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complementary  to  the  3'-end  of  the  target  sequence,  and  a  reverse  transcriptase  and  an  RNA 
polymerase  are  provided  to  a  mixture  including  the  target  sequence  ;  the  amplification  proceeds 
accordingly.  The  invention  is  useful  for  generating  copies  of  a  nucleic  acid  target  sequence  for 
purposes  that  include  assays  to  quantitate  specific  nucleic  acid  sequences  in  clinical,  environmental, 
forensic  and  similar  samples,  cloning  and  generating  probes. 
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Field  of  the  Invention 

The  field  of  the  present  invention  is  increasing  the  number  of  copies  (or  amplifying)  of  a  specific  nucleic 
acid  sequence  or  "target  sequence."  The  target  sequence  may  be  present  either  alone  or  as  a  component,  large 

5  or  small,  of  an  homogeneous  or  heterogeneous  mixture  of  nucleic  acids.  The  mixture  of  nucleic  acids  may  be 
that  found  in  a  sample  taken  for  diagnostic  testing,  environmental  testing,  for  research  studies,  for  the  prepa- 
ration  of  reagents  or  materials  for  other  processes  such  as  cloning,  or  for  other  purposes. 

The  selective  amplification  of  specific  nucleic  acid  sequences  is  of  value  in  increasing  the  sensitivity  of 
diagnostic  and  environmental  assays,  and  other  uses,  while  maintaining  specificity,  increasing  the  sensitivity, 

10  convenience,  accuracy  and  reliability  of  a  variety  of  research  procedures,  and  providing  ample  supplies  of  spe- 
cific  oligonucleotides  for  various  purposes. 

The  present  invention  is  particularly  suitable  for  use  in  environmental  and  diagnostic  testing  due  to  the 
convenience  with  which  it  may  be  practiced. 

15  Background  of  the  Invention 

The  detection  and/or  quantitation  of  specific  nucleic  acid  sequences  is  an  increasingly  important  technique 
for  identifying  and  classifying  microorganisms,  diagnosing  infectious  diseases,  detecting  and  characterizing 
genetic  abnormalities,  identifying  genetic  changes  associated  with  cancer,  studying  genetic  susceptibility  to 

20  disease,  and  measuring  response  to  various  types  of  treatment.  Such  procedures  have  also  found  expanding 
uses  in  detecting  and  quantitating  microorganisms  in  foodstuffs,  environmental  samples,  seed  stocks,  and 
other  types  of  material  where  the  presence  of  specific  microorganisms  may  need  to  be  monitored.  Other  ap- 
plications  are  found  in  the  forensic  sciences,  anthropology,  archaeology,  and  biology  where  measurement  of 
the  relatedness  of  nucleic  acid  sequences  has  been  used  to  identify  criminal  suspects,  resolve  paternity  dis- 

25  putes,  construct  genealogical  and  phylogenetic  trees,  and  aid  in  classifying  a  variety  of  life  forms. 
A  common  method  for  detecting  and  quantitating  specific  nucleic  acid  sequences  is  nucleic  acid  hybridi- 

zation.  This  method  is  based  on  the  ability  of  two  nucleic  acid  strands  which  contain  complementary  or  es- 
sentially  complementary  sequences  to  specifically  associate,  under  appropriate  conditions,  to  form  a  double- 
stranded  structure.  To  detect  and/or  quantitate  a  specific  nucleic  acid  sequence  (known  as  the  "target  se- 

30  quence"),  a  labelled  oligonucleotide  (known  as  a  "probe")  is  prepared  which  contains  sequences  complemen- 
tary  to  those  of  the  target  sequence.  In  a  process  commonly  known  as  "screening,"  the  probe  is  mixed  with  a 
sample  suspected  of  containing  the  target  sequence,  and  conditions  suitable  for  hybrid  formation  are  created. 
The  probe  hybridizes  to  the  target  sequence  if  it  is  present  in  the  sample.  The  probe-target  hybrids  are  then 
separated  from  the  single-stranded  probe  in  one  of  a  variety  of  ways.  The  amount  of  label  associated  with  the 

35  hybrids  is  then  measured  as  an  indication  of  the  amount  of  target  sequence  in  the  sample. 
The  sensitivity  of  nucleic  acid  hybridization  assays  is  limited  primarily  by  the  specific  activity  of  the  probe, 

the  rate  and  extent  of  the  hybridization  reaction,  the  performance  of  the  method  for  separating  hybridized  and 
unhybridized  probe,  and  the  sensitivity  with  which  the  label  can  be  detected.  Under  the  best  conditions,  direct 
hybridization  methods  such  as  those  described  above  can  detect  about  1  x  105  to  1  x  106  target  molecules. 

40  However,  the  most  sensitive  procedures  may  lack  many  of  the  features  required  for  routine  clinical  and  envir- 
onmental  testing  such  as  speed,  convenience,  and  economy.  Furthermore,  the  sensitivities  of  even  the  most 
sensitive  procedures  may  not  be  sufficient  for  many  desired  applications. 

As  a  result  of  the  interactions  among  the  various  components,  and  the  component  steps  of  this  type  of 
assay,  there  is  almost  always  an  inverse  relationship  between  sensitivity  and  specificity.  Thus,  steps  taken  to 

45  increase  the  sensitivity  of  the  assay  (such  as  increasing  the  specific  activity  of  the  probe)  may  result  in  a  higher 
percentage  of  false  positive  test  results.  The  linkage  between  sensitivity  and  specificity  has  been  a  significant 
barrier  to  improving  the  sensitivity  of  hybridization  assays.  One  solution  to  this  problem  would  be  to  specifically 
increase  the  amount  of  target  sequence  present  using  an  amplification  procedure.  Amplifying  a  unique  portion 
of  the  target  sequence  without  amplifying  a  significant  portion  of  the  information  encoded  in  the  remaining 

so  sequences  of  the  sample  could  give  an  effective  increase  in  sensitivity  while  at  the  same  time  not  compromising 
specificity. 

A  method  for  specifically  amplifying  nucleic  acid  sequences  termed  the  "polymerase  chain  reaction"  or 
"PCR"  has  been  described  by  Mullis,  et  al.  (See  U.S.  patents  4,683,195,  4,683,202  and  4,800,159  and  Euro- 
pean  patent  applications  86302298.4,  86302299.2,  and  87300203.4  and  Methods  in  Enzymology,  Volume  155, 

55  1987,  pp.  335-350).  The  PCR  procedure  uses  repeated  cycles  of  primer  dependent  nucleic  acid  synthesis  oc- 
curring  simultaneously  using  each  strand  of  a  complementary  sequence  as  a  template.  In  the  PCR  procedure, 
copies  of  both  strands  of  a  complementary  sequence  are  synthesized.  In  order  to  make  the  PCR  convenient, 
programmable  thermal  cycling  instruments  are  required. 
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The  PCR  procedure  has  been  coupled  to  RNA  transcription  by  incorporating  a  promoter  sequence  into  one 
of  the  primers  used  in  the  PCR  reaction  and  then,  after  amplification  by  the  PCR  procedure  for  several  cycles, 
using  the  double-stranded  DNA  as  template  for  the  transcription  of  single-stranded  RNA.  (See,  e.g.,  Murakawa 
etal.,  DNA  7:287-295  (1988)). 

5  Other  methods  for  amplification  of  a  specific  nucleic  acid  sequence  comprise  a  series  of  cycles  of  primer 
hybridization,  extending  steps  and  denaturing  steps  to  provide  an  intermediate  double  stranded  DNA  molecule 
containing  a  promoter  sequence  through  the  use  of  a  promoter  sequence-containing  primer.  The  double  strand- 
ed  DNA  is  used  to  produce  multiple  RNA  copies  of  the  target  sequence.  The  resulting  RNA  copies  can  be  used 
as  target  sequences  to  produce  further  copies  and  multiple  cycles  can  be  performed.  (See,  e.g.,  Burg,  et  al., 

10  WO  89/1050;  Gingeras,  et  a[.,  WO  88/10315  (sometimes  called  "transcription  amplification  system"  or  TAS); 
EPO  Application  No.  89313154  to  Kacian  and  Fultz;  EPO  Application  No.  88113948.9  to  Davey  and  Malek; 
Malek,  et  al.  WO91/02818). 

Walker,  et  al.,  Proc.  Natl.  Acad.  Sci.  (USA)  89:392-396  (Jan.  1992),  not  admitted  to  be  prior  art,  describes 
an  oligonucleotide  driven  amplification  method  for  use  with  a  DNA  template,  using  a  restriction  endonuclease 

15  to  produce  the  initial  target  sequences  and  an  enzyme  to  nick  the  DNA/DNA  complex  in  order  to  enable  an 
extension  reaction  and  therefore  amplification.  Becker,  et  al.,  EPO  Application  No.  88306717.5,  describes  an 
amplification  method  in  which  a  primer  is  hybridized  to  the  target  sequence  and  the  resulting  duplex  is  cleaved 
prior  to  the  extension  reaction  and  amplification;  in  the  case  where  the  primer  extends  past  the  region  of  hy- 
bridization,  it  requires  cleavage  prior  to  the  extension  and  the  primer  must  be  blocked  at  its  3'-end  to  prevent 

20  any  unwanted  extension  reactions  from  occurring  prior  to  amplification.  Kramer,  et  al.,  U.S.  Patent  No. 
4,786,600  describe  a  method  of  producing  large  numbers  of  copies  of  a  probe  sequence  in  an  RNA  target  se- 
quence  using  Qp  replicase.  Urdea,  WO  91/10746,  describes  a  signal  amplification  method  that  incorporates 
a  T7  promoter  sequence. 

Other  methods  of  amplifying  nucleic  acid  include  the  ligase  chain  reaction  (LCR),  described  in  European 
25  Patent  Publication  320,308,  in  which  at  least  four  separate  oligoprobes  are  used;  two  of  the  oligoprobes  hy- 

bridize  to  opposite  ends  of  the  same  target  strand  in  appropriate  orientation  such  that  the  third  and  fourth  oli- 
goprobes  may  hybridize  with  the  first  and  second  oligoprobes  to  form,  upon  ligation,  connected  probes  that 
can  be  denatured  and  detected.  Another  method  is  that  described  in  EPO  Publication  No.  0  427  073  A2,  pub- 
lished  May  15,  1991  and  not  admitted  to  be  prior  art,  in  which  a  palindromic  probe  able  to  form  a  hairpin  and 

30  having  a  functional  promoter  region  in  the  hairpin  is  hybridized  to  a  target  sequence,  then  ligated  to  a  second 
oligonucleotide  hybridized  to  the  target  sequence  such  that  RNA  transcripts  may  be  made. 

Still  other  methods  include  oligonucleotide  synthesis  and  cloning. 

