components are non 
inhibitory to enzyme components of the methods of the 
invention. The pH is preferably from about 5 to about 11, 
more preferably from about 6 to about 10, even more prefer 
ably from about 7 to about 9, and most preferably from about 
7.5 to about 8.5. The reaction medium can also include biva 
lent metal ions such as Mg2+ or Mn2+, at a final concentra 
tion of free ions that is within the range of from about 0.01 to 
about 15 mM, and most preferably from about 1 to 10 mM. 
The reaction medium can also include other salts, such as KCl 
or NaCl, that contribute to the total ionic strength of the 
medium. For example, the range of a salt Such as KCl is 
preferably from about 0 to about 125 mM, more preferably 
from about 0 to about 100 mM, and most preferably from 
about 0 to about 75 mM. The reaction medium can further 
include additives that could affect performance of the ampli 
fication reactions, but that are not integral to the activity of the 
enzyme components of the methods. Such additives include 
proteins such as BSA, single Strand binding proteins (for e.g., 
T4 gene 32 protein), and non-ionic detergents such as NP40 
or Triton. Reagents, such as DTT, that are capable of main 
taining enzyme activities can also be included. Such reagents 
are known in the art. Where appropriate, an RNase inhibitor 
(such as RNasin) that does not inhibit the activity of the 
RNase employed in the method can also be included. Any 
aspect of the methods of the invention can occur at the same 
or varying temperatures. Preferably, the amplification reac 
tions (particularly, primer extension other than the first and 
second strand cDNA synthesis steps, and Strand displace 
ment) are performed isothermally, which avoids the cumber 
Some thermocycling process. The amplification reaction is 
carried out at a temperature that permits hybridization of the 
oligonucleotides (primer and/or propromoter polynucle 
otide) of the invention to the template polynucleotide and 
primer extension products, and that does not substantially 
inhibit the activity of the enzymes employed. The tempera 
ture can be in the range of preferably about 25°C. to about 85° 
C., more preferably about 30° C. to about 80° C., and most 
preferably about 37° C. to about 75° C. In some embodi 
ments, the temperature for the transcription steps is lower 
than the temperature(s) for the preceding steps. In these 
embodiments, the temperature of the transcription steps can 
be in the range of preferably about 25°C. to about 85°C., 
more preferably about 30° C. to about 75° C., and most 
preferably about 37° C. to about 70° C. 
0212 Nucleotide and/or nucleotide analogs, such as deox 
yribonucleoside triphosphates, that can be employed for Syn 
thesis of the primer extension products in the methods of the 
invention are provided in the amount of from preferably about 
50 to about 2500 uM, more preferably about 100 to about 
2000 uM, even more preferably about 200 to about 1700 uM, 
and most preferably about 250 to about 1500 uM. In some 
embodiments, a nucleotide or nucleotide analog whose pres 
ence in the primer extension Strand enhances displacement of 
the strand (for example, by causing base pairing that is weaker 
than conventional AT, CG base pairing) is included. Such 
nucleotide or nucleotide analogs include deoxyinosine and 
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other modified bases, all of which are known in the art. 
Nucleotides and/or analogs, such as ribonucleoside triphos 
phates, that can be employed for synthesis of the RNA tran 
scripts in the methods of the invention are provided in the 
amount of from preferably about 0.25 to about 6 mM, more 
preferably about 0.5 to about 5 mM, even more preferably 
about 0.75 to about 4 mM, and most preferably about 1 to 
about 3 mM. 
0213. The oligonucleotide components of the amplifica 
tion reactions of the invention are generally in excess of the 
number of target nucleic acid sequence to be amplified. They 
can be provided at about or at least about any of the following: 
10, 102,104,106, 108, 1010, 1012 times the amount of target 
nucleic acid. Composite primers and propromoter polynucle 
otide can each be provided at about or at least about any of the 
following concentrations: 50 nM, 100 nM,500 nM, 1000 nM, 
2500 nM, 5000 nM. 
0214. In one embodiment, the foregoing components are 
added simultaneously at the initiation of the amplification 
process. In another embodiment, components are added in 
any order prior to or after appropriate timepoints during the 
amplification process, as required and/or permitted by the 
amplification reaction. Such timepoints, some of which are 
noted below, can be readily identified by a person of skill in 
the art. The enzymes used for nucleic acid amplification 
according to the methods of the invention can be added to the 
reaction mixture either prior to the target nucleic acid dena 
turation step, following the denaturation step, or following 
hybridization of the primer to the target polynucleotide, as 
determined by their thermal stability and/or other consider 
ations known to the person of skill in the art. In these embodi 
ments, the reaction conditions and components may be varied 
between the different reactions. Thus, for example, it is pos 
sible to mix a sample containing the target with a primer and 
the propromoter TSO in the propromoter TSO-based meth 
ods, prior to formation of a single stranded species from a 
double stranded DNA target. Depending on the heat stability 
of the amplification enzymes used, the enzymes required for 
the amplification according to the present invention can be 
added to the sample either prior to the initial step of formation 
of single stranded target, or at a later stage. In some embodi 
ments, it may be desirable to include a nucleic acid modifi 
cation enzyme (as described herein) early in the amplification 
process, which would generally require the use of thermo 
stable nucleic acid modification enzymes, which are known 
in the art. These enzymes include, for example, thermostable 
DNA ligases (such as Thermus thermophilus (Tth) ligase: 
Thermus sp. AK16D ligase: Aquifex aeolicus ligase); thermo 
stable DNA polymerases (such as Taq. Tth or Pfu DNA poly 
merase); and thermostable reverse transcriptase (Such as rTth 
RNA-dependent DNA polymerase). 
0215. The amplification process can be stopped at various 
timepoints, and resumed at a later time. Said timepoints can 
be readily identified by a person of skill in the art. One 
timepoint is at the end of first primer extension. Another 
timepoint is at the end of second primer extension. Methods 
for stopping the reactions are known in the art, including, for 
example, cooling the reaction mixture to a temperature that 
inhibits enzyme activity or heating the reaction mixture to a 
temperature that destroys an enzyme. Methods for resuming 
the reactions are also known in the art, including, for example, 
raising the temperature of the reaction mixture to a tempera 
ture that permits enzyme activity or replenishing a destroyed 
(depleted) enzyme. In some embodiments, one or more of the 
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components of the reactions is replenished prior to, at, or 
following the resumption of the reactions. Alternatively, the 
reaction can be allowed to proceed (i.e., from start to finish) 
without interruption. 
0216. The detection of the amplification product is indica 

tive of the presence of the target sequence. Quantitative analy 
sis is also feasible. Direct and indirect detection methods 
(including quantitation) are well known in the art. For 
example, by comparing the amount of product amplified from 
a test sample containing an unknown amount of a polynucle 
otide containing a target sequence to the product of amplifi 
cation of a reference sample that has a known quantity of a 
polynucleotide that contains the target sequence, the amount 
of target sequence in the test sample can be determined. The 
amplification methods of the invention can also be extended 
to analysis of sequence alterations and sequencing of the 
target nucleic acid. Further, detection could be effected by, for 
example, examination of translation products from RNA 
amplification products. 

Compositions and Kits of the Invention 

0217. The invention also provides compositions and kits 
used in the methods described herein. The compositions may 
be any component(s), reaction mixture and/or intermediate 
described herein, as well as any combination. 
0218. For example, the invention provides compositions 
comprising any two, preferably three, more preferably four, 
of the following: (a) a first primer which is a composite 
primer; (b) a second primer; (c) a DNA-dependent DNA 
polymerase; (d) an RNA-dependent DNA polymerase; (e) a 
propromoter polynucleotide, (f) an RNA polymerase; and (g) 
an enzyme that cleaves RNA from an RNA/DNA hybrid. In 
Some embodiments, the composite primer, if included in the 
compositions, comprises an RNA portion and a 3' DNA por 
tion (in some embodiments, the RNA portion is adjacent to 
the DNA portion). In other embodiments, the composite 
primer comprises 5’- and 3'-DNA portions with at least one 
intervening RNA portion. In other embodiments, the compo 
sitions further comprise a TSO (i.e., any of the TSO embodi 
ments described herein, including TSOs containing one or 
more modifications which enhance binding to template). In 
Some embodiments, the compositions further comprise a 
polynucleotide comprising a termination polynucleotide 
Sequence. 

