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gctgactcta ctgcccttgg gctaggcocta

geceggnteg tgcacttteca gtanggecce 720
ceggngatge ccagactect tgggacgetyg gaccegengce goegggcggac acgcanngac 780
tcegetetne geccggaatce gttgagacgg aatctcageg gatcccgcgt cgeccgagcgc 840
cgggncaggg agaaaggccg tgtggcgetn 870
<210=> 58
<211> 848
<212> DNA
<213> Homo sapiens 3.F.72
<400> 58
geggccgeceg cgtaegcegac geccggcadg actgagcgca cggagcecggceg gaactcectceg 60
ttecctecacg tgtagagcag cggattgage geggacaggg cgcagcacag gagccagctg 120
geccecgectgeca ctccccaggg caccggcagce gagaagcecgce tggceccagget cacccacace 180
agtggctgeg tggccagcag gaagacgcag cagagcagca gcaccgacag gccgctgaga 240
cgcegetgtyg cecegecgegyg gbtgcagegeyg ggcggcaggyg getgggccoctg cgoccgggtgc 300
gcggogecac cggggccegyg cgcgtgetgyg gegeccggga aggcggoggc ggcggcggeg 360
caaccgggca actggtgcaa catgtggaag ttgatcacge tgacccactt gacacttaca 420
cacacgcagc gcacdgatgcce caaatagcat tgcaacaaca tatctgtctg ctccaacaac 480
accacagaag ccatcaacac cagataatgg attctcagtg gecacagcacc cagccccagt 540
gcccaaagcg agaacaacat cactaggccc aaggccagcet cccaaaacca caccaacate 600
cceccocctagt gecacctttta tacaacaccce tgtaaataga caacccccca ataataacca 660
attaccattt aaagccccce aacaatttga aamagaagga caaccgtaat tcccaacccc 720
acacaccacc ccctaaaaaa aaaataattt tcgccaatac cgtcccaatt tttaaaaaat 780
ttecccaaaaa cectctaatce aaaaacccca accccegectt cttcectatatt tcaaaaaata 840
cccaaact 848
<210> 59
<211l> 2770
<212> DNA
<213> Homo sapiens 3.F.82
<220>
<221> n
<222> (6)..(6)
<223> a or g or ¢ or t
<220>
<221> n
<222> (14)..(14)
<223> =@ or g or c or t
<220>
<221> n
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(38)..(
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(44) .. (
aor g

(56) .. (
a or g

(76) .. ¢
aorg

n
(119) ..
a or g

(151) ..
a or g

n
{(170) ..
a or g

(197) ..
aor g

(198) ..
a or g

15)
or c or

37)
or c or

38)
or c oxr

44)
or ¢ or

56)
or ¢ or

76)
or C or

(119)
or ¢ or

(151)
or C or

(170)
or c oxr

(197)
or ¢ or

(198)
or ¢ or
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<222>
<223>

<220>
<221>
<222
<223>

<400=> 59

atccanatat
cacaggacct
agatgcatet
gtgaccatca
atactagcca
.aaggatacct
tgggtaacag
catacataca
aatgaccttt
atgcaggatt
tgcccacact
aagaaaagta
catagaagga
cagagtaata
aagttatgcg
gtetgtatat
tgcttgtgtt
ctggtcteat
ataatcagga
agatagceccce
aggaatttgg
aggagaaggce
tccaatgtte
aagacgcgga
tcagaaatgg
agactgccat
ctgtagagtt

ggggtggagt

(236) .. (236)
a or g or ¢ or

n
(237) ..(237)
a or g or ¢ or

tttnnaacct
atéaanacat
aacctcaatg
gttaggnnaa
ggcatggtgg
taagctcagyg
agagtgagac
tacatataca
taaggcacaa
ctacctecctg
agcatgtttg
catatatgtg
aagcaaatca
agattatcetce
aagcatcettt
gtctcaactt
ttggagtgaa
ttcagatcceca
tgtacttcaa
atacacctge
gagtatactg
tgtggacaaa
aaggattatt
gaaaaaagtt
atatggattt
caagaagaat
tgatgtggtt

tecctgtggag

ctaacaatga
tttatggtaa
gtggtcacag
ttaaatgctt
ctcatgcecetyg
agtttgaggce
cctgtttcta
cacacggttt
ttagcaaata
aaatgcatct
tggtgggcat
aggaacectt
aatgaagagc
attacactta
ctctgaaaat
cctgtececea
agaagcatta
acttccaact
tttggactct
ctgcaatgat
agccctttgt
aagtaaagga
tgaaccette
étcgccacca
ataaatcgaa
aacccacaga
taaggagaga

ggcagtcgtt

agagtannac
aagaaataca
naaaataaat
cctactaatce
tatteteagce
tacaatgagc
aataaataaa
tttacatgtt
tgtattgagt
gataacactg
ataaataata
ttggttatce
aattgagcag
agttttgetg
cttettgectg
cctggeggat
aaggtcttge
ccaggcagcec
attgetgttt
ccttcaggaa
gtatttttat
ggagacactg
acgcctettt
aagtccttgg
atgacaccaa
aatatctgcg
agggtgcaga

acgcgcetgat

42

acanactcaa
aatggccatt
tacaaaaaan
ttttcatgat
atgttgggaa
tatgatcatg
taaatgagtg
tatagagagt
ggaéagatgc
cttgaaaatg
gcaaaacaaa
tgggtttttg
gaaacggggg
atgcttcaag
cagaacaaac
gggaaaaagg
agactttacc
tetgtgtttt
ggectgtata
tagaatgggce
taagtttetce
gaaftgtgat
agccacecgec
cactgtcaaa
agaagatcta
cagtgtagga
agcagccagt

tggegeegtt

PCT/US02/03077
ttttanaagg 60
tcccacgtna 120
aaagtttigt 180
aagtannaac 240
gctgaggcag 300
cactccégcc 360
catgagtgaa 420
ataaatggcc 480
atgttcttge 540
tg£gtagaaa 600
acaaaggaaa 660
agataatgtt 720
gaaataccct 780
tttcctgagt 840
catgtttagt 200
acacggtecct 960
aaggattete 1020
tctttaatgt 1080
tgcagtttca 1140
ttectgagttg 1200
tattcatgec 1260
gtccaaagat 1320
geccgacageqg 1380
tgggtcaacg 1440
tttatacatc 1500
gatggagaaa 1560
gtgactggcc 1620
ac%gacgtgg 1680
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ctactatgga
agcggcagca
aatcggetgce
cacgtgggac
gctgttgaga
tttcatcgaa
cctgecccag
aaccageccgce
tctcectaacg
aaccctgcte
tcaccategg
gccacagect
tttggacatt
acaaattttt
ctccccagtt
atagatattg
gaaatataaa
ctccaagtgt
gataacattt
<210>
<211>

<212>
<213>

60
563
DN2A

<400> 60

gcggeegeceyg
gataggcggy
acggcggcte
gtggggageyg
cctgaagagg
cecatgccgc
ctecatccegg
aaaaccagcc
aaggaaggag

agaactaacc

aagcgccecatg
gtgaaggatt
gccgcecccca
agacgtttga
ttggagagct
atccaactta
cagttggaga
ctgttegeeg
ctacttecaca
catccaccga
cagggtgacc
taccaacacc
ggaatgtttg
ccagcaaact
tcagecaageg
aaacaagtaa
ataaatgctt

catgattaaa

Homo sapiens 3.

ccttcegecag
tgcagegggy
aagtcagagt
gccactccat
cggcggagcec
tgctgatcaa
cettecegggg
gacagcagat
tggctagggc

caggcagcct

gccecteceeg
tgacceccect
gtatcgcccc
ccgtegectcea
gaaggatgga
ccgeecaagyg
ggctéaagat
tggataccgg
agatggcaaa
gcagagcagt
taaagaatta
aaagaaacat
ctgttattet
gagaacctgg
ctaggtttat
tattaatacc
tttttteegt

aaaaaaatta

G.46

taatggttgt
cagaacatag
tgctgggttt
actgctgagg
gggcccctga
tttgatecgtc
ccacttecatt
gtgagcagceg
aggggcggga

gga

ggattacgct
accactgata
cagtacaggc
ccggtcttac
gtcccagaag
taccatagca
aaagaaaatc
cgtcectaca
gaggccacgg
gctgagtaac
atgaccgttce
ccaagcaata
ttaagaaaca
gaattcctgce
atttttttee
gcatggggag
ttttgtteat

tgtccttatt

tcagcgaaca
gttgccttag
tgetcagatt
cctcaggact
ccggtcacca
tcgctgetgg
gcetgegegec
gcacacgggt

aceggggtgce

43

gggaggagga
ggcagttctc
agcagcggtt
ccecatcceaa
gagcacaact
ggggacctcc
agcaagcctc
attaccggeyg
caggtgaagc
accaggctcc
agaaacaaag
aagtggaaga
actacaaaaa
acagaagaca

tggtttttac

aaccccaacc

tttggafgct

tatttctagg

agatcecgggce
agaggttcce
ggtgtgggaa
gctgctcage
tgtgggcctt
gatttgtggce
tctgtggtca

cecgggeaggy

ttgaccacac

PCT/US02/03077
ggaagaaggyg 1740
tggggeccegg 1800
cccgccttac 1860
cagaatacag 1820
tcagggacca 1280
tcgccecacga 2040
cagtggtcca 2100
tegoeccacgt 2160
accaactgag 2220
ccaggcacct 2280
caaaaagcag 2340
cgaaccaaga 2400
gaaaatgtca 2460
agagagcagc 2520
tgtttgggta 2580
aaagaaétct 2640
ggcgcetaage 2700
atgaggggag 2760

2770

ggaaacagta 60
cggtgteccg 120
gagcctgecet 180
ttgceegtta 240
ctcggaattg 300
qgcagtéacc 360
ggacctcaac 420
ggcaagggcet - 480
gtgaagactc 540
563
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<210>
<211>
<212>
<213>

61
4104
DNA

<400> 61
gatatctctc
attgggttct
ggtggggggyg
ccaacacgga
ggagacctgg
accagaccga
gttgttgetg
gggtgggggyg
gctgtttgeg
ccececatttet
tggaaactcg
ctctecagcga
cceettteeg
ggtgagtttt
gectggggtyg
aggggaggac
ttcagegget
aggcctttcce
gcectgtatceyg
cctggctagt
ggaggcagga
ggtttggtac
agagagacca
atgggggatt
ttgttctggce
ttgggggcta
ctctagaacg
caaaatctcet
caaccatcag

accggcagga

teccaagcccc
ggtttegett
acttcaaggt
ccteecgececa
ctgaggagge
tcececagttgg
ttggactaaa
aggagggggt
attécctgga
ctctctecct
cttt?ggcgc
aaaaggggga
gcggagtgga
caggggaatg
aggaaggcte
cagccagagce
ttttececttt
cattggtcce
ggtggtacag
gcagtcceccag
acacccectct
ttgtgecaggce
gaggctgggt
gggtectgcett
acaggtggaa
taagcagggt
attcagtcta
cgggegttec
tgtttgtgag

ttttcctaaa

Homo sapiens 3.G.78

cttceccaact
tgggcetggag
tetgtecceac
tccaggececeg
aaccgegtag
agggttcgaa
tagctattcee
agaggaaadgyg
ctggttggte
ccctettgece
ggcagatcge
aagcaaagac
gatcctatte
gtgceggtgyg
aggacagagg
ttggaatcgg
tccacccagyg
ggttetgtag
actgtgccetg
ctegagtggg
tctecggtag
ttggggette
ctaagggcct
gagacctgte
atattctgge
ctecegtagta
aaatctcccet
tttctgtaat
tggcttcttt

atgtggggag

ccatttectgt
gtgggtggat
cgaccagagt
ggactatcce
acaccteect
aatgttccag
tgattggtca
ctccaaacac
ggggacagga
ctgectettt
ccaggaccac
ccgggtgtge
agaggggccg
aaacggtgtc
agagcccatt
gatctgactg
gtaaaaccag
acgtttececca
gagctccege
ccctgatcecce
aggcgaggat
teccagggtgt
gaggctgttt
cccaggaadga
tgtetggecaa
caaagagaga
cctectteat
ccaaatcaag
ggggcatgga

gagccgggay

44

aggaaagtac
gggggtcaga
ctgaagacta
ttcgeggtgt
gettagaaaa
acagcctgtc
tgtatagggt
ctgcaggttg
ggtaattccc
ctctcecacce
accgcagegt
atcctettcee
gtctectctaa
taggaaggec
ctecagattgg
ctgtagcégc
ctagttggac
aggceggtaa
aggaggaagg
aggeetgagg
ggtggtgcty
tgtgctggtg
tcatctaaga
atctcecctggg
ctgecagatga
ggagctgtag
tecteccccaaa
tgatgcagct
cctectggetg

aggtcctcecca

PCT/US02/03077
agceccectgga 60
gagagaatga 120
ttegeettte 180
agcggecagec 240
caaacaétga 300
gggaggggtt 360
tttttaagge 420
ggggcggaaa 480
agccattgac 540
ctatctttec 600
aactgcaggc 660
teggetteeg 720
atatgcccea 780
ttgtgttecyg 840
gggtgggggy 200
ctctgtggca 960
ttagtegtec 1020
ctttggggcg 1080
cggcagcecctt 1140
cetagggtgg 1200
ttecectggtyg 1260
tgggcccaga 1320
aattctectgt 1380
gtcttetgte 1440
ggatttectyg 1500
tcgtcaaata 1560
taaaaacaaa 1620
tagtcgcecaa 1680
gtaatcctaa 1740
cagatcctgg 1500
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gatccaatca
gaggacattt
atccacecgct

gcttgagetce

gcatggatca

ataccttgaa
ctgggagcaa
tggtggttge
caatgaagtg
ttgtggttte
gaatcttgac
gectgcagatg
tccagagcat
ctetgecatgg
ataattcaga
caactcacaa
ctggtgccca
gaagtagagt
gctctgggaa
cagataggct
ttgttaataa
cctcccattt
caagggcctce
gggaaccctt

cctecacttceca

accatcttct

gcecgggcagag
cgggggcgaa
gccagctetg
catccgcacce
caagggaggt
gcacgatccyg

tectectttctt

tatatttett
gtggccaggg
agagcaggag
agtctgcaac
ctgggcteac
gcttgtatgt
gaggacctgg
attctatgga
tcagggacct
tgtgeccagac
tctctgteat
atccatﬁctc
tgcagtggca
gggtaaattg
gagcagaaag
ctcacaaact
gctctatctg
ggctgtggte
tacaggagag
gtgagtgact
tgtttacttyg
cccaaagaac
atgacatcct
caaatgccca
gagtccagcet
tececttggeg
gactcacagt
tgtgtgtgtg
gcggagtgga
gggtttctgg
tcctaaageca
gaatttgttc

gcctececttgt

acaaggaacc
tcaattcatc
cctaagaatt
tgcagtgcac
acéggtgtgt
tteoccagggyg
ctgatatact
tagagaccta
actgccttta
ctggggggct
cctgggtgtce
ccttetgggg
gtatgggagce
tttttttgta
cttattttaa
ctggeccttg
gatgaagccé
atctecggagt
ttgagcaaag
tgacattcgg
aacgtttgea
accaaggcag
gtcctgetct
gctcecattcet
gagcagaacqg
acctctcate
ggatttgcte
tgtgtgtgtg
tcececagtcoee
gtgtgtgcct
acgaacccct
cctecctcette

acatttcctt

ttggcgatgg
tggaatatgt
aattggaggg
acﬁgtcactc
caggacggadg
ttggtatatt
tetggtgecat
ttgtetccecac
cagcttgtat
ggcattccca
'tagtggcaat
tgggagggat
tcaatggctg
tttgtttteot
acaacttatg
agtetcctga
ggtgatggaa
atgecttgtgg
tgagattatt
ccaggcagtt
cagcacttte
gagatggcgy
tggatgégag
acctcagcca
aggtggactg
tctgtctgag
agtgtagaca
gagggagctyg
cgtagcetcc
gtaggtgggce
gcctgacaga
cctttaggece

ccteetgatt

45

gatatttata
actcccattg
taaaaatgtg
ggttagaagce
agcagtgagg
tetggcacat
ttecagtgge
caaaatcata
acaccaggac
aagaaggtgt
tgagccaage
ggttectagg
ctatgtatga
tettttaaat
tggtgttgat
tttttetgtt
gagccccagce
ggtcacaagg
gctctggtet
ttctcactgg
aaatgecataa
tgaggggggc
teccagacecce
ggcctctett
tgcagggagyg
tgggagtaaa
gacactcccet
gttecteggg
actttctaat
tgggaatatt
ttceccegeta
tgagaaaggg

tcceccttetg

PCT/US02/03077
ggtgtectgga 1860
cctctcagga 1920
tcataacaga 1980
tggggcttaa 2040
tagggaacca 2100
ttecgetgetyg 2160
cttggtgtct 2220
aactcacttce 2280
ttagggaatt 2340
acagcagtet 2400
tccagaggag 2460
atgactcetg 2520
tttagatgga 2580
acccaattat 2640
catatatgta 2700
ttggttcttg 2760
acacctgtgg 2820
tggtttcact 2880
ggctectetca 2940
cccattctec 3000
aggaggtatt 3060
tggaagagtt 3120
actggectca 3180
tgagactecga 3240
ttgggccagce 3300
gatcegetgg 3360
cactccccag 3420
attattectect 3480
tcectactte 3540
getgagagge 3600
aaaccaaaga 3660
gacagagtaa 3720
tgtttctgtc 3780
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gectggetgta
gcecctcagte
ccctececcace
tgcctettet
gccoccacgteg
cccacaggat
<210>
<211>

<212>
<213>

62
570
DNA

<400> 62

gcggecgecet
ccgggtgagt
tccaccgegg
ggctaggggt
agcaaaggcet
tgagtcccac
ccaatccggg
ctggacatga
ggtceettgg

actgggtagg

<210>
<211>
<212>
<213>

63
535
DNA
Homo

<400> 63
gcggecgegce

gcacggecagt
gtggecceege
acggegegec
cgatecgtege
tccteocgget
cteggecact
acggctgtga

ttgaattgga

ttcetttbtet
tectgtgtete
ctagccceaa
cacgtctegg
gtgggtcagg

gaccgagcgg

Homo sapiens 4.

gtetgggege
gececcgecggc
cctgaccect
ggcgggcagy
cttgetecte
agccggtgcce
aaggccatct
gcgctgctgg
ttgtecctact

gecttgggact

sapiens 4.

tttecteecatg
ctcagtgecge
gcectecgeeg
cgtecegagag
ggccgggaag
cggcggggec
cacctgtecat
accacttccc

ctgcatgaaa

tcecggtgtet
ccaggcaccce
ccggectece
tgcgtgagtt
ggcggtcgte

cecge

B.44

cgegetectg
cgagccgcgc
cgacagcgcg
ggcgctggtyg
ctecggagtt
tggagaccag
cccttacctt
gcgcatgcege
gtgcagtggg

cctgtgcecacce

B.56

gcececeggecet
ggtcgecagyg
ccgacgcagce
gegaggetgg
gcacccegaga
tttcttcagg
ttategagceg
agctecgtcet

tgccccattt

ctgtecgtcett
ctceettete
gcocctageee
cctetetetyg

agagcgggca

ctcctatgeg
acccccaacc
ggggacacct
cggcacagaa
acctecccecac
ggtcagttgt
caccccctte

ataggagggg

tgccactecce

cggegegete
cgecgeegtee
tagctggttt
taaatggatg
ttgcagagga
ctgcggaact
cctactgtgt
tggagctgac

tcaaccattt

46

cctcecatcte
ccaatccaga
cacgtggcgce
cccttetece

tccgetitgte

cogegocccy
aaacctggct
gttgtctect
aggctctaga
tcecagageg
ggggggtaga
ccetgecgeac
aagcttggge

tgcteccaccece

ggctececggcet

.caccceggcet

ttaaattgcet
acggcgagcc
cagggcggayg
cctcgaagtg
gccaggeatt
attctggtag

tttaatttat

PCT/US02/03077
tgtccttttg 3840
gaccetettt 3900
taactttgte 3960
ctttacccca 4020
tgtctgtctg 4080

4104
ctecctgege 60
cctegegett 120
tcctggetgg 180
cgcccccgeyg 240
gtgactgttt 300
ggacaattgg 360
cccacggecca 420
cactcggtec 480
tgaaatccac 540

570
cgggggtecyg 60
cggcttgggg 120
aatctcatta 180
ccaccccgcece 240
tececectagggg 300
ggcgccttee 360
gtctggggac 420
agggaaacac 480
agaaa 535
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<210>
<211>
<212>
<213>

64
737
DNA

<400> 64
geggecogacc

cgggtcageyg
cggectcetac
gtgactgecg
caccgectca
gcaagacagg
acccgttgtg
ccacgagcca
aggattaaat
gagagccagt
ctacccceteg
aatcttegea
gagaattgaa
<210>
<211>

212>
<213>

65
684
DNA

<400> 65

gcggecogeca
gtaagaaccc
gcaaaaatct
caacccaaat
gaccataacc
ggtaaaacaa
acaccecceggg
agggagggac
cgactgtggt
ttatttattt
accatctegg
tcecegagtag

<210>
<211>

66
1012

ggcggggtta
cctgecgegece
gcecogeetgyg
gaggggcgeg
cggccggceyg
gagaggaagt
tgggaactcc
gaatttccte
aagtagttta
cccttatcece
tggaaggaaa
tcataaagat

gactatt

Homo sapiens 4.

taggaaacac
gcaattcceac
gcacacgaat
gtcecatatgg
aggtgtgaag
gcccgatgea
aaagaaagca
tgctgaagat
gatggctgceg
atttattgaa
ctcactgcaa

ctgggactac

Homo sapiens 4.C.05

aggcctctca
aggtccggcce
ccetectgege
gcgeccegec
gcatccaatc
cccggaaggyg
gtctcaagtc
actcgecaact
aggcgtgttt
ttgaaccagg
gccccatege

tactcggecag

C.25

ctggcagtta
tcettagtat
gttcacagaa
atgaactaac
ttecagetgtyg
gaacagcécg
gatcagcact
gcacggcgtt
taaatcagtg
acagagtctc
ccttegecte

aagc

gccaaggccg

ttggatacce

gcgeecgecga

‘tcctgtcacc

acaggcgagce
agtgcggagyg
gccecccattyg
cgagaataaa
aaagagcgct
tgatgctgac
aagaagtcga

taattggttt

gttecctcaaa
agacccgaga
gcatcaggca
tgtggtecat
acagggatga
attctattta
tceccaggaac
tcttttggga
aatacactaa
gecttitctege

ccgggttcaa

47

cggccagetce
tectgecgecea
cgcecgcaggt
atggecacceg
gttaccgatg
gatgeggege
tacggatgaa
ttgcgecctcce
tgtaagttgc
gtctgattte
tgtcctgtaa

cttgactaat

aggttaagcc
gaaaacatgc
taacagtcga
ccatgaccgt
ccctegaaca
tgcgcctgcecce
cgggacgceag
tgaagaacag
aaaccttact

ccaggctgga

gggattctce

PCT/US02/03077
actgcecaggt 60
cgcgteggte 120
ccgggecteg 180
caacccctte 240
ccggggceggg 300
tteggegage 360
ggaatcéaag 420
ctgagtgtgg 480
caagtcgcetg 540
aagacagtte 600
ttfacgttat 660
tataccagat 720

737
cagaactccc 60
gtcegtcceac 120
aatgtagaga 180
aatggaacac 240
cggcacgett 300
cacaagaggc 360
ggacgcaggg 420
gttctaaaat 480
gaactgtata 540
gggcaatcgc 600
tgcetetgee 660

684
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<212> DNA
<213>

<220>

<221l> n
<222> (793
<223 >

<220>

<221> n
<222> (849
<223>

<220>

<221> n
<222> (903
<223>

<220>

<221> n
<222> (921
<223> a or
<220>

<221> n
<222> (926
<223>

<220>

<221> n
<222> (956
<223>

«<220>

<221> n
«222> (100
<223>

<400> 66
gcggccecgegyg
agcggcagceg
cgectettee
tacgaggaaa
ccectegece
ccgagagcgce
ggggtgccag
tccttaggat
ctggeccgcett
atgcecgecage

Homo sapiens 4.

) .. (793)

a or g or ¢ or

) .. (849)

a or g or ¢ or

) .. (903)

a or g or € or

) .- (s21)
g or ¢ or

) .. (926)

a or g or ¢ or

) .. (956)

a or g or ¢ or

5)..(1005)

a or g or ¢ or

cggcagcgge
gcagcagcag
agacgtgecga
ccgacaggag
caacttgegg
gtagcegget
ttggtcecaac
gcgcactctt

gtcccaggta

acggggcagc

C.42

tgcggggage
cagcgacacg
cggcgacggyg
cgagatcagt
caagttgctc
cggccacgaa
ttttcecage
ccgggggcté
ggaggggctyg

gatctgcecg

tccagcageg
tccagcaccyg
gacggataca
cccteecgege
agaagctcgce
ggccgaggdad
gctgtctttg
ggagtgttct
ccccacagcce

gcggettggt

48,

geggceggcgyg
gcgaggagga
tcagcaggta
gcccttgacc
gggaaaadtt
actgectctgt
tctaggegtt
teccctgtggg
tcggggtcct

ggacacccea

PCT/US02/03077
cggcggeggce 60
aaggatgcgg 120
cgeggggagy 180
cetgetctge 240
ggccgegact 300
tegecttgeg 360
gggagacatc 420
aaaaggagtt 480
gggcatcaag 540
gggccgcace €00
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gégaggagat
tgtgcegeag
ccagtattga
ctagacccga
gcgeccteogng
gcngattaag
gaagatccac
<210>
<211>

<212>
<213>

67
595
DNA

<400> 67
gcggeegecet
gtgagctecge
ggcttggggyg
atgatggqga
atgtagtget
ggggccggeyg
cgggegggayg
gggcctgggyg
agagtgttga

ggggccatga

<210>
<211l>
<212>
<213>

68
1955
DNA

<220>
<221> n
<222>
<223>

<400> 68

atatctatcce
ttatatgtgt
aagcaaacaa
tgcggtacct
ttttttaaag

tcgeactece

gagctaagcg
aacccatgaa
tttaaacgca
ctnctacceg
cctcactaca
cttctgetee

ttcktgatget

Homo sapiens 4.

tgaaggcgcet
ggccegecag
tgctcacget
agcagatggt
cgtggtagag
geggeggegyg
ctggggacgce
cagagctggg
ggeccgtgtet

gaaagttggg

Homo sapiens 4.