Summary  of  the  Invention 
35 

The  present  invention  is  directed  to  synthesizing  multiple  copies  of  a  target  nucleic  acid  sequence  without 
the  need  to  modify  reaction  conditions  such  as  temperature,  pH,  or  ionic  strength,  and  without  the  need  to 
add  multiple,  different  primers  or  promoters,  nor  enzymes  other  than  polymerases,  which  may  also  have 
RNAse  H  activities. 

40  The  present  invention  may  be  used  as  a  component  of  assays  to  detect  and/or  quantitate  specific  nucleic 
acid  target  sequences  in  clinical,  environmental,  forensic,  and  similar  samples  or  to  produce  large  numbers  of 
copies  of  DNA  and/or  RNA  of  specific  target  sequence  for  a  variety  of  uses.  The  present  invention  may  also 
be  used  to  produce  multiple  DNA  or  RNA  copies  of  a  nucleic  acid  target  sequence  for  cloning  or  to  generate 
probes  or  to  produce  RNA  or  DNA  copies  for  sequencing. 

45  The  present  method  features  incubating  a  mixture  consisting  essentially  of  a  nucleic  acid  target  sequence 
(DNA  or  RNA)  with  one  or  more  oligonucleotides  known  as  "promoter-primers"  that  have  a  "complexing"  se- 
quence  (i.e.,  a  primer)  sufficiently  complementary  to  the  3'-end  of  a  target  sequence  to  hybridize  at  or  near 
the  3'-end  of  the  target  sequence.  The  promoter-primer  also  includes,  located  5'  to  the  complexing  sequence, 
a  promoter  for  an  RNA  polymerase. 

so  By  "at  or  near"  is  simply  meant  to  indicate  the  3'-end  of  the  target  itself,  and  not  necessarily  the  whole 
RNA  or  DNA-molecule  which  is  to  be  detected.  For  example,  the  "target"  may  be  a  small  central  portion  of  an 
RNA  molecule  within  an  otherwise  large  RNA  molecule. 

By  "one  or  more"  it  is  meant  that  the  promoter-primers  added  to  the  reaction  mixture  are  sufficiently  similar 
that  they  are  able  to  bind  to  approximately  the  same  target  sequence  at  approximately  the  same  position  (plus 

55  or  iainus  about  10  bases,  on  the  same  strand)  such  that  the  amplification  of  the  instant  invention  may  go  for- 
ward.  This  does  not  exclude  providing  other  oligonucleotides  to  the  mixture,  for  example  "helper"  oligonucleo- 
tides  that  aid  hybridization  of  the  promoter-primers. 

By  "consisting  essentially  of  as  used  above,  it  is  meant  that  the  mixture  has  all  of  the  necessary  reactants 

3 



EP  0  587  266  A1 

and  reagents.  However,  such  a  mixture  may  also  contain  enzymes  orothersubstituents  that  do  not  qualitatively 
affect  the  amplification  of  the  invention,  and  the  mixture  may  contain  other  promoter-  primers  for  the  same  tar- 
get  sequence  or  "helper"  oligonucleotides.  A  "helper"  oligonucleotide  is  a  nucleic  acid  sequence  that  assists 
complexing  between  the  promoter-primer,  or  other  complexing  nucleic  acid  such  as  a  probe,  and  the  target 

5  sequence,  and  will  be  determined  by  the  actual  sequence  at  the  3'-end  of  the  target  sequence.  Such  helper 
oligonucleotides  are  used  in  a  manner  equivalent  to  hybridization  helper  oligonucleotides  described  by  Hogan 
et  al.,  U.S.  Patent  5,030,557,  namely  by  aiding  binding  of  the  promoter-primer  to  its  target  nucleic  acid  even 
if  that  target  nucleic  acid  has  significant  secondary  structure.  Despite  the  similarity  in  use  of  such  helper  oli- 
gonucleotides  it  is  surprising  that  such  helper  oligonucleotides  could  be  used  in  an  amplification  protocol  wit  ti- 

ro  out  adverse  effect  on  the  efficiency  of  these  procedures. 
The  promoter-primer  and  the  target  sequence  are  subjected  to  conditions  whereby  a  promoter-primer/tar- 

get  sequence  hybrid  is  formed  and  DNA  synthesis  can  be  initiated.  It  is  believed  that  in  this  reaction,  the  3'- 
end  of  the  target  sequence  is  extended  in  a  DNA  extension  reaction  from  a  location  adjacent  the  hybridized 
complex  between  the  complexing  sequence  and  the  target  sequence.  The  promoter  sequence  is  the  template 

15  for  this  extension  reaction,  which  produces  a  first  DNA  extension  product  and  thereby  a  double  stranded  pro- 
moter  sequence.  The  3'-end  of  the  promoter-  primer  may  also  serve  as  a  primer,  for  a  second  DNA  extension 
reaction,  which  reaction  uses  the  target  sequence  as  a  template  and  results  in  a  double  stranded  nucleic  acid 
complex;  the  complex  is  a  DNA/RNA  complex  if  an  RNA  target  sequence  is  used,  and  a  DNA/DNA  complex  if 
a  DNA  target  sequence  is  used. 

20  The  first  DNA  extension  product  is  then  used  by  an  RNA  polymerase  that  recognizes  the  promoter  of  the 
promoter-primer,  to  produce  multiple  RNA  copies  of  the  target  sequence.  Surprisingly,  in  the  case  of  an 
RNA/DNA  complex  or  RNA  alone  comprising  the  target  sequence,  a  DNA-dependent  RNA  polymerase,  such 
as  T7  RNA  polymerase,  is  able  to  "read"  the  RNA/DNA  complex  or  RNA  and  produce  single  stranded  RNA, 
and  is  therefore  effective  in  the  present  invention. 

25  In  preferred  embodiments,  the  promoter-primer  has  a  modification  that  may  comprise  a  modified  nucleo- 
tide  at  or  near  its  3'-end  that  inhibits  or  prohibits  nucleic  acid  extension  in  that  direction.  It  is  surprising  that 
the  invention  may  be  performed  with  the  3'-end  of  the  promoter-primer  modified,  and  it  is  particularly  surprising 
that  using  a  mixture  of  a  modified  and  an  unmodified  promoter-  primer  (or  two  differently  modified  promotor- 
primers)  results  in  a  higher  efficiency  amplification,  and  therefore  a  higher  copy  number,  than  use  of  an  un- 

30  modified  or  modified  promoter-primer  alone.  Methods  for  creating  such  useful  modifications  to  prevent  or  de- 
crease  primer  extension  are  known  in  the  art. 

Where  the  target  sequence  comprises  DNA  or  RNA,  a  further  aspect  of  the  present  invention  includes  gen- 
eration  of  a  3'-end  of  the  target  sequence  by  chemical  or  enzymatic  degradation  or  processing,  so  that  exten- 
sion  of  the  3'-end  of  the  target  sequence  along  the  promoter  region  of  the  promoter-  primer  may  proceed.  Such 

35  generation  may  be  performed  by,  for  example,  the  action  of  RNase  H  on  an  RNA:DNA  hybrid  (e.g.,  a  DNA 
promoter-primerand  an  RNA  target  hybrid),  treatment  with  exonucleases,  and  digestion  with  specific  restriction 
endonucleases  (e.g.,  for  a  DNA  target)  or  ribozymes  (e.g.,  with  an  RNA  or  DNA  target). 

In  other  preferred  embodiments,  the  present  invention  features  inclusion  of  one  or  more  "helper"  oligonu- 
cleotides  in  the  reaction  composition. 

40  In  yet  other  preferred  embodiments,  the  5'-end  of  the  target  strand  of  nucleic  acid  may  be  defined  so  as 
to  stop  either  the  extension  reaction  or  the  transcription  reaction.  Methods  to  effect  such  definition  are  known 
in  the  art  and  may  include  complexing  an  appropriate  sequence  of  nucleic  acid  (e.g.,  an  oligonucleotide)  to 
the  5'-end  of  the  target  sequence,  or  modification  of  the  5'-end  of  the  target  sequence. 

The  present  invention  also  features  a  composition  consisting  essentially  of  a  target  sequence,  a  promoter- 
45  primer,  an  RNA  polymerase,  a  DNA  polymerase  and/or  a  reverse  transcriptase  and  reagent  and  buffer  condi- 

tions  sufficient  to  allow  amplification.  In  another  embodiment,  the  promoter-primer  includes  both  modified  and 
unmodified  3'-ends.  The  invention  also  features  a  composition  including  a  mixture  of  modified  and  unmodified 
promoter-primers  and/or  a  mixture  of  different  promoter-primers  suitable  for  use  in  this  invention. 

In  one  example  of  a  typical  assay  featuring  the  present  invention,  a  sample  of  target  nucleic  acid  to  be 
so  amplified  is  mixed  with  a  buffer  concentrate  containing  appropriate  buffer,  salts,  magnesium,  nucleotide  tri- 

phosphates,  one  or  more  promoter-primers,  dithiothreitol,  and  spermidine.  The  reaction  is  then  optionally  in- 
cubated  near  100°C  to  denature  any  secondary  structure.  (This  step  is  unnecessary  if  the  target  is  single- 
stranded  RNA,  and  the  promoter-  primer  is  also  single-stranded.)  After  cooling  to  room  temperature,  reverse 
transcriptase  and  RNA  polymerase  are  added  and  the  reaction  is  incubated  for  a  time  span  from  minutes  to 

55  hours  at  a  suitable  constant  temperature  between,  e.g.,  37°C  to  42°C,  at  which  the  enzymes  are  active.  The 
reaction  can  then  be  assayed  by  adding  a  probe  solution,  incubating  1  0-30  minutes  at  60°C,  adding  a  solution 
to  selectively  hydrolyze  the  unhybridized  probe,  incubating  the  reaction  for  5-10  minutes  at  60°C,  and  meas- 
uring  the  remaining  chemiluminescence  in  a  luminometer,  as  described  by  Arnold,  et  al.,  PCT  US88/02746, 

4 
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the  disclosure  of  which  is  incorporated  herein  by  reference,  and  is  referred  to  as  the  "HPA"  method.  The  prod- 
ucts  of  the  methods  of  the  present  invention  may  be  used  in  many  other  assay  systems,  or  for  other  uses, 
known  to  those  skilled  in  the  art. 

The  present  invention  further  features  a  kit  that  incorporates  the  components  of  the  invention  and  makes 
5  possible  convenient  performance  of  the  invention.  Such  a  kit  may  also  include  other  materials  that  would  make 

the  invention  a  part  of  other  procedures,  and  may  also  be  adaptable  for  multi-well  technology. 

Definitions 

10  As  used  herein,  the  following  terms  have  the  following  meanings  unless  expressly  stated  to  the  contrary. 

A.  Nucleic  Acid. 

"Nucleic  acid"  means  either  RNA  or  DNA,  along  with  any  nucleotide  analogues  or  other  molecules  that 
15  may  be  present  in  the  sequence  and  that  do  not  prevent  performance  of  the  present  invention. 