0219. In another embodiment, the invention provides 
compositions comprising any two, preferably three, more 
preferably four, of the following: (a) a propromoter TSO; (b) 
a first primer (which may consist of DNA); (c) a DNA 
dependent DNA polymerase; (d) an RNA-dependent DNA 
polymerase; (e) an enzyme that cleaves RNA from an RNA/ 
DNA hybrid: (f) optionally a second primer (which may 
consist of DNA); and (g) an RNA polymerase. 
0220. In some embodiments of the compositions 
described herein, the compositions further comprise single 
enzymes comprising multiple enzymatic activities. For 
example, the DNA-dependent DNA polymerase and the 
RNA-dependent DNA polymerase may be the same enzyme 
(such as reverse transcriptase); the DNA-dependent DNA 
polymerase and enzyme that cleaves RNA from an RNA/ 
DNA hybrid may be the same enzyme; the RNA-dependent 
DNA polymerase and enzyme that cleaves RNA from an 
RNA/DNA hybrid may be the same enzyme; or all three 
activities of RNA-dependent DNA polymerase, DNA-depen 
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dent DNA polymerase and enzyme that cleaves RNA from an 
RNA/DNA hybrid may reside in a single enzyme. 
0221) Any of the above compositions may further com 
prise template (which comprises a target sequence) and/or 
any of the enzymes described herein (such as DNA poly 
merase, RNaseH, and/or RNA polymerase). The composi 
tions are generally in aqueous form, preferably in a Suitable 
buffer. 
0222. The invention also provides compositions compris 
ing the amplification products described herein. Accordingly, 
the invention provides a population of sense RNA molecules 
which are copies of a target sequence, which are produced by 
any of the methods described herein. 
0223) The compositions are generally in a suitable 
medium, although they can be in lyophilized form. Suitable 
media include, but are not limited to, aqueous media (Such as 
pure water or buffers). 
0224. The invention provides kits for carrying out the 
methods of the invention. Accordingly, a variety of kits are 
provided in Suitable packaging. The kits may be used for any 
one or more of the uses described herein, and, accordingly, 
may contain instructions for any one or more of the following 
uses: amplifying a polynucleotide (RNA and/or DNA) 
sequence; sequencing of a nucleic acid sequence of interest; 
and detection of sequence mutation based on amplifying a 
nucleic acid sequence. 
0225. The kits of the invention comprise one or more 
containers comprising any combination of the components 
described herein, and the following are examples of such kits. 
For example, the invention provides kits comprising any two, 
preferably three, more preferably four, of the following: (a) a 
first primer which is a composite primer; (b) a second primer; 
(c) a DNA-dependent DNA polymerase; (d) an RNA-depen 
dent DNA polymerase; (e) a propromoter polynucleotide: (f) 
an RNA polymerase; and (g) an enzyme that cleaves RNA 
from an RNA/DNA hybrid. In some embodiments, the com 
posite primer, if included in the kits, comprises an RNA 
portion and a 3' DNA portion (in some embodiments, the 
RNA portion is adjacent to the DNA portion). In other 
embodiments, the composite primer comprises 5'- and 
3'-DNA portions with at least one intervening RNA portion. 
In other embodiments, the kits further comprise a TSO (i.e., 
any of the TSO embodiments described herein, including 
TSOs containing one or more modifications which enhance 
binding to template). In some embodiments, the kits further 
comprise a polynucleotide comprising a termination poly 
nucleotide sequence. In some embodiments, the kits further 
comprise instructions for using any of the components pro 
vided in the kits to amplify a target polynucleotide according 
to composite primer-based methods described herein. 
0226. In another embodiment, the invention provides kits 
comprising any two, preferably three, more preferably four, 
of the following: (a) a propromoter TSO; (b) a first primer 
(which may consist of DNA); (c) a DNA-dependent DNA 
polymerase; (d) an RNA-dependent DNA polymerase; (e) an 
enzyme that cleaves RNA from an RNA/DNA hybrid: (f) 
optionally a second primer (which may consist of DNA); and 
(g) an RNA polymerase. In some embodiments, the kits fur 
ther comprise instructions for using any of the components 
provided in the kits to amplify a target polynucleotide accord 
ing to any of the propromoter TSO-based methods described 
herein. 
0227 Kits may also optionally include deoxynucleoside 
triphosphates and/or ribonucleoside triphosphates. Kits may 
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also include one or more suitable buffers (as described 
herein). Kits useful for nucleic acid sequencing may option 
ally include labeled or unlabelled nucleotide analogs that 
upon incorporation into a primer extension product effect 
termination of nucleotide polymerization. One or more 
reagents in the kit can be provided as a dry powder, usually 
lyophilized, including excipients, which on dissolution will 
provide for a reagent solution having the appropriate concen 
trations for performing any of the methods described herein. 
Each component can be packaged in separate containers or 
Some components can be combined in one container where 
cross-reactivity and shelf life permit. 
0228. The kits of the invention may optionally include a 
set of instructions, generally written instructions relating to 
the use of components of the methods of the invention for the 
intended nucleic acid amplification, and/or, as appropriate, 
for using the amplification products for purposes such as 
nucleic acid sequencing and detection of sequence mutation. 
Electronic storage media (e.g., magnetic diskette or optical 
disk) containing instructions are acceptable modes of provid 
ing the instructions. Instructions may also be provided by 
storing said instructions in a central server, which is acces 
sible via wide area networks (WAN) such as the internet. 
0229. The instructions included with the kit generally 
include information as to reagents (whether or not included in 
the kit) necessary for practicing the methods of the invention, 
instructions on how to use the kit, and/or appropriate reaction 
conditions. For example, the invention provides kits that com 
prise a first composite primer that comprises a sequence 
which is hybridizable to a target polynucleotide and instruc 
tions for using the primer to amplify a target polynucleotide 
according to composite primer-based methods described 
herein. In another example, kits can further comprise a second 
primer, and optionally instructions for using the primer to 
amplify a target polynucleotide according to composite 
primer-based methods described herein. In other examples, 
the kits can contain further components, such as any of (a) a 
propromoter polynucleotide (such as a PTO); and (b) any of 
the enzymes described herein, such as an enzyme which 
cleaves RNA from an RNA/DNA hybrid (for example, 
RNaseH), DNA polymerase (RNA-dependent or DNA-de 
pendent) and RNA polymerase, and instructions for using the 
components to amplify a target polynucleotide according to 
composite primer-based methods described herein. 
0230. The component(s) of the kit may be provide in any 
convenient, appropriate packaging. The components may be 
packaged separately, or in one or multiple combinations. 
Where kits are provided for practicing amplification methods 
of the invention, the RNA polymerase (if included) is prefer 
ably provided separately from the components used in the 
steps prior to the transcription steps. 
0231. The relative amounts of the various components in 
the kits can be varied widely to provide for concentrations of 
the reagents that Substantially optimize the reactions that 
need to occur to practice the methods disclosed herein and/or 
to further optimize the sensitivity of any assay. With respect to 
the compositions and kits of the invention, any component 
may comprise any of the embodiments of the components as 
described herein. 
0232. The invention also provides systems for effecting 
the methods described herein. These systems comprise vari 
ous combinations of the components discussed above. A sys 
tem may generally include one or more apparatuses for per 
forming the amplification methods of the invention. Such 
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apparatuses include, for example, heating devices (such as 
heating blocks or water baths) and apparatuses which effect 
automation of one or more steps of the methods described 
herein. 
0233. The invention also provides reaction mixtures (or 
compositions comprising reaction mixtures) which contain 
various combinations of components described herein. An 
example of a reaction mixture is (a) a complex of a first primer 
extension product and a target polynucleotide; (b) a poly 
nucleotide comprising a propromoter sequence (for example, 
a PTO or a TSO); (c) RNA polymerase; and (d) a second 
primer. Other reaction mixtures are described herein and are 
encompassed by the invention. 
0234. The invention also includes compositions compris 
ing any of the complexes (which are intermediates in the 
methods described herein) described herein. Examples of 
such complexes are schematically depicted in FIGS. 1-4. 

Methods for Using the Amplification Methods and Compo 
sitions of the Invention 

0235. The methods and compositions of the invention can 
be used for a variety of purposes. For purposes of illustration, 
methods of sequencing, genotyping (nucleic acid mutation), 
microarray preparation, and characterizing nucleic acid 
sequences using the amplified nucleic acid products gener 
ated by the methods of the invention, are described. 

Sequencing of Polynucleotides Using the Methods of the 
Invention 

0236. The amplification methods of the invention are use 
ful, for example, for sequencing of a sequence of interest. The 
sequencing process is carried out as described for the ampli 
fication methods described herein. 
0237 Sequencing using the methods of the invention can 
be based on effecting premature (deliberate) termination of 
RNA transcription. The inclusion of rNTP analogs, which 
may be labeled or unlabelled, that upon incorporation into an 
RNA transcript effects termination of rNTP polymerization 
in the reaction mixture, will result in production of truncated 
RNA products, which result from blocking of the RNA poly 
merase at sites of incorporation of the analogs. 
0238. In one embodiment, the methods of sequencing 
comprise (a) amplifying a target polynucleotide containing 
the sequence of interest by the methods described herein in 
the presence of a mixture of rNTPs and rNTP analogs such 
that transcription is terminated upon incorporation of an 
rNTP analog, and (b) analyzing the amplification products to 
determine sequence. 
0239. In another embodiment, the methods of sequencing 
comprise (a) amplifying a target polynucleotide containing 
the sequence of interest by the methods described herein, 
wherein RNA transcripts are generated from the second 
primer extension product in the presence of a mixture of 
rNTPs and rNTP analogs such that transcription is terminated 
upon incorporation of a rNTP analog; and (b) analyzing the 
amplification products to determine sequence. 
0240 Suitable rNTP analogs include those commonly 
used in other sequencing methods and are well known in the 
art. Examples of rNTP analogs (such as RNA polymerase 
terminators) include 3'-dNTP. Sasaki et al., Biochemistry 
(1998) 95:3455-3460. These analogs may be labeled, for 
example, with fluorochromes or radioisotopes. The labels 
may also be labels which are Suitable for mass spectroscopy. 
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The label may also be a small molecule which is a member of 
a specific binding pair, and can be detected following binding 
of the other member of the specific binding pair, such as biotin 
and streptavidin, respectively, with the last member of the 
binding pair conjugated to an enzyme that catalyzes the gen 
eration of a detectable signal that could be detected by meth 
ods such as colorimetry, fluorometry or chemiluminescence. 
All of the above examples are well known in the art. These are 
incorporated into the RNA transcripts by the polymerase and 
serve to stop further extension along a template sequence. The 
resulting truncated polymerization products are labeled. The 
accumulated truncated products vary in length, according to 
the site of incorporation of each of the analogs, which repre 
sent the various sequence locations of a complementary 
nucleotide on the template sequence. 
0241 Analysis of the reaction products for elucidation of 
sequence information can be carried out using any of various 
methods known in the art. Such methods include gel electro 
phoresis and detection of the labeled bands using appropriate 
scanner, sequencing gel electrophoresis and detection of the 
radiolabeled band directly by phosphorescence such as 
Molecular Dynamics reader, capillary electrophoresis 
adapted with a detector specific for the labels used in the 
reaction, and the like. The label can also be a ligand for a 
binding protein which is used for detection of the label in 
combination with an enzyme conjugated to the binding pro 
tein, Such as biotin-labeled chain terminator and Streptavidin 
conjugated to an enzyme. The label is detected by the enzy 
matic activity of the enzyme, which generates a detectable 
signal. As with other sequencing methods known in the art, 
the sequencing reactions for the various nucleotide types (A, 
C, G, T or U) are carried out either in a single reaction vessel, 
or in separate reaction vessels (each representing 1 of the 
various nucleotide types). The choice of method to be used is 
dependent on practical considerations readily apparent to one 
skilled in the art, such as the nucleotide triphosphate analogs 
and/or label used. Thus, for example, when each of the ana 
logs is differentially labeled, the sequencing reaction can be 
carried out in a single vessel. The considerations for choice of 
reagent and reaction conditions for optimal performance of 
sequencing analysis according to the methods of the inven 
tion are similar to those for other previously described 
sequencing methods. The reagent and reaction conditions 
should be as described above for the nucleic acid amplifica 
tion methods of the invention. 

Detection of Mutation Based on Single Stranded Conforma 
tion Polymorphism Utilizing the Amplification Methods of 
the Invention 

0242. The RNA amplification products generated accord 
ing to the methods of the invention are also suitable for 
analysis for the detection of any alteration in the target nucleic 
acid sequence, as compared to a reference nucleic acid 
sequence which is identical to the target nucleic acid 
sequence other than the sequence alteration. 
0243 The RNA products of the amplification methods are 
Suitable for single stranded conformation polymorphism 
(rSSCP) based mutation detection. The amplification meth 
ods of the invention can be directly linked to appropriate 
means for detecting single stranded conformation polymor 
phism, such as an electrophoretic separation method for the 
identification of specific mobility pattern of the single 
stranded RNA products for the elucidation of the presence of 
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specific sequence feature(s), and/or the presence of any dif 
ference in a test nucleic acid as compared to a reference 
nucleic acid. 

0244 Methods based on gel electrophoresis or capillary 
electrophoresis can be used for the detection and analysis of 
the various single stranded conformational isomers. Alterna 
tively, it is also likely that cleavage of the single stranded 
RNA product using nucleases which recognize sequence 
dependent secondary structures may be useful for the deter 
mination of sequence specific conformation polymorphism. 
Such secondary structure-specific nucleases are known in the 
art, such as the 5'-nucleases known as CleavaseTM enzymes 
(Third Wave). The electrophoretic methods are potentially 
more Suitable for high throughput mutation, or genotyping, 
detection methods. 