(615) ..(615)
a or g or ¢ or

atatctatac
gtatatatgt
accagcacce
ccacggttgt
aatcaatgtg

cctccecacgt

acagccﬁcgg
ttcecaaactt
gtagcctgag
gctetgtgeg
acaacttttg
ngctgnecaat

ttgatgtgca

c.9

ggacgggatg
cecgetgecc
gtcgeccacce
gaagatggcc
cttggaggcce
ctggcgggygyg
acgcgagaag
ggcgtetggy
agggggactg

gggcgcectag

D.o7

ctacatctac
acatatatac
tecgagtgtce
agaggtgtag
agggaagggt

gtaggtagca

acagggaaat
cagagcccaa
aggaacgaag
ctgaccaggt
ggtgttgett
atactctgcecc

cgctgaatag

gtgctgaagt
acgcagtagt
cagtagggct
cacagcacgce
tectgegagg
cecgecggece
cggcectgag
agctgctaag
gcaaaggtet

gatggggata

ctgtatgtgt
atttaaacaa
gccaggaggc
agggatgccg
gcagagccgc

tctggggtgce

49

aacctgtgaa
gaatgggtat
cgctcaggag
gagcttegge
égatccccga
aattggacta

ttecongatga

cggtgaaéga
ggaagaggcc
ggatgaagac
qgatggcccg
gcageatggt
gggacggagce
tcaaggaacc
ggagagagga
cctactgggg

tgagacctga

gtagtgtata
aaatttctcc
gcagggggca
cagcgacgga
gttatttcag

gtgcgccctg

PCT/US02/03077
gaaactttct 660
cgtttgecac 720
caaactaggg 780
gtagttecegyg 840
cttctacaga 200
acttgngtga 960
tg 1012
gecceggeag 60
gaagtageca 120
caccacgttg 180
cgagttccgce 240
gcccggaggce 300
gecgggetge 360
cgegagggeyg 420
aggggtcatg 480
ggcctaggaa 540
agtgc 585
tatatacata 60
ttcgtecctcg 120
gcgtgggacc 180
accgggctte 240
ggagacattg 300
ttcgecagacce 360
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ccatggagag
cccgacceog
aagccettgg
ggagctgegg
gctgtggggg
atggtatctt
caccttcetcce
gcagagccct
agaggccttt
cctttggcag
tgaacaggcce
tacaaacaaa
ctgcacctgg
gcgcccagag
aggctgctet
gggctttceg
aagcggatta
tattecctecga
atggtggacc
gacgaggccg
tcggcctecgg
gcagaaggcg
tgcccagagyg
gccecgetgtg
gaggctccgg
cggcgcgcca
cggcgtcttt
<210>
<211>

<212>
<213>

69

<400> 69
gcggcagoca

tetgetgeat

tgagctectgt

1888
DNA
Homo sapilens 4.

acgctggegg
ccggegcaga
cgcggggccyg
gaacctgggc
aactntcgga
tagecacattce
atccccagca
cagtaagccc
ggggacttct
gggaaatcaa
tettgetttt
tacgctaatc
atcttttecat
gagcctcocgec
ctgaacacga
acatcggttt
agttgggatg

tgtcecectect

cagtgcctga

tggcgteccgt
cctcggcectce
ggcggcggga
cggagggdgcag
cggtcaagcc
gcecgcectecat
agctgcagca

tcacgccttt

gctcacaaag

cececattgggg

gctecacaacc

cggcagatgg
gactgaagaa
aagcccakga
ggeccaggttc
gggcacccga
agacttggag
aaacamccgg
tgccagagcet
ccecagecectt
ccataaactt
ttgttcctge
cteccgggaa
cttaacttgce
acaggcctcc
gtgtccgccé
tatgatttac
gggtgactat
tgtgatctge
agaagagaag
gcceccetgat
cgecggcggtyg
gcagtccceg
ccgctacgtg
ggtggagctg
gcgggtggcece
atgccgggec

gagcceegeg

D.08

gatagggagg

tgttgeccag

tggcttggtg

ggctecttte
gcécakggga
cgcggtgtga
tttgcactcc
rggcgggtat
gagawycggk
tgggggtggw
gctggagcaa
taatcacccg
cttyceytag
aaagctgcat
tcctecageyg
agcagaaagq
accccgcatt
caccccmate
gtyccaccaa
ggatgaggag
agagattcca
gcaggagcgg
tcececagggcyg
ccccgcaagyg
ctgctgecacc

ctgaccagcc

ctgccacggg

accggcctgt
gagcgcgacce

gcege

acggttgcecag
cagcggcgag
gtaaaccggce
aggagcccac
ctgaacccocyg
gcggtetgag
ggtgggggeg
gaatccatca
ggggccttge
gcaaatgggy
ccecagtage
ccteectcete
ggatgcatct
ceggggactyg
cesgtyytgg
agcectetgag
gggggaagag
acaaaggacg
aacccggcga
cacaggagcc
cagaagtccc
tcgacctett
ccecgcteget
ccctggeecga
atgaggccta

gcatcatgeg

PCT/US02/03077
ccggcagtaa 420
ctgcgaacaa 480
tcgggtaccg 540
ccactgggat 600
actggggtgg 660
artatccagg 720
gaggcggegt 780
cccectecegg 840
gaccgagtct 200
tecececttggoa 260
cecgectaage 1020
tagctccetge 1080
agcgggctag 1140
agggagacce 1200
cgctcecagect 1260
cctaatcega 1320
ctctcecagacg -1380
gggcécagcc 1440
ctctggaggg 1500
cgcagectce 1560
atgtgcagcce 1620
caacttcgac 1680
agaggcctgce 1740
cctggtgcga 1800
cgaggcggag 1860
cgaggagaag 1920

1955

gatattgcte ttggecatttg atgggaagca

gatggattgg aaaagagttg gcaggaaggc

gtggcegagg agettggcag gageagagtg

50
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caggacctgg
cgtgetgggt
tgctgtgtgt
agactgttct
ctgtggcecttc
tgtgacccett
ggacatgtgg
ctcagetttg
ttggaaaatc
gctgectgge
tgagggctac
aagcaacaga
actaaagtca
ctgctggagt
gcectecteet
gagtcaccca
ggttcaageg
tacacctggce
ggtcttgaac
gcageccecatga
cccaccetggyg
cacatgaggt
tgtatctecag
gaaaaaagga
gcacagaaca
tcagcactgt
aggactcact
ccataaatte
acgatgagtt
<210>
<211>

<212>
<213>

70
994
DNA

<220>

gaactggggg
gggtagggag
ttcagcagca
gggctcttet
cagagtggga
ctgttgggtg
caaggacacc
agatgagtct
caacacagaa
agagttectge
attcgcttec
ggctecttec
aggtgttggc
tecttggett
tetectgeagt
ggctggagtg
attctecctge
taatttttgt
tectgaccte
gccatcacac
taatctette
aacacagttt
ggccettetg
cacgttgaat
taaaatttge
ctagcgccag
cccecattege
atttttaata

gcttattgga

ttggtgecatg
gaagctgtga
cgtgggtgtce
cccagttgge
ccttgetgtg
ggtcacgagg
ttgggacctt
ctgtggatgt
ccecgagtag
acaaggaagc
tgttgeceget
tttacagtgce
agaatccatt
geggetgeat
cagatctecce
cagtggcaca
ctecagettee
atttttagta
aggtgatectyg
ctggcctgcc
atctecaacat
gggaagggag
attttaagat
tetgttgett
cattagtaac
aacttttteca
actctccagc
agtgecaattc

aggatatc

Homo sapiens 4.D.12

tgtgcacgca
aaccacatcc
accacacttc
tgagttggag
ggataggctg
aaggactgtg
ctttctgacg
gggaagttca
gggcgggaayg
gcetgtgttyg
gtaactgett
taagggtcag
cctgectett
cceteecagece
tctgcettee
atcttggctce

cgagtagetg

gagacagggt

cectgecteag
tcecctecttaa
cttecagttac
agttattcag
ataaagcaag
taaatgtata
actgagtaca
tcaccccaaa
ccttggcage

tgtgtgactt

51

cgtgtgtgtg
cctectetet
ctagcaggtg
gtgggagtcc
gccaatggtg
ggtgttgecc
cccettgaag
ctatctcaag
gggtcctgte
ctgtgggegg
atcacaaact
aagcecgatca
ccagctttgg
totgectecea
tctttttttt
actgcagecct
ggattaéagg
tttgeccatgt
cctéccaaag
aggacgcttyg
atctacagag
cctaccctag
aaaacaaact
tttttttatt
ttcacagtgt
gggaaaccce
caccagaatg

taaaataaat

PCT/US02/03077
tgtgtgegtg 240
gctgetgtgt 300
tcaaccﬁcca 360
caactgtcecc 420
ctccctccﬁc 480
acagacaggt 540
ggégcacttt 600
agcagecagcece 660
ccgctecactyg 720
aggaatggac 780
cagtggetta 840
gtcteacegg 900
gtgggaggct 960
tectectaca 1020
ttttgagacg 1080
ccgectectg 1140
catgtgetac 1200
tggccagget 1260
tgetgggatt 1320
tgatttgggg 1380
teceotgttge 1440
gggcctgtgg 1500
ggctcaaggg 1560
gtgctaaaat 1620
cgtgcaacca 1680
gtateccatga 1740
ctttectgtet 1860
aaacatgagc 1860

1888
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<221> n
<222> (673) ..(673)
<223> a or g or ¢ or t

<220>

<221> n

<222> (686) .. (686)
<223> a or g or ¢ or t

<220>

<221> n

<222> (701) ..(701)
<223> a or g or ¢ or t

<220>

<221> mn

<222> (754) .. (754)
<223> a or g or ¢ or t

<220>

<221l> n

<222> (764) ..(764)
<223> a or g or ¢ or t

<220>

<221> n

<222> (774) ..(774)
<223> a or g or c or t

<400> 70

gcggecgeta ggaaaagget cagcteoccgge cgctccecgatt agcegtggece ttgetctgeg 60
agcagataaa cgtgacctcc gtggcctgtg gceccagecteg gecectcectgga ggcggggetg 120
tgtgeggecee tccccectecce agcagggctg agetcagaag cagcaggcag ccggaagggc 180

|

tgggcagtce ccgcacctgt ccctgtgcca gtetggtggg tgttgtgtgt gecagggtggg 240

cgtgccggga ccctctggeg tggggetgte tggcaaaggg cgagggggga gggggctgtg 300
cttcagecata gaagggaagg gcgbgtccag aagagggaac agaagagggt ccagaggccg 360
aaccagaaca cgtcccttca ctgatggaaa cttcccaccg cgctcgaatc aattceccaat 420
tgctegacte ctegeaccte ccggéaggtc ctgtagaggc agcgctccct cccagectca 480
ccegceceggee btgttcoctgec acagggctct gecceccttectg agetctecge céggactctc 540
atcceggact ctectceeceeca tetectteca aageocagtte tttcetcecatta ctecagggetc 600
tgctccaatg ccacctcocctc ggaggggcca cctcatccte tgaacggcge ccatcectece 660
ctcctttete égngccagct ccattntcece cttcteettt ntcaccacge ccacaactta 720
gaggcgégtg tcccgteect agaactgctg cggncacagg actnctggcce cttngcatag 780
gctggcacgt ggcacgttcecg ccccagcecctc gtacgcattt tgatggagag ttggaccaga 840
gagggcgcgg agcatgaate tctgaagage tgaggagccce aaatcagaag ctggtgagtg 900
52
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agtttaatct gacttggagc atggagttat acgggagctg cttccagaag cccagctetg 260
cactgctacec atatatggca cggacgcttt aget 994
<210> 71
<211> 677
<212> DNA
<213> Homo sapiens 4.D.13
<220>
<221> n
<222> (352)..(352)
<223> a or g or ¢ or t
<400> 71
gatatctttg ttgcattgag acaggaaagc tattttaaga tggtgtggtg aaaaaggata 60
aaagctcecctt actcaagecte tagettatct aactctcagt caataggtaa caaaacaccc 120
aagaagctgt taactgcaag ctcecctatttcec agagggctag ggacttccece agatccecege 180
ctgtacagtt agacttaaac tccaacctac atttacccet tectecacttt aatgctaaaa 240
attactcctg gggtggagat ttaaaatgct aatgctacat atgatgtatg aaaaagceata 300
ttgggccact gfgcaagcac tagaaaaact cctcctatag gtgccctgat gntaaccctce 360
ccctatagaa agaccctata aaactgacce acacactatc ctcagagcag teccgttectt 420
tgcctttett ggtgcectgact cccttgegea caagctgaat acactttcct ttgctgctat 480
gtttggtgat ctctgttaat ctetatcatg ggagatcata agaatccagg gcaacagtaa 540
cagcttectga gtttttaaat taaaaataac agtaatataa tccttaaatt tttaaaatgt 600
aggacactaa acaagtaaaa tctaaatcca gagtacatct gacctcaaag ttcatgggct 660
tctcacttee ctggececa 677
<210> 72
<211i> 435
<212> DNA
<213> Homo sapiens 4.D.47
<220>
<221> n
<222> (11)..(311)
<223> a or g or ¢ or t
<220>
<221> n
<222> (24)..(24)
<223> &a or g or c or t
<220>
<221> n
<222> (58)..(58)
<223 a Oor g or ¢ or t
<220>

53
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

«220>
<221>
<222>
<223>

<220>
<221>
<«222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

n
(52)..(59)
a or g or ¢ or

n
(76) .. (76)
a or g or ¢ or

n
(82)..(82)
a or g or ¢ or

n
(110) .. (110)
a or g or ¢ or

n
(111) .. (111)
a or g or ¢ or

n
(125) ..(125)
a or g or ¢ or

n
(147)..(147)
a or g or ¢ or

n
(151) .. (151)
a or g or ¢ or

n
(156) .. (1586)
a or g or ¢ or

n
(163)..(163)
a or g or ¢ or

n
(165) .. (165)
a or g or c or

54
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<221l> 1n

<222>  (177) ..{(177)
<223> a or g or ¢ or
<220>

<221> n

<222> (209) ..(209)
<223> a or g or C€ or
<220>

<221> n

<222> (223)..(223)
<223> a or g or ¢ or
<220>

<221> n

<222> (226) ..(226)
<223> a or g or ¢ or
<220>

<221> n

<222> (249)..(249)
<223> a or g or ¢ or
<220>

<221> n

<222> (320)..(320)
<223> a or g or c or
<220>

<221> n

<222> (395) ..(395)
<223> a or g or c or
<220>

<221> n

<222> (398) .. (396)
<223> a or g or c or
<220>

<221> mn

<222> (404) .. (404)
<223> a or g Oor C or
<400> 72

geggecgegt necctcetege
ctctgtgtgt gtctanggtt
ancengtgtg cacttttege
gctgggatcc gaccagaaac
ctgaaggenc gacctgagcee
tcggcaatac acggcectggn

ccgnaaagag gactggagaa

gngggcagga gaggttaatt
tcgacancgg ntcctnctac
cgcaagcgna gdagacgcat
ctgcagceectyg ctggggagct

ctgecatggee cccgtcacca

55

ggggctgggg
ctattaagan
ttnanagcaa
gancgnaggc
gcgcaaccac

cctcacgtgg

PCT/US02/03077
tggaggtnnt 60
ntcatcaatc 120
gtctggncca 180
tgagcgctaa 240
ggacagcagt 300
gaagccagcea 360
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ctgctgeege

gcgecctgecce

<210>
<211>
<212>
<213>

73

<400> 73
tggccaggtg

acctttttcet
gagagaagcg
tgccectttge
actegtgete
ctctagagag
gcecacgttgg
ggtgggggeg
cgcagcttgg
ggcgggggac
ccagcecgecc
écctgggtga
agtggccgcyg
aatttaatte
ccegttectyg
ggtgttagge
gggaggatcg
ctcecatceceg
ttagagggat
gggcagecgt
gagtgacccet
gggatgttac
tgcactatca
ccttacaggg
gtgcgegecet
ttactgagat
ctacaactaa

gaattgtcte

2343
DNA
Homo sapiens 4

cageccectgece

cacac

aggtcaggcet
tgttaggecgce
actgaaacag
tectgectagtt
agttctagge
tgagaagcga
cgggacgecg
gcaagacgac
gctgatccte
ctageggetg
aagactcgca
gegeggagdg
tggcacgace
tcacatttte
tttgcagtgce
cgggegeagt
cttgaaccca
ggcgacagag
gggattatag
geccactgaaaa
aggcaggteca
ccccaggtet
atcatccttt
ggtttaattt
tttecaacag
acagagacag
taatgactgt

taatcctcac

PCT/US02/03077

gctgccecteca gactnncaag gcgnécaggg teccteoceccaac

.E53

ctgtttette
agctaagaga
agagtaaatt
tatctgegte
aaacattaac
gatgcgaggg
ccgeegacte
agacecccgceg
cagacagcat
ctctgaaact
ctttececte
gatcegggeg
aaccccgggce:
gcactaceccet
ccgaggggcea
ggctecacace
ggaggcagag
ctgtettgaa
gtgacatgac
cgeetgtgat
ctagttettt
ccgtgtettt
tattagacag
tcagecttcett
accccacgece
gtacttccté
ttcectgtttac

aactctaaag

cgagctacca
cagagagaga
ctagtttcete
ttttctette

cccgggegac

caccaagggc

cctetgetge’

ccegggecte
gcaacggtgg
ccgaacacct
ctceocgecagec
ggagctgagce
acagggctgg
gacggagctg
ggacacctac
tgtaatccca
gttgecagtga
aaaacacaca
tttegttttg
ttggagtaga
ttecagectte
cagggagaaa
aaacaataag
tgagataaaa
tattecccage
aggcacttca
taggtattag

caagttaggc

56

tcctctacct
gagagagaga
ctttttagte
tcgegetgea
gtttacaagce
aagaaggggd
gcggectgeg
ccaccagtga
ggagggaagt
gaagaggagg
cgggcaggtt
teggttccec
ggctgctece
gacgegggaa
cagaagggct
gcactttagg
gccaagateg
aaaaacaaaa
aactttecctt
gggtccagge
actgaatcct
ttagttecatg
tttgaggaag
ttcattgaac
gccagaggceg
gtccagttece
gcgatgtgtt

gtcaccegeca

gattcctcecac
gagagagaga
tettttette
agagtggaaa
gggagacaaa
cteggggtac

ccgggagect
ccacctecet
cccctgactg
cgeggaaggt
accgtectgg
aggcctgaca
caaggtgggg
gcgggaaaga
ctatcacagt
aggccgagge
cceccactgea
aacagtggfg
aaccttgcag
geagtgtyggt
ctcttacacg
agttagatag
aggacgtcta
ggtgttttac
gacaaccgct
actgggttta
ttaagtaaat

ttttacaaat
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catagcgccce
tttagagagce
aatcacaggt
ccttcaagta
gtccecgggec
ttcaaaggge
gctctttgga
gcatttattt
tctecetttgyg
gcgtecggcece
aaaagctcag
cte

<210>
<211>

<212>
<213>

74
507
DNA
Homo

<400> 74
tacgactcac

caggcggggyg
agcagcagca
gcgtggtgag
ggaggctgcg
gectggatacc
gtcecgtgggt
agagccgagce
tagcccactg
<210>
<211>

<212>
<213>

75
446
DNA
Homo

<400> 75
gcggecgceac

ccectgecacce
gagcagaaga
ggtgcatggg

cgggcgtggyg

tgcteaccat
tgagcaagat
aactcgeccag
aacgctgtte
ggtgggggat
tgtggaactc
tgcctgattce
gccgageoccce
agcagaacga
cetttagaca

gatccttatce

sapiens 4.

tatagggcga
ccctgtgget
gcagctgggg
ggcggcaaag
gactgaccté
gaggtcecgeg
accggtggec
cgagcccgag

cgegecegge

sapiens 4.

acacgagggc
ccgagtcegea
gagtgggaac
agcgcgceggg

gatggccact

atctggaatc
gattgcccag
agtttttcaa
tctggggecet
gggtgggtgce
tggctagagg
cagaaaccca
atggatgtta
aacccattcc
tcaaagcccee

gcgtqtctgc

F.15

attggagctce
gccggccaca
ccecgggtecec
ggtcgaagtce
gcggcagtag
cggggegagyg
cgageoceccey
tcggegeget

ccggetyg

F.17

ccgtecgegece
ctaagaaccc
cggggtgacyg
aggcgcetagt

gcgeggggag

ttgecctegee
cgctaactec
ttttaggcct
ctgggatcta
agtttcctaa
tgggtttett
gaactcacac
tcecectatgga
agagcttttg
ccctgagagce

tccetececega

cacgeggtgg
tccecggagcea
gggectggtec
caggaggagg

ggcgcgcegdd

.ggcttagcgy

gccagcggtco

gccttggegy

ccecegeccetg
agtccecegat
gataaggggyg

gggtgcacgg

ggttctgect

57

ccgagggttc
gtgaaatcce
aggagattat
cagtcggaga
atagaggaaa
tgcagttaat
ttagggtcac
tgcaccécgc
caggaagtct
aaaggacttt

cctagtcgta

cggcegeggy
acagcagaaa
gagcggggac
aaggcgagcg
gagagcccgg
agcaggcacc
acagecgtcc

actegcgetg

cccegecteg
cggtttecte
gggcgcccac
ggcgtgaggg

ggagaaggag

PCT/US02/03077
taattttecac 1740
tgggactgaa 1800
gcaaagattt 1860
aggggaataa 1920
gecacttteca 1980
catctgecaag 2040
aaaatcéagg 2100
ceetgteegt 2160
tcaggcectt 2220
gaaagatagg 2280
aaftccgagc 2340

2343

cagtgecggac 60
caacggcagce 120
atgagccatg 180
ctggegceacc 240
gcagcagggc 300
cgggecgegeyg 360
ggagcagcgc 420
cgaaagtttg 480
507

ccctecacgt 60
tacgecgtet 120
gcgacgtcgg 180
ggacacagcg 240
ggatgggagy 300
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aggttggggg agcagggcge

cctcegetgge cecttggtge

tttececttece

<210>
<211>
<212>
<213>

76
424

<400> 7é
gcggeegeet

gtgagctoge
ggcttggggg
atgatggcga
atgtagtgct
ggggccegdgcg
cgggcgggayg

gggc

<210>
<211>
<212>
<213>

77
558

<220>
<221>
<222>
<223>

<400> 77
gcggccgeag
atggtegegg
gggatcaage
ctttagtgag
aattgttatc
tggggtgect
cagtegggaa
ggtttgcgta
cggetgegge

ggggataacg

DNA
Homo sapiens 4.

DNA
Homo sapiens 4.

tgcttttcaa

tgaaggcgcect
ggceccgecag
tgctcacgct
agcagatggt
cgtggtagag
geggcggcegyg

ctggggacgc

n
(413) ..(413)
a or g or c or

ctcaccactg
gtegeegegt
ttatcgatac
ggttaatttc
cgectcacaat
aatgagtgag
acctgtcgtyg
ttgggcegcete
gageggtate

caggaaag

<210>
<211>

78
865

PCT/US02/03077

gtggaggagg gaggttggac gtgtgtacag cgcctgggga

ccecaggact ctgaggctte tcctttegge ttgaaatgtt

atctgt

F.22

ggacgggatg
ccecgetgece
gtcgceccacce
gaagatggcc
cttggaggcce
ctggcggggy

acgcgagaag

F.¢6

gcctagagat
ccggageoge
cgtcgaéctc
gagcttggceg
tcecacacaac
ctaactcaca
ccagctgeat
ttcegettece

agctcactea

gtgctgaagt
acgcagtagt
cagtagggct
cacagcacge
tcctgcgagg
ccgecggecce

cagccecctgag

gcectttgeg
ccaccaggtt
gagggggggc
taatcatggt
atacgagcceg
ttaattgcocgt
taatgaateg
tcgctecactg

aaggcggtaa

58

cggtgaagga
ggaagaggce
ggatgaagac
cgatggccgg
gcagcatggt
gggacggagé

tcaaggaace

aggcggeagce
gccaggagga
ccggtaccag
catagctgtt
gaagcataaa
tgcgcotceact
gccéacgcgc
actcgctgeg

tacggttatc

gcceceggeag
gaagtagcca
caccacgttg
cgagttecge
geccggaggc
geagggetge

cgcgagggcyg

aactgacaag
ggcgggagceg
cttirtgttec
tcetgtgtga
gtgtaaagcc
gceccgcttte
ggngagaggc
ctecggtcgtt

cacagaatca
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<212>
<213>

DNA
<400=> 78

gcggcecgceag
gtcteecgeeg
gcagccgcecte
cggctcecage
gccagccgec
aaagagtcgg
ccgggaggec
gggccgegeg
gggctgetge
tttggagttg
cagttgectt
gagagccacce
¢caacggcgce
taacgccagyg
geggecetttt
<210>
<211>

<212>
<213>

79
983
DNA

<400> 79
/gcggccgcag

cgcaccagdgg
ttggagetec
ccgacagecce
ccceceoggece
atgcegageg
ggcagggacce
ggcccgacgg
gataggcege
ggcggcgcege
gcgagtcgcg
tgaaggcagce

ggaggccacyg

Homo sapiens 4.

cgagttttct
geteocggget
ctccgggagy
tggaggcctg
cgccgegect
ggcctgecce
ccgcgggagyg
cccecgecce
cagcgccgte
gggaaactta
gcccteggee
cggtggcacc
ataccceggy
cttgtgagct

accaggcaca

Homo sapiens 5.

ccagegeegce
cgcgaccggg
cgggcaggeg
gacgggtcce
cttteggact
ggacgcgcac
ggggtcccag
ggccecggggg
gcagggagtg
cggggccggg
cgegttgett
ggccagcage

ccggggecect

ggcagcgcta
cgcececegeg
ctccggcagg
gcccgggaag
ttcccagcetce
ctccaccgece
gaacccecgyg
ttactaccge
ttccccegta
ggaagaatgg
gaaattcctg
ccgttgggga
caccectagy
atagggtgga

gccag

D.¢S

ccctcecegge
tgatgcattt
gtggaaactt
gcggeeagga
cagatecctee
gaccagggceg
gggccecgggce
tgggagtagg
ccecgggacce
acaggcgccc
tcecgaggtgy
ttcataaggt

gggctggggt

gegecgcggy
agttggcege
gaccttcgcc
caaagtgaaa
aggceggcag
cgcatctegg
ceccgetggge
tacacccgcet
gaaacttcgg
gaaaagccga
tgcaattgga
cctgecggctg
ggaccegtgee

gagtgggccg

cgggegggec

ccacaccagc
ggegcaccgt
agccactcgg
cgtecceceagg
cccaggacga
cggggctcaa
ggcggcggag
cgggcgcaag
gtcctcacct
aactgtcgtg
cggcggeggg

cggggcgact

59

gcctagggttc
accgttcccc
ccggeccecg
ggacagﬁggc
ccegeggege
ccgécgcacc
gctteegeac
gggcccccga
agacacccgg
ggaagtcggg
cgggaageccet
cectaggett
cggeccgact

gctcttaagg

ccaaaagecc
ccgecccaaac
gceccactcete
cgceectege
ccacacggcg
gggegetgga
caccecacccyg
geeccgeggag
ctgggaaaga
gecegggceadgg
gtccacégcg
gcaggtgccg

agcgggctge

PCT/US02/03077
ccgggttecg 60
cgcecgeyggyg 120
agcggcagtyg 180
ctececttecte 240
ggagggagcg 300
cgggtecgece 360
tgacgeccttg 420
cceccgetece 480
gaagctgcte 540
gaggaccccy 600
gccacgcecceca 660
gagctggcga 720
tgggggctce 780
ggaaaaattt 840

B65
tttotgteac 60
ctecatggtt 120
cggagcaget 180
cgtcactcecga 240
cggaaagggyg 300
ggagactccg 360l
atggggtgeg 420
gaggagtggyg 480
ggcacgcggg 540
tgteccegeeg 600
catggcgege 660
gggccgggte 720
gagcgggtte 780
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cacgcgegeg
ccgetgaggce
ggcgggeccce
tgccccctag
<210>
<211>

<212>
<213>

80
432
DNA

<400> 80
gcggecegetg

actgettttg
ggcgccectgga
ccgeccaggec
aactcgetgg
ggcagtcata
gttgctattg
tttggggttt
<210>
<211l>

<212>
<213>

81
746
DNA

<220>
<221>
<222>
<223>

<400> 81
gcggccgcgg

ggggcgtcct
tcaaaagcat
gcegetteet
ttggcegegyg
gacggeggtt
gcggacagcg
cccagceagga
ggcgetgeag
agctggagct

aaatcctctt

gttcaacggg
tccggttgece
ggttgccacce

ggaattgagc

Homo sapiens 5

gtgacctceg
tccegagect
actctcectgg
tgceccacat
acaaccttac
tttgaggact
cccacctecag

tt

Homo sapiens 5

ol
(695) .. (695)
a or g Oor ¢ or

gggcgtcagg

ctcccacctce
cctecctcecacce
ccececeggece
gttgacgctge
gctggggctc
cetgetecggt
accggtccag
getcectegge
gctgctgctg

gctcecgtage

PCT/US02/03077

ctgcaccege gecgecacegt gocaacactt cgggegggcece

cgcactagga ggcgagggec cccegcgtgeca agcegocgge

ggcceccagece atgggtggge tececgggttge ttteccecce

cga

E.2

ccecgeggtcea
tcattetggg
tggctgtaag
cgetagecage
gctagtaaca
ccaaatgggce

cctgtggcca

LEL25

tececttgecgece
cggggcccac
ctcctcatce
ggccteggga
cgggagactg
ccggggceteg
gtccggactyg
gcccaggaag
gceccctggage
ctgctgcectgce

cgaatggaag

ctcgacgccece
cgecagtecccecce
attttectac
cctgtctace
gtttttgagt
tgecagtgegt

atgtgtctct

tcctectecg
Ecctcccccg
gtgtcccecag
aatgggaaag
ggcgectegg
gcggccaggce
cccggégcct
gcccecggget
tgctgetget
aggcggatcyg

ctatagatgt

60

agccttggeg
tetcecagtc
cgttagétcg
cctcagecte
ctcagactca
aaaccaccat

gtaggaacag

gctcttcecece
gagagccccg
cccectegeac
ccgtggagga
agaccgggag
tctcegggecayg
ccccageccc
gaggggagac
gctgetgttyg
cctgctggat

ccgtgtccga

cgtttgcgea
ccectgeoecge
tctgtggcega

ccagccacta

‘tctgtgaaag

gecgatatttg

cactagattc

cagcctctge
gggcgcatcc
gggggctecyg
gggcgagtet
gcegeeggayg
gtcggagagc
gcecgetegge
ggcagtggagg
ctggagcetgg
gtctgaaagce

gcccgagetg
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gtcctttgte

ccgaccctag

<210>
<21ll>
<212>
<213>

82
617

<400> 82
gcggeecgegg

gtggagggct
tcegettete
acgggcggeg
ggcgccectectg
geggtgggaa
gtggcegggg
ccgggatteg

tegggetegy

coctecteeca

gceccctecgg

<210>
<211>
<212>
<213>

83

DNA
<400> 83

ggcgecgcecga
atagacgtac
gcggcgccgyg
tacattcgcg
acgtacccgg
gccecgetget
cccectactyg
ccectgetgge
cctgetggea
cgcetgetgyg
ccacatgcag
tccecatattg

agttctgtaa

DNA
Homo gapiens 5.