B.  Template. 

A  "template"  is  a  nucleic  acid  molecule  that  is  able  to  be  copied  by  a  nucleic  acid  polymerase.  A  template 
20  may  be  either  RNA  or  DNA,  and  may  be  any  of  single-stranded,  double-stranded  or  partially  double-stranded, 

depending  on  the  polymerase.  The  synthesized  copy  is  complementary  to  the  template. 

C.  Primer. 

25  A  "primer"  is  an  oligonucleotide  that  is  sufficiently  complementary  to  a  template  so  that  it  hybridizes  (by 
hydrogen  bonding  or  hybridization  under  hybridizing  conditions,  e.g.,  stringent  conditions)  with  the  template 
to  give  a  primer/template  complex  suitable  for  initiation  of  synthesis  by  a  DNA  polymerase,  such  as  a  reverse 
transcriptase,  and  which  is  extended  by  the  addition  of  covalently  bonded  bases  linked  to  its  3'  end  that  are 
complementary  to  the  template.  The  result  is  a  primer  extension  product.  Virtually  all  DNA  polymerases  (in- 

30  eluding  reverse  transcriptases)  that  are  known  require  complexing  of  an  oligonucleotide  to  a  single-stranded 
template  ("priming")  to  initiate  DNA  synthesis.  Under  appropriate  circumstances,  a  primer  may  be  a  part  of  a 
promoter-primer.  Such  primers  are  generally  between  10  and  100  bases  in  length,  preferably  between  20  and 
50  bases  in  length. 

35  D.  Promoter  or  Promoter  Sequence. 

A  "promoter"  or  "promoter  sequence"  is  a  specific  nucleic  acid  sequence  that  is  recognized  by  a  DNA-de- 
pendent  RNA  polymerase  ("transcriptase")  as  a  signal  to  bind  to  a  nucleic  acid  molecule  and  begin  the  tran- 
scription  of  RNA  at  a  specific  site.  For  binding,  such  transcriptases  generally  require  that  the  promoter  and  its 

40  complement  be  double-stranded;  the  template  portion  need  not  be  double-stranded.  Individual  DNA-depend- 
ent  RNA  polymerases  recognize  a  variety  of  different  promoter  sequences  that  can  vary  markedly  in  their  ef- 
ficiency  of  promoting  transcription.  When  an  RNA  polymerase  binds  to  a  promoter  sequence  to  initiate  tran- 
scription,  that  promoter  sequence  is  not  part  of  the  sequence  transcribed.  Thus,  the  RNA  transcripts  produced 
thereby  will  not  include  the  promoter  sequence. 

45 
E.  Promoter-primer. 

A  promoter-  primer  comprises  a  promoter  and  a  primer.  It  is  an  oligonucleotide  that  is  sufficiently  comple- 
mentary  to  the  3'-end  of  a  target  nucleic  acid  sequence  to  complex  at  or  near  the  3'-end  of  that  target  nucleic 

so  acid  sequence,  which  means  that  the  promoter-primer  complexes  near  enough  to  the  end  of  the  target  se- 
quence  to  allow  amplification  of  enough  of  the  target  sequence  that  the  requirements  of  the  assay,  testing, 
cloning  or  other  use  for  the  amplified  nucleic  acid  are  met.  The  promoter-primer  is  used  as  a  template  to  create 
a  complementary  nucleic  acid  sequence  extending  from  the  3'-end  (also  known  as  the  3'  terminus)  of  a  target 
nucleic  acid  sequence,  to  result  in  a  generally  double  stranded  promoter,  subject  to  any  denaturing  or  enzymatic 

55  activity  that  may  disrupt  the  double  strand. 
A  DNA-  or  RNA-dependent  DNA  polymerase  also  creates  a  complementary  strand  to  the  target  nucleic 

acid  molecule,  using  as  a  template  the  portion  of  the  target  sequence  5'  to  the  complementary  region  of  the 
promoter-primer. 

5 
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The  3'-end  of  the  promoter-  primer  may  be  modified,  or  blocked,  so  as  to  prohibit  or  inhibit  an  extension 
reaction  from  proceeding  therefrom.  A  solution  of  promoter-primer  comprising  both  modified  and  unmodified 
promoter-primer  consists  of  essentially  the  same  nucleic  acid  sequence  for  the  purposes  of  the  present  inven- 
tion.  The  modified  promoter-primer  does  not  contain  a  different  promoter  nor  a  different  recognition  sequence 

5  from  the  unmodified  promoter-primer.  This  means  that,  within  about  10  bases,  the  modified  and  unmodified 
promoter-primers  are  recognized  by  the  same  RNA  polymerase,  and  recognize  the  same  target  sequence  (al- 
though  not  necessarily  at  precisely  the  same  position).  In  a  preferred  embodiment,  the  modified  and  unmodi- 
fied  or  mixture  of  modified  promoter-primers  are  identical  except  for  the  modification.  The  3'-end  of  the  pro- 
moter-primer  can  be  blocked  in  a  variety  of  ways  well  known  to  those  skilled  in  the  art.  Such  promoter-primers 

10  are  generally  between  40  and  100  bases  in  length,  preferably  between  40  and  60  bases. 

F.  Target  Nucleic  Acid  Sequence,  Target  Sequence. 

A  "target  nucleic  acid  sequence,"  or  "target  sequence,"  has  a  desired  nucleic  acid  sequence  to  be  amplified, 
15  and  may  be  either  single-stranded  or  double-stranded  and  may  include  other  sequences  beside  5'  or  3'  of  the 

sequences  to  be  amplified  which  may  or  may  not  be  amplified. 
The  target  nucleic  acid  sequence  includes  the  complexing  sequences  to  which  the  promoter-primer  hy- 

bridizes  during  performance  of  the  present  invention.  Where  the  target  nucleic  acid  sequence  is  originally  sin- 
gle-stranded,  the  term  refers  to  either  the  (+)  or  (-)  strand,  and  will  also  refer  to  the  sequence  complementary 

20  to  the  target  sequence.  Where  the  target  nucleic  acid  sequence  is  originally  double-stranded,  the  term  refers 
to  both  the  (+)  and  (-)  strands. 

G.  Plus  (+)  and  Minus  (-)  Strand(s). 

25  Discussions  of  nucleic  acid  synthesis  are  greatly  simplified  and  clarified  by  adopting  terms  to  name  the 
two  complementary  strands  of  a  nucleic  acid  duplex.  Traditionally,  the  strand  encoding  the  sequences  used 
to  produce  proteins  or  structural  RNAs  was  designated  as  the  "plus"  strand  and  its  complement  the  "minus" 
strand.  It  is  now  known  that  in  many  cases,  both  strands  are  functional,  and  the  assignment  of  the  designation 
"plus"  to  one  and  "minus"  to  the  other  must  then  be  arbitrary.  Nevertheless,  the  terms  are  very  useful  for  des- 

30  ignating  the  sequence  orientation  of  nucleic  acids  and  will  be  employed  herein  for  that  purpose,  with  the  "plus" 
strand  denominating  the  original  target  sequence  strand  that  is  complexed  with  the  promoter-  primer. 

H.  DNA-Dependent  DNA  Polymerase. 

35  A  "DNA-dependent  DNA  polymerase"  is  an  enzyme  that  synthesizes  a  complementary  DNA  copy  from  a 
DNA  template.  Examples  are  DNA  polymerase  I  from  E.  co[i  and  bacteriophage  T7  DNA  polymerase.  All  known 
DNA-dependent  DNA  polymerases  require  a  complementary  primer  to  initiate  synthesis.  It  is  known  that  under 
suitable  conditions  certain  DNA-dependent  DNA  polymerases  may  synthesize  a  complementary  DNA  copy 
from  an  RNA  template. 

40 
I.  DNA-Dependent  RNA  Polymerase  (Transcriptase). 

A  "DNA-dependent  RNA  polymerase"  or  "transcriptase"  is  an  enzyme  that  synthesizes  multiple  RNA  copies 
from  a  double-stranded  or  partially-double  stranded  DNA  molecule  having  a  (usually  double-stranded)  promot- 

es  er  sequence.  It  should  be  noted  that  the  present  invention  includes  single  stranded  promoters,  along  with  the 
RNA  polymerases  that  recognize  them.  The  RNA  molecules  ("transcripts")  are  synthesized  in  the  5'  3'  di- 
rection  of  the  RNA  molecule,  beginning  at  a  specific  position  just  downstream  of  the  promoter.  Examples  of 
transcriptases  are  the  DNA-dependent  RNA  polymerases  from  E.  co[i  and  bacteriophages  T7,  T3,  and  SP6. 
Under  appropriate  conditions,  as  shown  herein,  some  transcriptases  may  use  RNA  or  an  RNA:  DNA  copolymer 

so  as  a  template. 

J.  RNA-Dependent  DNA  Polymerase  (Reverse  Transcriptase). 

An  "RNA-dependent  DNA  polymerase"  or  "reverse  transcriptase"  is  an  enzyme  that  synthesizes  a  com- 
55  plementary  DNA  copy  from  an  RNA  template.  All  known  reverse  transcriptases  also  have  the  ability  to  make 

a  complementary  DNA  copy  from  a  DNA  template;  thus,  they  are  both  RNA-  and  DNA-dependent  DNA  poly- 
merases.  A  primer  is  required  to  initiate  synthesis  with  either  the  RNA  or  DNA  templates. 
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K.  RNAse  H. 

An  "RNAse  H"  is  an  enzyme  that  degrades  the  RNA  portion  of  an  RNA:DNA  duplex.  RNAse  H's  may  be 
endonucleases  or  exonucleases.  Most  reverse  transcriptase  enzymes  normally  contain  an  RNAse  H  activity 

5  in  addition  to  their  polymerase  activity.  However,  other  sources  of  the  RNAse  H  are  available  without  an  as- 
sociated  polymerase  activity.  The  degradation  may  result  in  separation  of  RNA  from  a  RNA:DNA  complex.  Al- 
ternatively,  the  RNAse  H  may  simply  cut  the  RNA  at  various  locations  such  that  portions  of  the  RNA  melt  off 
or  permit  enzymes  to  unwind  portions  of  the  RNA,  or  the  RNA  fragments  generated  may  serve  as  primers  for 
a  DNA  polymerase. 

10 
L  Hybridize,  Complex. 

The  terms  "hybridize"  and  "complex"  refer  to  the  formation  of  duplexes  between  nucleotide  sequences 
that  are  sufficiently  complementary  to  form  duplexes  (or  "complexes")  via  Watson-Crick  base  pairing.  Where 

15  a  promoter-primer  or  primer  "hybridizes"  with  target  (template),  such  complexes  (or  hybrids)  are  sufficiently 
stable  to  serve  the  priming  function  required  by  a  DNA  polymerase  to  initiate  DNA  synthesis. 