0245. The determination of sequence specific electro 
phoretic pattern for a given nucleic acid sequence is useful 
for, for example, the detection of specific alleles of a test 
sequence. Furthermore, it is expected that an electrophoretic 
mobility pattern for the various alleles could be well differ 
entiated, thus allowing the detection of two alleles in a nucleic 
acid sample from a single individual, as required for het 
erozygous genotype, or multiple alleles. Any alteration in the 
test nucleic acid sequence, such as base Substitution, inser 
tions or deletion, could be detected using this method. The 
method is expected to be useful for detection of specific single 
base polymorphism, SNP, and the discovery of new SNPs. 
Thus, the invention also provides methods for detecting a 
polynucleotide comprising a single nucleotide polymor 
phism, comprising: (a) amplifying a target polynucleotide 
using any of the methods described herein; and (b) analyzing 
the amplification products for single stranded conformation, 
wherein a difference in conformation as compared to a refer 
ence single stranded polynucleotide indicates a single nucle 
otide polymorphism in the target polynucleotide, whereby a 
polynucleotide comprising a single nucleotide polymor 
phism is detected. 

Mutation Detection Utilizing the Composite Primer-Based 
Amplification Methods of the Invention 

0246 The unique properties of the composite primer for 
use in the isothermal amplification methods of the invention 
provide the basis for an isothermal method for the detection of 
defined mutations, or polymorphic sites (such as SNPs), in a 
target nucleic acid sequence. The method is useful for geno 
typing, detection of mutation leading to drug resistance and 
the like. These methods are applicable to characterizing 
sequences in a region in the template strand which generally 
hybridize to the RNA portion of the composite primer— 
hence reference to “defined' mutations, which are defined in 
terms of their location. 

0247. In one embodiment, the RNA portion(s) of the com 
posite primer is designed to be complementary to the 
sequence of the test target nucleic acid in which the presence 
of a sequence alteration is Suspected. Stated alternatively, the 
primer comprises an RNA portion(s) that comprises a 
sequence that is complementary to the reference sequence 
(for example, a wild type sequence) against which the 
sequence in the test target nucleic acid is to be compared. In 
Some embodiments, the altered sequence (i.e., the sequence 
comprising a sequence alteration) and the reference sequence 
are alleles. The sequence alteration may be a single nucle 
otide Substitution, a deletion or insertion. 
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0248. In another embodiment, the RNA portion(s) of the 
composite primer is designed to be complementary to the 
altered sequence Suspected to be present in the test target 
nucleic acid. Stated alternatively, the primer comprises an 
RNA portion(s) that comprises a sequence that is comple 
mentary to the test target nucleic, and thus is not complemen 
tary to the reference sequence (for example, a wild type 
sequence) against which the sequence in the test target 
nucleic acid is to be compared. In some embodiments, the 
altered sequence (i.e., the sequence comprising a sequence 
alteration) and the reference sequence are alleles. 
0249. The RNA portion, generally 5' RNA portion, of the 
composite primer comprises a sequence which is comple 
mentary to a known normal wild type sequence, or a known 
mutant or a polymorphic genotype. Generally, a Suitable 
composite primer comprises an RNA portion that allows the 
primer to preferentially hybridize to a target nucleic acid if the 
target nucleic sequence comprises a sequence complemen 
tary to the RNA portion of the primer compared to if there is 
a mismatch (i.e., the primer has the mutated sequence and the 
target does not, or vice versa), wherein the target nucleic acid 
has a bound primer extension product and has had its 5'-RNA 
portion cleaved. The presence of sequence alteration does not 
generally prevent the initial step of the amplification. The 
composite primer hybridizes to the target sequence, to form a 
trimolecular complex, and is extended. A ribonuclease. Such 
as RNaseH, then cleaves the RNA portion of the extended 
primer of the complex. While it is likely that the presence of 
a mismatched base pair will affect the pattern of cleavage of 
the RNA/DNA hybrid, the cleavage is nonetheless likely to 
take place. The next step of binding of a composite primer to 
the complex by hybridization of the 5' RNA portion will be 
inhibited, preferably prevented, by a mismatch. This effect is 
dependent on factors such as the size of the hybridizing oli 
gonucleotide and the stringency of the reaction condition. 
These factors are considered in the design of the composite 
primer, according to techniques well known and routine in the 
art. It is also possible that the mismatch will inhibit cleavage 
of the RNA portion(s) of the composite primer, thus prevent 
ing the amplification of the target sequence. Another possi 
bility is that the mismatch will result in lower efficiency of 
cleavage of the RNA portion of the primer thus resulting in 
lower efficiency of amplification or production of less ampli 
fication product. The inability of the composite primer to 
hybridize to the target at this step of the amplification prevents 
further steps of primer extension strand displacement and 
production of multiple copies of the amplification products. It 
is understood that the detection of mutation by the methods of 
the present invention can be based on absence or presence of 
an amplification product, or quantitative comparisons of 
amount of accumulated amplification products. For example, 
when the composite primer comprises the reference sequence 
(for example, wildtype), the presence of a mutation in a target 
Strand may lead to no detectable amplification products; alter 
natively, it may lead to detectable products, but less than those 
produced from a template Strand without the mutation. 
0250 When the composite primer comprises an RNA por 

tion, generally a 5' RNA portion, that is fully complementary 
to a mutant genotype, amplification of a sequence which is of 
the normal genotype will be prevented, while a mutant geno 
type target will be amplified. Thus, in this case the detection 
and/or quantitative determination of multiple copies of the 
amplification product will be indicative of the presence of a 
target sequence of the mutant genotype. For example, parallel 
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reactions that include either the nucleic acid sample of inter 
est or reference sample of target nucleic with a wild type 
sequence could be run. Accumulation of more amplification 
products in the former compared to the latter reaction would 
be indicative of the presence of a mutant genotype in the 
sample of interest. Alternatively, when the composite primer 
comprises a 5' RNA sequence that is fully complementary to 
a normal genotype sequence of the test target, amplification 
of a target sequence of the mutant genotype is prevented, and 
the detection and/or quantitative determination of amplifica 
tion products is indicative of a normal genotype. 
0251 Any of the composite primer-based amplification 
methods of the present invention are suitable for detection of 
mutation as described above. 

Method of Preparing Microarrays of Nucleic Acids 
0252. The single stranded nature of the products of the 
amplification methods of the invention are particularly Suit 
able for preparing microarrays comprising the amplification 
products. 
0253 Amplification products can be attached to a solid or 
semi-solid Support or Surface, which may be made, e.g., from 
glass, plastic (e.g., polypropylene, nylon), polyacrylamide, 
nitrocellulose, or other materials. 
0254. Several techniques are well-known in the art for 
attaching nucleic acids to a solid Substrate Such as a glass 
slide. One method is to incorporate modified bases or analogs 
that contain a moiety that is capable of attachment to a solid 
substrate, such as an amine group, a derivative of an amine 
group or another group with a positive charge, into the ampli 
fied nucleic acids. The amplified product is then contacted 
with a solid Substrate. Such as a glass slide, which is coated 
with an aldehyde or another reactive group which will form a 
covalent link with the reactive group that is on the amplified 
product and become covalently attached to the glass slide. 
Microarrays comprising the amplified products can be fabri 
cated using a Biodot (BioDot, Inc. Irvine, Calif.) spotting 
apparatus and aldehyde-coated glass slides (CEL Associates, 
Houston, Tex.). Amplification products can be spotted onto 
the aldehyde-coated slides, and processed according to pub 
lished procedures (Schena et al., Proc. Natl. Acad. Sci. U.S.A. 
(1996), 93: 10614-10619). Arrays can also be printed by 
robotics onto glass, nylon (Ramsay, G., Nature Biotechnol. 
(1998), 16:40-44), polypropylene (Matson, et al., Anal Bio 
chem. (1995), 224(1): 110-6), and silicone slides (Marshall, 
A. and Hodgson, J., Nature Biotechnol. (1998), 16:27-31). 
Other approaches to array assembly include fine micropipet 
ting within electric fields (Marshall and Hodgson, Supra), and 
spotting the polynucleotides directly onto positively coated 
plates. Methods such as those using amino propyl silicon 
Surface chemistry are also known in the art, as disclosed at 
http://www.cmt.corning.com and http://cmgm. Stanford.edu/ 
pbrown/. 
0255 One method for making microarrays is by making 
high-density polynucleotide arrays. Techniques are known 
for rapid deposition of polynucleotides (Blanchard et al., 
Biosensors & Bioelectronics, 11:687-690). Other methods 
for making microarrays, e.g., by masking (Maskos and 
Southern, Nuc. Acids. Res. (1992), 20:1679-1684), may also 
be used. In principle, and as noted above, any type of array, for 
example, dot blots on a nylon hybridization membrane, could 
be used. However, as will be recognized by those skilled in the 
art, very small arrays will frequently be preferred because 
hybridization volumes will be smaller. 
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0256 The amplified polynucleotides may be spotted as a 
matrix on Substrates comprising paper, glass, plastic, 
polypropylene, nylon, polyacrylamide, nitrocellulose, sili 
con, optical fiber or any other suitable solid or semi-solid 
(e.g., thin layer of polyacrylamide gel (Khrapko, et al., DNA 
Sequence (1991), 1:375-388)) surface. 
0257 An array may be assembled as a two-dimensional 
matrix on a planar Substrate or may have a three-dimensional 
configuration comprising pins, rods, fibers, tapes, threads, 
beads, particles, microtiter wells, capillaries, cylinders and 
any other arrangement Suitable for hybridization and detec 
tion of target molecules. In one embodiment the Substrate to 
which the amplification products are attached is magnetic 
beads or particles. In another embodiment, the solid substrate 
comprises an optical fiber. In yet another embodiment, the 
amplification products are dispersed in fluid phase within a 
capillary which, in turn, is immobilized with respect to a solid 
phase. 