1840

catcctgege

ccteggecagyg

gccggtgttt
cggtecccaat
tetcgggete
teggetecge
aggtggeggce
acgggctege
cacacgggece
gggggececte
cgagctcecgyg
cgectggeecgt

gtggcgg

Homo sapiens A.

ggcgcagdcy
gcecggegect
cgcagagacyg
cgccgecggg
cggcgceagag
tgcagccggg
gcgactagga
gccggggeac

gctaggaaca

cagctgggca .

gcacatgggg
gccacctcct

attaaaactg

PCT/US02/03077

ccctgectgeca gtttncacat cecteoggegat cggeocggecc

cccagyg

caggcagcte
tetctcggge
aggcgcegge
ttectteggy
ggggtcagtc
gacgtetteg
tgcggggggce
cggeggggac
ggtggccggy

gagcgceggad

2.F.45

cggagayycy
ccceggaggyg
cacgtegctg
cggggagcge
acgagtggaa
cactacagga
caactacagg
ggcagggete
ttgcagggcce
cactgccggg
actacgcagg
gcaccactta

aaaaggagct

ttgggcgeeg
tcggtceeceg
cetgggggcec
acactgegtt
tcggggggag
ggagcacaga
gcctecceat
gggggeteca
cggcttgagg

gagtgctgeca

cggcgctcectt
gaggggtcgce
ggctgagggt
gggggtggcyg
cctgagtaat
ccagcttgcecc
gccctcttge
tcttgctege
ctcttecteca
ccctettget
gccctecttge
aagtcagagc

attactgcgg

61

gcgggcetegyg
ctectctete
ccttctecte
ctggeccgte
tegtgteccece
ccacctecte
cctgetttee
cgoggagagt
ggtcctcecee

ggcgggcegeg

ggggagacgc
tgggcgggcyg
ggcggggagt
cggtgcaggc
ctgaaaagcce
cacggtgetc
ttacagtget
agtatagtgg
cattgtagtg
cgcattgtcg
tceceggtgtyg
gccagttatt

agagctgatg

ggcgggcegcec
gggctcecegte
atccgggagce
gcgagcagag
ctecagggatg

cgecettgtee

gccgteggga’

gggggccgac
ggggacgccce

tctggcacgg

ggcgcaggge
ggagtgaggc
gttgcagteg
gcagagacac
cgttteggge
tgccattgeg
gtccagégcc
tggcatgccg
gcagcacace
tggctgecacg
acggctggeg
aatccccate

tcccagttat
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taacttggaa’

aaagaaatac
atgaaaacag
cctetgtecte
acttgccceca
aatccgaatc
cacgtttgta
tatggtgcca
caatattctg
tttttgagac
cteggetceac
agtagctggyg
gacggggttt
cctecggectce
catcttaaga
attgacaagt
gtcceteecayg
gtctagctag
<210>
<211>

<212>
<213>

84

DNA

<400> 84
gccgaggagg

agtgcaggag
tggecccegeg
tggtttcega
egcgtggege
tgctgaccag
ggcggttgea
ctcgggcgct
ccattecctga
ctggcgggtyg

ccgagecggag

3592

gacagctttt
agtgtaaaga
cctaagagtc
aagtctcecge
cttageccttg
cactctggeca
tectactgecag
ggtttctctt
acatttttat
ggagtctcac
tgcaagctcec
actacaggcg
caccttgtta
ccacagtgct
gaagttctag
gececcatccac
gtgagecttc

ctatctactce

Homo sapiens A.

cggctecocgac
agcgagageg
cggcecagga
gggggcaccg
tgccacggec
ggtgcgcaca
tttcecageat
cccaggctcect
tceccteggage
gaccggacgyg

cgegetgecy

caccaagagg
gcttattgta
ctgtgcaggs
ctgttttett
tgggacctec
ccagcctcct
ctgcctcettt
aagaatgtcc
tgcagaatga
tctgtcacce
gctteececggg
ccegccaccg
gccaggatgg
gggattacag
ggtgtttctg
tccagecacta
acagactttc

taacagagcc

2F.50

ccaggtcété
tgaaggcgaa
cccetatagge
geggetgage
acgegggtceg
gtgccagggg
cteceggtece
tacgtgcgcce
gccgetcacg
tggcgctggc

gctctattta

cagtacaaag
caaaaatagg
atttttattt
taggttttect
tcacttgatt
tcccaccata
tgaatgtctt
cctttgtcect
atgatgattg
aggccagact
ttcacgcecat
cgccagctaa
tctegatcte
gcgtgagcca
cgtaggtacc

gagatgctac

ccttttccag

cactatecctg

gcégcagcac
gagcagcctg
catggctcececa
tgctgtggee
ggcgttgggg
gtceeeggggg
taggcgatgg
gggttcggag
aaacgctegg
gceggeegeg

aggagtggcc

62

atggaagata
gaggagtagg
tggacttcett
gctactgect
gaggtacatg
ccaggcaggc
tcectectgectt
tcttatcage
gggcttettt
gcggacktgca
teteectgect
ttkttttgtat
ctgacctcat
cecgegeccat
tcttctecect
taatatgtgce

gagctcccece

aggaagctgt
cgcgecctec
tgggccegeg
ctgeggtege
gcgecgtett
cagcggcetece
ggcteeggge
cgcegeecage
cggcggegeyg
atctggetet

tgacgtcagce

PCT/US02/03077
acttecattga 840
ctgétactgc S00
cacattccta 260
taggtccccg 1020
tgtggtgatc 1080
tgacagcggt 1140
aatctgtact 1200
atgtagctag 1260
ttttttttit 1320
gtggcgcaat 1380
cagccectcececcyg 1440
ttttagtaga 1500
gatcecacceg 1560
cegattgggg 1620
cctaaccaca 1680
atttttggtyg 1740
tcctgticat 1800

1840
aacacaggta 60
gcggetgagg 120
ccgggggtea 180
ctagagggcet 240
ctcegggggc 300
tcggggaaca 360
agecgggegg 420
geccgaagec 480
gctgtgeggg 540
tcgggaaatg 600
cgegagggtce 660

IDT Exhibit 1020.8299



WO 02/060318

cceccgagece
cctecccagaa
gcecagetttg
cacccccace
gacatgcaga
caccaccctyg
acacccecac
ccgacaagga
tcggacacceg
aggagcegag
ctgactcaca
ccecattgtea
ccgegtcagyg
agctgtccag
gacactagga
atgattccta
agtgacgatc
atcagaacag
tgccaatgce
agccatagaa
ccttectecag
attttgtccc
aataatagcet
aacctatgaa
ctagcattta
cctcatttat
agatttaaca
actccaagat
tattcatata
ttctaaaatc
caggactctc
atctttttet

tctaaatgtt

gcgcecgegec
acacagcacg
gggcggtgaa
acgctggect
ccagacagac
acccgeacac
acccacgegg
cactcccececo
agcgcacgea
cgtgagtgag
ceccocaggegga
ccccacctet
agggttcctc
ggtaccagag
ggaggaaaca
agtgaatgcce
cccagtactt
gcctaaatgg
aattcaccat
tgtctagatg
gctgtaaact
caaactagtc
gcecaactttyg
gttgttacca
ttgagtgett
ctttggagat
aacatataca
tcaagctett
atteecatecct
tcacacctgg
acctetettt
tgtggctata

tcttacaagt

cagggacctg
cgggeccetec
acgaaggtgt
ctecgacatcc
ccagacgeag
gcacgcacag
gggtggggag
gctectegaca
cgeecoctggac
attceogtgac
tegetetgte
ccccgégcct
tcttagcagc
ggtcgecgag
gagtacaagyg
tacaggacag
ccctgaggga
ccatggctaa
gtccgagtgt
accaccatga
gatcattagg
ccatccactag
tatcaagcac
ttaccctgge
gttttatggg
aggtattatt
cagtaactgg
agttacagca
aggctectcet
gactgegecga
tgtaagttct
tcacactget

gctgatgatt

gceccgecece
ccatgecaggce
caaggcatag
agggacacga
acgcaggcac
gcacagaagc
gagaagtccce
tctegeccaaa

tgggacacge

tattcaccca

togecacctat

gceeggagage
cgccgcctag
ggctgagtga
agaacgtatc
ttetecggtga
ccacactggt
gaacacggct
tcacaaggtg
ccceccaccect
ttectgtggat
aaaccttaaa
ctggeatggg
atcactttgc
agttatgcgce
gtaatttcta
cagagctggg
ctﬁtgcagct
cctggatgta
ggaatttcag
atttctagta
gacatctcaa

aaggcacagc

63

ﬁgcgccccca
cactecctac
tactectecg
atccaggtcg
cctgecctga
acacgcgcec
ctaacctggg
tggacacaca
gctgtagacg
gcttettage
gaggcacgceg
gagceccogga
cggtagéctg
ggagggctte
caggagcaat
ccatgtecag
accttggatce
gagttgtcet
agktgcecctec
gatcagggta
cttagecccaa
ccaattctac
ttaactgatt
tgtcttaatt
taatcacttg
atctacaggce
attaaacccg
tcctaactte
agctaatttg
atatggattg
atgccaccta
acttgecagcec

taccccatac

PCT/US02/03077
ctectettace 720
ggagcecceag 780
ggéggctgga 840
agatcgcgce 200
tgegeggtece 960
tagcceccggac 1020
cccagataca 1080
cagcccggaa 1140
ggatgggtgg 1200
cccocagageg 1260
cgcacccceaa 1320
gcggcaéact 1380
ctccececgggg 1440
ttcacacaga 1500
tccacttcega 1560
aacaggcata 1620
agaaccctge 1680'
tcaacagcaa 1740
accaccaccc 1800
taactgactt 1860
accagaaaat 1920
ggcagataat 1980
aaatattcac 2040
ctaatagtag 2100
acétgcacta 2160
agtgataaga 2220
ggcagtettyg 2280
ctttgaccat 2340
tctatgtctce 2400
aaaagttcaa 2460
agactccatt 2520
aagtaacatc 2580
tgtgcettgta 2640

IDT Exhibit 1020.8300
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cagtgggcct
tcttgtctcea
gaggtagctt
ttattccagg
aaatgggacyg
tgattccatt
cacaatttaa
aaggagttct
catgcagtag
tcctgectcea
tttttaattt
gagctcaagt
caatgcctgg
ctgctatttt
atcagtacta
cttggcttaa
<210>
<211>

<212>
<213>

85

DNA

<400> 85
cgcogcegag

acaaaagaca
gcgccctetg
gcaagcggcyg
gtcgeccgece
tcccecaacte
aaaaacggdgyg
tegeegeagt
cctcecatgcce
gcatcctggt
ttacagcacc
ctctcttttt
tatggggaag

ttattgcatt

2722

ttttggaccc
tcagttcget
tcatttattc
tgtactttgg
ctatgattca
acccaaagca
ttaattcctc
tcttettett
tgcaatcata
gcctcoctgag
tttgtagaga
gatcecctectg
cctggaagga
tgtattccat
tttcecettag

tttttaaata

Homo sapiens A.

gacactcggg
agccttygggy
gggccagagc
gggagacgcec
cggggaagyc
aggtgaaaat
agatgcccce
cteccageggt
accctccgac
acacaagtge
cgetgacget
tgggactact
ttcggaaaac

tcaaaagacc

aatgtgtagg
gccectagttt
aaaaagaaaa
gcaagtggac
ccttaaaagt
tgaaccactc
attctaattg
ttgggtgagg
gctcatgctg
tagctaggac
tgaagtctta
ccteagetto
gctcttatat
tgttaaaatt
aaaataaaac

atttttaacc

2.F.67

cgcacacccg
tegtggecte
tccatggttt
aggcaggget
gcgggcegacc
ctggtttecag
ggagcacagt
gtgggagcce
ctccaaccag
agccagctca
ggcctccggg
gtgttttgct
tgaaaaagat

ccceettttt

tccﬁtataga
tttttaaatg
agtagaaaga
cccctttaag
ctctcaaagt
acttggcatc
ttaataaaaa
ggaagtgtct
cagcctcéac
tacaggcatg
ctgtgttgcecce
ccaaagtgcet
atactttgaa
acaaggttaa
atgaatataa

tttgaattca

ccgegetgge
getgggeegy
gcctaaggca
gggccgecca
tctgagtgtc
aacaaaagat
cccagctceea
cagggetegt
tcceccagegt
atcaattccc
acacktctatt
gttctagaaa
tcatgtgtaa

ttacagagga

64

tttgacttga
tctatttgaa
ttgtatccca
cctcaggttc
ttagaﬁgttg
atgtaatttc
tgtéaaaaca
cactctgttg
ttcctggggt
tgccaccaca
caagctggtc
agaattacag
caattattca
atgtggagtc
tgatttctca

taaactgtga

gtccecececace
ggcgececcega
tagcttcttg
gaggtcegaa
ccggtaacgt
ccaagatcaa
gcgacccaat
ccegetaget
ccagctacct
acctgcecgcece
agatgggcetg
atcataaaga
agecttttttt

ctttttttge

IDT Exhibit 1020.8301

PCT/US02/03077
ttécatttca 2700
gtcaaaccac 2760
gctttaqcct 2820
ctcagctgta 2880
catgattcta 2940
cacagttgat 3000
aatatactta 3060
accatgctgg 3120
caagggatcc 3180
cctagctagt 3240
ttgaactcct 3300
_acatgagcca 3360
catcatgaac 3420
atctgctgtg 3480
taattctgtg 3540
ta 3592
ccéagcccaa 60
gecggecagy 120
geggtaggece 180
gatgcctc;a 240
gtgecetttgt 300
gaagatcatg 360
ggcgtgtaac 420
cagccaccéc 480
ggagaaqtct 540
gcecgggcetceco 600
ctetctetta 660
aaggaattca 720
tgcatgtaag 780
gcaactgtgg 840



WO 02/060318

acactttcaa
ttattttage
aaaattattt
gataactggc
ccaacaaggc
atatgttecaa
tgtttatagt
atacatcecct
ctgaattcta
tagtgccaga
aaaaagaaat
ggcaaatgat
agagatgaaa
atgaaagcat
cccttecege
gtggcaaaca
gaagccttet
tcttcecttgea
aagacccagg
ctetttectt
attttacage
gtagattaga
gggttgggag
tacatgttte
tctctgtete
tattttttte
gtggaacagc
agcctggete
ccececagegg
ggaaggagca
gggggcggga

ttggggaaga

tggtgeccttg
catgtaaata
cgaccatgaa
tagtgaagtt
aaaaaagaaa
tgctatactt
actgcecatat
ctcacecetgt
agctcaaagce
gecaattagac
ctagcctcac
agaaccttgg
acattgcaga
tgtggcgceg
ctteocttttt
ggttctaaat
ttgggacaga
ctcetgeatg
cctgaattgt
aggatacgaa
taggaagtca
gcataaaaaa
actagacctg
tctctetgte
tetgecetgeco
gttctettet
ttgcttettg
cgaggcagaa
ccgecgactca
ctgggtgegyg
agccaaaggg

gatgaagata

aaatctatga
agtgtagata
aagcggaatg
ttattgaagg
acagaagtcg
tgtgtgtgtg
ctcataattg
atgtgagtta
aattatcttg
aaattaccct
acctattaca
actectttgga
tattgtgaag
tgttgattte
tcaggaagga
gatgcaaaat
gaggaaggac
tagataccaa
aggtgtettt
ggaaaatgtt
gcagcaataa
ttatatcectyg
aaaaggcacg
tégtctctct
tcctectect
cctttackttt
gaggaatcag
ctacgceececgg
atatttcecgt
ggaagagggd
tgccecccattt

tc

cctecaacttt
gaggaattaa
tttctgaaaa
caactaaaga
gggctctatg
tgtgcatata
tttcaggtag
gaaggcaaca
gagaagcgcc
tcaaagggag
ttttttaaaa
gtatgattat
agggaacttce
attttgtgtg
gettectetg
agaatctgtt
ttgetgeage
cagcatgacc
ctgtctggec
gggttggaaa
atgtgacaaa
tcactgagga
ctatgtgccet
ctecetctete
cttectctece
ttttctagaa
tattttgacc
cagcctggece
cteccccagte
gecaataggaa

tgttttectge

65

tcaaaagact
actgtatatt
atacttcatt
aggacaagct
catgcagact
tatatataat
aaagtaatgc
gaaatcecte
cccacccate
ttteccagaga
atctaaaatg
aaatgtatcg
agggttgggyg
agataatact
ttttgetttt
tactaggatt
tgtgccectgt
agagctatgce
gtcettecagt
ttacaagatg
agageccttet
tttctcagaa
tgaggggaat
tctetettte
tacctececctt
gagttaccag
gctectttaga
tgtgecacccecce
cgctccagec
ggtttgeggg

gctcacagag

PCT/US02/03077
tttttcaatg 900
ctggétaaat 960
ctgcccctet 1020
ctgcagagat 1080
gtatatgtat 1140
atatatggca 1200
tgaaataaaa 1260
aataacécct 1320
agcctctgtg 1380
tgagaaaatg 1440
tttggagcat 1500
gctectttteg 1560
aaaggaagga 1620
cttaatattt 1680
acataaaaca 1740
tctecetttgg 1800
gtcececttect 1860
actgcaccta 1820
gggccagact 1980
catgtgaaat 2040
taaagtgggg 2100
ggctctteca 2160
ttaccttace 2220
tctetecattt 2280
ccécctcctt 2340
gcecegeeagt 2400
catatceeqge 2460
tccteoggea 2520
gtactttcte 2580
gggcgggggg 2640
aataggggga 2700

2722
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<210> 86

<211>
<212>
<213>

<400> 86
ggcgegocte

ttttecccecec
gtagagaagg
gggggtcaga
agcctttgta
attacaggca
ctgtgagtgt
ttgatgettt
tatattaata
taaaatcaaa
taataa;gtc
tcaataagtt
ttgtttttca
agattgtegt
caattatggg
tgggactact
taggggaggg
aaagaaaaca
caaccagcat
gagttatgcc
gtaatgaaga
gcccaggctce
ccaagatceg
accgagttac
actcggatge
acctttactg
tttaacgttg
gcaaagaaac

aggecgectgct

cttetttege

3366
DNA
Homo sapiens A.3.F.38

cagttccaag
tttagaagaa
agataaggat
gtatcctcetce
agtttaatta
atgtttggat
acaccgttgt
ttgagtacca
aagaggatgc
cggcttggty
agcaaacggc
aggagataca
ggtgtagatg
tgtcattttt
gtatcgattt
tttettgata
gaattaaggc
tgtcagaata
cttggggatt
cagaatacat
agctctaatt
agctctctta
agttatgaga
tgtgaagtga
agtaataaag
gggcttgagg
aaaacagagc
gaacaccccc
ttecegeecggg

cgaaaggggg

gcegagcetea
gctatacgag
tgcatttcac
aaggaaaatg
acaggaccct
aaggggccaa
aatcttattg
ttcecattgt
atatgtcagc
agcaggcaag
tgccatgccet
ttgcagagaa
ttcttgagta
ctaatttaat
ttaactttaa
aaaatatatc
acaaatggtg
aatcaatcag
cttetgttee
tcgtectggta
ccegagaact
caaaggtata
aagggcaagg
ttggaaactt
ttgacatagg
ttgtggaatg
ccacagtatt
accccatctt
taaattagcg

cgcgctecete

ctttcaacag
gaacaacttt
ttatttttet
taaaacgtgg
taaagtattc
ctcteccgtgt
ggagcccttt
ttgggtgtcc
gttatgtatc
cactcaaaac
ccttttetee
acagtecatta
atacctctcc
gcggecagect
gattaaaaaa

tgggaagatg

gttggttaag

aggcacaagt
cgeggtteote
ctggatgtcc
ttggggctta
aatctgaaat
gcaggctcta
tcttaacggyg
agtcggaaca
ggtggaagag
tttggttata
cgcagttctc
gcgagcctcecg

ccaggctgeg

66

ctctggaaat
ttgaaatcgg
acaggtgata
gggctecgeat
cttatagcta
ccaaacattt
gtcgaattct
tttaactceg
cacaagaatt
ccaacagtct
aaatgctgtt
gtggttcagg
actgtggact
cagégaagta
ataccatatt
attttagggc
gaaattttat
gagttagagyg
agatatagga
cagtccctta
tttttaccat
tcatgtatta
ctecctatttt
cagagagaga
gggggctctt
taattaactg
gtggtgtggt
ctctctgctyg
ccagacgctt

ctggtaccta

PCT/US02/03077
atgaatgtat 60
gagtgtgttt 120
gaagtgtttt 180
tctctatcta 240
cagataaaaa 300
agagaactge 360
gtattttact 420
tttacagcaa 480
tggattectt 540
caaacagcaa 600
tattctéaaa 660
gttggeaggt 720
aaatattagt 780
ctcatcecaga 840
tcécttgcct 900
catgttagcg 960
gaaagaaaat 1020
aatctgagga 1080
ataagggtct 1140
gctgttcecac 1200
cattgagtct 1260
atttgaatcc 1320
gtttacttte 1380
atacacggaa 1440
tttggatctc 1500
aatgaagaat 1560
ctctgcctcecg 1620
tagcgacgcc 1680
tcctecttge 1740
tcctgectte 1800
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aaaaatttct
gacacttcag
agacacctgg
gttccagggt
aggactgacg
cttttctgeca
agtggctggt
tgttaagaca
ctttecteet
tacctaaagce
tgggecaagag
aaatttaggg
acggtgagag
aatacatact
cagaactgta
ccattcactt
tggaaagtgyg
tataatcggg
gagcccaatt
gcaaagtgta
ttccattgtt
tetgggeegg
ttectttggta
acacctagag
ggaccgctga
ctaattcatt
gatatc
<210>

<211>

<212>
<213>

87
638
DNA

<400> 87

gggttcectge aggacagaca
ggactatagg aatataaggt
caggagecatt ggctgcctge
ggcaggaggg gagtggggcec
cctgggttec atggeggagy
tatgtacttg aggtcttcaa
attagtgaga tgttgaaaaa
gaagagagaa cctggcacca
cacgaaagaa caataactgc
catttccaat ctgcaaatct
tttcaagaga ctcacaggac
attttegact tcttaccact
taacaaactg gaataatata
ttccaagata atctgagcectg
aggcaaattg cfttcccaca
aatttectcat catcagtcat
tgtagttata aataagcata
gatgccaaat cttttcaaag
caatcaaaat ttgagccagg
agacctagcc agcacttcag
attttccaca caaatttagt
gagggtggtg agagtcagtg
ctctectectge ttcagcagtt
gccacagaég tctectaaat
gctcaattat atgtaatata

ttataatagc taagttagag

Homo sapiens A.4.D.30

gtaacaaaac
gcacacacat
ctetectect
agatgacegt
agagggtttg
agaaagaagg
ctgccacaga
tagagtttta
cccaaatcett
gactcctgge
agatgaggat
ccctgacaat
tattttgtect
gagtgttcac
aacgtttgte
gtéattatat
aaaacagatg
agaattcata
atatgctaag
atatatacag
gttagtcttc
ccecaggcete
tgccgaaaat
gctgttttét
cctggtatct

acttcttgga

gtgggaaata
gcatcttaat
ttcaaatgag
ggatggaatt
tccecatgga
gcagatctga
agccctecaca
ggccctggga
gtgtgagect
ctccactgat
aaatttttaa
gggggtcaac
tcatagcata
tagaaacagg
tgagaataag
tttcaaggac
ggtgatccca
tatacaactt
ttcaatcagc
agaaccacat
aaagggattg
ctgtocttgt
ctgtgttgca
aggatcctca
ttatgtattt

gatttaggtt

PCT/US02/03077
atagtttgat 1860
ggaaacatgt 1920
ggtggteggg 1980
ggtgggtget 2040
gctgtgtgga 2100
gaaatgéaga 2160
gtgectggag 2220
tcagggtaac 2280
gcaacttggg 2340
cctccatttt 2400
ccecttetgt 2460
aaatcaaggce 2520
gatgatggtt 2580
agcacaaggce 2640
aacattcacc 2700
ctcacagtge 2760
gtcctctaaa 2820
aaaggccaag 2880
ttgaatétgg 2940
tttetecaagt 3000
ttagatttgg 3060
ctactecceet 3120
gagaaaattg 3180
gaaaacaaga 3240
ttcttitetg 3300
ttggggactg 3360

3366

ggcgegecte geccgagatg ceccctgegte egectggeca ggcocctggggg ttacccgacc

cgggttetee cttegetgge tttgegeccce ttcacacctce tgeggtgggg acggagctge

cgagacaagc agagtgcgaa ctggagaaag cccagagetc agagctccca ggagcccacc

67
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gtgcceccecacg
aaagtttatt
tttttctttg
atctcagcectce
gagtagctgyg
cgtagagagg
tccteccacc
tacttetttt
<210>
<211>

<212>
<213>

88
DNA
<220>
<221> n

<222>
<223>

<220>
<221> n
<222>
<223>

<400> 88

ggcgegeetg
cecettgegeg
ggcggecccct
tactggcaac
tcagaaatag
tgagtcctag
accctacact
getgagecag
tctcttectta
ccacttcecct
ataggtacct
agagcatttt
cttcatgcca
gtctagataa

tgggggtttt

1860

Homo

(33)
a or

(49)
a or

gctaggcggt
tttgaaagct
ttttgagtca
acggagectce
gaccacagtc
gagtgtegtt
tceggettee

ttatecctgte

sapiens A

.. {(33)
g or ¢ or

.. (49)
g or c or

tccccaccta
tgtaggggag
cccttgttge
tgcctgtgec
gatattttct
ggacctcceg
acccctcaga
caagccagtg
teccttgaggac
ttttatttte
aaaatagact
ccagaaataa
cctcectect
aaagcctgca

gtttgttttt

ctectggtgt
tcteccettcee
ggttctcact
cacctattgg
gcacgccacc
atgctgceececa
caaagtgctg

agaaaaacta

.4.D.36

atgccacgat
atcecctgace
cacctccecge
taaagetcag
ggaacagagc
ggtggcagge
gaccaacggg
ttcgectttcet
ttectgagttt -
atccccacta
accecctetag
atcatttcat
aagacacaga
tttataatgt

tgttttetgt

ggacggctag
ttecettcettce
ctgtcgeccecca
gctcaagcga
acgtccgget
ggctggtttco
ggattcgggg

tcecatgtt

ccneccctce
ttgtectgcecc
ccagctceacc
cccccaaact
ggagcgcotgg
cttectecete
ctetteggac
tgctgagtaa
tatgaatgag
acttgttcac
taaccagaac
atcagtatcc
attggteatt
tctttgcagg

ttgatactcc

68

cggfgtcatt
ccttecttte
ggcaggagcg
tecctececacce
aattattttt
aaactcctgg

tgttagccac

cccaccctne
agctgecaggce
aggagcgtgt
ggcttaatge
tgcaaggccce
ctectectttt
atcctecatet
caggcagcca
gccégtgttg
tcgttcactce
taétcctgca
cttcectcagt
tccaccactt
agtagectttt

ctctcaaact

PCT/US02/03077
acttcttaca 240
ttttettect 300
cagtggcgcet 360
tcagcctcce 420
tttcgttttt 480
cctcaagcga 540
tgtceccggac 600

638
cgcactgect 60
cacttgccea 120
gecctgttge i80
tgattgatgg 240
tctctgetge 300
ggccccéccc 360
caggttaagt 420
ccceggaatt 480
ctggacgeta 540
cteccttatac 600
aacgcttaca 660
catttccegg 720
taaagacaca 780
gcctattttyg 840
gcagcctece 900

IDT Exhibit 1020.8305
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ttcecctttte
ctaataaatt
agatttcatt
ggaccccaat
ttgcctatgg
ccaaacaaaa
tgggaatgga
ctggtttatg
actttacagt
ttttaaatag
aaaagaaaaa
" aattcataag
atgcacgtaa
tcagtggccet
tcctaggatce
aagcaaaatg
89

2107
DNA

<210>
<211>
<212>
<213>

<400> 89
ggcgegccac

ggegegegec
gcgectgecag
cgeccgcecgec
ccggecgecg
ggacgaggag
gcggccggag
ggcgececcyg
ccaggcgegce
acagcctcca
ccgtggtcete
gcccttggtt
ttgtggaccce

ctcccaaaac

tgggatggca
tctgcacctg
atcaaatcaa
atttttggca
acattacttt
ctteccocttecag
gcaaadgacaa
gttattgcta
ttacaaaagg
caaggattcc
tatﬁgcaaat
aagcttctga
catgtatatt
ggtgaactgc
taaaatggga

agtaggcaat

Homo sapiens A.

aaggccgtgg
ctggeecgec
cgccagagcg
teggtgeccece
cegagecgagce
gaggaggagg
gtgctcagcc
ccgeecgega
tgagagccga
accceggcecce
cgtgttgtcee
attggggggt
gcccectatyg

atcctetcaa

gcctecttet
tctctactee
Ltctctttag
gagtattttc
ggéaaaccat
aggctcccat
gacccaaaté
tgatggttaa
ctttcaaaga
accaaaaggdc
catcctaaca
agcttagtta
accagaaggg
tggaggtgga
tgaaagtgtt

gatgttactt

4.E.32

tgctgegetg
tgetcoecgeca
acgcgogeca
gcgecccact
9Ca§CC9099
acgacgcgga
tggceccggga
agccccgecg
aggacaggac
tgcecegette
gceccagecge
gttcctctet

ctttacacct

gagaagggag

ctgagccatc
ttctecttcee
aagaactttg
attatttaaa
gtgatgttte
atgttgggca
ggtttcagca
tgtgataaca
cattatctcc
ccagtaatgce
gctgatggay
ctggaatgta
tgtcttggag

ggctttccag

agcacaaagt’

tctttagcta

ccacgetgtg
gaccgegety
cgtgegcececag
gcgeegectyg
ggegceegegc
ggagcaagag
gctgaggacyg
ctggaaggcc
tcgecagecce
ggctgcececeg
ctcattttgg
ccccacaccce
agtctetttyg

gagaagtttc

69

ctggactaac
cagtctgact
ttctgtagca
ttgtcgtact
tgagtcactyg
ccattgtagg
ttttaaagcc
gcacactaca
attaatccca
tcaccaatcc
ctttaaaaca
acttggagaa
agaaactcca
ggctctggac
tgetgggaga

caaagcattc

ctgectggecge
geggecttea
cagcatctcc
ctcaatgeca
ctcagcagca
ggaggagtcc
tgcageectge
ggcccceaggg
aggccecgace
gcecccecggec
ctcaaggtga
ggagtttccc
cecacagacce

aagaaatcag

PCT/US02/03077
attttctgga 260
gtaaaggacc 1020
tttctttcca 1080
tagcttettt 1140
atttgttcct 1200
ceccecggagyg 1260
cccattacag 1320
tttgactagg 1380
gcagcaggaa 1440
tgctfaacca 1500
cagaateaaac 1560
gataagtgaa 1620
tcctgggget 1680
tattgcctta 1740
ctagecaaatt 1800
ttgagatatc 1860
gggcgcacaa 60
gecgactteaa 120
gegetggggy 180
agtgegecta 240
tccatgagga 300
cccagegega 360
ggggcgcecc 420
agcgggcegdg 480
cgecagacte 540
cgtgtctece 600
tgcectgatac 660
gggcctgecea 720
tcecteattec 780
gaggggtggg 840
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tttggacccet
ctgtgcaaaa
ggagaattgg
tctecacgece
cctectggaga
ageccctgcac
catcccatct
ccaagatggg
tacctagaaa
teetgacage
ggagtgggcc
tcactgatca
gtgtttaatg
gtgagecctgt
gccagagccea
taatgtcaga
cctggaggga
'agatgcaggt
gcatgtattce
gtgtgtgctc
tttettteag
ggatatce
<210>