M.  Modified  Primer  or  Promoter-primer. 

20  The  3'-end  of  the  primer  or  promoter-primer  may  be  modified,  or  blocked,  so  as  to  prohibit  or  inhibit  an 
extension  reaction  from  proceeding  therefrom.  A  primer  or  promoter-primer  having  both  modified  and  unmo- 
dified  members  consists  of  essentially  the  same  nucleic  acid  sequence  for  the  purposes  of  the  present  inven- 
tion.  In  other  words,  the  modified  primer  or  promoter-primer  does  not  contain  a  different  complexing  sequence 
(primer)  in  terms  of  its  specificity  in  that  both  the  modified  and  unmodified  oligonucleotide  hybridizes  in  ef- 

25  fectively  the  same  position  (plus  or  minus  about  ten  bases)  on  the  target  nucleic  acid  sequence  such  that  am- 
plification  of  the  target  sequence  is  not  prohibited.  Also,  the  modified  promoter-primer  does  not  contain  a  dif- 
ferent  recognition  sequence  (promoter)  from  the  unmodified  promoter-primer.  This  means  that,  within  about 
10  bases,  the  modified  and  unmodified  primers  or  promoter-primers  are  the  same,  are  recognized  by  the  same 
RNA  polymerase,  and  recognize  the  same  target  sequence  (although  not  necessarily  at  precisely  the  same 

30  position).  In  a  preferred  embodiment,  the  modified  and  unmodified  primers  or  promoter-primers  are  identical 
except  for  the  modification. 

The  3'-end  of  the  primer  or  promoter-primer  can  be  modified  in  a  variety  of  ways  well  known  to  those  skilled 
in  the  art.  Appropriate  modifications  to  a  promoter-primer  can  include  addition  of  ribonucleotides,  3'  deoxynu- 
cleotide  residues,  (e.g.,  cordycepin  (CO,  Glen  Research)),  3',2'-dideoxy  nucleotide  residues,  modified  nucleo- 

35  tides  such  as  phosphorothioates,  and  non-nucleotide  linkages  such  as  described  in  Arnold,  et  al.,  (PCT  US 
88/03173)  (RS)  or  alkane-diol  modifications  (Wilk  et  al.  Nuc.  Acids  Res.  18:2065,  1990)  (RP),  or  the  modifi- 
cation  may  simply  consist  of  a  region  3'  to  the  priming  sequence  that  is  uncomplementary  to  the  target  nucleic 
acid.  Of  course,  other  effective  modifications  are  possible  as  well. 

A  mixture  of  modified  and  unmodified  oligonucleotides  may  be  used  in  an  amplification  reaction,  and  ratios 
40  of  blocked  to  unblocked  oligonucleotide  from  2:1  to  1  ,000:1  have  been  successfully  used.  A  mixture  of  oligo- 

nucleotides  with  different  3'  modifications  may  also  be  used. 

Brief  Description  of  the  Drawings 

45  Figure  1  depicts  a  promoter-  primer  and  a  target  nucleic  acid  that  has  a  defined  3'-end  and,  thus,  no  ad- 
ditional  sequences  3'  to  the  target  sequence,  but  which  does  have  additional  sequences  5'  to  the  target  se- 
quence. 

Figure  2  depicts  an  RNA  target  sequence  having  additional  sequences  3'  to  the  complexing  region  of  the 
target  sequence. 

so  Figure  3  is  a  diagrammatic  representation  of  an  alkane  diol  modification  or  RP,  on  an  oligonucleotide  (zig- 
zag  line). 

Detailed  Description  of  the  Invention 

55  The  present  invention  is  directed  to  a  method,  composition  and  kit  for  the  amplification  of  specific  nucleic 
acid  target  sequences.  Such  amplified  target  sequences  are  useful  in  assays  for  the  detection  and/or  quanti- 
tation  of  specific  nucleic  acid  target  sequences  or  for  the  production  of  large  numbers  of  copies  of  DNA  and/or 
RNA  of  specific  target  sequences  for  a  variety  of  uses. 
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Using  Fig.  1  for  illustration,  the  present  invention  features  a  method  comprising  treating  a  nucleic  acid  tar- 
get  sequence  2,  which  may  be  RNA  or  DNA,  with  an  oligonucleotide  4  that  comprises  a  promoter-  primer  that 
has  a  promoter  6  and  a  primer  8,  wherein  the  primer  8  is  sufficiently  complementary  to  the  3'-end  9  portion 
of  the  target  sequence  to  complex  at  or  near  the  3'-end  9  of  the  target  sequence.  The  promoter-primer  4  con- 

5  sists  essentially  of  only  a  single  nucleic  acid  sequence,  and  no  other  promoter-primers  need  be  introduced  to 
the  reaction  mixture  to  achieve  amplification.  Promoters  suitable  for  the  promoter-primer  of  the  present  inven- 
tion  are  nucleic  acid  sequences  (produced  naturally,  synthetically  or  as  a  product  of  a  restriction  digest)  that 
are  specif  ically  recognized  by  an  RNA  polymerase  that  binds  to  that  sequence  and  initiates  the  process  of  tran- 
scription  whereby  RNA  transcripts  are  produced.  The  promoter  sequence  may  optionally  include  nucleotide 

10  bases  extending  beyond  the  actual  recognition  site  for  the  RNA  polymerase,  which  may  impart  added  stability 
or  susceptibility  to  degradation  processes  or  increased  transcription  efficiency.  Promoter  sequences  for  which 
there  is  a  known  and  available  polymerase  are  particularly  suitable.  Such  promoters  include  those  recognized 
by  RNA  polymerases  from  bacteriophages  T3,  T7  or  SP6,  or  from  E.  coli. 

In  some  circumstances  it  may  be  desirable  to  introduce  "helper"  oligonucleotides  into  the  mixture,  which 
15  helper  oligonucleotides  assist  the  promoter-primer  to  complex  with  the  target  sequence. 

The  promoter-primer  4  and  the  target  sequence  2  are  subjected  to  conditions  whereby  a  promoter-pri- 
mer/target  sequence  complex  11  is  formed  and  DNAsynthesis  may  be  initiated.  Accordingly,  the  reaction  mix- 
ture  is  incubated  under  conditions  whereby  a  promoter-primer/target  sequence  complex  is  formed,  including 
DNA  priming  and  nucleic  acid  synthesizing  conditions  (including  ribonucleotide  triphosphates  and  deoxyribo- 

20  nucleotide  triphosphates)  for  a  period  of  time  sufficient  whereby  multiple  copies  of  the  target  sequence  are 
produced.  The  reaction  advantageously  takes  place  under  conditions  suitable  for  maintaining  the  stability  of 
reaction  components  such  as  the  component  enzymes  and  without  requiring  modification  or  manipulation  of 
reaction  conditions  during  the  course  of  the  amplification  reaction.  Accordingly,  the  reaction  may  take  place 
under  conditions  that  are  substantially  isothermal  and  include  substantially  constant  ionic  strength  and  pH.  In 

25  other  words,  the  reaction  conditions  may  be  effectively  constant,  which  means  that  the  temperature,  pH  and 
ionic  concentration  are  not  significantly,  purposefully  altered  so  as  to  affect  the  reaction  conditions.  The  com- 
ponents  of  the  reaction  mixture  may  be  combined  stepwise  or  at  once. 

During  performance  of  the  reaction,  the  3'-end  9  of  the  target  sequence  is  extended  by  an  appropriate 
DNA  polymerase  in  an  extension  reaction  using  the  promoter  sequence  of  the  promoter-primer  as  a  template 

30  to  give  a  DNA  extension  product  10  complementary  to  the  promoter  sequence.  The  3'-end  of  the  primer  region 
of  the  promoter-  primer  is  also  extended  in  an  extension  reaction,  using  an  appropriate  reverse  transcriptase, 
to  form  a  complementary  strand  1  2  to  the  target  nucleic  acid  sequence.  The  resulting  double  stranded  promoter 
is  then  used  to  bind  the  appropriate  RNA  polymerase,  which  then  uses  the  resulting  double  stranded  target 
nucleic  acid  sequence  to  produce  multiple  copies  of  single  stranded  RNA  (which  will  be  complementary  to  the 

35  (+)  strand  of  the  target  sequence). 
The  DNA  polymerase  for  extension  of  the  promoter-primer  must  be  an  RNA-dependent  DNA  polymerase 

(i.e.,  a  reverse  transcriptase)  when  the  target  sequence  is  RNA.  Concomitantly,  where  the  target  sequence 
comprises  DNA,  the  DNA  polymerase  must  be  a  DNA-dependent  DNA  polymerase.  However,  as  all  known  re- 
verse  transcriptases  also  possess  DNA-dependent  DNA  polymerase  activity,  it  is  not  necessary  to  add  a  DNA- 

40  dependent  DNA  polymerase  other  than  reverse  transcriptase  in  order  to  perform  the  extension  reaction,  in- 
cluding  where  the  promoter-primer  is  DNA  and  the  target  sequence  is  RNA.  Suitable  reverse  transcriptases 
include  AMV  reverse  transcriptase  and  MMLV  reverse  transcriptase. 

The  RNA  polymerase  required  for  the  present  invention  may  be  a  DNA-dependent  RNA  polymerase,  such 
as  the  RNA  polymerases  from  E.  coli  and  bacteriophages  T7,  T3  and  SP6;  it  is  surprising  that  such  a  DNA- 

45  dependent  RNA  polymerase  is  effective  when  the  target  sequence  is  RNA. 
In  the  case  where  the  target  sequence  is  DNA,  the  3'-end  of  the  target  sequence  must  be  defined,  as  in 

Fig.  1,  to  coincide  approximately  with  the  5'-end  of  the  primer  of  the  primer-promoter  (i.e.,  the  target  sequence 
must  not  have  nucleotides  extending  3'  past  the  region  complexed  with  the  primer).  Of  course,  such  generation 
may  also  be  practiced  on  an  RNA  target  nucleic  acid  sequence.  Generation  of  such  a  defined  3'-end  of  the 

so  nucleic  acid  target  by  chemical  or  enzymatic  degradation  or  processing  are  known  in  the  art. 
As  depicted  in  Fig.  2,  the  amplification  may  surprisingly  be  performed  on  an  RNA  target  sequence  14  that 

has  a  strand  of  nucleotides  16  extending  3'  past  region  11  complexed  with  the  primer. 
It  is  a  feature  of  the  present  invention  that  multiple  copies  of  either  DNA  or  RNA  may  be  obtained. 
In  a  preferred  embodiment,  the  promoter-primer  has  a  modification  at  its  3'-end  to  prevent  or  decrease 

55  extension  from  that  end  (along  the  target  sequence).  Methods  of  producing  such  modifications  are  known  in 
the  art.  It  is  surprising  that  the  amplification  may  be  performed  with  the  3'-end  so  modified,  and  also  surprising 
that  using  a  mixture  of  modified  and  unmodified  promoter-primer  will  result  in  higher  efficiency  amplification. 
For  example,  a  ratio  of  about  150  modified  promoter-primers  to  1  unmodified  promoter-primer  has  been  found 

8 
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to  greatly  increase  the  efficiency  and  effectiveness  of  amplification.  However,  this  ratio  will  change  according 
to  the  reaction  conditions  and  reagents,  such  as  the  promoter-primer  and  the  target  sequence. 