Characterization of Nucleic Acids 

0258. The amplification products obtained by the methods 
of the invention are particularly amenable to further charac 
terization, in part because the products are single Stranded. 
The amplified products can be analyzed using, for example, 
probe hybridization techniques known in the art, such as 
Northern blotting, and hybridizing to probe arrays. They can 
also be analyzed by electrophoresis-based methods, such as 
differential display and size characterization, which are 
known in the art. 
0259 Amplification products can be used for determining 
the sequence of a sequence of interest. For example, an ampli 
fication product comprising a sequence of interest generated 
by amplification methods of the invention can be subjected to 
sequencing by any suitable sequencing method. Suitable 
sequencing methods are known in the art, and include, for 
example, using nucleotide triphosphates that upon incorpo 
ration into a primer extension product terminates nucleotide 
polymerization. 
0260 Amplification products can also be used for detect 
ing presence of and/or quantifying a nucleic acid sequence of 
interest in a sample. For example, presence of a nucleic acid 
sequence of interest in a sample can be detected by detecting 
the sequence of interest in amplification product resulting 
from amplifying polynucleotides in a sample Suspected of 
comprising the sequence of interest. In some embodiments, a 
sequence of interest comprises a mutation, for example, a 
single nucleotide polymorphism, an insertion, a deletion or a 
Substitution. A sequence of interest in an amplification prod 
uct can be detected by any of a variety of methods known in 
the art, including, for example, hybridizing amplification 
product comprising (or Suspected of comprising) the 
sequence of interest with a nucleic acid probe that is hybrid 
izable to the sequence of interest. Suitable nucleic acid probes 
would be evident to one skilled in the art, and include, for 
example, probes that comprise DNA, RNA or DNA and RNA. 
These probes can be provided in any suitable form, including, 
for example, as microarrays, which may comprise the probe 
immobilized on a suitable substrate that can be fabricated 
from a material Such as paper, glass, plastic, polypropylene, 
nylon, polyacrylamide, nitrocellulose, silicon and optical 
fiber. Detection of sequence of interest in an amplification 
product can also be achieved by methods such as limited 
primer extension, which are known in the art and described in, 
for example, U.S. Pat. Nos. 5,888,819; 6,004,744; 5,882,867: 
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5,710,028; 6,027,889; 6,004,745; 5,763,178; 5,011,769; 
5,185,243; 4,876, 187; 5,882,867; WO US88/02746; WO 
99/55912; WO92/15712; WO 00/09745; WO 97/32040; WO 
00/56925, and in co-pending U.S. Application Ser. No. 
60/255,638, filed 13 Dec., 2000. 
0261. In one embodiment, the amplification methods of 
the invention are utilized to generate multiple copies of single 
stranded RNA products that are labeled by the incorporation 
of labeled nucleotides during RNA polymerization. For 
example, amplification according to the methods of the inven 
tion can be carried out with suitable labeled rNTPs. These 
labeled rNTPs can be directly attached to a label, or can 
comprise a moiety which could be attached to a label. The 
label may be attached covalently or non-covalently to the 
amplification products. Suitable labels are known in the art, 
and include, for example, a ligand which is a member of a 
specific binding pair which can be detected/quantified using a 
detectable second member of the binding pair. Thus, ampli 
fication of a target polynucleotide according to the methods of 
the invention in the presence of, for example, Cye3-dATP or 
Cye5-dATP results in the incorporation of these nucleotides 
into the amplification products. 
0262 The labeled amplified products are particularly suit 
able for analysis (for example, detection and/or quantifica 
tion) by contacting them with, for example, microarrays (of 
any suitable surface, which includes glass, chips, plastic), 
beads, or particles, that comprise Suitable probes Such as 
cDNA and/or oligonucleotide probes. Thus, the invention 
provides methods to characterize (for example, detect and/or 
quantify) a sequence of interest by generating labeled RNA 
products using amplification methods of the invention, and 
analyzing the labeled products. Analysis of labeled products 
can be performed by, for example, of the labeled amplifica 
tion products to, for example, probes immobilized at, for 
example, specific locations on a Solid or semi-solid Substrate, 
probes immobilized on defined particles, or probes immobi 
lized on blots (such as a membrane), for example arrays, 
which have been described above. Other methods of analyz 
ing labeled products are known in the art, such as, for 
example, by contacting them with a solution comprising 
probes, followed by extraction of complexes comprising the 
labeled amplification products and probes from solution. The 
identity of the probes provides characterization of the 
sequence identity of the amplified products, and thus by 
extrapolation the identity of the target polynucleotidepresent 
in a sample. Hybridization of the labeled products is detect 
able, and the amount of specific labels that are detected is 
proportional to the amount of the labeled amplification prod 
ucts of a specific sequence of interest. This measurement is 
useful for, for example, measuring the relative amounts of the 
various polynucleotide species in a sample. The amount of 
labeled products (as indicated by, for example, detectable 
signal associated with the label) hybridized at defined loca 
tions on an array can be indicative of the detection and/or 
quantification of the corresponding target polynucleotide 
species in the sample. 

Determination of Gene Expression Profile 
0263. The amplification methods of the invention are par 
ticularly suitable for use in determining the levels of expres 
sion of multiple genes in a sample since the methods 
described herein are capable of amplifying multiple target 
polynucleotides (RNA as a direct target or cDNA prepared 
from an RNA sample), in the same sample. As described 
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above, amplification products can be detected and quantified 
by various methods, as described herein and/or known in the 
art. Since RNA is a product of gene expression, the levels of 
the various RNA species, such as mRNAs, in a sample is 
indicative of the relative expression levels of the various 
genes (gene expression profile). Thus, determination of the 
amount of sequences of interest present in a sample, as deter 
mined by quantifying amplification products of the 
sequences, can provide for determination of the gene expres 
sion profile of the sample source. 
0264. The following Examples are provided to illustrate, 
but not limit, the invention. 

EXAMPLES 

Example 1 
The First Transcription Module of Composite 

Primer-Based Methods 

0265. The general methods that are described in this 
example are also utilized in other examples of the first tran 
Scription module of composite primer-based methods pro 
vided herein. 

Buffers 

0266 Buffers that were used throughout the composite 
primer-based examples are made with the following materi 
als. 
0267 TE Buffer: 10 mM Tris-HCl, pH 8.0, 1 mM EDTA 
0268 TBE Buffer: 89 mM Tris base, 89 mMboric acid, 2 
mM EDTA, pH 8.3 
0269 FX Buffer: 20 mM Tris-SO4, pH 9.0, 20 mM (NH4) 
2SO4, 0.1% NP-40 

A First Illustration of the First Transcription Module of 
Amplification Methods Using a Single Composite Primer, 
DNA Polymerase and Rnase H 
0270. Sequence amplification was performed in 15 ul 
reactions containing 20 mM Tris-HCl, pH 8.5, 6.0 mM 
MgCl2, 1.0 mM dATP 1.0 mM dCTP 1.0 mM dTTP, 0.8 mM 
dGTP, 0.2 mM dITP (dNTP's from Amersham), 0-6% 
DMSO, 0-8% glycerol, 0-100 ug/ml acetylated BSA (Am 
bion, Austin, Tex.), 0.6 Units/ul recombinant ribonuclease 
inhibitor (rRNasin, Promega, Madison, Wis.), 0.5-5 uM com 
posite primer IAO05, and 100-200 nM promoter-template 
oligonucleotide (PTO) IA015C. Composite primer IAO05 is a 
20-mer primer with the sequence of ACGGAUGCGGU 
CUCCAGTGT (SEQ ID NO:1). Promoter-template oligo 
nucleotide (PTO) IAO15C is a 55-mer oligonucleotide with 
the sequence of ggAATTCTAATACgACTCACTATAgg 
gAgAgCggTACgCTgATCAAAgATCCgTg-biotin (SEQ ID 
NO:12). 
0271 Reactions were assembled with all components 
except the two enzymes. After heating to 70° C. or 99°C. for 
10 sec. in a programmable thermal cycler (GeneAmp 9600, 
PerkinElmer), the reaction mixtures were cooled down to 55° 
C., 60° C. or 65° C., as described in the individual examples. 
Upon attaining the lower temperature, 0.05-0.24 Unit of 
RNase H (diluted from the 5 U?ul stock solution using a 
diluent/storage solution: 10 mM Tris-HCl, pH 8.5, 30% glyc 
erol: Hybridase thermostable RNase H. Epicentre Technolo 
gies, Madison, Wis.) and 1.0-5.0 Units Bca DNA polymerase 
(2 U/ul; Panvera, Madison, Wis.) were added. The reactions 
were incubated at 55° C.-65 C. for 30 minutes At the end of 
the incubation, reactions were cooled to 4°C. until RNA 
transcription step was desired. 
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(0272 RNA transcription was performed at 37° C. for 3 
hours in 10 ul reactions containing 2.5ul of the linear ampli 
fication reaction mixtures above, and 40 mM Tris-HCl, pH 
8.5, 70 mM KC1, 5.0 mM DTT, 12 mM MgCl2, 110 g/ml 
BSA, 3 mM each rNTP (ATP, UTP, CTP, GTP, Amersham), 
7.5% DMSO, 1 Unit/ul rRNasin (Promega, Madison, Wis.), 
and 20 Units T7 RNA polymerase (Ambion, Austin, Tex.). 
DNA Templates 
0273 A sequence from the J-gene region of E. coli K12 
was chosen as a DNA template for several of the following 
Examples. Three DNA templates were used for these experi 
ments: a synthetic DNA target (IAO 13), a primarily single 
stranded DNA (351 bases) template produced by PCR ampli 
fication, and genomic DNA from the K12 strain of E. coli 
(preparation described in Example 4). Synthetic DNA target 
IA013 comprises: 
(0274 Spacer18 
Spacer18CGGTACGCTGATCAAAGATCCGTGCAACA 
AATGTCA 
0275 TGGTCATGGTCGTGTTGAGCGCAG 
CAAAACGCTGTCCGTTAAAATCCCG 
GCAGGGGTGGACACTGGAG ACCGCATCCGT. 
Spacer 18 refers to polyoxyethylene spacers. These were 
added to the oligo in order to retard its mobility with respect 
to the 100-bp ssDNA product. The sequence of the aforemen 
tioned primarily single-stranded DNA (351 bases) template 
produced by PCR amplification is: 
CGGTACGCTGATCAAAGATCCGTGCAACAAATGT 
CATGGTCATGGTCGTGTTGAGCGCAG 
CAAAACGCTGTC CGTTAAAATCCCGGCAGGGGTG 
GACACTGGAGACCGCATCCGTCT 
TGCGGGCGAAGGTGAAGCGGGCGAGCA 
TGGCGCACCGGCAGGCGATCTGTACGT 
TCAGGTTCAGGTTAAA CAGCACCCGATTTTC 
GAGCGTGAAGGCAAC AACCTGTATTGCGAAGTC 
CCGATCAACTTCGCTATGGCGGCGCTGGGTGGC 
GAAATCGAAGTACCGACCCTTG ATGGTCGCGT 
CAAACTGAAAGTGCCTGGCGAAACCC 
AGACCGGTAAGCTATTCCGTATGCG wherein the PCR 
primers are bolded and underlined and the composite primers 
are bolded, with RNA portion in italics. 
Preparation of ssDNA Target from PCR Amplification Prod 
uct 
0276 Single-stranded DNA template for amplification 
was prepared by PCR amplification of a 351-bp segment of 
the E. coli J gene using the primers IAO06 and IAO04. Primer 
IA006 is a 23-mer with the sequence of CGGTACGCTGAT 
CAAAgATCCGT. Primer IAO04 is a 26-mer with the 
sequence of: CGCATACGGAATAGCTTACCGGTCT. 
0277 PCR was performed in 100 ul reactions containing 
20 mM Tris-SO4, pH 9.0, 20 mM (NH4)2SO4, 0.1% NP-40, 
2.0 mM MgCl2, 300 uM each dNTP (dATP, dTTP, dCTP, 
dGTP), 5 Units Taq DNA polymerase, 400 nM primer IAO06, 
400 nM 5'-phosphate-primer IAO04, and 0.2 ul of a crude 
lysate of E. coli K12 strain. A modified “touchdown PCR 
protocol was used with the following parameters: 95°C. for 5 
seconds, 68°C. for 1 minute for 5 cycles; 94°C. for 5 seconds, 
60° C. for 30 seconds, 72° C. for 1 minute for 5 cycles; 94° C. 
for 5 seconds, 55° C. for 30 seconds, 72°C. for 1 minute for 
40 cycles; 72°C. for 15 minutes and then held indefinitely at 
4° C. Primer IAO04 was synthesized with a 5'-phosphate to 
protect the sense-strand from digestion by lambda exonu 
clease (Strandase kit, Novagen, Madison, Wis.). The Stran 
dase digestion was performed according to the manufactur 
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er's recommendation. Briefly, PCR product prepared as 
described above, was precipitated from the reaction mixture 
by the addition of /10 volume 3M sodium acetate, pH 5.2 and 
0.6 volumes isopropanol, cooling to -20°C. for 1 hour, and 
centrifuged at maximum speed in a microcentrifuge for 30 
minutes. The DNA pellet was washed once with 75% ethanol, 
then air-dried briefly before resuspension in 80 ul water. 
Concentration was estimated from O.D. at 260 nm, and 60 
Units of lambda exonuclease (Strandase, Novagen) was 
added. Digestion was allowed to proceed at 37° C. for 20 
minutes, reactions were then heated to 75° C. for 10 minutes, 
and cooled to 4°C. Incubations were performed in a program 
mable thermal cycler (GeneAmp 9600, Perkin Elmer). 
Remaining DNA was purified using QiaGuick Nucleotide 
Removal Columns (Qiagen, Valencia, Calif.) following the 
manufacturer's recommended procedure and using the buff 
ers provided with the kit (Qiagen, Valencia Calif.). Briefly, 10 
volumes of Buffer PN (Qiagen) were added to the sample. 
The entire Volume was then applied to a Qiagen spin column 
and centrifuged (6000 rpm 1 minute in a microcentrifuge). 
The filtrate was discarded, and the column was washed twice 
with 500ul of Buffer PE(Oiagen). The column was then dried 
thoroughly by centrifugation at maximum speed for 3 min 
utes. The DNA was eluted in 50 ul Buffer EB (10 mM Tris 
HCl, pH 8.5)(Qiagen). The concentration was estimated to be 
about 2.5x1012 copies/5ul from OD at 260 nm. Gel analysis 
revealed that significant double stranded DNA (less than half 
the total) remained, but the error in concentration was less 
than 2-fold. The DNA was diluted to 1010 copies/5ul in TE 
Buffer. Serial dilutions were prepared from the 1010 copy 
stock Solution as needed. Concentration based on O.D. mea 
surement was confirmed by limiting dilution PCR analysis. 