<211> -

<212>
<213>

20
498
DNA

<400> 90

ggcgegecgg
aggggagagd
cggaggcccg
cagcacctge
taaagggcgc

ggacgtaggg

tacaacccga

gggcagggtg
aaaaatgacc
ggccgggeceg
aagccceogec
acactgggag
caggcegetyg
ctctgecagac
gctceccaaag
gtagacgcag
agtggattct
ccccacccayg
ttgtaaataa
ccaggcctgce
atagctccece
accccaggat
gaaggaggca
agtceggetgt
gtectgggaca
atatctectga
tcagggatga

aggctetgga

Homo sapiens A.

agttegggcet
cgcgggceggg
gagccogegco
cocegegegge
ctggcccgat
gttgegttgt

gtatcggggce

gaggcagtga
ctggagaggc
gcggtgggcea
tectetacgee
agtcctaccg
cccacgecte
ggatgtgtgt
gaggtaagga
cagagttgct
cccagcagga
gtgtctecge
agtggacctg
tgggggtgaa
ctggttacca
taggacggga
gtaacttatg
ctgtctecage
tttggcaggg
gaaggttecat
gtgcgagcag

aaaacctgte

5.E.28

gccggetect
tgggaacggg
atgctcagtyg
cgagaggcedgg
tctcaggcaa
tcagcggcececa

acgaggaggc

ccttgecectt
attcttgtag
gagtccgctg
ttggaggact
acgttcaaac
tgcectggea
ggcecececectee
gaacctttgg
cccaagtcga
tgaggaagga
aagaccacaa
cttttacage
aaaatggatt
tcagaaacct
tctggggact
ccttgtetga
cteccaggat
agggagcact
gtgtatttea
gttgtaagag

cagaccctgt

tagccgeggg
cgggagacga
cgcggecgga
cagcceccagg
gaggagatta
gggatgcgcecce

gecgaccttcee

70

ggtcecctecta
gagaagaatc
ctatacacac
cctgtgactt
aacaggttag
cccecagggg
taggtgccce
caggtgctta
ggctccfcag
gggtgtgtta
aaaécccaaa
cctgtecacta
gaagatcaga
gaaagtagtt
gctgeccagga
aaatcacatg
gtetgtacge
gggctggggg
gagcatatgg
aatgtggtga

ggcagtgtga

gcgggggaga
gcggggacgyg
ggaggcgagce
tcececcagege
tcagceggat
gaggcgatgt

tgggtaccca

PCT/US02/03077
gccttettec 200
tagcggccegg 960
agggaggaat 1020
cactgctctyg 1080
gccaggtaac 1140
atteccttgece 1200
acaaccagga 1260
ggacacﬁgac 1320
agcaggtggyg 1380
accaaccaag 1440
gatctatgtyg 1500
ctéctgtgtt 1560
taagccacag 1620
cttttgagca 1680
agctgttect 1740
tgccaggctc 1800
ctgggcacte 1860
cttctcataa 1920
tatagactgt 1980
gcagcceagt 2040
gtcttecaget 2100

2107
cgctqgggga 60
ggagacgcgc 120
gectggggacg 180
gcgaaattag 240
tececgtgegg 300
ctcctcccft 360

420

aacctctgge
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cteccgggaga cgcggaattc gggggatcgt taaggcgccc tggceccaggga aacagatgct 480

tetgegtetg ggetgaaa 498

71
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(57) Abstract: The invention provides methods for linear and exponential amplification of RNA. They are particularly suitable
for amplifying a plurality of RNA species in a sample. The methods are based on hybridization of polynucleotide comprising a

propromoter sequence to a primer extension product to generate an intermediate polynucleotide capable of driving transcription,

whereby multiple copies of RNA products comprising sequences complementary to an RNA sequence of interest are generated.

The methods are useful for preparation of nucleic acid libraries and substrates for analysis of gene expression of cells in biological

samples. The invention also provides compositions and kits for practicing the amplification methods, as well as methods which use
the amplification products.
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METHODS AND COMPOSITIONS FOR AMPLIFICATION
OF RNA SEQUENCES

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the priority benefit of the provisional patent
application U.S. Serial No. 60/274,236, filed March 9, 2001, which is
incorporated by reference in its entirety.

TECHNICAL FIELD

The invention relates to the field of polynucleotide amplification. More
particularly, the invention provides methods, compositions and kits for amplifying
(i.e., making multiple copies) RNA sequences of interest which employ a

polynucleotide comprising a propromoter and RNA transcription.

BACKGROUND ART

The ability to amplify ribonucleic acid (RNA) is an important aspect of
efforts to elucidate biological processes. To date, RNA (generally, mRNA)
amplification is most commonly performed using the reverse transcriptase-
polymerase chain reaction (RT-PCR) method and variations thereof. These
methods are based on replication of RNA by reverse transcriptase to form single
stranded DNA complementary to the RNA (cDNA), which is followed by
polymerase chain reaction (PCR) amplification to produce multiple copies of
double stranded DNA. Although these methods are most commonly used, they
have some significant drawbacks: a) the reactions require thermocycling; b) the
products are double stranded, thus rendering them less accessible to binding to
probes; c) the reactions are prone to contamination with products of prior
amplification, thus requiring strict containment of reaction mixtures; and d) the
exponential nature of amplification of these methods renders them prone to

generate pools of products which do not truly reflect the representation of the

1
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various RNA sequences in the input total RNA sample, due to unequal efficiency
of amplification of different sequences, and the nature of exponential
amplification which is based on replication of amplification products rather than
on continued replication of the input target RNAs.

The total cellular mRNA represents gene expression activity at a
defined time. Gene expression is affected by cell cycle progression,
developmental regulation, response to internal and external stimuli and the like..
The profile of expressed genes for any cell type in an organism reflects normal or
disease states, response to various stimuli, developmental stages, cell
differentiation, and the like.

Various methods for the analysis of gene expression have be developed in
recent years. See, for example, U.S. Pat. Nos. 5,744,308; 6,143,495; 5,824,517,
5,829,547, 5,888,779; 5,545,522; 5,716,785; 5,409,818; EP 0971039A2;
EP0878553A2. These include quantification of specific mRNAs, and the
simultaneous quantification of a large number of mRNAs, as well as the detection
and quantification of patterns of expression of known and unknown genes. The
analysis of gene expression profiles is currently one of the most powerful tools in
the study of cellular differentiation and cellular development, and in the
investigation of normal and disease states of various organisms, in particular in
human. This analysis is crucial for gene discovery, molecular medicine and drug
discovery processes.

Essential for gene expression profiling is the ability to randomly amplify
the total cellular mRNAs prepared from any cell or tissue. Although analysis of
non-amplified mRNA is feasible, a significant amount of starting mRNA would
be required. However, the total amount of sample mRNA that is available is
frequently limited by the amount of biological sample from which it is derived.
Biological samples are often limited in amount and precious. Moreover, the
amount of the various mRINA species is not equal; some species are more
abundant than others, and these are more likely and easier, to analyze. The ability
to amplify mRINA sequences enables the analysis of less abundant, rare mRNA
species. The ability to analyze small samples, by means of nucleic acid

amplification, is also advantageous for design parameters of large scale screening
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of effector molecule libraries, for which reduction in sample volume is a major
concern both for the ability to perform very large scale screening or ultra high
throughput screening, and in view of the limiting amounts of library components.
Therefore, there is a need for improved RNA amplification methods that
5 overcome drawbacks in existing methods. The invention provided herein fulfills

this need and provides additional benefits.

All references cited herein, including patent applications and publications,
are incorporated by reference in their entirety.
10

DISCLOSURE OF THE INVENTION

The invention provides methods, compositions, and kits for

polynucleotide, specifically ribonucleic acid, amplification, as well as applications
15  of the amplification methods.

In one aspect, the invention provides methods of generating multiple
copies of the complementary sequence of an RNA sequence of interest, said
method comprising the steps of: (a) extending a first primer hybridized to a target
RNA with an RNA-dependent DNA polymerase, whereby a complex comprising

20  afirst primer extension product and the target RNA is produced; (b) cleaving
RNA in the complex of step (b) with an enzyme that cleaves RNA from an
RNA/DNA hybrid; (¢) extending a second primer hybridized to the first primer
extension product with a DNA-dependent DNA polymerase, whereby a complex
comprising the first primer extension product and a second primer extension

25  product is produced; (d) denaturing the complex of step (c); and (e) hybridizing
to the second primer extension product a propromoter polynucleotide comprising
a propromoter and a region which hybridizes to the second primer extension
product under conditions which allow transcription to occur by RNA polymerase,
such that RNA transcripts are produced comprising sequences complementary to

30 the target RNA; whereby multiple copies of the complementary sequence of the

RNA sequence of interest are generated.
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In one aspect, the invention provides methods of generating multiple
copies of (amplifying) the complementary sequence of an RNA sequence of
interest, said method comprising the steps of: (a) hybridizing a first primer to a
target ribonucleic acid; (b) extending the first primer with an RNA-dependent
DNA polymerase, whereby a complex comprising a first primer extension product
and the target ribonucleic acid is produced; (¢) cleaving ribonucleic acid in the
complex of step (b) with an enzyme that cleaves RNA from an RNA/DNA hybrid;
(d) hybridizing a second primer to the first primer extension product; ()
extending the second primer with a DNA-dependent DNA polymerase, whereby a
complex comprising the first primer extension product and a second primer
extension product is produced; (f) denaturing the complex of step (e); (g)
hybridizing to the second primer extension product a polynucleotide comprising a
propromoter and a region which hybridizes to the second primer extension
product under conditions which allow transcription to occur by RNA polymerase,
such that RNA transcripts are produced comprising sequences complementary to
the target ribonucleic acid, whereby multiple copies of the complementary
sequence of the RNA sequence of interest are generated. In some embodiments,
the polynucleotide comprising a propromoter is a propromoter template
oligonucleotide (PTO). In some embodiments, the invention provides methods of
generating multiple copies of the complementary sequence of an RNA sequence
of interest, said methods comprising the steps of: (a) combining: a single stranded
second primer extension product resulting from step (f) of the aspect of the
invention described above; a propromoter polynucleotide comprising a
propromoter and a region which is hybridizable to a single stranded second primer
extension product; and an RNA polymerase; and (b) incubating the mixture of
step (a) under conditions (which includes necessary substrates and buffer
conditions) that permit propromoter polynucleotide hybridization and RNA
transcription, whereby multiple copies of the complementary sequence of the
RNA sequence of interest are generated. It is understood that any com‘t.)ination of
these incubation steps, and any single incubation step, to the extent that the
incubation is performed as part of any of the methods described herein, fall within

the scope of the invention. It is also understood that methods that comprise one or
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more incubation steps do not require a separate combination step, as such
combinations are implicit in incubating the reaction mixture(s).

In another aspect, the invention provides methods of generating multiple
copies of the complementary sequence of an RNA sequence of interest, said

5  method comprising the steps of: (a) extending a first primer hybridized to a target
RNA with an RNA-dependent DNA polymerase, whereby a complex comprising
a first primer extension product and the target RNA is produced; (b) cleaving
RNA in the complex of step (a) with an enzyme that cleaves RNA from an
- RNA/DNA hybrid; (c) extending a second primer hybridized to the first primer
10 extension product with a DN A-dependent DNA polymerase, whereby a complex
comprising the first primer extension product and a second primer extension
product is produced; (d) denaturing the complex of step (c); (e) hybridizing to the
second primer extension product a propromoter polynucleotide comprising a
propromoter and a region which hybridizes to the second primer extension
15  product under conditions which allow transcription to occur by RNA polymerase,
such that RNA transcripts are produced comprising sequences complementary to
the target RNA; (f) extending a third primer hybridized to said RNA transcripts
with an RNA-dependent DNA polymerase, whereby a complex comprising a third
- primer extension product and an RNA transcript is produced; (g) cleaving RNA in
20  the complex of step (f) with an enzyme that cleaves RNA from an RNA/DNA
hybrid; (h) hybridizing a propromoter polynucleotide comprising a propromoter
and a region which hybridizes to a single stranded third primer extension product
under conditions which allow transcription to occur by RNA polymerase, such
that RNA transcripts are produced comprising sequences complementary to the
25  target RNA; (i) optionally repeating steps () to (h); whereby multiple copies of
the complementary sequence of the RNA sequence of interest are produced.

In another aspect, the invention provides methods of generating multiple
copies of (amplifying) the complementary sequence of an RNA sequence of
interest, said method comprising the steps of: (a) hybridizing a first primer to a

30 target ribonucleic acid; (b) extending the first primer with an RNA-dependent
DNA polymerase, whereby a complex comprising a first primer extension product

and the target ribonucleic acid is produced; (c) cleaving ribonucleic acid in the
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complex of step (b) with an enzyme that cleaves RNA from an RNA/DNA hybrid;
(d) hybridizing a second primer to the first primer extension product; (e)
extending the second primer with a DNA-dependent DNA polymerase, whereby a
complex comprising the first primer extension product and a second primer
5  extension product is produced; (f) denaturing the complex of step (¢); (g)

hybridizing to the second primer extension product a propromoter and a region
which hybridizes to the second primer extension product under conditions which
allow transcription to occur by RNA polymerase, such that RNA transcripts are
produced comprising sequences complementary to the target ribonucleic acid; (h)

10 hybridizing a third primer to said RNA transcripts; (i) extending the third primer
with an RNA-dependent DNA polymerase, whereby a complex comprising a third
primer extension product and an RNA transcript is produced; (j) cleaving RNA in
the complex of step (i) with an enzyme that cleaves RNA from an RNA/DNA
hybrid; (k) hybridizing a propromoter polynucleotide comprising a propromoter

15  and a region which hybridizes to a single stranded third primer extension product
under conditions which allow transcription to occur by RNA polymerase, such
that RN A transcripts are produced comprising sequences complementary to the
target ribonucleic acid; (1) optionally repeating steps (h) to (k), whereby multiple
copies of the complementary sequence of the RNA sequence of interest are

20  produced. In some embodiments, the polynucleotide comprising a propromoter is
a propromoter template oligonucleotide (PTO). In some embodiments, the
invention provides methods of generating multiple copies of the complementary
sequence of an RNA sequence of interest, said methods comprising the steps of:
(a) combining: a single stranded second primer extension product resulting from

25  step (f) described above in this paragraph; a third primer comprising a sequence
hybridizable to an RNA transcript comprising a sequence complementary to the
target RNA; a propromoter polynucleotide comprising a propromoter and a region
which is hybridizable to a single stranded second primer extension product; a
propromoter polynucleotide comprising a propromoter and a region which is

30  hybridizable to a single stranded third primer extension product; an enzyme that
cleaves RNA from an RNA/DNA hybrid; and an RNA polymerase; and (b)

incubating the mixture of step (a) under conditions (which includes necessary
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substrates and buffers) that permit primer extension, RNA cleavage, propromoter
polynucleotide hybridization and RNA transcription, whereby multiple copies of |
the complementary sequence of the RNA sequence of interest are generated. In
yet another embodiment, the invention provides methods of generating multiple
copies of the complementary sequence of an RNA sequence of interest, said
methods comprising the steps of: (a) combining: an RNA transcript from step (g)
described above in this paragraph; a third primer comprising a sequence
hybridizable to the RNA transcript; a propromoter polynucleotide comprising a
propromoter and a region which is hybridizable to a single stranded third primer
extension product; an enzyme that cleaves RNA from an RNA/DNA hybrid; and
an RNA polymerase; and (b) incubating the mixture of step (a) under conditions
(which includes necessary substrates and buffers) that permit primer extension,
RNA cleavage, propromoter polynucleotide hybridization and RNA transcription,
whereby multiple copies of the complementary sequence of the RNA sequence of
interest are generated.

In still another aspect, the invention provides methods of generating
multiple copies of (amplifying) the complementary sequence of an RNA sequence
of interest, said method comprising the steps of: (a) combining: a target
ribonucleic acid; a first primer comprising a sequence that is hybridizable to the
target ribonucleic acid; a second primer comprising a sequence hybridizable to an
extension product of the first primer; a propromoter polynucleotide comprising a-
propromoter and a region which is hybridizable to a single stranded second primer
extension product; an RNA-dependent DNA polymerase; a DNA-dependent DNA
polymerase; an RNA polymerase; and an enzyme that cleaves RNA from an
RNA/DNA hybrid; and (b) incubating the mixture of step (a) under conditions
(which includes necessary substrates and buffer conditions) that permit primer
hybridization, primer extension, RNA cleavage, propromoter polynucleotide
hybridization, and RNA transcription. In some embodiments, the polynucleotide
comprising a propromoter is a propromoter template oligonucleotide (PTO).

In yet another aspect, the invention provides methods of generating
multiple copies of (amplifying) the complementary sequence of an RNA sequence

of interest, said method comprising the steps of: (a) combining: a target
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ribonucleic acid; a first primer comprising a sequence that is hybridizable to the
target ribonucleic acid; a second primer comprising a sequence hybridizable to an
extension product of the first primer; a third primer comprising a sequence
hybridizable to an RINA transcript comprising a sequence complementary to the
target ribonucleic acid; a propromoter polynucleotide comprising a propromoter
and a region which ts hybridizable to a single stranded second primer extension
product; a propromoter polynucleotide comprising a propromoter and a region

which is hybridizable to a single stranded third primer extension product; an

. RNA-dependent DNA polymerase; a DNA-dependent DNA polymerase; an RNA

polymerase; and an enzyme that cleaves RNA from an RNA/DNA hybrid; and (b)
incubating the mixture of step (a) under conditions (which includes necessary
substrates and buffer conditions) that permit primer hybridization, primer
extension, RNA cleavage, propromoter polynucleotide hybridization, and RNA
transcription. In some embodiments, the polynucleotide comprising a
propromoter is a propromoter template oligonucleotide (PTO).

In another aspect, the invention provides methods of generating multiple
copies of the complementary sequence of an RNA sequence of interest, said
method comprising the steps of: (a) extending a first primer hybridized to a target
RNA with an RNA-dependent DNA polymerase, whereby a complex comprising
a first primer extension product and the target RINA is produced; (b) cleaving
RNA in the complex of step (b) with an enzyme that cleaves RNA from an
RNA/DNA hybrid; (c) extending a second primer hybridized to the first primer
extension product with a DNA-dependent DNA polymerase, whereby a complex
comprising the first primer extension product and a second primer extension
product is produced; (d) denaturing the complex of step (¢); and (e) hybridizing to
the second primer extension product a propromoter polynucleotide comprising a
propromoter and a region which hybridizes to the second primer extension
product under conditions which allow transcription to occur by RNA polymerase,
such that RNA transcripts are produced comprising sequences complementary to
the target RNA; whereby multiple copies of the complementary sequence of the

RNA sequence of interest are generated.
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In another aspect, the invention provides methods of generating multiple
copies of the complementary sequence of an RNA sequence of interest, said
method comprising the steps of: (a) extending a first primer hybridized to a target
RNA with an RNA-dependent DNA polymerase, whereby a complex comprising
a first primer extension product and the target RNA is produced; (b) cleaving
RNA in the complex of step (a) with an enzyme that cleaves RNA from an
RNA/DNA hybrid; (¢) extending a second primer hybridized to the first primer
extension product with a DNA-dependent DNA polymerase, whereby a complex
comprising the first primer extension product and a second primer extension
product is produced; (d) denaturing the complex of step (c); (e) hybridizing to the
second primer extension product a propromoter polynucleotide comprising a
propromoter and a region which hybridizes to the second primer extension -
product under conditions which allow transcription to occur by RNA polymerase,
such that RNA transcripts are produced comprising sequences complementary to
the target RNA,; (f) extending a third primer hybridized to said RNA transcripts
with an RNA-dependent DNA polymerase, whereby a complex comprising a third
primer extension product and an RNA transcript is produced; (g) cleaving RNA in
the complex of step (f) with an enzyme that cleaves RNA from an RNA/DNA
hybrid; (h) hybridizing a propromoter polynucleotide comprising a propromoter
and a region which hybridizes to a single stranded third primer extension product
under conditions which allow transcription to occur by RNA polymerase, such
that RN A transcripts are produced comprising sequences complementary to the
target RNA; (i) optionally repeating steps (f) to (h); whereby multiple copies of
the complementary sequence of the RNA sequence of interest are produced..

In another aspect, the invention provides a method of generating multiple
copies of the complementary sequence of an RNA sequence of interest
comprising incubating a reaction mixture, said reaction mixture comprising: (a) a
single stranded second primer extension product resulting from step (d) above; (b)
a propromoter polynucleotide comprising a propromoter and a region which is
hybridizable to a single stranded second primer extension product; and an RNA

polymerase; wherein the incubation is under conditions that permit propromoter
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polynucleotide hybridization and RNA transcription, whereby multiple copies of
the complementary sequence of the RNA sequence of interest are generated.

In another aspect, the invention provides methods of generating multiple
copies of the complementary sequence of an RNA sequence of interest
comprising incubating a reaction mixture, said reaction mixture comprising: (a)a .
single stranded second primer extension product resulting from step (d) above;
(b) a third primer comprising a sequence hybridizable to an RNA transcript
comprising a sequence complementary to the target RNA; (¢) a propromoter
polynucleotide comprising a propromoter and a region which is hybridizable to a
single stranded second primer extension product; (d) a propromoter
polynucleotide comprising a propromoter and a region which is hybridizable to a
single stranded third primer extension product; (€) an enzyme that cleaves RNA
from an RNA/DNA hybrid; and (f) an RNA polymerase; wherein the incubation is
under conditions that permit primer extension, RNA cleavage, propromoter
polynucleotide hybridization and RNA transcription, whereby multiple copies of
the complementary sequence of the RNA sequence of interest are generated.

In another aspect, the invention provides methods of generating multiple
copies of the complementary sequence of an RNA sequence of interest, said
method comprising incubating a reaction mixture, said reaction mixture
comprising: (a) an RNA transcript from step (e) above, (b) a third primer
comprising a sequence hybridizable to the RNA transcript; (¢) a propromoter
polynucleotide comprising a propromoter and a region which is hybridizable to a
single stranded third primer extension product; (d) an enzyme that cleaves RNA
from an RNA/DNA hybrid; and (e) an RNA polymerase; wherein the incubation
is under conditions that permit primer extension, RNA cleavage, propromoter
polynucleotide hybridization and RNA transcription, whereby multiple copies of
the complementary sequence of the RNA sequence of interest are generated.

In another aspect, the invention provides methods of generating multiple
copies of the complementary sequence of an RNA sequence of interest, said
method comprising incubating a reaction mixture, said reaction mixture
comprising: (a) a target RNA; (b) a first primer comprising a sequence that is

hybridizable to the target RNA; (¢) a second primer comprising a sequence
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hybridizable to an extension product of the first primer; (d) a propromoter
polynucleotide comprising a propromoter and a region which is hybridizable to a
single stranded second primer extension product; (e) an RNA-dependent DNA
polymerase; (f) a DNA-dependent DNA polymerase; (g) an RNA polymerase; and
(h) an enzyme that cleaves RNA from an RNA/DNA hybrid; wherein the
incubation is under conditions that permit primer hybridization, primer extension,
RNA cleavage, propromoter polynucleotide hybridization, and RNA transcription,
whereby multiple copies of the complementary sequence of the RNA sequence of
interest are generated.

In another aspect, invention provides methods of generating multiple
copies of the complementary sequence of an' RNA sequence of interest, said
method comprising incubating a reaction mixture, said reaction mixture

comprising: (a) a target RNA; (b) a first primer comprising a sequence that is

‘hybridizable to the target RNA; (c) a second primer comprising a sequence

hybridizable to an extension product of the first primer; (d) a third primer
comprising a sequence hybridizable to an RNA transcript comprising a sequence
complementary to the target RNA; (e) a propromoter polynucleotide comprising a
propromoter and a region which is hybridizable to a single stranded second primer
extension product; (f) a propromoter polynucleotide comprising a propromoter
and a region which is hybridizable to a single stranded third primer extension
product; (g) an RNA-dependent DNA polymerase;(h) a DNA-dependent DNA
polymerase; (i) an RNA polymerase; and (j) an enzyme that cleaves RNA from an
RNA/DNA hybrid; wherein the incubation is conditions that permit primer
hybridization, primer extension, RNA cleavage, propromoter polynucleotide
hybridization, and RNA transcription, whereby multiple copies of the
complementary sequence of the RNA sequence of interest are generated.

In another aspect, the invention provides methods of generating multiple
copies of the complementary sequence of an RNA sequence of interest, said
method éomprising: (a) hybridizing a composite primer to a single stranded
second primer extension product resulting from step (d) above, wherein the
composite primer comprises an RNA portion and a 3' DNA portion; (b) extending

the composite primer with a DNA-dependent DNA polymerase, whereby a
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complex comprising a primer extension product and the second primer extension
product is formed; (c) cleaving RNA in the complex of step (b) with an enzyme
that cleaves RNA from an RNA/DNA hybrid, such that another composite primer
hybridizes to the second primer extension product and repeats primer extension by
strand displacement, whereby multiple copies of the complement of the RNA
sequence of interest are produced.

In another aspect, the invention provides methods of generating multiple
copies of a polynucleotide sequence complementary to an RNA sequence of
interest, said method comprising the steps of: (a) extending a composite primer
hybridized to a second primer extension product, wherein said primer extension
product comprises a complement of a first primer extension product generated by
extension of a first primer hybridized to template RNA by any of the methods
described herein; whereby said first primer extension product is displaced, and
whereby multiple copies of a polynucleotide sequence complementary to the RNA
sequence of interest are generated.

In another aspect, the invention provides methods of generating multiple
copies of the complementary sequence of an RNA sequence of interest, said
method comprising incubating a reaction mixture, said reaction mixture
comprising: (a) a single stranded second primer extension product resulting from
step (d) above; (b) a composite primer which is hybridizable to the single stranded
second primer extension product, wherein the composite primer comprises an
RNA portion and a 3' DNA portion; (¢) DNA-dependent DNA polymerase; (d) an
enzyme that cleaves RNA from an RNA/DNA hybrid; wherein the incubation is
made under conditions that permit composite primer primer hybridization, RNA
cleavage, and displacement of the primer extension product from the complex of
step (a) described above when its RNA is cleaved and a composite primer binds to
the primer extension product in the complex, whereby multiple copies of the
complement of the RNA sequence of interest are produced.

In another aspect, the invention provides methods of generating multiple
copies of an RNA sequence of interest, said method comprising the steps of: (a)
extending a composite primer hybridized to a second primer extension product,

wherein said primer extension product comprises a complement of a first primer
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extension product generated by extension of a first primer hybridized to template
RNA by any of the methods described herein; whereby said first primer extension
product is displaced, (b) hybridizing the displaced first primer extension product
with a polynucleotide comprising a propromoter and a region which is
hybridizable to the displaced first primer extension product under conditions
which allow transcription to occur by RNA polymerase, such that RNA transcripts
are produced comprising sequences complementary to the displaced primer
extension products, whereby multiple copies of the RNA sequence of interest are
generated.

As is clear to one skilled in the art, reference to production of copies of an
RNA or DNA sequence of interest or copies of a polyn}lcleotide sequence
complementary to an RNA or DNA sequence of interest refers to products that
may contain, comprise or consist of such sequences. As is evident to one skilled
in the art, aspects that refer to combining and incubating the resultant mixture also
encompasses method embodiments which comprise incubating the various
mixtures (in various combinations and/or subcombinations) so that the desired
products are formed. It is understood that any combination of these incubation
steps, and any single incubation step, to the extent that the incubation is
performed as part of any of the methods described herein, fall within the scope of
the invention. It is also understood that methods that comprise one or more
incubation steps do not require a separate combination step, as such combinations
are implicit in incubating the reaction mixture(s)

Various embodiments of the primers are used in the methods of the
invention. For example, in some embodiments, the first primer comprises a 5’
portion that is not hybridizable (under a given set of conditions) to a target
ribonucleic acid. In some of these embodiments, the 5° portion comprises a
sequence the complement of which is hybridizable by a propromoter
polynucleotide under a given set of conditions. In one example, the presence of
said 5° portion in the first primer results in generation of a second primer
extension product that is hybridizable (under a given set of conditions) by a-
propromoter polynucleotide. In another example, the presence of said 5° portion

in the first primer results in generation of a third primer extension product that is
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hybridizable (under a given set of conditions) by a propromoter polynucleotide.
In some embodiments wherein a target RNA is mRNA, the first primer may
comprise a poly-T sequence. In other embodiments, the second primer and the
third primer are the same. In still another embodiment, the second primer and the
third primer are different. In yet another embodiment, the second primer and the
third primer hybridize to different complementary sequences. In some
embodiments, the second and/or third primer comprises a sequence (for example,
a 3’ sequence) that is a random sequence. In yet other embodiments, the second
and/or third primer is a random primer. In yet other embodiments, the third
primer is a composite primer. In some embodiments, the RNA portion of a
composite primer is 5° with respect to the 3° DNA portion. In still other
embodiments, the 5° RNA portion is adjacent to the 3> DNA portion. In other
embodiments, the composite primer comprises the sequence of a first primer.