In  still  a  further  aspect,  the  invention  features  a  kit  comprising  some  or  all  of  the  reagents,  enzymes  and 
promoter-primers  necessary  to  perform  the  invention.  The  items  comprising  the  kit  may  be  supplied  in  separate 

5  vials  or  may  be  mixed  together,  where  appropriate. 

Examples 

Preface 
10 

The  following  examples  demonstrate  the  mechanism  and  utility  of  the  present  invention.  They  are  not  lim- 
iting  and  should  not  be  considered  as  such. 

The  enzymes  used  in  the  following  examples  are  avian  myeloblastosis  virus  (AMV)  reverse  transcriptase, 
T7  RNA  polymerase,  Moloney  murine  leukemia  virus  (MMLV)  reverse  transcriptase,  and  Superscript  (RNase 

15  H  minus  MMLV  RT,  "MMLV  SC  RT")  from  Bethesda  Research  Laboratories.  Other  enzymes  containing  similar 
activities  and  enzymes  from  other  sources  may  be  used.  Other  RNA  polymerases  with  different  promoter  spe- 
cificities  may  also  be  suitable  for  use. 

Unless  otherwise  specified,  the  reaction  conditions  used  in  the  following  examples  were  50  mM  Tris-HCI, 
pH  7.6,  25  mM  KCI,  17.5  mM  MgCI2,  5  mM  dithiothreitol,  2  mM  spermidine  trihydrochloride,  6.5  mM  rATP,  2.5 

20  mM  rCTP,  6.5  mM  rGTP,  2.5  mM  rUTP,  0.2  mM  dATP,  0.2  mM  dCTP,  0.2  mM  dGTP,  0.2  mM  dTTP,  0.3  M̂  pro- 
moter-primer,  600  units  of  MMLV  reverse  transcriptase  and  400  units  of  T7  RNA  polymerase,  and  specified 
amounts  of  template  in  100  l̂  volumes.  However,  the  best  reaction  conditions  will  vary  according  to  the  re- 
quirements  of  a  given  use  and  circumstances;  given  the  present  disclosure,  such  conditions  will  be  apparent 
to  one  skilled  in  the  art.  The  oligonucleotide  sequences  used  are  exemplary  and  are  not  limiting  as  other  se- 

25  quences  have  been  employed  for  these  and  other  target  sequences. 

Example  1  . 

To  demonstrate  the  invention  using  a  target  sequence  with  a  defined  3'-end,  a  promoter-  primer  (Seq.  ID 
30  No.  1)  containing  a  sequence  complementary  to  the  3'  end  of  Ureaplasma  urealyticum  5S  rRNA,  was  incubated 

with  RNA  in  the  presence  of  T7  RNA  polymerase  and  MMLV  reverse  transcriptase  for  four  hours.  Samples  of 
the  reaction  were  removed  at  certain  timepoints  and  analyzed  by  hybridization  with  two  probes  of  the  same 
sense  as  the  target  RNA  (Seq  ID  Nos.  2,  3)  in  the  presence  of  helper  probes  (Seq  ID  Nos.  4,  5)  as  described 
in  Hogan  (U.S.  Patent  5,030,557,  Means  for  Enhancing  Nucleic  Acid  Hybridization). 

Time  of  incubation  RLU 

1  fmole  target  0.1  fmole  target 

15min  5,389  307 

30min  10,360  778 

60  min  40,622  5,588 

120  min  144,851  13,051 

180  min  192,618  16,249 

240  min  203,393  20,745 

50  Example  2. 

To  demonstrate  that  the  invention  works  with  a  target  sequence  containing  nucleotides  3'  to  the  promoter- 
primer  binding  site,  a  promoter-primer  containing  sequences  complementary  to  21  bases  of  Streptococcus 
pneumoniae  16S  rRNA  corresponding  to  bases  683-703  of  the  E.  co[i  reference  sequence,  (Seq  ID  No.  6), 

55  was  incubated  with  1  fmole  of  (+)  sense  S.  pneumoniae  rRNA  in  the  presence  of  the  following  enzymes.  Ten 
p\  of  the  reaction  was  assayed  with  acridinium  ester  labelled  probes  of  both  senses  (Seq  ID  No.  7),  with  helper 
probes  (Seq  ID  No.  8,  9),  or  their  complements.  In  a  separate  experiment,  part  of  the  reaction  was  hydrolyzed 
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with  NaOH  prior  to  hybridization. 

Enzymes  (+)  sense  probe  (-)  sense  probe 

MMLVRT  +  T7  434,463  7,333 

MMLVSCRT  +  T7  2,617  3,579 

MMLV  RT,  no  T7  2,614  1,733 

MMLV  RT  +  T7,  no  primer  1,753  3,840 

MMLV  RT  +  T7,  no  NaOH  615,299 

^  MMLV  RT  +  T7,  +  NaOH  2,499 

The  results  show  that  the  amplification  of  the  present  invention  is  dependent  on  reverse  transcriptase,  T7 
RNA  polymerase  and  RNase  H  activity,  and  that  the  predominant  product  produced  is  RNA  complementary 
to  the  target  RNA. 

20 
Example  3. 

To  determine  if  extension  of  the  3'  end  of  the  promoter-primer  was  required  for  amplification,  a  promoter- 
primer  was  synthesized  with  3'  modifications  using  standard  chemistry,  as  described  by  Arnold  etal.  (RS;  PCT 

25  US  88/03173)  orWilk,  etal.,  (RP;  Figure  3  in  Nucleic  Acids  Res.  18:2065,  1990),  orcordycepin  (CO,  Glen  Re- 
search).  The  effect  of  these  modifications  on  extension  by  reverse  transcriptase  was  tested  in  the  following 
experiment.  A  promoter-  primer  with  a  sequence  complementary  to  S.  pneumoniae  16S  rRNA  (Seq  ID  6)  was 
hybridized  to  target,  then  incubated  in  the  presence  of  MMLV  RTfor30  min.  At  the  end  of  the  extension  reaction, 
the  RNA  and  cDNA  was  denatured  at  95°C  for  two  minutes,  and  assayed  by  hybridization  protection  assay 

30  with  a  probe  the  same  sense  as  the  rRNA  (Seq  ID  No.  7)  with  helper  probes  (Seq  ID  Nos.  8,  9). 

RLU 

Amount  of  target:  1  pmole  0  pmole 

35  Primer: 

unmodified  156,996  5,038 

3'RSL  391,079  4,132 

40  3'RP  68,153  4,365 

3'  CO  10,521  4,717 

The  results  indicated  that  the  3'  modifications  did  alter  extension  by  reverse  transcriptase  relative  to  the 
45  unmodified  primer. 

Example  4. 

To  determine  if  extension  of  the  3'  end  was  required  for  the  amplification  of  a  target  sequence  with  a  de- 
50  fined  3'-end,  the  promoter-  primer  complementary  to  the  3'  end  of  Ureaplasma  urealyticum  5S  rRNA  (Seq.  ID 

1),  was  modified  at  the  3'  end  with  RS,  and  incubated  with  1  fmole  of  target  RNA,  MMLV  reverse  transcriptase 
andT7  RNA  polymerase.  Hybridization  with  probes  as  described  in  Example  1  indicated  that  efficient  extension 
of  the  promoter-primer  was  not  required  for  amplification.  Reverse  transcriptase  activity  was  required,  as 
shown  by  the  lack  of  amplification  in  the  reaction  containing  only  T7  RNA  polymerase. 

55 
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Enzymes  RLU 

unmodified  modified 

MMLVRT  +  T7  11,189  12,443 

MMLV  SC  RT  +  T7  8,738  3,742 

T7only  1,838  1,694 

No  target  1,272  1,157 

Example  5. 

15  To  test  the  effect  of  3'  modifications  on  amplification  of  a  target  containing  sequences  3'  to  the  promoter- 
primer  binding  site,  a  promoter-primer  containing  sequences  complementary  to  S.  pneumoniae  16S  rRNA, 
(Seq  ID  No.  6),  was  synthesized  with  3'  RS,  3'  RP,  or  3'  cordycepin  modification.  The  modified  and  unmodified 
promoter-primers  were  incubated  with  S.  pneumoniae  rRNA,  MMLV  reverse  transcriptase  and  T7  RNA  poly- 
merase  at  37°Cfor4  hr.  Ten  l̂  of  the  reaction  was  assayed  with  a  probe  of  the  same  sense  as  the  target  RNA. 

RLU 

Primer  1  fmol  target  0.1  fmol  target  0  target 

unmodified  39,652  7,952  2,785 

3'  RSL  227,639  15,732  3,117 

3'  RP  556,708  589,168  3,368 

3'  CO  509,262  30,004  3,219 

Surprisingly,  the  data  show  that  modifications  to  the  3'  end  of  the  promoter-primer  increased  the  signal 
observed  with  this  amplification  mechanism. 

Example  6. 

The  following  experiment  was  performed  to  demonstrate  the  kinetics  of  accumulation  of  product  with  pro- 
moter-primers  with  unmodified  or  modified  3'  ends.  A  promoter-primer  containing  sequences  complementary 
to  M.  tuberculosis  23S  rRNA  was  incubated  with  1  fmole  of  M.  tuberculosis  rRNA  in  the  presence  of  MMLV  RT 
and  T7  RNA  polymerase.  At  the  time  points  indicated,  samples  were  removed  and  assayed  with  an  acridinium 
ester  labelled  probe  the  same  sense  as  the  target  RNA.  Background  RLU  from  target  free  reactions  were  sub- 
tracted  from  the  data. 

Time  Unmodified  3'  RS  3'  RP 

0  min  0  0  0 

15  min  2,266  430  43 

30  min  7,622  1,532  214 

60  min  9,349  9,584  1,403 

120  min  15,281  32,007  150,781 

180  min  24,528  38,086  590,033 

240  min  23,866  46,276  868,145 

The  data  show  that  the  unmodified  and  3'  RS  modified  promoter-primers  accumulate  product  in  a  linear 
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manner,  while  the  3'  RP  promoter-primer  appears  to  accumulate  product  in  a  more  exponential  fashion.  This 
result  was  also  unexpected,  and  implies  a  unique  amplification  mechanism  that  occurs  at  essentially  constant 
temperature,  pH  and  ionic  strength. 