Gel Electrophoresis 

0278 Amplification products were electrophoretically 
separated on Novex pre-cast 4-20% polyacrylamide gradient 
gels (Invitrogen, Carlsbad, Calif.; part no. EC62255) in 
1XTBE Buffer (89 mM Tris base, 89 mM boric acid, 2 mM 
EDTA, pH 8.3) in a Novex electrophoresis apparatus 
(EI9001-XCell II Mini Cell, Novex). Reaction mixtures (5ul) 
were mixed with 1 ul of 6x Gel Loading Solution (40% 
sucrose, 0.25% bromophenol blue, 0.25% xylene cyanole), 
and the entire sample was immediately loaded into each well. 
Gels were subjected to 250V for approximately 5 minutes, 
until all samples had entered the gel, and the Voltage was 
lowered to 175V for 45 minutes. Gels were removed from 
between the plastic plates and stained in 0.5ug/ml ethidium 
bromide in 1XTBE Buffer (89 mM Tris base, 89 mM boric 
acid, 2 mM EDTA, pH 8.3). A double stranded DNA molecu 
lar size marker (Hi-Lo DNA Marker, Bionexus, San Leandro, 
Calif.) was included in one lane of each gel run. This marker 
contains 16 fragments of the following sizes: 50, 100, 200, 
300, 400, 500, 750, 1000, 1400, 1550, 2000, 3000, 4000, 
6000, 8000, and 10000 bp. Typically, 50-2000 bp could be 
resolved on the gels used. 

Hybridization 

0279 Oligonucleotide probes for hybridization examples 
(IAO10 for ssDNA products; IAO14 for ssRNA products) 
were 5'-end-labelled using T4 polynucleotide kinase (New 
England Biolabs, Beverly, Mass.) and Y-32P-ATP (adenosine 
5'-Y-32P triphosphate, triethylammonium salt, Amersham, 
Piscataway, N.J.; PB 10218, >5000 Ci/mmol, 10 mCi/ml). 
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Primer IAO10 is a 21-mer with the sequence of ATGTCATG 
GTCATGGTCGTGT. Primer IA014 is a 31-mer with the 
Sequence of: CTCA ACACGACCATGACCATGA 
CATTTGTTG. Labelling reactions (50 ul total volume) con 
tained 70 mM Tris-HCl, pH 7.6, 10 mM MgCl2, 5 mM DTT, 
1 ug oligo (147 pmol for primer IAO10; 101 pmol for primer 
IA014), 250 uCi Y-32P-ATP, and 30 Units T4 polynucleotide 
kinase. Incubation was at 37°C. for 30 minutes, followed by 
removal of unincorporated nucleotide using QIAquick 
Nucleotide Removal Kit (Qiagen, Valencia, Calif.). The 
decay rate (cpm) was determined in a Packard Minaxi Tri 
Carb 4000 Series liquid scintillation counter by Cherenkov 
counting of 1 Jul of the labelled oligo. 
0280 Hybridization was performed in 30 ul reactions. 
Product DNA (or RNA) (10 ul) was added to 20 ul of probe 
mix. Reactions contained 100 mM NaCl and 106 cpm of 
probe (correcting for decay using a half-life of 14.3 days). 
After heating to 65° C. 15 seconds, hybridization was allowed 
to proceed at 42°C. for 30 minutes, followed by cooling to 4° 
C. These steps were performed in a programmable thermal 
cycler with a heated cover (Gene Amp 9600, Perkin Elmer). 
The entire volume of hybridization reaction was electro 
phoresed in 10% polyacrylamide gels in 1xTBE Buffer (89 
mM Tris base, 89 mM boric acid, 2 mM EDTA, pH 8.3) at 
150V for 3 hours. Gels were removed from the glass plates, 
wrapped in plastic wrap, and exposed to autoradiography film 
(BioMax MR, Kodak) at -20°C. overnight (~ 16 hours) with 
two intensifying screens. 

Example 2 

A Second Illustration of the First Transcription Mod 
ule of a Composite Primer-Based Amplification 

Method 

0281 Amplification using a single composite primer, 
DNA polymerase, RNase H, and TSO or blocker was per 
formed. Reaction mixtures containing all reaction compo 
nents, as described above, as well as reaction mixtures with 
out one of the key reagents such as composite primer, RNase 
H, or Bca DNA polymerase (Panvera, Madison, Wis.) were 
spiked with 1010 copies of synthetic ssDNA target (IAO10— 
sequence listed in Example 1). A negative control reaction 
containing all the reagents and no target ssDNA, was also 
included. The amplification of target DNA sequence was 
carried out as described above. Target denaturation was car 
ried out at 70° C. and the isothermal amplification was carried 
out at 65° C. 
0282. The amplification products were resolved by gel 
electrophoresis. No amplification products were detected in 
reaction mixtures without primer, RNase H or Bca DNA 
polymerase. 
0283 Probe IAO10 hybridization and autoradiography to 
the ssDNA product of the linear amplification method, veri 
fied the identity of the amplification product. The linear 
amplification of the synthetic oligonucleotide target in this 
experiment was done using a non blocked promoter-template 
oligonucleotide (IAO15b). Promoter-template oligonucle 
otide IAO15b is a 55-mer with a sequence of GGAAT 
TCTAATACGACTCACTATAGGGAGAGCG 
GTACGCTGATCAA AGATCCGTG. The Standard reaction 
components used for this amplification reaction are as given 
above. The initial denaturation step was performed at 70° C. 
for 10 seconds. The reactions were cooled downto 65°C., and 
further incubated at this temperature for 30 minutes following 
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the addition of Bca polymerase and RNase H. No hybridiza 
tion was detected in the control reactions (no DNA, no primer, 
no RNase H, no Bca). 

Example 3 

Promoter Template Oligonucleotide-Based First 
Transcription Module of a Composite Primer-Based 

Amplification Method 

0284. The promoter-template oligonucleotide (PTO) con 
tains two essential sequence motifs: a T7 promoter sequence 
(5'-TAATACGACTCACTATAGGGAgGAG)) and a 
sequence complementary to the ssDNA template. Four ver 
sions of a PTO were designed (IAO12, IAO12b, IAO15, 
IA015b). IA012 PTO is a 67-mer and has a sequence of: 
GGAATTCTAATACGACTCACTATAGG 
GAGAGATCGAGTAGCTCCGGTACGCT 
GATCAA AGATCCGTG. IAO12 PTO contains two 
sequences in addition to the core T7 promoter: a 5'-extension 
(5'-GGAATTC) and a spacer (5'-ATCGAGTAGCTC) 
between the promoter and the target DNA-complementary 
sequence. IA015 is the shorter PTO (48-mer), lacking both 
the 5'-extension and the spacer. IA015 PTO has the sequence 
of: TAATACGACTCACTATAGGGAGAGCGG 
TACGCTGATCAAAGATCCGTG.IA012b PTO is a 60-mer 
which contains the spacer, but not the extension. IAO12b PTO 
has the sequence: TAATACGACTCACTATAGG 
GAGAGATCGAGTAGCTCCGGTACGCT 
GATCAA AGATCCGTG. IAO15b contains the extension, 
but not the spacer. The sequence of IAO15b is disclosed in 
Example 2. All primers other than the chimeric oligonucle 
otides IAO05, IAO19, and IAO20 were synthesized by Key 
stone (Division of BioSource International, Camarillo, 
Calif.) and were PAGE purified. 
0285. The ability of IAO12, IAO12b, IAO15, and IAO15b to 
convert the ssDNA template into a substrate for T7 RNA 
polymerase was assessed by comparing the amount of RNA 
produced after transcription of overlap-extension products 
formed between a synthetic oligo product (IAO09) and each 
of the PTO's. Synthetic oligo product IAO09 is a 100-mer 
with the sequence of AGTGTCCACCCCTGCCGGGATTT 
TAACGGACAGCG 

0286 TTTTGCTGCGCTCA 
ACACGACCATGACCATGACATTTGTTGCACGGA 
TCTTTGATCAGCGTACCG. Overlap-extension was per 
formed in 15ul reactions containing 20 mM Tris-HCl, pH 8.5, 
6 mM MgCl2, 1 mMeach dNTP (dATP, dTTP, dCTP, dGTP), 
100 nM IAO09, 100 nM PTO, and 1 Unit Bca DNA poly 
merase. Reactions were constituted without Bca DNA poly 
merase, heated to 95°C. then cooled over 10 minutes to 60° 
C. After addition of DNA polymerase, reactions were incu 
bated at 60° C. for 30 minutes. A portion (2.5 ul) of the 
reaction mixture was added to the standard RNA transcription 
reaction mixture and the transcription reactions were 
assessed by gel electrophoresis. 
0287 Significantly more RNA was produced by the tran 
scription substrate produced with the shorter PTO's (IAO15, 
IAO15b) than by either of IAO12 or IAO12b. The PTO con 
taining the 5'-extension but not the spacer (IAO15b) produced 
demonstrably higher yields of RNA. In all cases, however, 
multiple products appeared in addition to the major RNA 
band. A fifth PTO was designed having the same sequence as 
IA015b, but with a 3'-blocking group (biotin) to eliminated 
the free 3'-OH, to demonstrate the improved performance of 

Jul. 31, 2008 

a 3'-blocked PTO. Blocking the free 3'-OH of the PTO elimi 
nates its ability to initiate non-specific incorporation of a 
functional promoter sequence to the amplification products 
leading to non-specific generation of transcription products. 
The performance of 3-blocked and unblocked PTO in the 
enhanced isothermal linear amplification was assessed from 
amplification of a synthetic oligonucleotide target, using the 
standard conditions. The 3'-blocked PTO (IAO15c) produced 
comparable yields of specific RNA as IAO15b, but with sig 
nificantly less background. Negative control reactions (no 
DNA template) and reactions containing 1010 copies of oligo 
target (IAO13) were amplified by strand displacement for 30 
minutes, 1 hour, or 2 hours at 55C, with either IAO15b or 
IA015c included in the strand-displacement reaction. When 
the 3'-OH was not blocked, non-specific RNA was produced 
in all reactions and obscured identification of the specific 
RNA band. In contrast, the blocked PTO produced primarily 
a single RNA product. 