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,
and the RN A-dependent DNA polymerase may be reverse transcriptase. The
RNA-dependent DNA polymerase may comprise an RNase H enzyme activity.
Similarly, a DNA polymerase may comprise both RNA-dependent and DNA-
dependent DNA polymerase enzyme activities. A DNA-dependent DNA
polymerase and an enzyme that cleaves RNA may also be the same enzyme. A
DNA-dependent DNA polymerase, an RNA-dependent DNA polymerase, and the
enzyme that cleaves RNA can also be the same enzyme.

In some embodiments, methods of the invention are used to generate
labeled polynucleotide products (generally DNA or RNA products). In some
embodiments of methods for generating labeled DNA products, at least one type
of ANTP used is a labeled dNTP. In some embodiments of methods for
generating labeled RNA products, at least one type of INTP used is a labeled
rNTP. In other embodiments of methods for generating labeled DNA products, a
labeled composite primer is used.

In some embodiments, the methods of the invention employ a propromoter
polynucleotide (for example, a PTO) that comprises a region at the 3° end which

hybridizes to the second or third primer extension products, whereby DNA
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polymerase extension of the extension products produces a double stranded
promoter from which transcription occurs.
The methods are applicable to amplifying any RNA target, including, for
example, mRNA and ribosomal RNA. One or more steps may be combined
5  and/or performed sequentially (often in any order, as long as the requisite

product(s) are able to be formed). It is also evident, and is described herein, that
the invention encompasses methods in which the initial, or first, step is any of the
steps described herein. For example, the methods of the invention do not require
that the first step be production of the first primer extension product from the

10 RNA template. Methods of the invention encompass embodiments in which later,

“downstream” steps are an initial step.

The invention also provides methods which employ (usually, analyze) the
products of the amplification methods of the invention, such as sequencing,

15  detection of sequence alteration(s) (e.g., genotyping or nucleic acid mutation
detection); determining presence or absence of a sequence of interest; gene
expression profiling; subtractive hybridization; preparation of a subtractive
hybridization probe; differential amplification; preparation of libraries (including
cDNA and differential expression libraries); preparation of an immobilized

20 nucleic acid (which can be a nucleic acid immobilized on a microarray), and
characterizing (including detecting and/or quantifying) amplified nucleic acid
products generated by the methods of the invention.

In one aspect, the invention provides methods of sequencing an RNA
sequence of interest, said method comprising (a) amplifying a target ribonucleic

25  acid containing the sequence of interest by the methods described herein in the
presence of a mixture of INTPs and tNTP analogs such that transcription is
terminated upon incorporation of an rNTP analog; and (b) analyzing the
amplification products to determine sequence.

In another aspect, the invention provides methods of sequencing an RNA

30  sequence of interest, said method comprising (a) amplifying a target ribonucleic
acid containing the sequence of interest by the methods described herein, wherein

RNA transcripts generated from the second primer extension product are
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amplified in the presence of a mixture of IINTPs and rNTP analogs such that
transcription is terminated upon incorporation of an rINTP analog; and (b)
analyzing the amplification products to determine sequence.
In some aspects, the invention provides methods of sequencing an RNA
5  sequence of interest, said methods comprising amplifying a target RNA
containing the sequence of interest by the amplification methods of the invention
in the presence of a mixture of dNTPs and dNTP analogs (which may be labeled
or unlabeled), such that primer extension is terminated upon incorporation of a
dNTP analog which may be labeled or unlabeled, and analyzing the amplification
10 products to determine sequence.
In some aspects, the invention provides methods of detecting a mutation
(or, in some aspects, characterizing a sequence) in a target ribonucleic acid,
comprising (a) amplifying the target ribonucleic acid by a method described
herein; and (b) analyzing the amplification products of the method for single
15  stranded conformation, wherein a difference in conformation as compared to a
reference single stranded polynucleotide indicates a mutation in the target
ribonucleic acid. In other embodiments, the invention provides methods of
detecting a mutation (or, in some aspects, characterizing a sequence) in a target
ribonucleic acid comprising analyzing amplification products of any of the
20  methods described herein for single stranded conformation, wherein a difference
in conformation as compared to a reference single stranded polynucleotide
indicates a mutation in the target ribonucleic acid (or, in some aspects,
characterizes the target sequence).
In another aspect, the invention provides methods of producing a nucleic
25  acid immobilized to a substrate (which includes methods of producing a
microarray), comprising (a) amplifying a target RNA by any of the methods
described herein; and (b) immobilizing the amplification products on a substrate.
The amplification products can be labeled or unlabeled. In other aspects, the
invention provides methods of producing a microarray, comprising (a) amplifying
30 atarget RNA by an amplification method described herein; and (b) immobilizing
the amplification products on a substrate (which can be solid or semi-solid). In

some embodiments, microarrays are produced by immobilizing amplification
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products onto a substrate to make a microarray of amplification products. In other
embodiments, microarrays are produced by immobilizing amplification products
by any of the methods described herein onto a solid substrate to make a
microarray of amplification products. The microarray can comprise at least one
amplification product immobilized on a solid or semi-solid substrate fabricated
from a material selected from the group consisting of paper, glass, ceramic,
plastic, polypropylene, nylon, polyacrylamide, nitrocellulose, silicon an other
metals, and optical fiber. An amplification product can be immobilized on the
solid or semi-solid substrate in a two-dimensional configuration or a three-
dimensional configuration comprising pins, rods, fibers, tapes, threads, beads,
particles, microtiter wells, capillaries, and cylinders.

Any of the methods of the invention can be used to generate
polynucleotide (generally, RNA or DNA) products that are suitable for
characterization of an RNA sequence of interest in a sample. In one embodiment,
the invention provides methods for characterizing (for example, detecting and/or
quantifying and/or determining presence or absence of) an RNA sequence of
interest comprising: (a) amplifying a target RNA by any of the methods described
herein; and (b) analyzing the amplification products. Step (b) of analyzing the
amplification products can be performed by any method known in the art or
described herein, for example by detecting and/or quantifying and/or determining
present or absence of amplification products that are hybridized to a probe. These
amplification products may or may not be labeled. Any of the methods of the
invention can be used to generate polynucleotide (generally, RNA or DNA)
products that are labeled by incorporating labeled nucleotides into appropriate
step(s) of the methods. These labeled products are particularly suitable for
quantification and/or identification and/or determining presence or absence of by
methods known in the art, which include the use of arrays such as cDNA
microarrays and oligonucleotide arrays. In one aspect, the invention provides a
method of characterizing an RNA sequence of interest, comprising (a) amplifying
atarget RNA by a method described herein to generate labeled products; and (b)
analyzing the labeled products. In some embodiments, the step of analyzing RNA

products comprises determining amount of said products, whereby the amount of
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the RNA sequence of interest present in a sample is quantified. The
polynucleotide products can be analyzed by, for example, contacting them with at
least one probe. In some embodiments, the at least one probe is provided as a
microarray. The microarray can comprise at least one probe immobilized on a
solid or semi-solid substrate fabricated from a material selected from the group
consisting of paper, glass, plastic, polypropylene, nylon, polyacrylamide,
nitrocellulose, silicon, and optical fiber. A probe can be immobilized on the solid
or semi-solid substrate in a two-dimensional configuration or a three-dimensional
configuration comprising pins, rods, fibers, tapes, threads, beads, particles,
microtiter wells, capillaries, and cylinders.

In another aspect, the invention provides methods of determining gene
expression profile in a sample, the methods comprising: (a) amplifying at least
one RNA sequence of interest in the sample using any of the methods described
herein; and (b) determining amount of amplification products of each RNA
sequence of interest, wherein each said amount is indicative of amount of each
RNA sequence of interest in the sample, whereby the gene expression profile of
the sample is determined. ‘

In another aspect, the invention provides methods of preparing a
subtractive hybridization probe, said methods comprising generating multiple
single stranded polynucleotide, preferably DNA, copies of the complement of at
least one RINA sequences of interest from a first RNA population using any of the
methods described herein.

In another aspect, the invention provides methods of performing
subtractive hybridization, said methods comprising: (a) generating multiple copies
of the complement of at least one RNA sequence of interest from a first RNA
population using any of the methods described herein; and (b) hybridizing the
multiple copies to a second mRNA population, whereby a subpopulation of the
second mRNA population forms a complex with a copy of the complement of at
least one RNA sequence of interest. In embodiments in which DNA copies are
generated, the methods further comprise: (c) cleaving RNA in the complex of
step (b) with an enzyme that cleaves RNA from an RNA/DNA hybrid; and (d)
amplifying an unhybridized subpopulation of the second mRNA population (using
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any method, including the methods described herein), whereby multiple copies of
single stranded DNA complementary to the unhybridized subpopulation of the
second mRINA population are generated.

In another aspect, the invention provides methods for differential
amplification, the methods comprising: (a) generating multiple nucleic acid
(generally DNA) copies of the complement of at least one RNA sequence of
interest from a first RNA population using any of the methods described herein;
(b) hybridizing the multiple copies to a second mRNA population, whereby a
subpopulation of the second mRNA population forms a complex with a DNA
copy; (c) cleaving RNA in the complex of step (b) with an enzyme that cleaves
RNA from an RNA/DNA hybrid; and (d) amplifying an unhybridized
subpopulation of the seéond mRNA population using any method, including those
described herein, whereby multiple copies of single stranded DNA
complementary to the unhybridized subpopulation of the second mRNA
population are generated. These methods encompass steps (b), (¢) and (d) if the
copies used in the subtractive hybridization are generated using any of the
methods described herein.

In another aspect, the invention provides methods for making a library,
said method comprising preparing a subtractive hybridization probe as described -
herein, or differential amplification as described herein. Any of these applications
can use any of the amplification methods (including various components and
various embodiments of any of the components) as described herein.

The invention also provides compositions, kits, complexes, reaction
mixtures and systems comprising various components (and various combinations
of the components) used in the amplification methods described herein. The
compositions may be any component(s), reaction mixture and/or intermediate
described herein, as well as any combination thereof.

In some embodiments, the invention provides a composition comprising:
(a) a first primer (which can be a random primer); (b) a second primer (which can
be a random primer); and (¢) a propromoter polynucleotide (which in some
embodiments is a PTO). In some embodiments, these compositions may further

comprise: (d) a third primer (which can be a random primer). In some of these
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embodiments, the first primer comprises a sequence that is not hybridizable to a
target RNA. In some of these embodiments, the second primer comprises a
sequence that is not hybridizable to a first primer extension product. In some
embodiments, the third primer comprises a sequence that is not hybridizable to an
RNA transcript. In some embodiments, the propromoter polynucleotide ((c),
above) is capable of hybridizing to the complement of the 5' portion of the first
primer.

The invention also provides compositions comprising a propromoter
polynucleotide (such as a PTO) capable of hybridizing to a 3' portion of a second
primer extension that is complement of a 5' portion of a first primer used to create
first primer extension product.

The invention also provides compositions comprising (a) a first primer; (b)
a second primer (which can be a random primer); and (c) a composite primer,
wherein the composite primer comprises a 5' RNA portion and a DNA portion. In
some embodiments, the invention provides a composition comprising: (a) a first
primer (which can be a random primer) hybridizable to target RNA; (b) a second
primer (which can be a random primer); and (c) a composite primer hybridizable
to a second primer extension product. In some embodiments, the composition
further comprises one or more of the following: DNA-dependent DNA
polymerase, RNA-dependent DNA polymerase, and an agent (generally an
enzyme) that cleaves RNA from an RNA/DNA heteroduplex.

The invention also provides compositions comprising the amplification
products described herein. Accordingly, the invention provides a population of
anti-sense RNA molecules which are copies of a target sequence, which are
produced by any of the methods described herein. The invention also provides a
population of anti-sense polynucleotides (generally DNA) molecules, which are
produced by any of the methods described herein.

In another aspect, the invention provides compositions comprising any of
the complexes (which are generally considered as intermediates with respect to
the final amplification products) described herein (see also the figures for
schematic depictions of examples of these various complexes). For example, the

invention provides compositions comprising a complex of (a) a first primer
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extension product; and (b) a target RNA strand. In yet another aspect, the
invention provides compositions comprising a complex of: (a) a first primer
extension product; and (b) a second primer extension product. In another
example; the invention provides compositions comprising a complex of (a) a
second primer extension product; and (b) a propromoter polynucleotide (which
can be 2 PTO). In some embodiments, the propromoter polynucleotide hybridizes
to a sequence in the second primer extension product comprising the complement
of the 5' portion of a first prime, wherein the first primer is extended to form the
first primer extension product. In yet another example, the invention provides
compositions comprising a complex of (a) a third primer extension product; and
(b) a propromoter polynucleotide (which can be a PTO). In yet another example,
the invention provides compositions comprising a complex of (a) a second primer
extension product, generated by denaturation of a hybridized first and second
primer extension product; and (b) a composite primer hybridizable to the second
primer extension product.

In another aspect, the invention includes any one or more products
(including intermediates) and compositions comprising the products (including
intermediates) produced by any aspect of the methods of the invention. The
products include libraries and any other population produced, which are generally
based on the nature of the primer(s) used in the methods described herein.

In another aspect, the invention provides reaction mixtures (or
compositions comprising reaction mixtures) which contain various combinations
of components described herein. For example, the invention provides reaction
mixtures comprising (a) a target RNA; (b) a first primer; (c) a second primer
(which can be a random primer); (d) an RNA polymerase; and () a DNA
polymerase. The reaction mixture could also further comprise an enzyme which
cleaves RNA from an RNA/DNA hybrid, such as RNase H. A reaction mixture of
the invention can also comprise a propromoter polynucleotide (which in some
embodiments is a PTO).

In another aspect, the invention provides reaction mixtures comprising (a)
atarget RNA; (b) a first primer; (c) a second primer (which can be a random

primer); (d) an RNA polymerase; (e) a DNA polymerase; and (f) a composite
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primer. The reaction mixture could also further comprise an enzyme which
cleaves RNA from an RNA/DNA hybrid, such as RNase H.
In another aspect, the invention provides kits for conducting the methods

described herein. These kits, in suitable packaging and generally (but not

5  necessarily) containing suitable instructions for performing any of the methods of
the invention described herein, including sequencing, detection of sequence
alteration(s) (e.g., genotyping or nucleic acid mutation detection); determining
presence or absence of a sequence of interest; gene expression profiling;
subtractive hybridization; preparation of a subtractive hybridization probe;

10  differential amplification; preparation of libraries (including cDNA and
differential expression libraries); preparation of an immobilized nucleic acid
(which can be a nucleic acid immobilized on a microarray), and characterizing
(including detecting and/or quantifying and/or determining presence or absence
of) amplified nucleic acid products generated by the methods of the invention.

15  The kits further comprise one or more components used in the methods of the
invention. For example, the invention provides kits that comprise a first primer
that comprises a sequence the complement of which is hybridizable by a
propromoter polynucleotide, and instructions for using the primer to amplify
RNA. The invention also provides kits that further comprise a second primer

20  and/or a third primer, and optionally instructions for using the primers to amplify
RNA. 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-dependent) and RNA

25  polymerase. In another example, a kit can comprise (a) a composite primer; and
(b) instructions for using the composite primer to amplify target RNA using the
methods of the invention provided herein. The kit can comprise further
components, including any of the enzymes described herein, such as an enzyme
which cleaves RNA from an RNA/DNA hybrid (for example, RNaseH), and DNA

30 polymerase (RNA-dependent or DNA-dependent). In another example, a kit
comprises a first primer that comprises a sequence the complement of which is

hybridizable by a propromoter polynucleotide, and instructions for using the
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primer to amplify RNA using any of the methods described herein. In another
embodiment, the kit further comprises a second primer.

In another aspect, the invention provides systems for effecting the
amplification methods described herein. For example, the invention provides
systems for amplifying a target ribonucleic acid, comprising: (a) a first primer; (b)
a second primer (which can be a random primer); (c) an RNA-dependent DNA
polymerase; (d) a DNA-dependent DNA polymerase; (e) a propromoter
polynucleotide (such as a PTO); and (f) an enzyme which cleaves RNA from an
RNA/DNA hybrid (such as RNaseH). The systems may also comprise: (g) a third
primer (which can be a random primer). As described herein, systems of the
invention generally comprise one or more apparatuses appropriate for carrying out

methods of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a diagrammatic representation of a linear RNA amplification
process. Figure 1 shows amplification of a target RNA using a polynucleotide
comprising a propromoter to produces multiple copies of RNA transcripts
complementary to the target RNA.

FIGURES 2A-B show further amplification of the RNA transcripts from
the process of Figure 1 to generate more RNA transcripts complementary to the
target RNA. ‘

FIGURES 3A-B show a diagrammatic representation of a linear RNA
amplification process using a third primer that is a composite primer to generate

single stranded DNA strands complementary to the target RNA.

MODES FOR CARRYING OUT THE INVENTION

The invention provides methods, compositions and kits for amplifying
polynucleotide sequences, specifically ribonucleic acid (RNA) sequences. The
methods provide for amplification of a single RNA species or pool of RNA

species. The methods can achieve exponential amplification, which would be
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particularly useful for amplification of very low amounts of RNA sequences in a
biological sample. The methods are suitable for, for example, generation of
libraries, including cDNA libraries. They generate single stranded RNA or, in
some embodiments, single stranded DNA products, which are readily suitable for
multiplex analysis by microarray technologies, as well as electrophoresis-based
technologies such as differential display. The methods are amenable to
automation and do not require thermal cycling. The methods generally comprise
hybridizing a polynucleotide comprising a propromoter sequence to a primer
extension product to generate an intermediate product capable of driving
transcription, whereby RNA transcripts comprising sequences complementary to
an RNA sequence of interest are prodliced. In another aspect, the methods
comprise isothermal linear amplification of DNA copies complementary to the
RNA sequence of interest using a denaturation step, a composite primer and
strand displacement. See Kurn, U.S. Patent No. 6,251,639 B1.

The methods of the invention are directed to the amplification of one or
more species of RNA, such as a pool of RNA sequences, and is most particularly
suitable for the amplification of all RNA (such as mRNA) sequences in a
preparation of total RNA from a biological sample. Thus, one of the major
advantages of the methods of the invention is the ability to amplify an entire pool
of sequences, which is essential for the ability to analyze the gene expression
profile in cells, such as the cells in a biological of interest sample. The methods
of the invention have the potential of amplifying a multiplicity, more preferably a
large multiplicity, and most preferably all RNA (such as mRNA) sequences in a
sample.

Insofar as many mRNAs have a unique polyA 3’-end, the amplification
initiated from the 3’-end sequence of mRNAs is most common for preparation of
cDNA libraries and subsequent sequence analysis for determination of gene
expression profiling or other applications. The methods of the invention are
similarly suited for preparation of libraries of amplified 3’-portions 6f mRNAs.
The sequence of the first primer used in the methods of invention can be designed
to be complementary to a multiplicity, or all, of the mRNA species in the sample

by using random sequences, according to methods known in the art.
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Various methods for mRNA amplification have been described. U.S. Pat.

Nos. ,744,308; 6,143,495; EP 0971039A2; EP0878553A2. Most of these methods
are transcription based, wherein a promoter for RNA polymerase is incorporated
into a double stranded cDNA by a primer comprising a propromoter sequence at

5 the 5’-end which hybridizes to target RNA. These primers can non-specifically
bind to template RNA. Insofar as a DNA polymerase has a high affinity for
primer hybridized to a template nucleic acid with a free 3° end, i.e. a substrate for
primer extension by the polymerase, it is highly probable that a primer comprising
a propromoter sequence at the 5° end may non-specifically incorporate the |

10  promoter sequence into an amplification product. This resulfs in uncontrolled
production of transcription products. The appending of a double stranded
promoter by a propromoter polynucleotide, as described herein, provides for
increased specificity and control of the transcription-based generation of
amplification product.

15 In one aspect, the invention works as follows: generation of multiple
copies of the complementary sequence of an RNA sequence of interest is achieved
by using a first primer (which can be a specific or random primer) that comprises
a sequence (generally, in its 5° portion) the complement of which is hybridizable
by a polynucleotide comprising a propromoter. In some embodiments, the

20  sequence the complement of which is hybridizable by a polynucleotide
comprising a propromoter is a sequence that is hybridizable to a target RNA when
the primer is hybridized to the target RNA. In other embodiments, the sequence
the complement of which is hybridizable by a polynucleotide comprising a
propromoter is a sequence that is not hybridizable to a target RNA when the

25  primer is hybridized to the target RNA (thus forming a tail when the primer is
hybridized to a target). The extension of the first primer along a target RNA by
an RNA-dependent DNA polymerase results in the generation of an intermediate
polynucleotide (first primer extension product) that has at least one defined end
(the first primer end). After cleavage of the template RNA from a complex

30  comprising the target RNA and first primer extension product, a second primer
(which can be a specific or random primer) is then hybridized to the first DNA

strand (first primer extension product) and extended to form a complex of first
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and second primer extension products that at one end comprises a sequence to
which a polynucleotide comprising a propromoter is hybridizable. The second
primer is any sequence that is hybridized to the first DNA strand such that it is
capable of being extended by a DNA polymerase along a first DNA strand to
generate a second DNA strand. Thus, in some embodiments, the second primer is
an oligonucleotide (that is separately provided). In other embodimeﬁts, itis or
comprises a sequence of the first DNA strand (generally at the 3° end) that is
hybridized to a sequence in the first DNA strand (for example, a hairpin or self-
annealed structure). Following denaturation of the complex, a polynucleotide
comprising a propromoter is hybridized to the second primer extension product
and the 3’ end of the primer extension product is extended along the propromoter
oligonucleotide (if there is any overhang) to generate a double stranded promoter
region. RNA transcription driven by this promoter results in generation of
multiple copies of RNA transcripts comprising the complementary sequence of
the RN A sequence of interest. In some embodiments involving cyclical
amplification (also referred to herein as “exponential” amplification), these RNA
transcripts, and optionally RNA transcripts generated in subsequent steps, are
hybridized with a third primer (which may or may not be the same as the second
f)rimer, and which may be a specific or random primer). The third primer is
extended to form a complex comprising the RNA transcript and a third primer
extension product (which constitutes a DNA/RNA heteroduplex). Cleavage of the
RNA transcript results in a single stranded third primer extension product to
which a propromoter polynucleotide hybridizes. If necessary (i.e., if there is an
overhang), the third primer extension product is extended along the propromoter
polynucleotide to generate a double stranded promoter region. RNA transcription
driven by this promoter results in generation of multiple copies of RNA
transcripts comprising the complementary sequences of the RNA sequence of
interest. Hybridization of third primers to these RNA transcripts initiates a
cyclical process leading to further amplification.

Accordingly, the invention provides methods of producing at least one
copy of the complementary sequence of an RNA sequence of interest, said

method comprising combining and reacting the following: (a) a target RNA
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comprising an RNA sequence of interest; (b) a first primer that hybridizes to the
target RNA; (¢) a second primer that is hybridizable to an extension product of the
first primer; (d) an RNA-dependent DNA polymerase; (¢) a DNA-dependent
DNA polymerase; (f) an enzyme that cleaves RNA from an RNA/DNA hybrid;
(g) a propromoter polynucleotide comprising a propromoter and a region which
hybridizes to an extension product of the second primer; (h) deoxyribonucleoside
triphosphates or suitable analogs; (i) ribonucleoside triphosphates and suitable
analogs; and (j) an RNA polymerase. In embodiments involving cyclical
amplification (interchangeably termed “exponential” amplification, herein), the
following are also included in the amplification reaction (either at the same time
as the components listed above or added separately): (k) optionally a third primer
(which may or may not be the same as the second primer) that hybridizes to an
RNA transcript comprising sequences complementary to the sequence of the
target RNA; and (1) optionally a second polynucleotide comprising a propromoter
and a region which hybridizes to a single stranded third primer extension product
(this polynucleotide may or may not be the same as the polynucleotide described
in (g) above).

As is evident to one skilled in the art, by this disclosure, the reactions
described may be simultancous or sequential, as such, the invention includes these
various embodiments and combinations.

In some embodiments, the invention provides methods of producing at
least one copy of the complementary sequence of an RNA sequence of interest,
said method comprising combining and reacting the following: (a) a single
stranded second primer extension product resulting from denaturation of a
complex of first and second primer extension products as described herein; (b) a
propromoter polynucleotide comprising a propromoter and a region which
hybridizes to a second primer extension product; (c) ribonucleoside triphosphates
and suitable analogs; and (d) an RNA polymerase. In embodiments involving
cyclical amplification (“exponential” amplification), the following may also
included in the amplification reaction (either at the same time as the components
listed above or added separately): (e) optionally a third primer (which may or may

not be the same as the second primer) that hybridizes to an RNA transcript
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comprising sequences complementary to the sequence of the target RNA; and ()
optionally a second polynucleotide comprising a propromoter and a region which
hybridizes to a single stranded third primer extension product (this polynucleotide
may or may not be the same as the polynucleotide described in (b) above). In
some embodiments involving cyclical amplification, said method comprises
combining and reacting (under suitable conditions and reagent such that multiple
copies of a polynucleotide sequence complementary to an RNA sequence of
interest are produced) the following: (a) an RNA transcript generated from the
complex of the first propromoter polynucleotide and second primer extension
product; (b) a third primer (which may or may not be the same as the second
primer) that hybridizes to the RNA transcript; (c) a second polynucleotide
comprising a propromoter and a region which hybridizes to a single stranded third
primer extension product (this polynucleotide may or may not be the same as the
propromoter polynucleotide in the complex from which the RNA transcript in step
(a) is generated).

In another aspect, the invention provides a method of generating multiple
copies of a polynucleotide sequence complementary to an RNA sequence of
interest as follows: generation of multiple copies of the complementary sequence
of an RNA sequence of interest is achieved by using a first primer (which can be a
specific or random primer) that comprises a sequence in its 5’ portion that is not
hybridizable to target RNA (thus forming a tail when the primer is hybridized to a
target under conditions when the first primer hybridizes to template RNA). The
extension of the first primer along a target RNA by an RNA-dependent DNA
polymerase results in the generation of an intermediate polynucleotide (first strand
cDNA) that has at least one defined end comprising the complement of the first
primer sequence. After cleavage of the template RNA from a complex
comprising the target RNA and first strand cDNA, a second primer (which can be
a specific or random primer) is then hybridized to the first strand cDNA) and
extended to form a complex of first and second strand cDNAs that at (at least) one
end has a defined end comprising the first primer sequence and the complement of
the first primer sequence. The second primer is any sequence that is hybridized to

the first DNA strand such that it is capable of being extended by a DNA

28

IDT Exhibit 1020.8338



WO 02/072773 PCT/US02/07377

10

15

20

25

30

polymerase along a first DNA strand to generate a second DNA strand. Thus, in
some embodiments, the second primer is an oligonucleotide (that is separately
provided). In other embodiments, it comprises a sequence of the first DNA strand
(generally at the 3’ end) that is hybridized to a sequence in the first DNA. strand
(for example, a hairpin or self-annealed structure). In other embodiment, the
second primer comprises one or more fragments of the target RNA sequence that
remains hybridized to the first primer extension product (after cleavage of the
initial complex comprising the target RNA and first primer extension product).
The complex of first and second strand cDNAs (wherein the second strand cDNA
comprises a 3' end portion that is the complement of the first primer sequence) is
then denatured to form single stranded first strand cDNA and second strand
cDNA.

The single stranded second strand cDNA is the substrate for isothermal
linear amplification using a composite primer and strand displacement as follows:
a composite primer comprising a 5'-RNA portion and a DNA portion hybridizes to
the 3'-portion of the second strand cDNA, generally to the 3'-portion of the second
strand cDNA, and is extended along the second strand cDNA by a DNA
polymerase to form a double stranded complex comprising an RNA/DNA hybrid
portion at one end of the complex. An enzyme which cleaves RNA from an
RNA/DNA hybrid (such as RNase H) cleaves RNA sequence from the hybrid,
leaving a sequence on the second strand cDNA available for binding by another
composite primer. Another first (composite) strand cDNA is produced by DNA
polymerase, which displaces the previously bound cleaved first strand cDNA,
resulting in displaced cleaved first strand cDNA. The displaced cleaved first
strand cDNA product comprises single stranded DNA complementary to the RNA
sequence of interest. Kurn, U.S. Patent No. 6,251,639 B1.

Any of the methods of the invention can be used to generate
polynucleotide (generally, RNA or DNA) products that are labeled by
incorporating labeled nucleotides into appropriate steps of the methods. These
labeled products are particularly suitable for quantification and/or identification
by methods known in the art, which include the use of arrays such as cDNA

microarrays and oligonucleotide arrays.
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In some embodiments, the invention provides methods of sequencing
RNA sequences. For sequencing methods based on methods described herein, the
appropriate IINTPs, or analogs thereof, which may be labeled or unlabeled, are
used. Accordingly, the invention provides methods of sequencing a target RNA

comprising a sequence of interest based on the methods described above, wherein

. INTPs and rNTP analogs which are primer elongation terminators, which may be

labeled or unlabeled, are used, and the amplification product is analyzed for
sequence information, as described below. For sequenbing methods based on
methods described herein wherein the amplified product is DNA, the appropriate
dNTPs, or analogs thereof, which may be labeled or unlabeled, are used.