Example  7. 

In  this  example,  different  promoter-primers  were  incubated  with  S.  pneumoniae  rRNA  for  4  hours  in  the 
presence  of  600  units  of  AMV  reverse  transcriptase  and  400  units  of  T7  RNA  polymerase.  Ten  l̂  of  sample 
were  assayed  with  an  acridinium-ester  labeled  probe  of  the  same  sense  as  the  target  RNA. 

1fmol  target  Ofmol  target 

Unmodified  66,042  3,607 

3'  RP  359,597  3,411 

3'  CO  110,260  2,984 

The  data  show  that  the  3'  modified  promoter-primers  result  in  higher  signals  than  the  unmodified  version 
with  AMV  reverse  transcriptase. 

Example  8. 

The  following  experiment  demonstrated  that  additives  (DMSO  and  glycerol)  increase  the  effectiveness 
(sensitivity)  of  the  amplification  system.  Modified  or  unmodified  promoter-primers  (Seq  ID  No.  6)  were  added 
to  S.  pneumoniae  rRNA  in  the  presence  of  MMLV  reverse  transcriptase  and  T7  RNA  polymerase  and  incubated 
at  37°C  for  4  hours.  Ten  l̂  of  reaction  were  assayed  with  acridinium  ester  labelled  probe  of  the  same  sense 
as  the  target  RNA,  and  negative  values  were  subtracted. 

P r i m e r  

u n m o d i f i e d  

3'  CO 

3  '  RP 

D M S O / g l y  0-1  f m o l  

3 , 1 7 6  

1 , 4 6 8  

5,  1 6 8  

4 6 , 9 1 5  

83  , 8 7 0  

0 . 0 1   f m o l  

18 

7 6 3  

668  

3  ,  0 7 0  

7  , 4 0 0  

9 3 5 , 9 4 5  1 1 7 , 0 5 1  

The  data  show  that  the  additives  had  little  effect  on  the  results  with  the  unmodified  promoter-  primer,  but 
increased  signals  significantly  with  the  3'  modified  promoter-primers,  with  the  most  marked  effect  with  the 
3'  RP  version. 

Example  9. 

In  this  experiment,  promoter-  primers  with  a  sequence  complementary  to  the  23S  rRNA  of  M.  tuberculosis, 
(Seq  ID  No.  10)  were  synthesized  with  one  (ribo)  or  two  (diribo)  3'  terminal  deoxycytidines  replaced  with  one 
or  two  3'  ribocytidine  residues,  or  with  a  3'  terminal  phosphorothioate  (PS)  deoxynucleotide.  These  modified 
promoter-primers  were  used  to  amplify  M.  tuberculosis  rRNA  in  50  mM  Tris  HCI  pH  8,  20  mM  MgCI2,  35  mM 
KCI,  4  mM  each  GTP,  ATP,  UTP,  CTP  and  1  mM  each  dTTP,  dGTP,  dCTP,  dATP,  15  mM  N-acetyl-cysteine,  10 
%  glycerol,  10%  DMSO,  600  units  MMLV  reverse  transcriptase,  and  400  units  T7  RNA  polymerase,  at  42°C 
for  4  hours.  Five  l̂  of  each  reaction  was  heated  to  95°C  for  2  minutes  and  assayed  with  a  probe  of  the  same 
sense  as  the  rRNA  target  (Seq  ID  #  11),  with  helper  probes  ID  12  and  13. 

12 
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Tmol  T a r g e t :   3 , 0 0 0   300  30  3  0 

P r i m e r  

5  U n m o d i f i e d   1 1 , 1 6 2   1 ,508   931  779  807  

3'  RP  1 , 9 0 1 , 5 3 2   1 , 4 9 4 , 0 5 0   5 1 3 , 4 1 9   14 ,243   658 

3'  r i b o   5 7 , 4 0 1   3 ,992   644  670  589  

3 ' d i r i b o   3 4 , 2 6 5   1 1 , 4 5 9   1 ,445  666  584 
10 U n m o d i f i e d   1 ,799   877  N.T.  782  

15  3 'PS   2 6 6 , 7 5 5   12 ,567   1 , 6 1 7   656  

The  results  showed  that  promoter-primers  with  one  or  two  ribonucleotides  at  the  3'  end,  or  with  a  3'  phos- 
phorothioate  linkage,  give  better  amplification  in  this  system  than  unmodified  promoter-primers. 

20 
Example  10. 

Another  method  for  altering  the  extension  of  promoter-primer  by  reverse  transcriptase  was  to  mix  unmo- 
dified  promoter-primer  with  blocked,  cordycepin-modif  ied  promoter-primer.  Use  of  a  mixture  of  promoter-pri- 

25  mers  would  significantly  decrease  the  production  of  cDNA  observed  in  a  reverse  transcription  reaction,  as  ob- 
served  for  other  3'  modifications.  The  following  experiment  used  promoter-  primers  with  sequence  complemen- 
tary  to  M.  tuberculosis  16S  rRNA  (Seq  ID.#  14),  either  modified  with  cordycepin  or  unmodified.  The  promoter- 
primers  were  incubated  with  3  tmol  of  M.  tuberculosis  rRNA,  300  units  of  MMLV  reverse  transcriptase  and  200 
units  of  T7  RNA  polymerase,  using  the  same  conditions  as  example  9  except  that  10  mM  trimethyl  ammonium 

30  chloride  was  present.  After  a  2  hour  incubation  at  42  °C,  twenty  l̂  of  the  reaction  was  assayed  with  a  probe 
of  the  same  sense  as  the  target  RNA  (Seq  ID  15,  with  helpers  #16,  17).  The  results  are  the  average  of  5  rep- 
licates. 

35 
Target  3'CO  Primer  Unmodified  Primer  RLU 

+  15pmol  0  pmol  1,879 

+  14.9  pmol  0.1  pmol  191,988 

15  pmol  0  pmol  1,055 
40 

As  can  be  seen,  a  mixture  of  modified  and  unmodified  promoter  primer  worked  better  than  completely 
modified  promoter  primer.  Varying  the  ratio  (e.g.,  between  1:1  to  150:1)  of  modified  to  unmodified  promoter- 
primer  effectively  increased  the  efficiency  of  amplification.  The  optimal  ratio  will  change  according  to  reaction 
conditions,  including  the  reagents  used,  the  target  sequence,  and  the  promoter-primer.  Selecting  appropriate 

45  conditions  for  a  given  amplification  is  within  the  skill  of  one  skilled  in  the  art  without  undue  experimentation. 
In  a  separate  experiment,  the  signals  obtained  from  the  amplification  were  compared  to  known  standards, 

and  the  degree  of  amplification  calculated  to  be  2.6  x  105  fold. 

Example  11. 
50 

In  this  example,  reactions  were  performed  as  in  Example  10,  except  that  the  promoter  primers  were  un- 
modified  or  modified  with  RP  or  CO.  Thirty  tmol  target  was  added  to  each  reaction.  As  shown,  a  mixture  of 
promoter  primers  with  different  3'  modifications  result  in  significant  amplification. 

55 
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Primer  RLU 

3'  CO  3'RP  Unmodified 

15  pmol  -  0.1  pmol  802,374 

13  pmol  2  pmol  -  440,854 

The  amount  of  non-specific  product  generated  was  shown  to  be  much  lower  with  the  modified  primers, 
evidencing  another  advantage  of  the  invention. 

Example  12. 

The  increase  in  the  number  of  complementary  copies  of  the  target  sequence  with  time  requires  reverse 
transcriptase  and  T7  RNA  polymerase.  When  the  promoter-primer  hybridizes  to  the  3'  end  of  a  target,  copying 
of  the  T7  promoter  sequence  results  in  a  double-stranded  DNA  promoter  that  can  be  recognized  by  T7  RNA 
polymerase  and  utilized  to  make  RNA  copies  of  the  target  sequence.  The  results  with  the  3'  modified  promoter- 
primers  implied  that  the  T7  RNA  polymerase  was  using  RNA  as  a  template  for  RNA  synthesis.  Synthetic  oli- 
gonucleotides  were  made  to  test  this  hypothesis.  The  first  oligonucleotide  was  a  DNA  promoter-primer,  con- 
taining  a  5'  T7  promoter  sequence  linked  to  a  3'  target  binding  sequence.  Another  oligonucleotide  containing 
only  the  promoter  sequence  was  also  synthesized.  The  target  sequence  consisted  of  an  RNA:DNA  chimeric 
molecule  containing  5'  synthetic  RNA  target  sequence  with  the  DNA  complement  of  the  T7  promoter  sequence 
attached  to  the  3'  end. 

In  this  experiment  the  10  or  1  fmol  of  the  RNA-DNA  chimeric  target  was  hybridized  with  the  promoter-pri- 
mer  containing  the  T7  promoter  and  a  target  binding  sequence,  or  the  promoter  sequence  alone,  leaving  the 
RNA  target  strand  single-stranded.  The  hybrids  were  incubated  with  or  without  T7  RNA  polymerase  and  the 
products  were  hybridized  with  a  probe  of  the  same  sense  as  the  RNA  target  sequence. 

Promoter-  primer  RLU 

10  fmol  1fmol 

+  T7  -T7  +T7  -T7 

Pro+target  146,060  2,490  16,532  2,721 

pro  only  425,127  2,753  33,474  2,557 

Surprisingly,  the  data  show  that  an  RNA  fragment  can  be  used  by  T7  RNA  polymerase  as  a  template  for 
RNA  transcription. 

Example  13. 

The  following  experiment  showed  that  an  RNA  strand  can  be  used  to  synthesize  RNA  in  the  presence  of 
reverse  transcriptase  and  T7  RNA  polymerase.  In  this  experiment,  the  RNA:DNA  chimeric  target  was  compared 
to  a  synthetic  RNA  fragment  containing  only  the  target  sequence. 

Target  T7  RT  10  fmole  1  fmole 

RNA:DNA  chimera  +  MMLV  1,369,888  264,864 

+  AMV  334,139  118,406 

5,066 

RNA  target  +  MMLV  13,609  3,875 

+  AMV  26,318  4,824 

5,862 

14 



iP  0  587  266  A1 

The  present  embodiments  of  this  invention  are  to  be  considered  in  all  respects  as  illustrative  and  not  re- 
itrictive,  the  scope  of  the  invention  being  indicated  by  the  appended  claims  rather  than  by  the  foregoing  de- 
icription,  and  all  changes  which  come  within  the  meaning  and  range  of  equivalency  of  the  claims  therefore 
ire  intended  to  be  embraced  therein. 