Example 4 
Amplification of a J Gene Sequence of E. coli 

Genomic DNA by the First Transcription Module of 
a Composite Primer-Based Amplification Method 

(0288 DNA was isolated from 25 ml of E. coli K12 (ATCC 
10798) grown overnight in Tryptone-NaCl medium. 
Genomic DNA was isolated by lysozyme digestion and solu 
bilization in a chaotropic lysis solution (Bactozol Kit, 
Molecular Research Center, Cincinnati, Ohio) following the 
manufacturer's recommended procedure. Briefly, bacteria 
were collected by centrifugation at 6000xg for 5 minutes. 
Cell pellets were resuspended in Bactozyme digestion buffer 
and incubated at 50° C. for 30 minutes. The resulting lysate 
was clear at the end of the digestion, without any visible 
clumps of undigested cells. The lysate was mixed with 4 
volumes of DNazol reagent (Molecular Research Center, 
Cincinnati, Ohio) and incubated for 15 minutes at room tem 
perature. DNA was precipitated from the solution by addition 
of 0.6 volume ice-coldethanol. After incubation for 5 minutes 
at room temperature, the precipitated DNA was collected by 
centrifugation for 5 minutes at maximum speed in a micro 
centrifuge. The DNA pellet was washed with 75% ethanol, 
centrifuged again, and resuspended in 1.5 ml TE Buffer (10 
mM Tris-HCl, pH 8.0, 1 mM EDTA) by heating at 50°-55° C. 
for 30 minutes, with frequent agitation. The resulting Solution 
was passed repeatedly through a 22 gauge Syringe needle to 
shear the DNA and reduce the viscosity of the solution. DNA 
was precipitated again (EPIO05-35) by the addition of /10 
Volume of 5M ammonium acetate and 3 volumes ice-cold 
ethanol. After incubation at -20° C. for 1 hr., the DNA was 
collected by centrifugation at maximum speed in a micro 
centrifuge. The pellet was washed with 75% ethanol, centri 
fuged again, and resuspended in 150 ul TE Buffer. Two dilu 
tions in TE Buffer were prepared for O.D. measurement 
(Beckman DU640 spectrophotometer), from which DNA 
concentration was calculated by assuming 50 ug/ml dsDNA 
produces an O.D. at 260 nm of 1. DNA concentrations of the 
two dilutions were 24.2 ug/10 ul and 24.6 ug/10 ul. The 
average of these two measurements (24.4 ug/10 ul) corre 
sponds to approximately 2.5x109 genome copies/5ul (5 fg of 
E. coli genomic DNA=1 copy). 

DNA Amplification 
(0289 DNA was serially diluted in TE Buffer to 109, 108, 
or 107 copies/5 ul, and denatured by heating to 95°C. for 5 
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minutes followed by rapid cooling on ice. Single-stranded 
template DNA also was diluted to 109 copies/5ul. Reactions 
were assembled to contain no DNA, 107, 108, 109, or 2.5.x 
109 copies of genomic DNA. 
0290 Amplification was performed in 15ul reactions con 
taining 20 mM Tris-HCl, pH 8.5, 6.0 mM MgCl2, 1.0 mM 
dATP 1.0 mM dCTP 1.0 mM dTTP, 0.8 mM dGTP, 0.2 mM 
dITP (dNTP's from Amersham), 6% DMSO, 8% glycerol, 
100 ug/ml acetylated BSA (Ambion, Austin,Tex.), 0.6 Units/ 
ul recombinant ribonuclease inhibitor (rRNasin, Promega, 
Madison, Wis.), 5 uM composite primer IA005 (sequence 
disclosed in Example 1), 200 nM promoter-template oligo 
nucleotide (PTO) IAO15C (sequence disclosed in Example 
1). Reactions were assembled with all components except the 
two enzymes. After heating to 99 C. for 10 seconds in a 
programmable thermal cycler (Gene Amp 9600, Perkin 
Elmer), reactions were incubated at 60° C. for 30 minutes 
Upon attaining 60° C., 0.6 ul of RNase H (0.05 Units diluted 
from the 5 U?ul stock solution in 10 mM Tris-HCl, pH 8.5, 
30% glycerol) (Hybridase, Epicentre Technologies, Madi 
son, Wis.) and 1.0 ul Bca DNA polymerase (2.0 Units, Pan 
Vera, Madison, Wis.) were added. At the end of the 60° C. 
incubation, reactions were cooled to 4°C. A volume of 5.0 ul 
of strand-displacement product was added to each RNA tran 
scription reaction (total volume 20 Jul). RNA transcription 
was performed using the standard conditions and Scaling up 
the reaction volume to 20 ul to provide sufficient material for 
direct gel analysis (5ul) and probe hybridization (10 ul). 
0291 Unlike the amplification of defined single stranded 
synthetic target, the amplification of genomic DNA accord 
ing to the composite primer-based method of the invention 
generally requires the formation of a defined stop for the 
formation of a ssDNA product with a defined 3'-end. The 
formation of a defined stop for primer extension can be 
achieved by a blocker, which hybridizes to a defined site on 
the target strand and can not be displaced by the polymerase. 
Alternatively, as in the present example, a GC rich sequence 
up stream of the primer site, provided a stop point for primer 
extension, thus leading to the formation of a ssDNA product 
with defined 3-end. 
0292 Amplification of a defined sequence of genomic 
DNA by the enhanced isothermal linear amplification method 
of the invention (first transcription module of a composite 
primer-based method) was achieved. The ssRNA product was 
found to hybridize to a specific oligonucleotide probe. 

Example 5 

Evaluation of the Effect of Composite Primer Design 
on the Performance of the First Transcription Mod 
ule of a Composite Primer-Based Amplification 

Method 

0293. The performance of each of the three composite 
primers in the first transcription module of composite primer 
based amplification methods of the invention was assessed. 
The isothermal linear amplification was performed in 15 ul 
reactions containing 20 mM Tris-HCl, pH 8.5, 6.0 mM 
MgCl2, 1.0 mM dATP 1.0 mM dCTP 1.0 mM dTTP, 0.8 mM 
dGTP, 0.2 mM dITP (dNTP's from Amersham), 6% DMSO, 
8% glycerol, 100 g/ml acetylated BSA (Ambion, Austin, 
Tex.), 0.6 Units/ul recombinant ribonuclease inhibitor (rRNa 
sin, Promega, Madison, Wis.), 5uM composite primer, 200 
nM promoter-template oligonucleotide (PTO) IAO15C. The 
sequence of PTO IAO15C is disclosed in Example 1. The 
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sequence of composite primers IAO05 (20-mer) is disclosed 
in Example 1. Other composite primer sequences with alpha 
numerical names are as follows: 

IAO 19 (2 O-mer) ACGGAUGCGGUCUCCAGTGT 

IAO2O (21-mer) GACGGAUGCGGUCUCCAGTGT 

0294 Four other composite primer sequence were used 
that did not have alphanumerical names. Their sequences are, 
respectively: 

(1) GCAAGACGGAUGCGGUCUCCAGTGT 

(2) GACGATGCGUCTCCAGTGT 

(3) GACGGATGCGGUCTCCAGUGT 

(4) GACGGATGCGGUCTCCAGUGUCCA 

0295 These composite primers were synthesized by 
Dharmacon Research, Inc. (Boulder, Colo.). The RNA por 
tion of the oligonucleotide was synthesized using a 5'-silyl 
protecting group in conjunction with an acid-labile 2'-Orthoe 
ster protecting group (2'-bis(acetoxyethoxy)-methyl ether or 
"2"-ACE (Scaringe, S.A., et al. J. Am. Chem. Soc. 120: 
11820-11821 (1998) and Scaringe, S. A. Advanced 5'-silyl 
2'-orthoester approach to RNA oligonucleotide synthesis. 
Methods in Enzymology (in press)). Primers were PAGE 
purified. 
0296 Reactions were assembled with all components 
except the two enzymes. After heating to 70° C. for 10 sec 
onds in a programmable thermal cycler (Gene Amp 9600, 
PerkinElmer), reactions were cooled to 55° C.-65° C. Upon 
attaining the lower temperature, 0.05 Unit of RNase H (di 
luted from the 5 U?ul stock solution using a diluent/storage 
solution: 10 mM Tris-HCl, pH 8.5, 30% glycerol: Hybridase 
thermostable RNase H. Epicentre Technologies, Madison, 
Wis.) and 2.0 Units Bca DNA polymerase (2 U/ul; Panvera, 
Madison, Wis.) were added. The reactions were incubated at 
55° C.-65° C. for 30 minutes. At the end of the incubation, 
reactions were cooled to 4°C. until RNA transcription. RNA 
transcription was performed at 37° C. for 3 hours in 10 ul 
reactions containing 2.5 ul of linear amplification reaction 
above, and 40 mM Tris-HCl, pH 8.5, 70 mM KC1, 5.0 mM 
DTT, 12 mM MgCl2, 110 ug/ml BSA, 3 mM each rNTP 
(ATP, UTP, CTP, GTP, Amersham), 7.5% DMSO, 1 Unit/ul 
rRNasin (Promega, Madison, Wis.), and 20 Units T7 RNA 
polymerase (Novagen, Madison, Wis.). 
0297. The products of the enhanced linear amplification 
generated with each of the composite primers were resolved 
by gel electrophoresis. The composite primers were designed 
to hybridize at the same site on the target strand, and differed 
by the number of deoxynucleotides at the 3'-end. The highest 
yield of RNA product was produced with primer IA020, 
followed by IAO05 and IAO19 equally. The other four com 
posite primers yielded less RNA products. The optimal tem 
perature for the isothermal linear amplification step was dif 
ferent for the different primers, as expected. 

Example 6 
Genotyping. Using the First Transcription Module of 
a Composite Primer-Based Amplification Method 

and Genotype Specific Composite Primer 
0298 Genomic DNA is isolated from test cells using 
methods described in previous examples or by other means 
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known to the skilled artisan. Different organisms including, 
but not limited to, bacteria, viruses, fungi, yeast, plants, and 
animals are genotyped. Genotype specific primers are 
designed either to comprise a 3'-end nucleotide which hybrid 
izes to one genotype of a specific nucleic acid sequence, or 
hybridize to the counterpart genotype. The sequence varia 
tion determining specific genotypes may be point mutation, 
single nucleotide polymorphism (SNP), insertions deletions 
and the like. 