In other embodiments, the invention provides methods of detecting nucleic
acid sequence mutations. In one embodiment, the amplification products are used
to detect and/or identify single strand conformation polymorphisms in a target
RNA.

The invention provides methods to characterize (for example, detect
and/or quantify and/or determine presence or absence of ) an RNA sequence of
interest by generating polynucleotide (generally RNA or DNA) products using
amplification methods of the invention, and analyzing the products by
detection/quantification methods such as those based on array technologies or
solution phase technologies. Generally, but not necessarily, these amplified
products are labeled.

In another aspect, the invention provides a method of characterizing an
RNA sequence of interest, comprising (a) amplifying a target RNA by a method
described herein to generate labeled products; and (b) analyzing the labeled
polynucleotide (generally, RNA or DNA) products. In some embodiments, the
step of analyzing products comprises determining amount of said products,
whereby the amount of the RNA sequence of interest present in a sample is
quantified. The polynucleotide (generally, DNA or RNA) products can be
analyzed by, for example, contacting them with at least one probe. In some
embodiments, the at least one probe is provided as a microarray. The microarray
can comprise at least one probe immobilized on a solid or semi-solid substrate

fabricated from a material selected from the group consisting of paper, glass,
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ceramics, plastic, polypropylene, polystyrene, nylon, polyacrylamide,
nitrocellulose, silicon, other metals, and optical fiber. A probe can be
immobilized on the solid or semi-solid substrate in a two-dimensional
configuration or a three-dimensional configuration comprising pins, rods, fibers, .
tapes, threads, beads, particles, microtiter wells, capillaries, and cylinders.

In another aspect, the invention provides methods of determining gene
expression profile in a sample, the methods comprising: (a) amplifying at least
one RNA sequence of interest in the sample using any of the methods described
herein; and (b) determining amount of amplification products of each RNA
sequence of interest, wherein each said amount is indicative of amount of each
RNA sequence of interest in the sample, whereby the gene expression profile of
the sample is determined.

In another embodiment, the invention provides methods of generating
libraries (including cDNA libraries and subtractive hybridization libraries), said
methods comprising: arhplifying at least one RNA sequences of interest using any
of the methods described herein to generate single stranded nucleic acid product,
and methods of generating and using subtractive hybridization probes, methods
for subtractive hybridization, methods for differential amplification, and methods
of generating subtractive hybridization libraries.

Various methods for the detection and quantification of gene expression
levels have been developed in recent years. For example, microarrays, in which
either defined cDNAs or oligonucleotides are immobilized at discrete locations
on, for example, solid or semi-solid substrates, or on defined particles, enables the
detection and/or quantification of the expression of a multitude of genes in a given
specimen.

Using these previously known methods to detect and/or quantify multiple
mRNA species in a sample, which in turn is a measure of gene expression
profiling, generally requires direct labeling of cDNA, which requires a large
amount of input total RNA, in part because mRNA represents only a small subset
of the total RNA pool. Thus, when using total RNA preparations from a given
cell or tissue sample, the analysis of gene expression in the sample using methods

such as arrays requires a substantial amount of input RNA, which generally
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ranges from 50 to 200 pg. Similarly, 2 to 5 pug of mRINA purified from a total
RNA preparation would generally be required for a single analysis of gene
expression profiling using array technologies. This is a clear limitation of
methods such as those based on array technology, insofar as the number of cells,
or size of tissue specimen required is very large, and these cells or tissue
specimens are often scarcely available for testing or are too precious. This
limitation is especially severe in the study of clinical specimens, where the cells to
be studied are rare and/or difficult to cultivate in vitro, and in high throughput

screening of libraries of effector molecules.

General Techniques

The practice of the invention will employ, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techniques),
microbiology, cell biology, biochemistry, and immunology, which are within the
skill of the art. Such techniques are explained fully in the literature, such as,
“Molecular Cloning: A Laboratory Manual”, second edition (Sambrook et al.,
1989); “Oligonucleotide Synthesis” (M.J. Gait, ed., 1984); “Animal Cell Culture”
(R.IL 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”, (Mullis et al., eds.,
1994).

Primers, oligonucleotides and polynucleotides employed in the invention

can be generated using standard techniques known in the art.

Definitions

2% 4.

A “target sequence,” “target nucleic acid,” or “target RNA,” as used
herein, is a polynucleotide comprising a sequence of interest, for which
amplification is desired. The target sequence may be known or not known, in
terms of its actual sequence. In some instances, the terms “target” and “template”,

and variations thereof, are used interchangeably.
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“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, intentional sequence alterations (such as sequence
alterations introduced through a primer comprising a sequence that is
hybridizable, but not complementary, to the template, or a non-target sequence
introduced through a primer), and/or sequence errors that occur during
amplification. "Amplifying" a sequence may generally refer to making copies of
a sequence or its complement, with the understanding that, as stated above,
copying does not necessarily mean perfect sequence comple;lqentarity or identity
with respect to the template sequence.

“Polynucleotide,” or “nucleic acid,” as used interchangeably herein, refer

to polymers of nucleotides of any length, and include DNA and RINA. 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,
modification 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 polynucleotide may be further modified after
polymerization, such as by conjugation with a labeling component. Other types of
modifications include, for example, “caps”, substitution 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 phosphonates,
phosphotriesters, phosphoamidates, cabamates, etc.) and with charged linkages
(e.g., phosphorothioates, phosphorodithioates, etc.), those containing pendant
moieties, 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
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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’

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
analogous forms of ribose or deoxyribose sugars that are éenerally known in the
art, including, for example, 2’--O-methyl-, 2’-O-allyl, 2’-fluoro- or 2’-azido-

10 ribose, carbocyclic sugar analogs, ai-anomeric sugars, epimeric sugars such as
arabinose, xyloses or lyxoses, pyranose sugars, furanose sugars, sedoheptuloses,
acyclic analogs and abasic nucleoside analogs such as methyl riboside. One or
more phosphodiester linkages may be replaced by alternative linking groups.
These alternative linking groups include, but are not limited to, embodiments

15 wherein phosphate is replaced by P(O)S(“thioate™), P(S)S (“dithioate™), “(O)NR,
(“amidate™), P(O)R, P(O)OR”’, CO or CH, (“formacetal”), in which each R or R’
is independently H or substituted or unsubstituted alkyl (1-20 C) optionally
containing an ether (-O-) linkage, aryl, alkenyl, cycloalkyl, cycloalkenyl or
araldyl. Not all linkages in a polynucleotide need be identical. The preceding

20  description applies to all polynucleotides referred to herein, including RNA and
DNA.

A “labeled dNTP,” or “labeled rINTP,” as used herein, refers, respectively,
to a ANTP or tNTP, or analogs thereof, that is directly or indirectly attached with
a label. For example, a “labeled” ANTP or tNTP, may be directly labeled with,

25  for example, a dye and/or a detectable moiety, such as a member of a specific
binding pair (such as biotin-avidin). A “labeled” dNTP or rNTP, may also be
indirectly labeled by its attachment to, for example, a moiety to which a label
is/can be attached. A dNTP or INTP, may comprise a moiety (for example, an
amine group) to which a label may be attached following incorporation of the

30  dNTP or :NTP 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., *°H, **S, P, **P, *[, or
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C), enzymes (e.g., LacZ, horseradish peroxidase, alkaline phosphatase, ),
digoxigenin, and colorimetric labels such as colloidal gold or colored glass or
plastic (e.g., polystyrene, polypropylene, latex, etc.) beads. Various anti-ligands
and ligands can be used (as labels themselves or as a means for attaching a label).

5  Inthe 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.

The “type” of NTP or rNTP, as used herein, refers to the particular base
of a nucleotide, namely adenine, cytosine, thymine, uridine, or guanine.

“Oligonucleotide,” as used herein, generally refers to short, generally

10  single stranded, genérally synthetic polynucleotides that are generally, but not
necessarily, less than about 200 nucleotides in length. Oligonucleotides in the
invention include the first, second, and third primers, and propromoter
polynucleotide (such as the PTO). The terms “oligonucleotide” and
“polynucleotide” are not mutually exclusive. The description above for

15 polynucleotides is equally and fully applicable to oligonucleotides.

A “primer” is generally a nucleotide sequence (i.e. a polynucleotide),
generally with a free 3°-OH group, that hybridizes with a template sequence (such
as a target RNA, or a primer extension product) and is capable of promoting
polymerization of a polynucleotide complementary to the template. A “primer”

20 can be, for example, an oligonucleotide. It can also be, for example, a sequence
of the template (such as a primer extension product or a fragment of the template
created following RNase cleavage of a template-DNA complex) that is hybridized
to a sequence in the template itself (for example, as a hairpin loop), and that is
capable of promoting nucleotide polymerization. Thus, a primer can be an

25  exogenous (e.g., added) primer or an endogenous (e.g., template fragment)
primer.

A “random primer,” as used herein, is a primer that comprises a sequence
that is designed not necessarily based on a particular or specific sequence in a
sample, but rather is based on a statistical expectation (or an empirical

30  observation) that the sequence of the random 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 naturally-occurring, or
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may or may not be 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, but not necessarily, employ a multiplicity, preferably a large
multiplicity, of random i)rimers. 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 which does not require prior knowledge
of the exact sequence of the target.

“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, “protopromoter

77 66

protopromoter,

9% &L 73 64, 2% 4C

sequence, propromoter sequence,” “propromoter,” “promoter
sequence,” and “promoter” are used interchangeably.

A “propromoter polynucleotide,” as used herein, refers to a polynucleotide
comprising a propromoter sequence. Example of a propromoter polynucleotide is
a propromoter template oligonucleotide (PTO).

“Propromoter template oligonucleotide (PTO)and “promoter template
oligionucleotide (PTO)” as used herein, refer to an oligonucleotide that comprises
a propromoter sequence and a portion, generally a 3” portion, that is hybridizable
(under a given set of conditions) to the 3’ region of a primer extension product.
The propromoter sequence and the hybridizable portion may be the same, distinct
or overlapping nucleotides of an oligonucleotide.

To “inhibit” is to decrease or reduce an activity, function, and/or amount
as compared to a reference.

A “complex” is an assembly of components. A complex may or may not
be stable and may be directly or indirectly 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 intermediate with respect to the final amplification
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product(s). An example of a complex is a nucleic acid duplex comprising a first
primer extension product and a second primer extension product.

“Denaturing,” or “denaturation of”” a complex comprising two
polynucleotides (such as a first primer extension product and a second primer
extension product) refers to dissociation of two hybridized polynucleotide
sequences in the complex. The dissociation may involve a portion or the whole of
each polynucleotide. Thus, denaturing or denaturation of a complex comprising
two polynucleotides can result in complete dissociation (thus generating two
single stranded polynucleotides), or partial dissociation (thus generating a mixture
of single stranded and hybridized portions in a previously double stranded region
of the complex).

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
contiguous nucleotides.

A region, portion, or sequence which is “adjacent™ to another sequence
directly abuts that region, portion, or sequence.

A “reaction mixture” is an assemblage of components, which, under
suitable conditions, react to form a complex (which may be an intermediate)
and/or a product(s). |

“A”, “an” and “the”, and the like, unless otherwise indicated include plural
forms.

“Comprising” means including.

Conditions that “allow’ an event to occur or conditions that are “suitable™
for an event to occur, such as hybridization, strand extension, and the like, or
“suitable” conditions 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.
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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 wild type sequence or a sequence to which one wishes to compare a
sequence of interest. A sequence mutation includes single nucleotide changes, or

5  alterations of more than one nucleotide in a sequence, due to mechanisms such as

substitution, deletion or insertion. Single nucleotide polymorphism (SNP) is also a
sequence mutation as used herein.

“Single stranded conformation polymorphism,” and “SSCP,” as used
herein, generally refer to the specific conformation of a single stranded nucleic

10 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, result 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

15  methods known in the art, such as electrophoretic mobility as measured by gel
electrophoresis, capillary electrophoresis, and/or susceptibility to endonuclease
digestion.

“Microarray” and “array,” as used interchangeably herein, comprise a
surface with an array, preferably ordered array, of putative binding (e.g., by.

20  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 oligonucleotide probes immobilized at
defined positions on a substrate. Arrays are formed on substrates fabricated with
materials such as paper, glass, ceramic, plastic (e.g., polypropylene, nylon,

25  polystyrene), polyacrylamide, nitrocellulose, silicon or other metals, optical fiber
or ahy 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, capillaries) configuration. Probes forming the arrays may be
attached to the substrate by any number of ways including (i) iz situ synthesis

30  (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.
US.A. (1994), 91:5022-5026; Lockhart et al., Nature Biotechnology (1996),
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14:1675; U.S. Pat. Nos. 5,578,832; 5,556,752; and 5,510,270); (i)
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
5  Schena et al., Proc. Natl. Acad. Sci. U.S.A. (1995), 93:10539-11286); (1ii) by

masking (Maskos and Southern, Nuc. Acids. Res. (1992), 20:1679-1684) and (iv)
by dot-blotting on a nylon or nitrocellulose hybridization membrane (see, e.g.,
Sambrook et al., Eds., 1989, Molecular Cloning: A Laboratory Manual, 2nd ed.,
Vol. 1-3, Cold Spring Harbor Laboratory (Cold Spring Harbor, N.Y.)). Probes

10  may also be noncovalently immobilized on the substrate by hybri“dization to
anchors, by means of magnetic beads, or in a fluid phase such as in microtiter
wells or capillaries. The probe molecules are generally nucleic acids such as
DNA, RNA, PNA, and cDNA but may also include proteins, polypeptides,
oligosaccharides, cells, tissues and any permutations thereof which can

15  specifically bind the target molecules.

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.

The term “5°” generally refers to a region or position in a polynucleotide

20  or oligonucleotide 5’ (upstream) from another region or position in the same
polynucleotide or oligonucleotide.

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

25  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 preferably from about 1 to about 20, more
preferably from about 3 to about 18, even more preferably from about 5 to about
15 nucleotides.

30 The term “5’-DNA portion,” “5°-DNA region,” “5’-RNA portion,” and
“5°-RINA region,” refer to the portion or region of a polynucleotide or

oligonucleotide located towards the 5° end of the polynucleotide or
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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 preferably from about 1 to about 20, more
preferably from about 3 to about 18, even more preferably from about 5 to about
15 nucleotides. ‘

As is well understood by those skilied in the art, a "tail” sequence of a
primer is a sequence not hybridizable to the target sequence under conditions in

which other region(s) or portion(s) of the primer hybridizes to the target.

Amplification methods of the invention

The following are examples of the amplification methods of the invention.
[t is understood that various other embodiments may be practiced, given the
general description provided above.

Methods of generating multiple copies of (amplifying) an RNA sequence
complementary to an RNA sequence of interest are provided. In some aspect, the
amplification methods of the invention include a transcription step. In a first
embodiment of these methods, linear nucleic acid amplification is achieved based
on hybridizing a propromoter polynucleotide to a primer extension product to
generate an intermediate product capable of driving transcription, whereby RNA
transcripts comprising sequences complementary to an RNA sequence of interest
are produced. In a second embodiment of these methods, exponential
amplification is achieved by subjecting amplified RNA products generated in the
process of the first embodiment of this method and in subsequent amplification to
cyclical amplification.

In embodiments of the amplification methods of the invention which
include a transcription step generally provide as follows: if a primer extension
product that is to be transcribed comprises a propromoter sequence, a double
stranded promoter region is generally generated by hybridizing a polynucleotide
comprising a propromoter (also referred to herein as “propromoter
polynucleotide™) to the primer extension product. If a primer extension product

does not comprise a desired propromoter sequence, the transcription step is
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generally dependent on the incorporation of an RNA polymerase propromoter
sequence, by use of a propromoter polynucleotide such as a promoter sequence
oligonucleotide (PTO). A propromoter polynucleotide such as the PTO can serve
as atemplate for extension of a single stranded primer extension product and
5  formation of a partial duplex comprising a double stranded promoter at one end.
The ability to hybridize a single stranded primer extension product to the
propromoter polynucleotide (such as a PTO) is generally achieved by creating a
primer extension product with a defined 3” end sequence, which is complementary
to the 3” end sequence of the propromoter polynucieotide.
10 In another aspect, the invention provides a method for generating multiple
copies (amplifying) of a polynucleotide (DNA) sequence complementary to an
RNA sequence of interest using a first primer and a composite primer.
One aspect of the methods of the invention includes the design of primers
which are able to hybridize to RNA sequences, such as a plurality of RNA
15 sequences, for initiation of primer extension and production of amplification

substrates and products.

Methods_of amplifving an RNA sequence of interest

20  Nucleic acid sequence amplification using a first primer and a propromoter
polynucleotide, and a propromoter polyanucleotide

The invention provides methods of generating multiple copies of the
25  complementary sequence of an RINA sequence of interest by using a primer that
+ comprises a sequence that when introduced into the amplification steps result in
generation of an intermediate polynucleotide to which a propromoter
polynucleotide can hybridize. The primer is designed to comprise a sequence the
complement of which is hybridizable by a propromoter polynucleotide.

30  Generally, this sequence is in the 5’ portion of the primer. The sequence can be a
sequence (the complement of which is hybridizable by the propromoter
polynucleotide used) that is hybridizable to a target RNA, or a sequence (the
complement of which is hybridizable by the propromoter polynucleatide used)
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that is not hybridizable to a target RNA. In some embodiments, linear
amplification is achieved. In other embodiments wherein amplified RNA
products are subjected to further rounds of amplification, cyclical, and thus
exponential, amplification is achieved.

5 A schematic exemplary depiction of one embodiment of the linear
methods of the invention is provided in Figure 1. A schematic depiction of ‘one
embodiment of the exponential amplification methods of the invention is provided
in Figure 2. An embodiment of the linear amplification method of the invention
illustrated in Figure 1 employs two oligonucleotides which are combined with the

10  sample as shown in the figure: a) a first primer (labeled “4”), which can be
composed of two portions, a 3’ portion (labeled “A”), and a 5° portion (labeled
“B”); and b) a second primer (labeled “5”). The exponential method of the
invention as illustrated in Figures 2A-B employs three oligonucleotides which are
combined with the sample as shown in the figure: a) a first primer (labeled “4™)

15  which can be composed of two portions, a 3° portion (labeled “A”); and a 5’
portion (labeled “B™); b) a second primer (labeled “57); and ¢) a propromoter
polynucleotide, such as a promoter template oligonucleotide (PTO), (labeled “6™).

The 3' portion of the first primer illustrated in Figures 1 and 2A can be
designed in any of a number of ways (in terms of sequence), depending on which

20  type, class, population, and/or species of RNA is desired to be amplified. In some
embodiments, the 3” portion of the first primer, as illustrated in Figures 1 and 2A,
comprises a sequence complementary to the poly-A tail of mRNA, and may
further comprise additional random sequences (generally not complementary to a
poly-A sequence) at the 3’ end of the 3° portion. In other embodiments, the 3’

25  portion of the first primer is a random primer comprising sequences which are
hybridizable to a multiplicity of RNA species (which may range from 2 or more to
many hundred or thousands or more). Random primers are known in the art, for
example, they have been used extensively in the preparation of cDNA libraries
using PCR-based procedures. As is well understood in the art, a “random primer”

30  can 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
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significant number of target sequences. A random primer may hybridize ata
plurality of sites on a nucleic acid sequence.

In other embodiments, the 3' portion of the first primer can comprise a
sequence complementary or hybridizable to a specific RNA or family of RNAs

5  (or portions thereof).

In some embodiments as illustrated iﬁ Figures 1 and 2A, the 5’ portion of
the first primer can be a sequence not hybridizable to the target sequence (under
conditions in which the 3’ portion hybridizes to RINA target), e.g., a sequence
forming a "tail" when the primer is hybridized to a target. This "tail" sequence

10 generally is incorporated into the first primer extension product (first strand
cDNA), and the complement of this tail will be incorporated at the 3' end of the
second primer extension product (second strand cDNA). Accordingly, in some
embodiments, the first primer is a mixture of first primers which comprise the
same 5° DNA portion and a multiplicity of 3> DNA portions selected to amplify a

15  multiplicity (which can be small to very large) of RINA sequences of interest. In
other embodiments, the 5' portion of the first primer can be hybridizable to the
target RNA.

The second primer as illustrated in Figures 1 and 2A may comprise
random sequences, which are known in the art, and that are complementary to

20  sequences of a plurality of the first cDNA strands produced. The 3° end of the
propromoter polynucleotide is preferably, but not necessarily, non-extendable.
The 3’ portion of the PTO generally comprises a sequence that is typically
identical to the B sequence of the first primer 4.

Primer 2 as illustrated in Figures 1 and 2A can be, but is not necessarily,

25  composed of DNA and can comprise two sections (interchangeably called
"portions" or "regions"). The 3’ portion of primer 2 can be selected for random
priming of many, most and/or all possible mRNA sequences in a biological
sample. Random primers are known in the art, for example, they have been used
extensively in the preparation of cDNA libraries using PCR-based procedures. In

30 some embodiments, the hybridizable sequence of the second primer is designed
based on a known sequence of the desired binding site on a first strand cDNA. In

other embodiments, the second primer comprises a strand switch oligonucleotide,
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described in U.S. Patent Nos. 5,962,271 and 5,962,272, which is hybridizable to
the Cap sequences present on mRNA and causes the reverse transcriptase to
switch from the mRNA template to the switch oligonucleotide, permitting
generation of a second strand cDNA primed by the "switch oligonucleotide".
Alternatively, a homopolymeric tail is added to the 3' terminus of the first primer
extension product, and the second primer comprises the complement of the
homopolymeric tail.

In some embodiments, the second primer comprises DNA. In other
embodiments, the second primer consists of DNA. In other embodiments, as
described herein, the second primer is a fragment of the target RNA, with the
fragment being generated by cleavage of the RNA target.

The 5° portion of primer 2 can be a sequence which is not complementary
and not substantially hybridizable to a specific target sequence, i.e., it would not
hybridize (under conditions in which the 3' portion hybridizes to RNA target) and
would constitute a tail. The "tail" sequence would generally be incorporated into
the second primer extension product.

A promoter template oligonucleotide, 3 (PTO), can be designed as
follows: the 3” end of the propromoter polynucleotide is preferably, but not
necessarily, non-extendable. The 3’ portion of the PTO generally comprises a
sequence that is typically identical to the B sequence of the first primer 4. The 5°-
most portion of the PTO is a promoter sequence for a DNA-dependent RNA
polymerase, which, as described above, is used in certain embodiments of the
amplification methods of the invention. Generally, the sequence between these
two sections is designed for optimal transcription by the polymerase of choice.
Criteria for selection and design of this sequence are known in the art.

As illustrated in Figure 1, one embodiment of the process of the linear

amplification methods of the invention is as follows:

A) Formation of double stranded cDNA substrate from target RNA

1. Primer 4 binds to a target RNA by hybridization of its 3° end to the target to

form complex I. The most commonly used initiation site for binding of the
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first primer to generate first strand cDNA is the 3° end poly-A sequence of
mRNA and the immediate adjacent nucleotides. Binding of the primer to
these immediate adjacent nucleotides can be achieved by including partially
random sequences (other than sequence complementary to poly-A sequence of
a target mRNA) at the 3’ end of the primer. Criteria for primer designs for
this purpose are known in the art, for example in the selection of primer
sequences in the generation of libraries (including cDNA libraries). In cases
where it is desired to produce libraries of sequences of a pre-defined family of
mRNA, such as for example preparation of libraries from an immunoglobulin
chain, the A sequence of the first primer could comprise a sequence which is
well preserved in all members of the family of RNA from the immunoglobulin

chain.

. Primer extension along the RNA strand of complex I is carried out by an

RINNA-dependent DNA polymerase such as reverse transcriptase (labeled
“RT”), to form an RNA/DNA hybrid duplex. RNase H degrades the RNA
strand of the hybrid duplex to produce a first cDNA strand (labeled “T"”). The
RNase H activity may be supplied by the 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 RNase H

activity.

. A second primer (labeled “5”) binds to II at a complementary site to form

complex III. In the case where a plurality of RNA species are being amplified
simultaneously, the second primers could be random primers that bind to II at
random complementary sites of a plurality of cDNA species. When it is
desired to generate a library of a known mRNA family, such as for example a
library of a specific immunoglobulin chain, primer 5 may comprise a sequence

which is complementary to a well conserved sequence in this family.

. Primer extension along the first cDNA strand is carried out by a DNA-

dependent DNA polymerase to generate a double stranded cDNA (labeled
“IV”) comprising at one end a duplex of sequence B (of the first primer) and
its complement. The cDNAs are substrates for amplification according to the

methods of the invention.
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5. The double stranded products IV are denatured (for example, by heat) to
separate the two DNA strands. Various methods for strand separation could
be employed for carrying out the methods of the invention. Strand V, which is
of the same sense as the input (target) RNA, is a substrate for amplification,
and comprises at its 5° end the sequence of the second primer (primer 5), and
at its 3° end the sequence complementary to sequence B of the first primer

(primer 4).

B) Linear isothermal amplification

1. A propromoter oligonucleotide (such as a PTO) binds to the 3’ end of strand
V by hybridization of its 3* end sequence B to its complementary sequence at
the 3° end of V, to form complex VI.

2. A DNA-dependent DNA polymerase extends the 3” end of the sense cDNA
strand (strand V) in complex VI to form the partial duplex VII, comprising a
double stranded RNA polymerase promoter at one end.

3. An RNA polymerase binds to the double stranded promoter and transcribes
the cDNA strand of complex VII to produce multiple copies of single stranded
anti-sense RNA ‘products, VIII. These antisense RNA products can also serve

as substrates for exponential amplification.

One embodiment of the exponential amplification methods of the
invention is illustrated in Figures 2A-B. In this embodiment, subsequent to the
generation of antisense RNA products in the linear amplification steps, the

following steps are performed.
C) Exponential isothermal amplification
1. Primer 5 binds to the 3’ end of the RNA products VIII-to form complex IX.

2. Primer extension along the RNA strand is carried out by an RNA-dependent
DNA polymerase to form an RNA/DNA hybrid duplex, X.
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3. RNase H degrades the RNA strand of complex X to produce single stranded
DNA copies of the RNA products. A propromoter polynucleotide such as a
PTO hybridizes to the 3 end of the single stranded DNA to form complex XI.

4. The 3” end of the DNA strand in complex XI is extended along the
propromoter polynucleotide (PTO) to form a partial duplex XII, comprising a
double stranded promoter sequence at one end. This product is the same as
VII, and is a substrate for RNA polymerase for the generation of multiple
copies of the RNA products, as in step b(3) above, thus producing a cyclical

process for the exponential amplification of a target RNA.

Nucleic acid sequence amplification using a first primer, a composite primer,
denaturation and strand displacement

The invention provides methods of amplifying an RNA sequence of
interest by using a first primer and a composite primer, denaturation, and strand
displacement. Amplification can be achieved isothermally, though every step is
not necessarily conducted at the same temperature. Amplified products are single
stranded DNA comprising sequences complementary to the RNA sequence of
interest in the target RNA.

A schematic description of one embodiment of the composite primer,
second primer and strand displacement-based methods of the invention is given in
Figures 3A and B. The methods involve the following steps: (a) formation of a
second strand cDNA which is the same sense as the input RNA (as described
herein, and one embodiment of which is illustrated in Figure 1); and (b) linear
amplification of the complement of a second strand cDNA strand by primer
extension from a composite primer along the second strand cDNA and strand
displacement. See Kurn, U.S. Patent No. 6,251,639 B1.

The embodiment illustrated in Figures 3A and 3B employs three
oligonucleotides: a first primer which can be composed of two portions, a 3’
portion (labeled “A”); and a 5’ portion (labeled “B”), (1abeled 1), used for
formation of first strand cDNA; a second primer , used for the formation of the
second strand cDNA (which may be an exogenously added second primer or one

or more fragments of target RNA that remains hybridized to the first strand cDNA
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following RNase H treatment); and a composite primer used for linear isothermal
amplification. The composite primer comprises a5’ RNA portion and a DNA
portion. The first and second primers used in this aspect of the invention may
comprise any first and second primer described herein (including a second primer
5  comprising one or more fragments .

The composite primer illustrated in Figure 3A and B comprises a sequence
capable of hybridizing to the second strand cDNA, and most often comprises a
sequence hybridizable to the defined 3'-portion of the second strand cDNA (that is
the complement of the first primer sequence). The composite primer may -

10 additioﬁally comprise sequences not hybridizable to the second strand cDNA
under conditions which the composite primer hybridizes, such that a tail is.
formed.

As illustrated in Figures 3A and B, the composite primer comprises a
DNA portion at its 3* end, and an RNA portion at its 5° end. As discussed herein,
15 itis also possible to employ a composite primer in which the 3> DNA portion is
followed, in the direction of its 5°, by an RNA portion, which is followed by a
portion which is DNA. The length of each of these sections is generally
determined for maximum efficiency of the amplification. Only the two-portion
(i.e., 3’~-DNA-RNA-5’) composite primer is shown in Figures 3A and B.