(1)  INFORMATION  FOR  SEQ  ID  NO:  1: 

(i)  SEQUENCE  CHARACTERISTICS: 

(A)  LENGTH:  53 
(B)  TYPE:  n u c l e i c   a c i d  
(C)  STRANDEDNESS  :  s i n g l e  
(D)  TOPOLOGY:  l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  SEQ  ID  NO:  1:  

AATTTAATAC  GACTCACTAT  AGGGAGAGCG  TAGCGATGAC  CTATTTTACT  TGC  53 

(2)  INFORMATION  FOR  SEQ  ID  NO:  2 :  

(i)  SEQUENCE  CHARACTERISTICS: 

(A)  LENGTH  : 
(B)  TYPE: 
(C)  STRANDEDNESS: 
(D)  TOPOLOGY: 

n u c l e i c   a c i d  
s i n g l e  
l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  £ 

CGAACACAGA  AGTCAAGCAC  TCTAGAGCCG 

(3)  INFORMATION  FOR  SEQ  ID  NO:  3 :  

(i)  SEQUENCE  CHARACTERISTICS: 

(A)  LENGTH: 
(B)  TYPE: 
(C)  STRANDEDNESS: 
(D)  TOPOLOGY: 

SEQ  ID  NO:  2 :  

30 

36 
n u c l e i c   a c i d  
s i n g l e  
l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  SEQ  ID  NO:  3: 

GTGATCATAT  CAGAGTGGAA  ATACCTGTTC  CCATCC  36 

15 
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^4)  INFORMATION  FOR  SEQ  ID  NO:  4 :  

(i)   SEQUENCE  CHARACTERISTICS:  

(A)  LENGTH:  34 
(B)  TYPE:  n u c l e i c   a c i d  
(C)  STRANDEDNESS:  s i n g l e  
(D)  TOPOLOGY:  l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  SEQ  ID  NO:  4 :  

5TAGTGATCA  TATCAGAGTG  GAAATACCTG  TTCC  34  

(5)  INFORMATION  FOR  SEQ  ID  NO:  5 :  

( i)   SEQUENCE  CHARACTERISTICS:  

(A)  LENGTH: 
(B)  TYPE:  
(  C  )  STRANDEDNESS  : 
(D)  TOPOLOGY: 

2 6  
n u c l e i c   a c i d  
s i n g l e  
l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  S 

GCAAGTAAAA  TAGGTCATCG  CTACGC 

(6)  INFORMATION  FOR  SEQ  ID  NO:  6 :  

(  i  )  SEQUENCE  CHARACTERISTICS  : 

(A)  LENGTH: 
(B)  TYPE:  
(C)  STRANDEDNESS: 
(D)  TOPOLOGY: 

SEQ  ID  NO:  5 :  

26  

48  
n u c l e i c   a c i d  
s i n g l e  
l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  SEQ  ID  NO:  6 :  

AATTTAATAC  GACTCACTAT  AGGGAGACTA  CGCATTTCAC  CGCTACAC 48  

16 
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7)  INFORMATION  FOR  SEQ  ID  NO:  / :  

(i)  SEQUENCE  CHARACTERISTICS: 

(A)  LENGTH:  22 
(B)  TYPE:  n u c l e i c   a c i d  
(C)  STRANDEDNESS:  s i n g l e  
(D)  TOPOLOGY:  l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  SEQ  ID  NO:  7 :  

GGCTTAACCA  TAGTAGGCTT  TG  22 

8)  INFORMATION  FOR  SEQ  ID  NO:  « :  

(i)   SEQUENCE  CHARACTERISTICS: 

(A)  LENGTH:  39  
(B)  TYPE:  n u c l e i c   a c i d  
(C)  STRANDEDNESS:  s i n g l e  
(D)  TOPOLOGY:  l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  i  SEQ  ID  NO:  8 :  

GAGCGCAGGC  GGTTAGATAA  GTCTGAAGTT  AAAGGCTGT  39 

;9)  INFORMATION  FOR  SEQ  ID  NO:  y :  

(i)  SEQUENCE  CHARACTERISTICS: 

(A)  LENGTH: 
(B)  TYPE:  n u c l e i c   a c i d  
(C)  STRANDEDNESS:  s i n g l e  
(D)  TOPOLOGY:  l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  SEQ  ID  NO:  9 :  

GAAACTGTTT  AACTTGAGTG  CAAGAGGGGA  GAGTGG  3  6 

(10)  INFORMATION  FOR  SEQ  ID  NO:  1 0 :  

(i)  SEQUENCE  CHARACTERISTICS  : 

(A)  LENGTH:  <W 
(B)  TYPE:  n u c l e i c   a c i d  
(C)  STRANDEDNESS:  s i n g l e  
(D)  TOPOLOGY:  l i n e a r  

17 



u  «su  i  auu  n  i 

(11)  iiJiViUiLWUri  ULOV-ivxrixv^  . 

iTTTAATAC  GACTCACTAT  AGGGAGACCA  GGCCACTTCC  GCTAACC  47 

LI)  INFORMATION  run  o.cv  J-^ 

(i)  SEQUENCE  CHARACTERISTICS  : 

(A)  LENGTH:  23 
(B)  TYPE:  n u c l e i c   a c i d  

(C)  STRANDEDNESS:  s i n g l e  
(D)  TOPOLOGY:  l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  SEQ  ID  NO:  7 :  

GGAGGATATG  TCTCAGCGCT  ACC  23 

12)  INFORMATION  FOR  SEQ  ID  NO:  1 2 :  

(i)  SEQUENCE  CHARACTERISTICS: 

(A)  LENGTH:  38 
(B)  TYPE:  n u c l e i c   a c i d  

(C)  STRANDEDNESS:  s i n g l e  
(D)  TOPOLOGY:  l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  SEQ  ID  NO:  1 2 :  

CGGCTGAGAG  GCAGTACAGA  AAGTGTCGTG  GTTAGCGG  38 

(13)  INFORMATION  FOR  SEQ  ID  NO:  1 3 :  

(i)  SEQUENCE  CHARACTERISTICS: 

(A)  LENGTH:  36 
(B)  TYPE:  n u c l e i c   a c i d  

(C)  STRANDEDNESS:  s i n g l e  
(D)  TOPOLOGY:  l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  SEQ  ID  NO:  1 3 :  

GGGTAACCGG  GTAGGGGTTG  TGTGTG  CGGG  GTTGTG  3  6 
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[14)  INFORMATION  FOR  SEQ  ID  NO:  14: 

(i)  SEQUENCE  CHARACTERISTICS: 

(A)  LENGTH: 
(B)  TYPE: 
(  C  )  STRANDEDNES  S  : 
(D)  TOPOLOGY: 

n u c l e i c   a c i d  
s i n g l e  
l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  SEQ  ID  NO:  14 :  

JAAATTAATA  CGACTCACTA  TAGGGAGACC  ACAGCCGTCA  CCCCACCAAC  AAGCT 

(15)  INFORMATION  FOR  SEQ  ID  NO:  15: 

(i)  SEQUENCE  CHARACTERISTICS: 

(A)  LENGTH: 
(B)  TYPE: 
(  C  )  STRANDEDNES  S  : 
(D)  TOPOLOGY: 

24 
n u c l e i c   a c i d  
s i n g l e  
l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  SEQ  ID  NO:  15 :  

GTCTTGTGGT  GGAAAGCGCT  TTAG  24 

(16)  INFORMATION  FOR  SEQ  ID  NO:  16: 

(i)  SEQUENCE  CHARACTERISTICS: 

(A)  LENGTH: 
(B)  TYPE: 
(C)  STRANDEDNESS: 
(D)  TOPOLOGY: 

n u c l e i c   a c i d  
s i n g l e  
l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  S£Q  ID  nu:  i t . :  

CCGGATAGGA  CCACGGGATG  CAT  23 

(17)  INFORMATION  FOR  SEQ  ID  NO:  1 7 :  

( i)   SEQUENCE  CHARACTERISTICS:  

(A)  LENGTH: 
(B)  TYPE:  
(■C)  STRANDEDNESS: 
(D)  TOPOLOGY: 

2U 
n u c l e i c   a c i d  
s i n g l e  
l i n e a r  

( i i )   SEQUENCE  DESCRIPTION  :  SEQ  ID  NO:  1 7 :  

CGGTGTGGGA  TGACCCCGCG  20  

19 
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Claims 

1.  A  method  of  amplifying  a  ribonucleic  acid  sequence  comprising: 
incubating  a  mixture  consisting  essentially  of: 

5  a  target  nucleic  acid  sequence  consisting  essentially  of  RNA,  and 
one  or  more  promoter-primers  consisting  essentially  of  a  single  nucleic  acid  sequence  comprising  a  pro- 

moter  recognizable  by  an  RNA  polymerase  and  a  primer  located  3'  relative  to  said  promoter,  said  primer  being 
able  to  complex  at  or  near  a  3'-end  of  said  target  ribonucleic  acid  sequence,  and 

a  DNA  polymerase  and  said  RNA  polymerase, 
10  at  a  temperature  and  in  a  solution  effective  to  allow  amplification  of  said  target  ribonucleic  acid  se- 

quence. 
2.  The  method  of  claim  1  wherein  said  DNA  polymerase  is  a  reverse  transcriptase. 
3.  The  method  of  claim  2  wherein  said  reverse  transcriptase  is  AMV  or  MMLV  reverse  transcriptase. 
4.  The  method  of  claim  1  ,  2  or  3  wherein  said  incubation  is  at  essentially  constant  temperature. 

15  5.  The  method  of  any  one  of  the  preceding  claims  wherein  at  least  one  of  said  one  or  more  promoter-primers 
is  a  modified  promoter-primer  comprising  a  modified  nucleotide  at  its  3'-end  to  prevent  or  decrease  a  nucleic 
acid  extension  reaction  from  proceeding  therefrom. 

6.  The  method  of  claim  5  wherein  said  one  or  more  promoter-  primers  comprise  modified  promoter-primers 
and  unmodified  promoter-primers  in  a  ratio  effective  to  produce  amplification. 

20  7.  The  method  of  claim  5  or  6  wherein  said  one  or  more  promoter-primers  comprise  modified  promoter- 
primer  and  unmodified  promoter-primer  in  a  ratio  of  from  150:1  to  1:1,  respectively. 

8.  The  method  of  claim  5,  6  or  7  wherein  said  one  or  more  promoter-  primers  have  been  modified  by  addition 
of  one  or  more  ribonucleotides,  by  addition  of  a  3'  terminal  phosphorothioate  deoxynucleotide,  or  by  3'-RS,  3'- 
alkane-diol  residue,  or  by  addition  of  a  3'-cordycepin. 

25  9.  The  method  of  any  one  of  the  preceding  claims  wherein  said  mixture  and  said  promoter-primer  are  con- 
tacted  together  prior  to  addition  of  said  DNA  polymerase  and  said  RNA  polymerase. 

10.  The  method  of  any  one  of  the  preceding  claims  wherein  said  solution  further  comprises  RNAse  H  ac- 
tivity. 