0299 Amplification of the defined target nucleic acid 
sequence is carried out as described for amplification of 
genomic E. coli sequence, in the above example. Using the 
genotype specific primer and DNA polymerase which is 
devoid of proofreading activity, the generation of amplifica 
tion product indicates the presence of target sequence of the 
defined genotype. Sequence variation that prevents hybrid 
ization of the 3'-end of the primer to the target nucleic acid 
sequence will prevent amplification. The amplification prod 
uct is detected by any one of various methods for detection of 
single stranded nucleic acid sequence, which is known in the 
art. For example, the hybridization of specific labeled oligo 
nucleotide probes to the amplification product is detected by 
gel electrophoresis. 
0300. In cases where the genotyping of diploid cells is 
required, such as the determination of homozygote or het 
erozygote genotype, it is feasible to carry out the amplifica 
tion of the specific nucleic acid target sequence using specific 
primers which are designed for either the wild type and 
mutant genotype, or one genotype and the other genotype. 
The amplification reactions using the specific primers are 
carried out in separate reaction vessels. The detection of 
amplification product in only one reaction tube or less ampli 
fication product is indicative of a homozygote genotype, i.e. 
either wild type or mutant homozygote. The detection of 
amplification product in both amplification reactions indi 
cates a heterozygote genotype. 

Example 7 

Genotyping Using a Composite Primer-Based 
Amplification Method and Genotype Specific Probe 

Hybridization 

0301 Methods for sequencing by hybridization are 
described in previous examples. Determination of sequence 
identity by hybridization of specific probe is particularly 
advantageous using the isothermal method of the invention 
insofar as the amplification product generated by the method 
of the invention is single stranded and readily available to be 
used in hybridization of specific probes. Probes specific for a 
defined genotype are designed using methods known in the 
art. It is possible to determine hybridization criteria which 
will support selective probe hybridization to amplification 
products generated by amplification of one genotype and not 
the other. Sequence variation as Small as a single nucleotide 
can prevent probe hybridization. The following factors are 
taken into consideration for hybridization criteria: probe 
length, temperature of the hybridization reaction, and buffer 
composition, in particular divalent ion concentration. The 
probes used for the analysis may be in Solution, or may be 
attached to a solid surface. Further, the probes may be directly 
labeled or attached to a member of a specific binding pair and 
thus, able to specifically bind to another member of the spe 
cific binding pair which may be directly or indirectly labeled. 
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0302 Genomic DNA is isolated from test samples by 
methods known in the art or as described in the above 
example. Test DNA is combined with the described amplifi 
cation components, target-specific composite primer, and 
propromoter sequence (such as PTO). The combination is 
subjected to incubation conditions as described herein to 
generate single stranded RNA amplification product. Hybrid 
ization of the amplification product to genotype specific 
probes is carried out in solution or solid phase with attached 
genotype specific probes. Since the amplification products 
are single Stranded, the products are ideally Suited to be 
attached to a solid phase, Such as glass slide, to generate an 
array of spatially resolved specific probes (i.e., gene chip). 
Alternatively, the solid phase comprises particles to which 
specific probes are attached. The detection of probe hybrid 
ization to the amplification products is carried out by various 
methods known in the art, for example, disclosed in Sam 
brook et al. Supra. The specific probes is labeled, and the 
change in label spectral properties due to hybridization is 
detected and recorded by computer algorithms. 
0303 Particle association due to hybridization of specific 
probes to amplification products is also used for the detection 
of probe hybridization. Labeled amplification products are 
generated and product hybridization to probes immobilized 
on Solid Surfaces is detected and recorded by computer algo 
rithms. The generation of labeled amplification product is 
carried out by incorporation of labeled rNTPs during a tran 
scription step by substituting of one of the four rNTPs by a 
rNTP analog, which is labeled. The label is a dye, or a small 
molecule such as biotin, which is then detected by binding to 
specific binding entity, such as labeled streptavidin. Methods 
for detecting probe hybridization on solid surfaces are known 
in the art. 

Example 8 

Genotyping by rSSCP (RNA Single Stranded Con 
formation Polymorphism) Using a Composite 

Primer-Based Amplification Method 

0304 Genotyping is carried out by amplification of the 
specific target nucleic acid sequence using a composite 
primer-based method described herein and by determination 
of the electrophoretic band pattern of the single stranded 
RNA product, which reflects the single stranded conforma 
tion. The use of SSCP for detection of sequence alteration is 
widely used. Genotype specific single stranded conformation 
is determined by Subjecting samples to gel or capillary elec 
trophoresis. The generation of single stranded product by 
amplification of target nucleic acid sequence according to the 
method of the invention, renders this method particularly 
Suitable for genotype determination by combining the ampli 
fication method with rSSCP analysis. 
0305 Purified test genomic DNA is combined with com 
ponents of the amplification method of the invention, as 
described above, and target specific composite primer and 
propromoter sequence, Such as PTO. The combination is 
subjected to conditions for isothermal amplification of the 
target sequence. The reaction mixture containing the ampli 
fication product is subjected to either gel electrophoresis or 
capillary electrophoresis, using instrument and conditions 
known in the art. The electrophoretic band pattern of the 
amplification product is determined. The visualization of the 
oligonucleotide product is achieved by inclusion of a dye 
intercalator. The electrophoretic pattern of the amplification 
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product is compared to that of amplification products gener 
ated by amplification of target nucleic acid sequence obtained 
from cells of known genotype. Any change in the electro 
phoretic mobility pattern is indicative of sequence variability. 
The combination of the amplification method of the invention 
and rSSCP provides a simple method for both the discovery 
of sequence polymorphism of defined target sequences, and 
detection of previously defined genotypes. The electro 
phoretic pattern of known nucleic acid sequences, or defined 
genotypes, can be predetermined, and the pattern generated 
by products of amplification of test DNA will be compared to 
known patterns for genotype determination. 

Example 9 

Amplification of E. coli J-Gene Target Sequence 
Using a Composite Primer-Based Method Linking a 

First and Second Transcription Module 

0306 This example describes the enhanced isothermal 
linear amplification of a defined sequence of the J-gene of E. 
coli, followed by isothermal exponential amplification of this 
sequence to yield multiple copies of ssRNA. 
0307 (i) In the first example, RNA products of enhanced 
linear isothermal amplification were generated using three 
different designs of the single composite primer. The perfor 
mance of each of the three composite primers in the amplifi 
cation method of the invention was assessed. 
0308 The isothermal linear amplification was performed 
in 15 ul reactions containing 20 mM Tris-HCl, pH 8.5, 6.0 
mMMgCl2, 1.0 mM dATP 1.0 mM dCTP 1.0 mM dTTP, 0.8 
mM dGTP, 0.2 mM dITP (dNTP's from Amersham), 6% 
DMSO, 8% glycerol, 100 ug/ml acetylated BSA (Ambion, 
Austin, Tex.), 0.6 Units/ul recombinant ribonuclease inhibi 
tor (rRNasin, Promega, Madison, Wis.), 5 LM composite 
primer (IAO05 or IAO19 or IAO20), 200 nM promoter-tem 
plate oligonucleotide (PTO) IAO15C. All reactions had 109 
copies of a 351-nucleotide single stranded DNA template. 
Reactions were assembled with all components except the 
two enzymes. 
0309 After heating at 700 C for 10 sec. in a programmable 
thermal cycler (GeneAmp 9600, Perkin Elmer), reactions 
were cooled to 550 C-650 C. The composite primer IAO05 
was cooled to 60°C., the composite primers IAO19 and IAO20 
were cooled to 55° C., 60° C. and 65° C. respectively in 
separate reactions. Upon attaining the lower temperature, 
0.05 Unit of RNaseH (diluted from the 5 U?ul stock solution 
using a diluent/storage solution: 10 mM Tris-HCl, pH 8.5, 
30% glycerol: Hybridase thermostable RNaseH. Epicentre 
Technologies, Madison, Wis.) and 2.0 Units Bca DNA poly 
merase (2 U/ul; Panvera, Madison, Wis.) were added. The 
reactions were incubated at 550 C-650 C for 30 min. At the 
end of the incubation, reactions were cooled to 40 C until 
RNA transcription which was performed at 370 C for 3 h in 10 
ul reactions containing 2.5ul of linear amplification reaction 
above, and 40 mM Tris-HCl, pH 8.5, 70 mM KC1, 5.0 mM 
DTT, 12 mM MgCl2, 110 ugh/ml BSA, 3 mM each rNTP 
(ATP, UTP, CTP, GTP. Amersham), 7.5% DMSO, 1 Unit/ul 
rRNasin (Promega, Madison, Wis.), and 20 Units T7 RNA 
polymerase (Novagen, Madison, Wis.). 
0310. The products of the enhanced linear amplification 
generated with each of the composite primers were resolved 
by gel electrophoresis. The three composite primers were 
designed to hybridize at the same site on the target Strand, and 
differed by the number of deoxynucleotides at the 3'-end. The 
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highest yield of RNA product was produced with primer 
IA020. The optimal temperature for isothermal linear ampli 
fication step was different for the different primers, as 
expected. Further optimization of primer design would be 
expected to enhance the performance of amplification. 
0311 (ii) The product of the linear amplification produced 
with primer IA020, as described above was then subjected to 
isothermal exponential amplification. 
0312 The reaction mixture from the linear amplification 
described above with primer IAO20 at 55° C., including the 
ssDNA product, was diluted 1:10, and 2.5 ul of this dilution 
was added to a 5 ultranscription mixture containing: 40 mM 
Tris-HCl, pH 8.5, 70 mMKC1, 5.0 mM DTT, 12 mM MgCl2, 
110 g/ml BSA, 3 mM each rNTP (ATP, UTP, CTP, GTP, 
Amersham), 7.5% DMSO, 1 Unit/ul rRNasin (Promega, 
Madison, Wis.), and 20 units of T7 RNA polymerase 
(Novagen, Madison, Wis.), dNTPs (1.0 mM dATP 1.0 mM 
dCTP 1.0 mM dTTP, 0.8 mM dGTP, 0.2 mM dITP, Amer 
sham), MMLV-reverse transcriptase (200 U), RNaseH (0.05 
U), PTO IAO15c (200 nM) and primer IAO24 (1 uM). The 
reactions were incubated at 37° C. for 0, 5, 10, 20, 40, and 60 
mins., respectively. Aliquots from these time points were 
subjected to gel electrophoresis (5-20% polyacrylamide gel, 
Novex), the gel was stained with SyberGreenTM and the prod 
uct bands were visualized using an imaging system. Products 
were clearly detectable following a 20 minute reaction. 
0313 (iii) In an effort to determine conditions for optimiz 
ing reaction efficiency, the following conditions/factors were 
examined: 

0314 I. The RNaseH in the above protocol was a thermo 
stable enzyme. It was postulated that replacement of this 
enzyme with an E. coli RNaseH, which is not thermostable, 
and may be more active at 37°C., would improve amplifica 
tion conditions. 
0315 II. Lowering the reverse transcriptase concentration 
for improved specificity (reduced Smearing). 
0316 Reactions were set up as above with the following 
modifications: E. coli RNaseH (0.08 U) and MMLV-reverse 
transcriptase (25 U) were used in place of the RNaseH and 
reverse transcriptase in the above protocol. Two target 
sequences were tested using these conditions: the J gene 
target sequence as described above, and also a synthetic 
single stranded DNA target (IAO09). The reactions were car 
ried out for 60 min. at 37°C. The amplification efficiency 
appeared to improve under these conditions yielding more 
defined product bands and less overall streaking (which is 
indicative of high non-specific product generation). 