20 As illustrated in Figures 3A and B, in one embodiment, the process of the
amplification methods of the invention resulting in generation of DNA products
comprising sequences complementary to an RNA sequence(s) of interest based on
RNA is as follows:

25 A) Formation of a single stranded cDNA substrate for amplification using a
composite primer
1. A primer binds to a target RNA by hybridization of its 3” end to the target.
2. Primer extension along the RNA strand is carried out by an RNA-dependent
DNA polymerase such as reverse transcriptase, to form an RNA/DNA hybrid
30 duplex. RNase H degrades the RNA strand of the hybrid duplex to produce a
first cDNA strand (labeled “I”). The RINase H activity may be supplied by the

RNA-dependent DNA polymerase (such as reverse transcriptase) or may be
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provided in a separate enzyme. Reverse transcriptases useful for this method
may or may not have RNase H activity.

Primer extension along the first cDNA strand is carried out by a DNA-
dependent DNA polymerase (not illustrated in Figure 3A) to generate a double
stranded cDNA , forming a complex of first and second strand cDNAs
(wherein the second strand cDNA comprises a 3' end portion that is the
complement of the first primer sequence), as shown in Figure 3A.

The complex of first and second strand cDNAs is then denatured to form
single stranded first strand cDNA and second strand cDNA, as shown in
Figure 3B. The single stranded second strand cDNA is the substrate for
isothermal amplification using a composite primer and strand displacement as

follows.

B) Generation of double stranded cDNA comprising an RNA/DNA heteroduplex

1.

A composite primer comprising a 5'-RNA portion and a DNA portion
hybridizes to the 3'-portion of the second strand cDNA, generally to the 3'-
portion of the second strand cDNA, and is extended along the second strand
c¢DNA by a DNA polymerase to form a double stranded complex comprising
an RNA/DNA hybrid portion at one end of the complex.

C) Isothermal linear amplification

1. An agent, such as an enzyme, which cleaves RNA from an RNA/DNA hybrid

(such as RNase H) cleaves RNA sequence from the hybrid, leaving a sequence
on the second strand cDNA available for binding by another composite
primer. _

Composite primer binds by hybridization of the RNA portion to the single
siranded DNA end on the second strand cDNA, which is complementary to it.
The 3° DNA sequence of primer is not hybridized.

The 3’ end of bound composite primer, and the 5° end of the DNA strand
immediately upstream are the same, and would compete for hybridization to

the opposite strand. Without wishing to be bound by theory, the high affinity
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of the DNA polymerase to hybridized 3’ end of a primer would be expected to
push the equilibrium of the two competing structures towards hybridization of
the 3” end of the new primer and displacement of the 5” end of the previous
primer extension product. Primer extension along the second strand (sense)

5 cDNA strand results in displacement of the previous second strand cDNA, and
formation of a double stranded cDNA having, at one end, an RNA/DNA
hybrid composed of sequence B and its complement

4. The RNA segment of the hybrid is degraded by agent, such as RNase H,
which results in the formation of a single stranded 3’ end to which a new

10 composite primer can be bound by its 5’ portion.

5. The process of hybridization of the 3’ end sequence of the bound composite
primer, by displacement of the 5’-most end of the previous primer extension
product in the duplex, primer extension and displacement of the previous
product continues , and results in the accumulation of multiple copies of anti-

15 sense single stranded DNA products.

In some embodiments, subsequent to the generation of antisense RNA

products in the linear amplification steps, the following steps are performed:
20 D) Exponential isothermal amplification

1. A propromoter oligonucleotide (such as a PTO) binds to the 3° end of anti-
sense single stranded DNA products.
2. Primer extension along the RNA strand is carried out by an RNA-dependent
25 DNA polymerase to form an RNA/DNA hybrid duplex. This product is the
same is a substrate for RNA polymerase for the generation of multiple copies
of sense RNA products. As described herein, extension of the propromoter
polynucleotide may or may not be required to effect creation of a propromoter
for transcription.
30

Components and reaction conditions used in the methods of the invention
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Template nucleic acid

The RNA target to be amplified includes RNAs from any sourcé in
purified or unpurified form, which can be RNA such as total RNA, tRNA,
mRNA, rRNA, mitochondrial RNA, chloroplast RNA, DNA-RNA hybrids, or
mixtures thereof, from any source and/or species, including human, animals,
plants, and microorganisms such as bacteria, yeasts, viruses, viroids, molds, fungi,
plants, and fragments thereof. RNAs can be obtained and purified using standard
techniques in the art. Amplification of a DNA target would require initial
transcription of the DNA target into RNA form, which can be achieved by
techniques (such as expression systems) known in the art. Ampliﬁcation.of a
DNA-RNA hybrid would require denaturation of the hybrid to obtain a ssSRNA, or
denaturation followed by transcription of the DNA strand to obtain an RNA. The
target RNA 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.

The target RNA can be known or unknown and may contain more than
one desired specific nucleic acid sequence of interest, each of which may be the
same or different from each other. Therefore, the amplification process is useful
not only for producing large amounts of one specific nucleic acid sequence, but
also for amplifying simultaneously more than one different specific nucleic acid
sequence located on the same or different nucleic acid molecules.

The initial step of the amplification of a target RNA sequence is rendering
the target single stranded. Denaturation may be carried out to remove secondary
structure present in a RNA target molecule. The denaturation step may be thermal

denaturation or any other method known in the art.

First primer

The first primer is a primer that comprises a sequence (which may or may
not be the whole of the primer) that is hybridizable (under a given set of

conditions) to the target RNA. This sequence can be based on a specific sequence
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of the target, or a random sequence (in some embodiments, the first primer is a
random primer). It can also be based on a general, more universal sequence
known to be present in an RNA species of interest, such as the poly-A sequence
found in mRNA. In some embodiments, the primer may comprise a sequence
complementary to a poly-A sequence, and may further comprise a random
sequence 3 to said sequence complementary to a poly-A sequence. In some
embodiments, the primer comprises a sequence, preferably at the 5° end, that is
not hybridizable (under a given set of conditions) to a target RNA. In addition,
the sequence that is capable of hybridizing to the target RNA may comprise a
sequence complementary to the poly-A tail of mRNA, and may further comprise
additional random sequences (generally not complementary to a poly-A sequence)
at the 3’ end of the 3’ portion.

Random primers are well known in the art, and include at least the
following: primers hybridizable to two or more sequences in a sample; and
primers comprising poly-T sequences that are hybridizable to a multiplicity of
RNAs in a sample (such as all mRNA). For convenience, a single random
composite primer is discussed above. However, it is understood that the term
"random primer" can refer to a primer that is a member of a population of primers
which are collectively designed to a desired and/or significant population of target
sequences.

It is also understood that the amplification of a plurality of mRNA species
in a single reaction mixture may, but not necessarily, employ a multiplicity, or a
large multiplicity of primers. Thus, the invention contemplates the use of a
multiplicity of different composite primers (random or non-random) when
amplifying a plurality of mRNA species in a single reaction mixture.

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 sequence of the primer that is hybridizable to the
target RNA 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% complementarily to the target nucleic acid.

i
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In some embodiments, the first primer comprises a 5° sequence (which
generally includes the 5° most nucleotide) the complement of which is
hybridizable by a propromoter polynucleotide. This sequence enables the creation
of a defined end sequence for the 5° end of the first primer extension product (and
thus, subsequently the 3’ end of the second/third primer extension product).
Having a defined end sequence is particularly advantageous with respect to
hybridization of a propromoter polynucleotide to the 3 end of the second and
third primer extension products in subsequent steps. Thus, in these embodiments,
the first primer comprises a sequence that when introduced into the amplification
steps of the methods of the invention results in generation of an intermediate
polynucleotide to which a propromoter polynucleotide can hybridize. In some of
these embodiments, the 5° sequence the complement of which is hybridizable by a
propromoter polynucleotide is hybridizable (under a given set of conditions) to a
target RNA when the primer is hybridized to the target RNA. In other
embodiments, the 5° sequence the complement of which is hybridizable by a
propomoter polynucleotide is not hybridizable (under a given set of conditions) to
a target RNA when the primer is hybridized to the target RNA (thus constituting a
tail when the 3’ sequence of the primer is hybridized to the target).

In one embodiment, the first primer comprises DNA. In another
embodiment, the first primer comprises RNA. In yet another embodiment, the

first primer comprises DNA and RNA.

Second primer

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 conditions) to a first primer extension product at a site on the first
primer extension product such that the second primer extension product would
include the RNA sequeﬁce 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 first primer extension product. In other embodiments,

the hybridizable sequence is based on random sequences known in the art to be
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suitable for random priming of a plurality of RNA species. In some
embodiments, a second primer comprises a sequence, preferably at the 5° end, that
is not hybridizable (under a given set of conditions) to a first primer extension
product. In other embodiments, the second primer comprises a strand switch

5  oligonucleotide, described in U.S. Patent Nos. 5,962,271 and 5,962,272, which is
hybridizable to the Cap sequences present on mRINA and causes the reverse
transcriptase to switch from the mRNA template to the switch oligonucleotide,
permitting generation of a second strand cDNA primed by the "switch
oligonucleotide". Alternatively, a homopolymeric tail is added to the 3' terminus

10 of the first primer extension product, and the second primer comprises the
complement of the homopolymeric tail.

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 yet another embodiment, the second primer

15  comprises DNA and RNA. A

In some embodiments, the second primer is provided by self priming (for
example, by a hairpin loop) at the 3° end of the first primer extension product. In
these embodiments, a sequence at the 3° end of the first primer extension product
hybridizes to another sequence in the first primer extension product, for example

20  as described in U.S. Pat. No. 6,132,997. In these embodiments, said sequence at
the 3’ of the first primer extension product is generally cleaved (for example, with
an S1 nuclease) following its hybridization to the first primer extension product
and/or its extension along the first primer extension product. See U.S. Pat. No.
6,132,997.

25 In some embodiments, the second primer is provided by a target RNA
fragment. Such a target RNA fragment can be generated as a result of incomplete
degradation of a target RNA in a complex of target RNA and first primer
extension product by an enzyme that cleaves RNA in an RNA/DNA hybrid, such
that one or more RNA fragments remain bound to the first primer extension

30 product.

To achieve hybridization to a first primer extension product (which, as is

well known and understood in the art, depends on other factors such as, for
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example, ionic strength and temperature), the sequence of the second primer that
is hybridizable to the first primer extension product 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 first primer

extension product.

Third primer

The third 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 conditions) to the RNA transcript generated from the second primer
extension product (as the template) at a site on the RNA transcript such that the
third primer extension product would include the RNA sequence of interest, if
present. In some embodiments, the hybridizable sequence of the third primer is
designed based on a known sequence of the desired binding site on an RNA
transcript. In other embodiments, the hybridizable sequence is based on random
sequences known in the art to be suitable for random priming of a plurality of
RNA species. In some embodiments, the third primer comprises a sequence,
preferably at the 5” end, that is not hybridizable (under a given set of conditions)
to an RNA transcript.

To achieve hybridization to an 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 third primer that is hybridizable to
the 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 RNA transcript.

In one embodiment, the third primer comprises DNA. In another
embodiment, the third primer comprises RNA. In yet another embodiment, the
third primer comprises DNA and RNA.

In some embodiments, the third primer is provided by self priming (for
example, by a hairpin loop) at the 3° end of an RNA transcript. In these

embodiments, a sequence at the 3° end of the RNA transcript hybridizes to
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another sequence in the RNA transcript itself. In these embodiments, said
sequence at the 3’ of the RNA transcript is generally cleaved following its

hybridization to the RNA transcript and/or its extension along the RNA transcript.

5 Composite primer

In some embodiments, the methods of the invention employ a composite
primer that is composed of RNA and DNA portions. The composite primer is
designed such that subsequent displacement of the primer extension product by

10  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.

The composite primer illustrated in Figure 3 comprises sequences capable

15  of hybridizing to the second strand cDNA, and most often comprises sequences
hybridizable to the defined 3'-portion of the second strand cDNA (that is the
complement of the first primer sequence). The composite primer may comprise
all or a portion of the sequence of the first primer. The composite primer may
additionally comprise sequences not hybridizable to the second strand cDNA such

20  that a tail is formed.

It is also understood that the amplification of a plurality of mRINA species
in a single reaction mixture may, but not necessarily, employ a multiplicity, or a
large multiplicity of primers. Thus, the invention contemplates the use of a
multiplicity of different composite primers (random or non-random) when

25  amplifying a plurality of mRNA species in a single reaction mixture.

A composite primer comprises at least one RNA portion that is capable of
(a) binding (hybridizing) to a sequence on the second strand cDNA product
independent of hybridization of the DNA portion(s) to a sequence on the same
extension product; and (b) being cleaved with a ribonuclease when hybridized to

30  the second strand cDNA. The composite primers bind to the second strand cDNA
to form a partial heteroduplex in which only the RNA portion of the primer is
cleaved upon contact with a ribonuclease such as RNase H, while the second

strand cDNA remains intact, thus enabling annealing of another composite primer.
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The composite primers also comprise a 3° DNA portion that is capable of
hybridization to a sequence on the second strand cDNA such that its
hybridization to the cDNA is favored over that of the nucleic acid strand that is
displaced from the second strand cDNA by the DNA polymerase. Such primers
can be rationally designed based on well known factors that influence nucleic acid
binding affinity, such as sequence length and/or identity, as well as hybridization
conditions. In a preferred embodiment, hybridization of the 3° DNA portion of
the composite primer to its complementary sequence in the second strand cDNA
is favored over the hybridization of the homologous sequence in the 5’ end of the
displaced strand to the second strand cDNA.

Generation of primers suitable for extension by polymerization is well
known in the art, such as described in PCT Pub. No. W099/42618 (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. Accordingly, 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
comprises a 3’-DNA portion and at least one intervening RNA portion (i.e.., an
RNA portion between DNA portions).

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
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embodiments of a composite primer comprising a 3°-DNA portion and an RNA
portion, an RNA portion can be at least about any of 1, 3, 4, 5 nucleotides, with an
upper limit of about any of 10, 15, 20, 25, 3, 50 nucleotides. V

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.

In embodiments of a composite primer comprising a 5’-RINA portion and a
3’-DNA portion further comprising non-5’-RNA portion(s), a non-5’-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 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. \

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 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
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.

The length of an intervening RNA 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 7 nucleotides, more preferably from about
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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 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. In a composite primer comprising a 3°-DNA portion and at least one
intervening RN A portion, further comprising a 5’-RINA portion, the 5’-RNA
portion can be preferably from about 3 to about 25 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 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°-RINA 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.

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
embodimenté 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.

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
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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.

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 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 composite primer comprising a 5’-RINA
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.

In embodiments of a composite primer comprising a 5’-RINA 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 nucleotides, even more
preferably from about 5 to about 15 nucleotides, and most preferably from about 7
to about 12 nucleotides. 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.

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 portion, 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.

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
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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
intervening 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.

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 nucleotides, and most
preferably from about 3 to about 6 nucleotides. In some embodiments of a
composite primer comprising 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 intervening 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.

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 composite 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).

The total length of the composite primer can be preferably from about 10

to about 50 nucleotides, more preferably from about 15 to about 30 nucleotides,
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and most preferably 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
5  of the methods of this invention.

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 RNA is preferably of at least about 60%, more preferably at least about

10 75%, even more preferably at least about 90%, and most preferably at least about

95% complementarity to the target nucleic acid.

Polynucleotide comprising a propromoter and a region which hybridizes to a
primer extension product

15
The methods of the invention employ a propromoter polynucleotide

comprising a propromoter and a region which hybridizes to a primer extension
product. In some embodiments, the propromoter polynucleotide is provided as a
PTO, as described in greater detail below.

20
Propromoter template oligonucleotide

In some embodiments, the methods employ a promoter sequence for

transcription which is provided by a propromoter template oligonucleotide (PTO).

25 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

30 located in the 5’ portion of the oligonucleotide 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 different sequences. In
another embodiment, the promoter and hybridizing sequences overlap in sequence

identity. In yet another embodiment, the promoter and hybridizing sequences are
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the same sequence, and thus are in the same location on the PTO. In the
embodiments wherein hybridization 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.

Promoter sequences that allow transcription of a template DNA 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, 1.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.

In some embodiments, the PTO comprises an intervening sequence
between a propromoter sequence and a portion capable of hybridizing to the 3’
end of the primer extension product. Suitable length of the intervening sequence
can be empirically determined, and can be at least about 1, 2, 4, 6, §, 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. Generally, the sequence is not related (i.e., it does not
substantially hybridize) to a primer extension product. 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. 5766849 and 5654142, and can also be empirically

determined.
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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 propromoter
sequence. Generally, but not necessarily, the sequence is not hybridizable (under

5 agiven set of conditions) to the primer extension product.

In one embodiment, the PTO cannot function efficiently 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,

10 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

15  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.

The length of the portion of the PTO that hybridizes to a primer extension

20  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,

25 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.

30 DNA polymerase, ribonuclease and RNA polvmerase
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The amplification methods of the invention employ the following
enzymes: an RNA-dependent DNA polymerase, a DNA-dependent DNA
polymerase, a ribonuclease such as RNase H, and a DNA-dependent RNA
polymerase. One or more of these activities may be found and used in a single

5 enzyme. For example, RNase H 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
RNase H activity.

One aspect of the invention is the formation of double stranded cDNA

10  from a primer-RNA complex. This process generally utilizes the enzymatic
activities of an RNA-dependent DNA polymerase, a DNA-dependent DNA
polymerase and a ribonuclease activity.

RNA-dependent DNA polymerases for use in the methods and
compositions of the invention are capable of effecting extension of a primer

15 according to the methods of the invention. Accordingly, a preferred RNA-
dependent RN A polymerase is one that is capable of extending a nucleic acid
primer along a nucleic acid template 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

20 reverse transcriptases, such as those from avian myeoloblastosis virus (AMV-RT),
and Moloney murine leukemia virus (MMLV-RT) comprise more than one
activity (for example, polymerase activity and ribonuclease activity) and can
function in the formation of the double stranded cDNA molecules. However, in
some instances, it is preferable to employ a reverse transcriptase which lacks the

25  RNase H activity. Reverse transcriptase devoid of RNase H activity are known in
the art, including those comprising a mutation of the wild type reverse
transcriptase where the mutation eliminates the RNase H activity. In these cases,
the addition of an RNase H from other sources, such as that isolated from E. coli,
can be employed for the formation of the double stranded cDNA.

30 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
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one that is capable of extending a nucleic acid primer along a nucleic acid
template that is comprised at least predominantly of deoxynucleotides. The
formation of the double stranded cDNA can be carried out by reverse transcriptase
which comprises both RN A-dependent DNA polymerase and DNA-dependent
DNA polymerase activities. 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.
Preferably, the polymerase has little or no 5°->3° exonuclease activity so as to
minimize degradation of primer, or primer extension polynucleotides. Generally,

this exonuclease activity is dependent on factors such as pH, salt concentration,

- 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. Preferably, the DNA
polymerase has little to no proofreading activity.

Suitable DNA polymerases for use in the methods and compositions of the
invention include those disclosed in U.S. Pat. Nos. 5648211 and 5744312, 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
thermohydrosulfuricus.

An agent that cleaves RNA in an RNA/DNA hybrid (e.g. ribonuclease) is
used in the methods and compositions of the invention. Preferably, the agent,
which can be ribonuclease, cleaves ribonucleotides regardless of the identity and
type of nucleotides adjacent to the ribonucleotide to be cleaved. It is preferred
that the agent (e.g. 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 (RNase H),
including Hybridase. |

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
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polymerases. Generally, the RNA polymerase selected is capable of transcribing
from the promoter sequence provided by the propromoter 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.

In general, the enzymes used included 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

Appropriate reaction media and conditions for carrying out the methods of
the invention are those that permit 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. W099/42618.
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 preferably from about 7 to about
9, and most preferably from about 7.5 to about 8.5. The reaction medium can also
include bivalent metal ions such as Mg®" or Mn?", at a final concentration 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 amplification reactions, but

that are not integral to the activity of the enzyme components of the methods.
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Such additives include proteins such as BSA, single stranded binding protein (for
example, T4 gene 32 protein), and non-ionic detergents such as NP40 or Triton.
Reagents, such as DTT, that are capable of maintaining 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
reactions (particularly, primer extension and transcription; and generally not the
step of denaturing the complex of first and second primer extension products) are
performed isothermally, which substantially avoids the cumbersome
thermocycling process. The amplification reaction is carried out at a temperature
that permits hybridization of the oligonucleotides (primer, and/or PTO) of the
invention to the template polynucleotide and that does not substantially inhibit the
activity of the enzymes employed. The temperature 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. The temperature for the
transcription steps can be lower than the temperature(s) for the preceding steps.
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.

Nucleotide and/or nucleotide analogs, such as deoxyribonucleoside
triphosphates, that can be employed for synthesis of the primer extension products
in the methods of the invention are provided in the amount of from preferably
about 50 to about 2500 pM, more preferably about 100 to about 2000 uM, even
more preferably about 200 to about 1700 pM, and most preferably about 250 to
about 1500 pM. Nucleotides and/or analogs, such as ribonucleoside
triphosphates, that can be employed for synthesis of the RNA transcripts 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.

The oligonucleotide components of the amplification reactions of the

invention are generally in excess of the number of target nucleic acid sequence to
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be amplified. They can be provided at about or at least about any of the
following: 10, 10%, 10, 10°, 108, 10'°, 10'? times the amount of target nucleic
acid. Primers and PTO 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
5 oM.

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.

10  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 denaturation step, following the denaturation
step, or following hybridization of the primer to the target RNA, as determined by

15  their thermal stability and/or other considerations known to the person of skill in
the art. The first strand cDNA (first primer extension product) and the second
strand cDNA (second primer extension product) synthesis reactions can be
performed consecutively, followed by the amplification steps (for example,
binding of propromoter polynucleotide and transcription). In these embodiments,

20  the reaction conditions and components may be varied between the different
reactions.

The amplification reactions 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 strand cDNA synthesis.

25  Another timepoint is at the end of second strand cDNA synthesis. 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

30 temperature of the reaction mixture to a temperature that permits enzyme activity
or replenishing a destroyed (depleted) enzyme. In some embodiments, one or

more of the components of the reactions is replenished prior to, at, or following
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the resumption of the reactions. Alternatively, the reaction can be allowed to
proceed (i.e., from start to finish) without interruption.
The reaction can be allowed to proceed without purification of
intermediate complexes, for example, to remove primer. Products can be purified
5  atvarious timepoints, which can be readily identified by a person of skill in the
art. One timepoint is at the end of first strand cDNA synthesis. Another
timepoint is at the end of second strand cDNA synthesis.
The detection of the amplification product is indicative of the presence of
the target sequence. Quantitative analysis is also feasible. Direct and indirect
10 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 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
15  in the test sample can be determined. The afnpliﬁcation 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.
20  Compositions and kits of the invention

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 thereof.

25 For example, the invention provides compositions comprising: (a) a first
primer; (b) a second primer (which can be a random primer); and (c) a
propromoter polynucleotide (such as a PTO). In some embodiments, the
compositions further comprises: (d) a third primer (which can be a random
primer). In some embodiments, the second primer and/or third primer is a random

30 primer. In some embodiments, the propromoter polynucleotide ((c), above) is

capable of hybridizing to the complement of the 5' portion of the first primer.
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The invention also provides compositions comprising a propromoter
polynucleotide (such as a PTO) capable of hybridizing to a 3' portion of a second
primer extension that is complement of a 5' portion of a first primer used to create
first primer extension product.

The invention also provides compositions comprising (a) a first primer; (b)
a second primer (which can be a random primer); and (¢) a composite primer,
wherein the composite primer comprises a 5' RNA portion and a DNA portion. In
some embodiments, the composition further comprises one or more of the
following: DNA-dependent DNA polymerase, RNA-dependent DNA
polymerase, and an agent (generally an enzyme) that cleaves RNA from an
RNA/DNA heteroduplex.

The invention also provides compositions comprising a propromoter
polynucleotide, wherein the propromoter is hybridizable to a sequence in the
second primer extension product comprising the complement of the 5' portion of a
first prime, wherein the first primer is extended to form the first primer extension
product.

Tn another aspect, the invention provides complexes and/or reaction
intermediates produced (present) in any of the methods described herein.
Examples of such complexes are schematically depicted in Figures 1,2 and 3. In
one example, a complex of the invention is a complex comprising: (a) a second or
third primer extension product; and (b) a propromoter polynucleotide (for
example, a PTO).In yet another example, the invention provides compositions
comprising a complex of (a) a third primer extension product; and (b) a
propromoter polynucleotide (which can be a PTO). In yet another example, the
invention provides compositions comprising a complex of (a) a second primer
extension product, generated by denaturation of a hybridized first and second
primer extension product; and (b) a composite primer hybridizable to the second
primer extension product.

The invention also provides compositions comprising the amplification
products described herein. Accordingly, the invention provides a population of
anti-sense RNA molecules which are copies of a target sequence, which are

produced by any of the methods described herein. The invention also provides a
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population of anti-sense polynucleotides (generally DNA) molecules, which are
produced by any of the methods described herein. |

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). ,

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 RNA
sequence of interest, sequencing, genotyping (nucleic acid mutation detection),
preparation of an immobilized nucleic acid (which can be a nucleic acid
immobilized on a microarray), characterizing nucleic acids using the amplified
nucleic acid products generated by the methods of the invention; gene expression
profiling, subtractive hybridization; preparation of probes for subtractive
hybridization; and preparing libraries (which can be cDNA and/or differential
hybridization libraries).

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 that comprise a first primer

" that comprises a sequence that when introduced into the amplification steps of the

methods of the invention results in generation of an intermediate polynucleotide
to which a propromoter polynuclieotide can hybridize. The invention also
provides kits that further comprise a second primer and/or a third primer, cither of
both of which can be a random primer. 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), a DNA polymerase (RNA-dependent
or DNA-dependent) or an RNA polymerase. With respect to compositions
containing a random primer, these compositions may also contain a plurality of
random primers (i.e., a population of random primers having different sequences).
Kits may also optionally include any of one or more of the enzymes

described herein, as well as deoxynucleoside triphosphates and/or ribonucleoside
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triphosphates. Kits may also include one or more suitable buffers (as described
herein). Kits useful for nucleic acid sequencing may optionally include labeled or
unlabeled 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
concentrations 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.

The kits of the invention may optionally include a set of instructions,
generally written instructions, although electronic storage media (e.g., magnetic
diskette or optical disk) containing instructions are also acceptable, 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.

The instructions included with the kit generally include information as to reagents
(whether included or not 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 comprise a first primer
that comprises a sequence the complement of which is hybridizable by a
propromoter polynucleotide, and instructions for using the primer to amplify
RNA. In another example, kits can further comprise a second primer and/or a
third primer, and optionally instructions for using the primers to amplify RNA. 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-
dependent) and RNA polymerase. In another exarple, a kit comprises (a) a
composite primer; and (b) instructions for amplifying RNA according to any of
the methods described herein. In some embodiments, said kit further comprises a
PTO. In other embodiments, said kit further comprises one or more of the

following components: (a) a first primer; (b) a second primer; (c) an agent
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(generally RNase H) capable of cleaving RNA from RNA/DNA heteroduplexes;
DNA-dependent DNA polymerase; and RNA-dependent DNA-polymerase. Any
of these kits can further comprise instructions for using the components to amplify
RNA. |

5 The component(s) of the kit may be packaged 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 preferably
provided separately from the components used in the steps prior to the

10 'transcription steps.

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.

15 The invention also provides systems for effecting the methods described
herein. These systems comprise various combinations of the components
discussed above. For example, the invention provides systems for amplifying a
target RNA, comprising: (a) a first primer; (b) a second primer (which can be a
random primer); (c) an RNA-dependent DNA polymerase; (d) a DNA-dependent

20  DNA polymerase; (e) a proprofnoter polynucleotide; and (f) an enzyme that
cleaves RNA from an RNA/DNA hybrid. The system may further comprise: (g) a
third primer (which can be a random primer). The system may also further
comprise a composite primer that hybridizes to a second strand cDNA. A system
generally includes one or more apparatuses for performing the amplification

25  methods of the invention. Such 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.

The invention also provides reaction mixtures (or compositions
comprising reaction mixtures) which contain various combinations of components

30  described herein. An example of a reaction mixture is (a) a complex of a first
primer extension product and a second primer extension product; (b) a

polynucleotide comprising a propromoter sequence (for example, a PTO); and (c)
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RNA polymerase. Other reaction mixtures are described herein and are

encompassed by the invention.

Methods using the amplification methods and compositions of the invention

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 detection), preparation of an immobilized nucleic acid
(which can be a nucleic acid immobilized on a microarray), and characterizing

10  nucleic acids using the amplified nucleic acid products generated by the methods
of the invention, are described. Methods of expression profiling, methods of
subtractive hybridization and the preparation of probes for subtractive
hybridization, and methods of preparing libraries (which can be cDNA and/or
differential hybridization libraries) are also described.

15

Sequencing of RNA targets using the methods of the invention

The amplification methods of the invention are useful, for example, for

sequencing of an RNA sequence of interest. The sequencing process is carried
20  out as described for the amplification methods described herein.

The amplification methods of the invention are useful, for example, for
sequencing of an RNA sequence of interest. The sequencing process is carried
out by amplifying a target RNA containing the sequence of interest by any of the
methods described herein. Addition of nucleotides during primer extension is

25  analyzed using methods known in the art, for example, incorporation of a
terminator nucleotide or sequencing by synthesis (e.g. pyrosequencing).