11.  The  method  of  any  one  of  the  preceding  claims  wherein  said  solution  further  comprises  an  agent  to 
30  create  a  definition  at  a  5'-end  of  said  target  nucleic  acid  sequence  such  that  an  extension  reaction  involving 

said  target  nucleic  acid  sequence  will  stop  at  said  definition. 
12.  The  method  of  claim  11  wherein  said  agent  comprises  a  defining  nucleic  acid  sequence  sufficiently 

complementary  to  said  5'-end  of  said  target  nucleic  acid  sequence  to  be  able  to  complex  with  said  5'-end  of 
said  target  nucleic  acid  sequence  at  said  temperature  and  in  said  solution. 

35  13.  The  method  of  any  one  of  the  preceding  claims  wherein  said  target  nucleic  acid  sequence  comprises 
nucleotides  at  its  3'-end  that  are  not  within  said  complex  formed  between  said  target  sequence  and  said  pro- 
moter-primer. 

14.  The  method  of  any  one  of  the  preceding  claims  wherein  said  3'-end  of  said  target  nucleic  acid  sequence 
is  generated  by  chemical  or  enzymatic  degradation  or  processing. 

40  15.  The  method  of  claim  14  wherein  said  chemical  or  enzymatic  degradation  or  processing  comprises  treat- 
ment  with  an  exonuclease. 

16.  The  method  of  any  one  of  the  preceding  claims  wherein  said  mixture  comprises  both  modified  pro- 
moter-primers  and  unmodified  promoter-primers  and  said  incubation  results  in  at  least  a  50,000  fold  increase 
of  a  strand  of  nucleic  acid  complementary  to  or  of  the  same  sense  as  said  target  nucleic  acid  sequence. 

45  17.  The  method  of  any  one  of  the  preceding  claims  wherein  said  mixture  further  comprises  one  or  more 
helper  oligonucleotides. 

18.  The  method  of  any  one  of  the  preceding  claims  wherein  said  RNA  polymerase  is  a  DNA-dependent 
RNA  polymerase. 

19.  The  method  of  claim  18  wherein  said  DNA-dependent  RNA  polymerase  is  selected  from  the  group  con- 
50  sisting  of  T7  RNA  polymerase,  T3  RNA  polymerase  and  SP6  RNA  polymerase. 

20.  The  method  of  any  one  of  the  preceding  claims  wherein  said  mixture  is  screened  by  hybridization  with 
a  probe  after  said  incubation. 

21.  A  method  of  amplifying  a  target  ribonucleic  acid  sequence  comprising: 
incubating  a  mixture  consisting  essentially  of: 

55  said  target  ribonucleic  acid  sequence,  and 
a  supply  of  a  single  promoter-primer  consisting  essentially  of  a  single  nucleic  acid  sequence  comprising 

a  promoter  recognizable  by  an  RNA  polymerase  and  a  primer  located  3'  relative  to  said  promoter,  said  primer 
able  to  hybridize  at  or  near  a  3'-end  of  said  target  ribonucleic  acid  sequence,  said  supply  comprising  both  modi- 

20 
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f  ied  promoter-  primer  and  unmodified  promoter-primer  in  a  ratio  effective  to  produce  greater  amplification  com- 
pared  to  said  modified  or  unmodified  promoter  primer  alone,  and 

a  reverse  transcriptase  and  said  RNA  polymerase, 
at  a  temperature  and  in  a  solution  effective  to  allow  amplification  of  said  target  nucleic  acid  sequence, 

5  said  conditions  comprising  constant  temperature  during  said  amplification. 
22.  The  method  of  claim  21  wherein  said  solution  further  comprises  an  agent  able  to  define  a  5'-end  of 

said  target  ribonucleic  acid  sequence  such  that  any  extension  reaction  involving  said  target  nucleic  acid  se- 
quence  will  stop  at  said  definition. 

23.  The  method  of  claim  21  or  22  wherein  said  target  ribonucleic  acid  sequence  comprises  nucleotides  at 
10  its  3'-end  that  are  not  within  said  complex  formed  by  said  target  sequence  and  said  promoter-primer. 

24.  The  method  of  claim  21,  22  or  23  wherein  said  reverse  transcriptase  is  AMV  or  MMLV  reverse  tran- 
scriptase. 

25.  The  method  of  any  of  claims  21  to  24  wherein  said  modified  promoter-  primer  is  a  3'  terminal  phos- 
phorothioate  deoxynucleotide,  3'-RS,  3'-alkane-diol  residue,  or  a  3'-cordycepin. 

15  26.  The  method  of  any  one  of  claims  21  to  25  wherein  said  mixture  further  comprises  one  or  more  helper 
oligonucleotides. 

27.  A  method  according  to  any  one  of  the  preceding  claims  wherein  said  incubating  is  performed  in  the 
presence  of  DMSO  and/or  glycerol. 

28.  A  method  for  amplifying  a  ribonucleic  acid  comprising  the  step  of: 
20  contacting  the  ribonucleic  acid  with  a  plurality  of  promoter-primers  consisting  essentially  of  a  single  nu- 

cleic  acid  sequence  comprising  a  promoter  recognizable  by  an  RNA  polymerase  and  a  primer  located  3'  relative 
to  said  promoter,  said  primer  being  able  to  complex  at  or  near  a  3'-end  of  said  target  ribonucleic  acid  sequence, 
and  wherein  at  least  one  of  said  promoter-primers  is  an  unmodified  promoter-primer  and  one  is  a  modified  pro- 
moter-primer  comprising  a  modified  nucleotide  at  its  3'-end  to  prevent  or  decrease  a  nucleic  acid  extension 

25  reaction  from  proceeding  therefrom  under  conditions  effective  to  allow  said  amplifying. 
29.  A  composition  comprising: 

a  target  ribonucleic  acid  sequence,  and 
one  or  more  promoter-primers  consisting  essentially  of  a  single  nucleic  acid  sequence  comprising  a  pro- 

moter  recognizable  by  an  RNA  polymerase  and  a  primer  located  3'  relative  to  said  promoter,  said  primer  being 
30  able  to  complex  at  or  near  a  3'-end  of  said  target  ribonucleic  acid  sequence,  and  wherein  at  least  one  of  said 

one  or  more  promoter-  primers  is  a  modified  promoter-primer  comprising  a  modified  nucleotide  at  its  3'-end  to 
prevent  or  decrease  a  nucleic  acid  extension  reaction  from  proceeding  therefrom, 

a  reverse  transcriptase, 
an  RNA  polymerase  specific  for  said  promoter,  and 

35  a  solution  of  reagents  able  to  allow  amplification  at  essentially  constant  temperature  of  said  composition. 
30.  The  composition  of  claim  29  comprising  a  mixture  as  defined  in  any  one  of  claims  3,  6,  7,  8,  12,  13, 

17,  18  or  19. 
31.  The  composition  of  claim  29  or  30  wherein  said  modified  promoter-primer  comprises  a  3'-alkane-diol 

residue. 
40  32.  A  kit  comprising: 

(a)  one  or  more  promoter-primers  consisting  essentially  of  a  single  nucleic  acid  sequence  comprising  a 
promoter  recognizable  by  an  RNA  polymerase  and  a  primer  located  3'  relative  to  said  promoter,  said  primer 
being  able  to  complex  at  or  near  a  3'-end  of  said  target  ribonucleic  acid  sequence,  said  one  or  more  pro- 
moter-primers  comprising  both  modified  promoter-primers  and  unmodified  promoter-  primers  in  a  ratio  ef- 

45  fective  to  produce  amplification, 
(b)  a  DNA  polymerase,  and 
(c)  an  RNA  polymerase  specific  for  said  promoter. 
33.  The  kit  of  claim  32  wherein  said  DNA  polymerase  is  a  reverse  transcriptase. 
34.  The  kit  of  claim  32  or  33  further  comprising  one  or  more  helper  oligonucleotides. 

so  35.  The  kit  of  claim  32,  33  or  34  further  comprising  a  probe  suitable  for  an  assay. 
36.  A  kit  comprising: 
(a)  one  or  more  promoter-primers  consisting  essentially  of  a  single  nucleic  acid  sequence  comprising  a 
promoter  recognizable  by  an  RNA  polymerase  and  a  primer  located  3'  relative  to  said  promoter,  said  primer 
being  able  to  complex  at  or  near  a  3'-end  of  said  target  ribonucleic  acid  sequence,  said  one  or  more  pro- 

55  moter-primers  comprising  both  modified  promoter-primers  and  unmodified  promoter-  primers  in  a  ratio  ef- 
fective  to  produce  amplification, 
(b)  a  reverse  transcriptase, 
(c)  an  RNA  polymerase  specific  for  said  promoter, 

21 
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(d)  a  solution  comprising  the  reagents  necessary  to  effect  amplification  without  effective  alteration  of  pH, 
ionic  strength  or  temperature  or  a  combination  comprising  said  solution,  said  one  or  more  promoter-pri- 
mers,  said  reverse  transcriptase,  and  said  RNA  polymerase, 
(e)  one  or  more  helper  oligonucleotides,  and 

5  (f)  a  probe  suitable  for  an  assay. 
39.  The  kit  of  any  one  of  claims  32  to  38  wherein  said  one  or  more  promoter-primers  are  3'  RP  modified. 
40.  The  kit  of  any  one  of  claims  32  to  39  wherein  said  one  or  more  promoter-primers  comprise  a  3'  terminal 

phosphorothioate  deoxynucleotide,  3'-RS,  3'-alkane-diol  residue,  or  a  3'-cordycepin. 
41.  The  kit  of  any  one  of  claims  32  to  40  wherein  said  modified  and  unmodified  promoter-  primers  are  pres- 

10  ent  in  a  ratio  of  1  :1  to  1  50:1  ,  respectively. 
42.  A  kit  comprising: 

a  plurality  of  promoter-primers  each  consisting  essentially  of  a  single  nucleic  acid  sequence  comprising 
a  promoter  recognizable  by  an  RNA  polymerase  and  a  primer  located  3'  relative  to  said  promoter,  said  primer 
being  able  to  complex  at  or  near  a  3'-end  of  said  target  ribonucleic  acid  sequence,  and  wherein  at  lest  one  of 

15  said  promoter-primers  is  a  first  modified  or  an  unmodified  promoter-  primer,  and  one  is  a  second  modified  pro- 
moter-primer,  wherein  said  first  and  second  modified  promoter-  primers  comprise  a  modified  nucleotide  at  their 
3'-ends  to  prevent  or  decrease  a  nucleic  acid  extension  reaction  from  proceeding  therefrom  under  conditions 
effective  to  allow  said  amplifying  and  said  modified  nucleotide  is  different  in  said  first  and  second  promoter- 
primer. 

20  43.  Nucleic  acid  consisting  essentially  of  a  sequence  chosen  from  Seq.  ID  Nos.  1-17. 
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