Sequences: 

0317. The sequences used in this example are as follows: 

composite RNA/DNA primers 
IAOOs r{ACggAUgCdgUCUCC AgTgT (2O-mer) 

IAO 19 r{ACggAUgCdgUCUCCAg TgT (2O-mer) 

IAO2O r{gACggAUgCdgUCU CCAgTgT (21-mer) 

0318. These primers were synthesized by Dharmacon 
Research, Inc. (Boulder, Colo.). The RNA portion of the 
oligonucleotide was synthesized using a 5'-silyl protecting 
group in conjunction with an acid-labile 2'-Orthoesterprotect 
ing group (2'-bis(acetoxyethoxy)-methyl ether or “2'-ACE 
(Scaringe, S A, FE Wincott, and M H Caruthers. J. Am. 



US 2008/O 182300 A1 

Chem. Soc. 120: 11820-11821 (1998); and Scaringe, S A. 
Advanced 5'-silyl-2'-orthoester approach to RNA oligonucle 
otide synthesis. Methods in Enzymology (Academic Press, in 
press)). Oligonucleotides were purified by polyacrylamide 
gel electrophoresis. 
0319 All oligonucleotides other than the composite oli 
gonucleotides were synthesized by Keystone (Division of 
BioSource International, Camarillo, Calif.). 

PTO 

IAO15c (55-mer) : 
ggAATTCTAATACACTCACTATAgggAgAgCdgTACdCTgATCAAAgAT 

CCgTg-biotin 

J-gene target sequence (PCR product from J-gene) 
CggTACCTATCAAAgATCCT.gCAACAAATTCATgTCAT.ggTCg Tg 

TTgAgCdCAgCAAAACdCTgTCCdTTAAAATCCCdgCAgggg.T.ggACACT 

ggAgACCgCATCCg TCTTgCdggCdAAggTgAAgCdggCdAgCATggCdC 

ACCdgCAggCdATCTgTACgTTCAggTTCAggTTAAACAgCACCCATTT 

TCgAgCdTAAggCAACAACCTgTATTgCgAAgTCCCATCAACTTCGCT 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS: 23 

<210 SEQ ID NO 1 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
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ATggCdgCdCTggg.T.ggCdAAATCGAAgTACCACCCTTgATggTCgCdT 

CAAACT9AAAgTgCCT9gC9AAACCCAgACCggTAAgCTATTCCTATgC 

9. 

0320 PCR primers are shown in bold/underlined. Chi 
meric primer is shown in bold, with RNA portion in italics. 
Synthetic Oligo Strand-Displacement Product (IAO09) 
0321 

IAO09 (100-mer) : 
AgTgTCCACCCCTgCCgggATTTTAACGgACAgCdTTTTgCTgCdCTCAA 

CACdACCATACCATACATTTgTTgCACdgATCTTTgATCAgCdTACC g 

0322. Although the foregoing invention has been 
described in some detail by way of illustration and example 
for purposes of clarity of understanding, it will be apparent to 
those skilled in the art that certain changes and modifications 
may be practiced. Therefore, the descriptions and examples 
herein should not be construed as limiting the scope of the 
invention, which is delineated by the appended claims. 

<223> OTHER INFORMATION: Description of DNA/RNA Molecule: Synthetic 
primer 

&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 

<4 OO SEQUENCE: 1 

acggalugcgg ulcuccagtgt 

<210 SEQ ID NO 2 
<211 LENGTH: 115 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OO SEQUENCE: 2 

cgg tacgctg at Caaagat C cqtgcaacaa atgtcatggit catggtcgtg ttgagcgcag 60 

caaaacgctg. tcc.gittaaaa toccggCagg ggtggacact ggaga.ccgca to ct 115 

<210 SEQ ID NO 3 
<211 LENGTH: 351 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polynucleotide 

<4 OO SEQUENCE: 3 
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cggtacgctg atcaaagatc. c9tgcaacaa atgtcatggit catggtcgtg ttgagcgcag 6 O 

caaaacgctg. tcc.gittaaaa t cc.cggCagg ggtggacact ggaga.ccgca t c cqt Cttgc 12 O 

gggc galaggt gaagcgggcg agcatggcgc accggcaggc gatctgtacg ttcaggttca 18O 

ggittaalacag cacccgattt togagcgtga aggcaacaac Ctgtattgcg aagtc.ccgat 24 O 

Caactt.cgct atggcggcgc tigggtggcga aatcgaagta Ccgacccttg atggit cqcgt. 3OO 

caaactgaaa gtgcctggcg aaacccagac C9gtaagcta titc.cg tatgc g 351 

<210 SEQ ID NO 4 
<211 LENGTH: 23 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OO SEQUENCE: 4 

cggtacgctg atcaaagatc ct 23 

<210 SEQ ID NO 5 
<211 LENGTH: 25 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OO SEQUENCE: 5 

cgcatacgga at agcttacc ggt ct 25 

<210 SEQ ID NO 6 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OO SEQUENCE: 6 

atgtcatggt catggtctg. it 21 

<210 SEQ ID NO 7 
<211 LENGTH: 31 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OO SEQUENCE: 7 

citcaiacacga ccatgaccat gacatttgtt g 31 

<210 SEQ ID NO 8 
<211 LENGTH: 25 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OO SEQUENCE: 8 
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taatacgact Cactataggg aggag 25 

<210 SEQ ID NO 9 
<211 LENGTH: 67 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OO SEQUENCE: 9 

ggaattictaa tacgacticac tatagggaga gatcgagtag Ctc.cggtacg Ctgat caaag 6 O 

atc.cgtg 67 

<210 SEQ ID NO 10 
<211 LENGTH: 12 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OO SEQUENCE: 10 

atcgagtagc tic 12 

<210 SEQ ID NO 11 
<211 LENGTH: 48 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OO SEQUENCE: 11 

taatacgact Cactataggg agagcggtac gctgatcaaa gatcc.gtg 48 

<210 SEQ ID NO 12 
<211 LENGTH: 55 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OO SEQUENCE: 12 

ggaattictaa tacgacticac tatagggaga gcggtacgct gatcaaagat CC9tg 55 

<210 SEQ ID NO 13 
<211 LENGTH: 60 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OO SEQUENCE: 13 

taatacgact Cactataggg agagat.cgag tagct coggit acgctgatca aagat.ccgtg 6 O 

<210 SEQ ID NO 14 
<211 LENGTH: 1.OO 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
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oligonucleotide 

<4 OO SEQUENCE: 14 

agtgtccacc cctgc.cggga ttttalacgga cagcgttittg ctg.cgct cala Cacgaccatg 6 O 

accatgacat ttgttgcacg gat ctittgat cagcgtaccg 1OO 

<210 SEQ ID NO 15 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of DNA/RNA Molecule: Synthetic 
primer 

&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OO SEQUENCE: 15 

gacggalugcg glucuccagtg t 21 

<210 SEQ ID NO 16 
<211 LENGTH: 25 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of DNA/RNA Molecule: Synthetic 
primer 

&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OO SEQUENCE: 16 

gcaa.gacgga lugcgglucucci agtgt 25 

<210 SEQ ID NO 17 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of DNA/RNA Molecule: Synthetic 
primer 

&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OO SEQUENCE: 17 

gacgatgcgu citc.cagtgt 19 

<210 SEQ ID NO 18 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of DNA/RNA Molecule: Synthetic 
primer 

&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OO SEQUENCE: 18 

gacggatgcg gluct coagug t 21 

<210 SEQ ID NO 19 
<211 LENGTH: 24 
&212> TYPE: DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of DNA/RNA Molecule: Synthetic 
primer 

&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OO SEQUENCE: 19 

gacggatgcg gluct coagug lucca 24 

<210 SEQ ID NO 2 O 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of DNA/RNA Molecule: Synthetic 
primer 

&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OO SEQUENCE: 2O 

acggaugdgg ulcuccagtgt 2O 

<210 SEQ ID NO 21 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of DNA/RNA Molecule: Synthetic 
primer 

&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OO SEQUENCE: 21 

acggaugdgg ulcuccagtgt 2O 

<210 SEQ ID NO 22 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of DNA/RNA Molecule: Synthetic 
primer 

&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

<4 OO SEQUENCE: 22 

gacggalugcg glucuccagtg t 21 

<210 SEQ ID NO 23 
<211 LENGTH: 1.OO 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OO SEQUENCE: 23 

agtgtccacc cctgc.cggga ttttalacgga cagcgttittg ctg.cgct cala Cacgaccatg 6 O 

accatgacat ttgttgcacg gat ctittgat cagcgtaccg 1OO 
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What is claimed is: 
1. A kit comprising (a) a propromoter template Switch 

oligonucleotide (TSO), (b) a first primer, (c) a DNA depen 
dent DNA polymerase, (d) an RNA dependent DNA poly 
merase, (e) an enzyme that cleaves RNA from an RNA/DNA 
hybrid, and (f) an RNA polymerase. 

2. The kit of claim 1 further comprising a second primer. 
3. The kit of claim 1 wherein the enzyme which cleaves 

RNA from an RNA/DNA hybrid has RNAse H activity. 
4. A kit comprising one or more containers comprising a 

first primer comprising a propromoter TSO, a first primer, an 
enzyme which cleaves RNA from an RNA/DNA hybrid and 
any two of: (a) a second primer, (b) an enzyme with DNA 
dependent DNA polymerase activity, (c) an enzyme with 
RNA dependent DNA polymerase activity, and (d) an RNA 
polymerase. 

5. The kit of claims 1 or 4 further comprising deoxynucleo 
side triphosphates or ribonucleoside triphosphates. 

6. The kit of claim 5 wherein a deoxynucleoside triphos 
phate or a ribonucleoside triphosphate is labeled. 

7. The kit of claim 1 or 4 further comprising a nucleotide 
analog that upon incorporation into a primer extension prod 
uct effects termination of nucleotide polymerization. 

8. The kit of claim 7 wherein the nucleotide analog which 
effects termination is labeled. 

9. The kit of claims 1 or 4 wherein one or more components 
is provided as a dry powder. 

40 
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10. A system for amplifying a sequence of interest, com 
prising: (a) a propromoter TSO, (b) a first primer; (c) an 
RNA-dependent DNA polymerase; (d) an enzyme that 
cleaves RNA from an RNA/DNA hybrid; and (e) an RNA 
polymerase. 

11. The system of claim 10 further comprising a DNA 
dependent DNA polymerase. 

12. The system of claim 10, wherein the RNA-dependent 
DNA polymerase and enzyme that cleaves RNA from an 
RNA/DNA hybrid are the same enzyme. 

13. The system of claim 11, wherein the DNA-dependent 
DNA polymerase and the RNA-dependent DNA polymerase 
are the same enzyme. 

14. The system of claim 11, wherein the DNA-dependent 
DNA polymerase and enzyme that cleaves RNA from an 
RNA/DNA hybrid are the same enzyme. 

15. The system of claim 11, wherein the RNA-dependent 
DNA polymerase, DNA-dependent DNA polymerase and 
enzyme that cleaves RNA from an RNA/DNA hybrid are the 
SaC. 

16. The system of claim 10 further comprising a second 
primer. 

17. The system of claim 10 wherein the first primer com 
prised DNA. 