In embodiments wherein the end product is in the form of displaced DNA
primer extension products, in addition to the nucleotides, such as natural
deoxyribonucleotide triphosphates (ANTPs), that are used in the amplification

30 methods, appropriate nucleotide triphosphate analogs, which may be labeled or
unlabeled, that upon incorporation into a primer extension product effect

termination of primer extension, may be added to the reaction mixture.
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Preferably, the dNTP analogs are added after a sufficient amount of reaction time
has elapsed since the initiation of the amplification reaction such that a desired
amount of second primer extension product or fragment extension product has
been generated. Said amount of the time can be determined empirically by one
skilled in the art.

In embodiments wherein the end product is in the form of RNA products,
sequencing can be based on premature (deliberate) termination of RNA
transcription. The inclusion of INTP analogs, which may be labeled or unlabeled,
that upon incorporation into an RNA transcript effects termination of INTP
polymerization in the reaction mixture, will result in production of truncated RNA
products, which result from blocking of the RNA polymerase at sites of
incorporation of the analogs.

Suitable analogs (ANTP and rNTP) include those commonly used in other
seqﬁencing methods and are well known in the art. Examples of ANTP analogs
include dideoxyribonucleotides. Examples of INTP 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. 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
generation of a detectable signal that could be detected by methods such as
colorimetry, fluorometry or chemiluminescence. All of the above examples are
well known in the art. These are incorporated into the primer extension product
or RNA transcripts by thé 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 represent the various sequence
locations of a complementary nucleotide on the template sequence.

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
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include gel electrophoresis 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
protein, such as biotin-labeled chain terminator and stréptavidin conjugated to an
enzyme. The label is detected by the enzymatic 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 one 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 tri phosphate analogs and/or label used. Thus, for
example, when each of the analogs 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 invention are similar to those for other previously
described sequencing methods. The reagent and reaction conditions should be as

described above for the nucleic acid amplification methods of the invention.

Mutation detection, including mutation detection based on single stranded

conformation polymorphism utilizing the amplification methods of the invention

The polynucleotide (generally, RNA and DNA) amplification products
generated according 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. The sequence alterations may be
sequence alterations present in the genomic sequence or may be sequence

alterations which are not reflected in the genomic DNA sequences, for example,
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alterations due to post transcriptional alterations, and/or mRNA processing,
including splice variants.

The RNA and DNA products of the amplification methods are suitable for
single stranded conformation polymorphism (rSSCP) based mutation detection.
The amplification methods of the invention can be directly linked to appropriate
means for detecting single stranded conformation polymorphism, such as an
electrophoretic separation method for the identification of specific mobility
pattern of the single stranded RNA or DNA products for the elucidation of the
presence of specific sequence feature(s), and/or the presence of any difference in a
test nucleic acid as compared to a reference nucleic acid.

Methods based on gel electrophoresis or capillary electrophoresis can be
used for the detection and analysis of the various single stranded conformational
isomers. Alternatively, 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 determination of sequence specific conformation
polymorphism. Such nucleases are known in the art, such as the Cleavase assay
(Third Wave). Tﬁe electrophoretic. methods are potentially more suitable for high
throughput mutation, or genotyping, detection methods.

The determination of sequence specific electrophoretic 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 differentiated, thus allowing the
detection of two alleles in a nucleic acid sample from a single individual, as
required for heterozygous genotype, or multiple alleles. Any alteration in the test
nucleic acid sequence, such as base substitution, insertions 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 polymorphism, 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 reference single stranded polynucleotide indicates
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a single nucleotide polymorphism in the target polynucleotide, whereby a
polynucleotide comprising a single nucleotide polymorphism is detected.

Other art recognized methods of analysis for the detection of any alteration
in the target nucleic acid sequence, as compared to a reference nucleic acid
sequence, are suitable for use with the single stranded nucleic acid products of the
amplification methods of the invention. Such methods are well-known in the art,
and include various methods for the detection of specific defined sequences
including methods based on allele specific primer extension, allele specific probe
ligation, differential probe hybridization, and limited primer extension. See, for
example, Kurn et al, U.S. Patent No. 6,251,639 B1; U.S. Patent Nos. 5,888,819;
6,004,744; 5,882,867; 5, 854, 033; 5,710,028; 6,027,889; 6,004,745; 5,763,178;
5,011,769; 5,185,243; 4,876,187, 5,882,867; 5,731,146; WO US88/02746; WO
99/55912; W092/15712; WO 00/09745; WO 97/32040; WO 00/56925; and
5,660,988. Thus, the invention also provides methods for detection of a mutation
in an RNA sequence of interest comprising a single nucleotide polymorphism,
comprising: (a) amplifying a target RNA using any of the methods described
herein; and (b) analyzing the amplification products for presence of an alteration

(mutation) as compared to a reference single stranded polynucleotide.

Method of immobilizing single stranded nucleic acids

The single stranded polynucleotide (generally RNA and DNA) products of
some of the amplification methods of the invention are suitable for immobilizing
to a surface. The single stranded products are particularly suitable for preparing
microarrays comprising the single stranded amplification products.

Amplification products can be immobilized and/or 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.

Several techniques are well-known in the art for immobilizing 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
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solid substrate, such as an amine group, a derivative of an amine group or another
group with a positive charge, into the amplified 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
fabricated using a Biodot (BioDot, Inc. Irvine, CA) spotting apparatus and
aldehyde-coated glass slides (CEL Associates, Houston, TX). Amplification
products can be spotted onto the aldehyde-coated slides, and processed according
to published procedures (Schena et al., Proc. Natl. Acad. Sci. U.S.4. (1996), 93: |
10614-10619). Arrays can also be printed by robotics onto glass, nylon (Ramsay,
G., Nature Bioz‘echﬁol. (1998), 16:40-44), polypropylene (Matson, et al., 4nal.
Biochem. (1995), 224(1):110-6), and silicone slides (Marshall, A. and Hodgson,
1., Nature Biotechnol. (1998), 16:27-31). Other approaches to array assembly
include fine micropipetting 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/.

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.

The amplified polynucleotides may be spotted as a matrix on substrates
comprising paper, glass, plastic, polypropylene, nylon, polyacrylamide,

nitrocellulose, silicon, optical fiber or any other suitable solid or semi-solid (e.g.,
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thin layer of polyacrylamide gel (Khrapko, et al., DNA Sequence (1991), 1:375-
388) surface.

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 detection 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

The methods of the invention are particularly amenable to quantitativé
analysis, as sufficient single stranded polynucleotidé (generally, DNA and RNA)
products are produced which accurately reflect the representation of the various
mRNA in the starting material. 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. In addition, the single stranded
polynucleotide products may serve as starting material for other starting material
for other analytical and/or quantification methods known in the art, such as real
time PCR, quantitative TagMan, quantitative PCR using molecular beacons,
methods described in Kurn, U.S. Patent No. 6,251,639, etc. Thus, the invention
includes those further analytical and/or quantification methods as applied to any
of the products of the methods herein.

In another embodiment, the amplification methods of the invention are
utilized to generate multiple copies of single stranded polynucleotide (DNA or
RNA) products that are labeled by the incorporation of labeled nucleotides during
DNA or RNA polymerization. For example, amplification according to the
methods of the invention can be carried out with suitable labeled dNTPs or

rNTPs. These labeled nucleotides can be directly attached to a label, or can
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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, amplification of total mRNA according to the
methods of the invention in the presence of, for example, Cy3-dUTP or Cy5-
dUTP results in the incorporation of these nucleotides into the amplification
products.

The labeled amplified products are particularly suitable for analysis (for
example, detection and/or quantification) 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) an RNA sequence of interest by generating labeled
polynucleotide (generally, DNA or RNA) products using amplification methods
of the invention, and analyzing the labeled products. Analysis of labeled products
can be performed by, for example, hybridization of the labeled amplification
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 immobilized on blots (such as a membrane), for example arrays, which
have been described above. Other methods of analyzing 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 RNA present in a sample.
Hybridization of the labeled products is detectable, and the amount of specific -
labels that are detected is proportional to the amount of the labeled amplification
products of a specific RNA sequence of interest. This measurement is useful for,
for example, measuring the relative amounts of the various RNA species in a
sample, which are related to the relative levels of gene expression, as described

herein. The amount of labeled products (as indicated by, for example, detectable
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signal associated with the label) hybridized at defined locations on an array can be
indicative of the detection and/or quantification of the corresponding target RNA
species in the sample.

The labeled amplified products are particularly suitable for analysis (for
example, detection and/or quantification and/or determining presence or absence
of) by contacting them with, for example, microarrays that comprise suitable
probes such as cDNA and/or oligonucleotide probes. Thus, the invention
provides methods to characterize (for example, detect and/or quantify and/or
determine presence or absence of) an RNA sequence of interest by generating
labeled polynucleotide (generally, RNA or DNA) products using amplification
methods of the invention, and analyzing the labeled products. Analysis of labeled
products can be performed by, for example, hybridization of the labeled
amplification 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 immobilized on blots (such as a membrane), for
example arrays, which have been described above. Other methods of analyzing
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 RNA
present in a sample. Hybridization of the labeled products is detectable, and the
amount of specific labels that are detected is proportional to the amount of the
labeled amplification products of a specific RNA sequence of interest. This
measurement is useful for, for example, measuring the relative amounts of the
various RNA species in a sample, which are related to the relative levels of gene
expression. The amount of labeled products (as indicated by, for example,
detectable signal associated with the label) hybridized at defined locations on an
array can be indicative of the detection and/or quantification and/or presence or

absence of the corresponding target RNA species in the sample.

Determination of gene expression profile
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The amplification methods of the invention are particularly suitable for use
in determining the levels of expression of multiple genes in a sample since the
methods described herein are capable of amplifying multiple target RNAs in the

5 same sample. As described 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

10  RNA sequences of interest present in a sample, as determined by quantifying
amplification products of the sequences, provides for determination of the gene
expression profile of the sample source.

Accordingly, the invention provides methods of determining gene
expression profile in a sample, said method comprising: amplifying single

15  stranded product from at least one RNA sequence of interest in the sample, using
any of the methods described herein ; and determining amount of amplification
products of each RNA sequence of interest, wherein each said amount is
indicative of amount of each RNA sequence of interest in the sample, whereby the
expression profile in the sample is determined. Generally, labeled products are

20  generated. In one embodiment, the target RNA is mRNA. It is understood that
amount of amplification product may be determined using quantitative and/or
qualitative methods. Determining amount of amplification product includes
determining whether amplification product is present or absent. Thus, an
expression profile can includes information about presence or absence of one or

25 more RNA sequence of interest. “Absent” or “absence” of product, and “lack of
detection of product” as used herein includes insignificant, or de minimus levels.

The methods of expression profiling are useful in a wide variety of
molecular diagnostic, and especially in the study of gene expression in essentially
any mammalian cell (including a single cell) or cell population. A cell or cell

30 population (e.g. a tissue) may be from, for example, blood, b’rain, spleen, bone,
heart, vascular, lung , kidney, pituitary, endocrine gland, embryonic cells, tumors,

or the like. Expression profiling is also useful for comparing a control (normal)
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sample to a test sample, including test samples collected at different times,

including before , after, and/or during development, a treatment, and the like.

Method of preparing a library

" The single stranded polynucleotides (generally DNA and RNA) products
of the methods of the invention afe useful in preparing libraries, including cDNA
libraries and subtractive hybridization libraries. Using the methods of the
invention, libraries may be prepared from limited amount of starting material, for
example, mRNA extracted from limited amount of tissue or even single cells.
Accordingly, in one aspect, the methods of the invention provides preparing a
library from the single stranded DNA or RNA products of the invention. In still
another aspect, the invention provides methods for making a library, said method
comprising: preparing a subtractive hybridization probe using any of the methods
described herein.

Accordingly, in one aspect, the methods of the invention provides
preparing a library from the single stranded DNA or RNA products of the

invention. In some embodiments, the library is a cDNA library.

Methods of subtractive hybridization

The amplification methods of the invention are particularly suitable for use
in subtractive hybridization methods, since the methods described herein are
capable of amplifying multiple target RNAs in the same sample, and the methods
of the invention are suitable for producing large amounts of single stranded anti-
sense DNA and RNA product suitable for use as "driver" in subtractive
hybridization. For example, two nucleic acid populations, one sense and one
antisense, can be allowed to mix together with one population present in molar
excess ("driver"). Sequence present in both populations will form hybrids, while
sequences present in only one population remain single-stranded. Thereafter,
various well known techniques are used to separate the unhybridized molecules
representing differentially expressed sequences. See, e.g., Hamson et al., U.S.
Patent No. 5,589,339; Van Gelder, U.S. Patent No. 6,291,170;
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Accordingly, the invention provides methods for performing subtractive
hybridization, said methods comprising: (&) preparing multiple copies (generally,
DNA) of the complement of at least one RNA sequences of interest from a first
RNA population using any of the amplification methods described herein; and (b)
hybridizing the multiple copies to a second mRNA population, whereby a
subpopulation of the second mRNA population forms a complex with a nucleotide
DNA copy. The invention also provides methods for performing subtractive
hybridization, said methods comprising: hybridizing multiple copies of the
complement of at least one RN A sequences of interest from a first RNA
population using any of the amplification methods described herein to a second
mRNA population, whereby a subpopulation of the second mRNA population
forms a complex with a copy. In some embodiments, "driver" single stranded
anti-sense DNA product of the methods of the invention is combined with tester
(sense) mRNA species. In another aspect, the invention provides methods of
differential amplification in which single stranded driver (antisense) DNA
sequences that hybridize with tester mRNA sequence are subjected to cleavage by
an agent that cleaves RNA present in a DNA/RNA hybrid, such as RNase H.
Cleavage of the mRINA results in the inability to generate single stranded DNA
product from the test mRNA strands. Conversely, non-cleaved tester (i.e., tester
mRNA that did not hybridize to driver DNA molecules) may serve as a substrate
for subsequent amplification. Amplified differentially expressed products have
many uses, including as a differential expression probe, to produce differential
expression libraries Accordingly, in another aspect, the invention provides
methods comprising hybridizing multiple polynucleotide (generally, DNA) copies
of the complement of at least one RNA sequences of interest from a first RNA
population using any of the amplification methods described herein to a second
mRNA population, whereby a subpopulation of the second mRNA population
forms a complex with a DNA copy; (b) cleaving RNA in the complex of step
(a) with an enzyme that cleaves RNA from an RNA/DNA hybrid; and (c)
amplifying an unhybridized subpopulation of the second mRNA population,
whereby multiple copies of single stranded polynucleotide (generally, DNA)
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complementary to the unhybridized subpopulation of the second mRNA

population are generated.

The following Examples are provided to illustrate, but not limit, the

5 invention.
EXAMPLES

Example 1: Amplification of total mRINA

10 0.1 pg of total mMRNA is combined with primer 1 (provided at a concentration
of from 0.1 to 1 uM), PTO oligonucleotide (provided at a concentration of from 0.1 to
1 pM), primer 2 (provided at a concentration of from 0.1 to 1 pM) in a total volume
of about 10 pl in a buffer containing 40 mM Tris, pH 8.5, 5 mM DTT, 12 mM MgC(Cl,,
70 mM KCI, 108.8 pg/ml BSA; 1 mM of each ANTP, 2 mM each of rATP, rUTP,

15 rCTP, 1.5 mM rGTP, and 0.5 mM rITP). The mixture is incubated at 65°C for 2
minutes, and cooled down to 37°C (or 42°C). 10 pl of an enzyme mixture containing
T7 RNA polymerase (40 to 80 U), MMLV reverse transcriptase (10 to 30 U), and
RNase H (i to 3 U), is added to the reaction mixture‘, and the mixture is further
incubated for 0.5 to 3 hours.

20 Aliquots of tﬁe reaction mixture are analyzed by gel electrophoresis (5 to 20%

PAGE, Novex) for generation of amplification products.

Primer 1 sequence.
GACGGATGCGGTCTTTTTTTTN

25  “N” denotes a degenerate nucleotide (i.e., it canbe A, T, C or G).

Primer 2:

Random hexamer

30 PTO:

ggAATTCTAATACgACTCACTATAgggAgAgCGACGGATGCGGTCT-
biotin
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wherein bold letters denote the sequence complementary to the 3’-end of the
second primer extension product.

Primer 3:

Primer 3 is the same as primer 1.

Example 2: Amplification of specific nRNA

The experiment of Example 1 is performed, except that primer 2 is
substituted with a primer specific for a sequence of a defined mRNA species to be
amplified. For example, the amplification of a sequence of GAPDH mRNA is
carried out with a primer that hybridizes to a site on the first cDNA strand (first

primer extension product) generated from GAPDH mRNA.

Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of undérstanding, it will be
apparent to those skilled in the art that certain changes and modifications may be
practiced. Therefore, the descriptions and examples should not be construed as “

limiting the scope of the invention, which is delineated by the appended claims.
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CLAIMS

‘What is claimed is:

1. A method of generating multiple copies of the complementary

sequence of an RNA sequence of interest, said method comprising the steps of:

(a) extending a first primer hybridized to a target RNA with an RNA-
dependent DNA polymerase, whereby a complex comprising a f{irst primer

extension product and the target RNA is produced;

(b) cleaving RNA in the complex of step (b) with an enzyme that cleaves
RNA from an RNA/DNA hybrid;

(c) extending a second primer hybridized to the first primer extension
product with a DNA-dependent DNA polymerase, whereby a complex comprising
the first primer extension product and a second primer extension product is

produced;

(d) denaturing the complex of step (c); and

(e) hybridizing to the second primer extension product a propromoter
polynucleotide comprising a propromoter and a region which hybridizes to the
second primer extension product under conditions which allow transcription to
occur by RNA polymerase, such that RNA transcripts are produced comprising

sequences complementary to the target RNA;

whereby multiple copies of the complementary sequence of the RNA

sequence of interest are generated.

2. A method of generating multiple copies of the complementary

sequence of an RNA sequence of interest, said method comprising the steps of:
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(a) extending a first primer hybridized to a target RINA with an RNA-
dependent DNA polymerase, whereby a complex comprising a first primer

extension product and the target RNA is produced;

(b) cleaving RNA in the complex of step (a) with an enzyme that cleaves
RNA from an RNA/DNA hybrid;

(c) extending a second primer hybridized to the first primer extension
product with a DNA-dependent DNA polymerase, whereby a complex comprising
the first primer extension product and a second primer extension product is

produced;

(d) denaturing the complex of step (c);

(e) hybridizing to the second primer extension product a propromoter
polynucleotide comprising a propromoter and a region which hybridizes to the
second primer extension product under conditions which allow transcription to
occur by RNA polymerase, such that RNA transcripts are produced comprising
sequences complementary to the target RNA;

(f) extending a third primer hybridized to said RNA transcripts with an
RNA-dependent DNA polymerase, whereby a complex comprising a third primer

extension product and an RNA transcript is produced,

(g) cleaving RNA in the complex of step (f) with an enzyme that cleaves
RNA from an RNA/DNA hybrid;

(h) hybridizing a propromoter polynucleotide comprising a propromoter
and a region which hybridizes to a single stranded third primer extension product
under conditions which allow transcription to occur by RNA polymerase, such
that RNA transcripts are produced comprising sequences complementary to the

target RNA;
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(1) optionally repeating steps (f) to (h);

whereby multiple copies of the complementary sequence of the RNA

sequence of interest are produced.

3. The method of claim 1 or 2, wherein the first primer comprises a 5’

portion that is not hybridizable to the target RNA.

4. The method of claim 3, wherein said 5° portion comprises a sequence

the complement of which is hybridizable by the propromoter polynucleotide in

step (D).

5. The method of claim 1 or 2, wherein the target RNA is mRNA.

6. The method of claim 1 or 2, wherein the first primer comprises a poly-

T sequence.

7. The method of claim 2, wherein the first primer comprises a 5° portion
that is not hybridizable to the target RNA, and wherein said 5’ portion comprises
a sequence the complement of which is hybridizable by the propromoter

polynucleotide in step (g).

8. The method of claim 2, wherein the second primer and the third primer

are the same.

9. The method of claim 2, wherein the second primer and the third primer

are different.

10. The method of claim 2, wherein the second primer and the third primer

hybridize to different complementary sequences.
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11. The method of claim 1 or 2, wherein at least one type of INTP used is
a labeled INTP, whereby labeled products are generated.

12. The method of claim 1 or 2, wherein the first primer is a random

5  primer.

13. The method of claim 1 or 2, wherein the second primer comprises

DNA.

10 .14. The method of claim 2 or two, wherein the second primer comprises a
fragment of the target RNA hybridized to the primer extension product, said
fragment generated by cleaving RNA in the complex of step (b) with an enzyme
that cleaves RNA from an RNA/DNA hybrid.

15 15. The method of claims 1 or 2, wherein said method comprises

generating multiple copies of two or more different sequences of interest.

16. The method of claim 15, wherein said method comprises at least two
different first primers.
20
17. A method of generating multiple copies of the complementary
sequence of an RNA sequence of interest comprising incubating a reaction

mixture, said reaction mixture comprising::

25 (a) a single stranded second primer extension product resulting from step
(d) of claim 1;

(b) a propromoter polynucleotide comprising a propromoter and a region
which is hybridizable to a single stranded second primer extension product; and
30
an RINA polymerase;
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wherein the incubation is under conditions that permit propromoter
polynucleotide hybridization and RNA transcription, whereby multiple copies of

the complementary sequence of the RNA sequence of interest are generated.

18. A method of generating multiple copies of the complementary
sequence of an RNA sequence' of interest comprising incubating a reaction

mixture, said reaction mixture comprising:

(a) a single stranded second primer extension product resulting from step
(d) of claim 1;

(b) a third primer comprising a sequence hybridizable to an RNA

transcript comprising a sequence complementary to the target RNA;

(c) a propromoter polynucleotide comprising a propromoter and a region

which is hybridizable to a single stranded second primer extension product;

(d) a propromoter polynucleotide comprising a propromoter and a region

which is hybridizable to a single stranded third primer extension product;
(e) an enzyme that cleaves RNA from an RNA/DNA hybrid; and
(f) an RNA polymerase;

wherein the incubation is under conditions that permit primer extension,
RNA cleavage, propromoter polynucleotide hybridization and RNA transcription,
whereby multiple copies of the complementary sequence of the RNA sequence of

interest are generated.

19. A method of generating multiple copies of the complementary
sequence of an RNA sequence of interest, said method comprising incubating a

reaction mixture, said reaction mixture comprising:

93

IDT Exhibit 1020.8403



WO 02/072773 PCT/US02/07377

(a) an RNA transcript from step (e) of claim 1;

(b) a third primer comprising a sequence hybridizable to the RNA

transcript;
5
(¢) a propromoter polynucleotide comprising a propromoter and a region
which is hybridizable to a single stranded third primer extension product;
(d) an enzyme that cleaves RNA from an RNA/DNA hybrid; and
10

(e) an RNA polymerase;
wherein the incubation is under conditions that permit primer extension,
RNA cleavage, propromoter polynucleotide hybridization and RNA transcription,
15  whereby multiple copies of the complementary sequence of the RNA sequence of
interest are generated.
20. A method of generating multiple copies of the complementary
sequence of an RNA sequence of interest, said method comprising incubating a
20  reaction mixture, said reaction mixture comprising:

(a) atarget RNA;

(b) a first primer comprising a sequence that is hybridizable to the target
25 RNA;

(c) a second primer comprising a sequence hybridizable to an extension

product of the first primer;

30 (d) a propromoter polynucleotide comprising a propromoter and a region

which is hybridizable to a single stranded second primer extension product;
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(e) an RNA-dependent DNA polymerase;

(f) a DNA-dependent DNA polymerase;

(g) an RNA polymerase; and

- (h) an enzyme that cleaves RNA from an RNA/DNA hybrid;

wherein the incubation is under conditions that permit primer
hybridization, primer extension, RNA cleavage, propromoter polynucleotide
hybridization, and RNA transcription, whereby multiple copies of the
complementary sequence of the RNA sequence of interest are generated.

21. A method of generating multiple copies of the complementary
sequence of an RNA sequence of interest, said method comprising incubating a
reaction mixture, said reaction mixture comprising:

(a) a target RNA;

(b) a first primer comprising a sequence that is hybridizable to the target
RNA;

(¢) a second primer comprising a sequence hybridizable to an extension

product of the first primer;

(d) a third primer comprising a sequence hybridizable to an RNA

transcript comprising a sequence complementary to the target RNA;

(e) a propromoter polynucleotide comprising a propromoter and a region

which is hybridizable to a single stranded second primer extension product;
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(f) a propromoter polynucleotide comprising a propromoter and a region

which is hybridizable to a single stranded third primer extension product;

(g) an RNA-dependent DNA polymerase;

5
(h) a DNA-dependent DNA polymerase;
(i) an RNA polymerase; and
10 (§) an enzyme that cleaves RNA from an RNA/DNA hybrid;

wherein the incubation is conditions that permit primer hybridization,
primer extension, RNA cleavage, propromoter polynucleotide hybridization, and
RNA transcription, whereby multiple copies of the complementary sequence of

15  the RNA sequence of interest are generated.

22. The method of claim 20 or 21, wherein the first primer comprises a 5’

sequence that is not hybridizable to the target RNA.
20 23. The method of claim 22, wherein the 5’ sequence comprises a
sequence the complement of which is hybridizable by a propromoter

polynucleotide.

24. The method of claim 20 or 21, wherein (a) the first primer comprises a

25  poly-T sequence; and (b) the target RNA is mRNA.

25. The method of claim 21, wherein the second primer and the third

primer are the same.

30 26. The method of claim 21, wherein the second primer and the third

primer are different.
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27. The method of claim 21, wherein the second primer and the third

primer hybridize to different complementary sequences.

28. The method of any of claims 1, 2, 18, 19, 20 and 21, wherein the
5  enzyme that cleaves RNA is RNase H.

29. The method of any of claims 1, 2, 20 and 21, wherein the RNA -
dependent DNA polymerase and DNA-dependent DNA polymerase are one

enzyme.
10
30. The method of any of claims 1, 2, 20 and 21, wherein the RNA-
dependent DNA polymerase and enzyme that cleaves RNA from an RNA/DNA
hybrid are the same enzyme.
15 31. The method of any of claims 1, 2, 20 and 21, wherein the DNA-

dependent DNA polymerase and enzyme that cleaves RNA from an RNA/DNA

hybrid are the same enzyme.

32. The method of any of claims 1, 2, 20 and 21, wherein the DNA-
20  dependent DNA polymerase, the RNA-dependent DNA polymerase and the
enzyme that cleaves RNA from an RNA/DNA hybrid are the same enzyme.

33. The method of claim 1 or 20, wherein the propromoter polynucleotide
comprises a region at the 3” end which hybridizes to the second primer extension
25  product, whereby DNA polymerase extension of the second primer extension

product produces a double stranded promoter from which transcription occurs.

34. The method of claim 33, wherein the propromoter polynucleotide is a
propromoter template oligonucleotide.
30
35. The method of claim 2 or 21, wherein the propromoter polynucleotide

" comprises a region at the 3” end which hybridizes to the third primer extension
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product, whereby DNA polymerase extension of the second primer extension

product produces a double stranded promoter from which transcription occurs.

36. The method of claim 35, wherein the propromoter polynucleotide 1s a

5  propromoter template oligonucleotide.

37. The method of claim 20 or 21, wherein at least one type of tNTP used
is a labeled rNTP, whereby labeled products are generated.

10 38. A method of generating multiple copies of the complementary

sequence of an RNA sequence of interest, said method comprising:

(a) hybridizing a composite primer to a single stranded second primer
extension product resulting from step (d) of claim 1, wherein the composite

15  primer comprises an RNA portion and a 3' DNA portion;

(b) extending the composite primer with a DNA-dependent DNA
polymerase, whereby a complex comprising a primer extension product and the
second primer extension product is formed;

20

(c) cleaving RNA in the complex of step (b) with an enzyme that cleaves
RNA from an RNA/DNA hybrid, such that another composite primer hybridizes
to the second primer extension product and repeats primer extension by strand
displacement,

25 whereby multiple copies of the complement of the RNA sequence of

interest are produced.

30. The method of claim 38, wherein the RNA portion of the
composite primer is 5° with respect to the 3° DNA portion.
- 30 .
40. The method of claim 39, wherein the 5° RNA portion is adjacent to the
‘ 3’ DNA portion.
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41. The method of claim 38, wherein the first primer comprises the

composite primer sequence.

42. The method of claim 38, wherein the composite primer comprises a

portion hybridizable to the complement of the 5' portion of the first primer.
43, The method of claim 38, wherein the target RNA is mRINA.

44. The method of claim 38, wherein said method comprises generating

multiple copies of two or more different sequences of interest.

45. The method of claim 38, wherein the enzyme that cleaves RNA from
an RNA/DNA hybrid is RNase H.

46. The method of claim 38, wherein the RNA -dependent DNA
polymerase and DNA-dependent DNA polymerase are the same enzyme.

47. The method of claim 38, wherein the RNA-dependent DNA
polymerase and enzyme that cleaves RNA from an RNA/DNA hybrid are the

same enzyme.

48. The method of claim 38, wherein the DNA-dependent DNA
polymerase and enzyme that cleaves RNA from an RNA/DNA hybrid are the

same enzyme.

49. The method of claim 38, wherein the DNA-dependent DNA
polymerase, the RNA-dependent DNA polymerase and the enzyme that cleaves
RNA from an RNA/DNA hybrid are the same enzyme.

50. The method of claim 38, wherein at least one type of ANTP used is a
labeled dNTP, whereby labeled products are generated.
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51. A method of sequencing an RNA sequence of interest, said method
comprising (a) amplifying a target RNA containing the sequence of interest by the
method of claim 1 or 20 in the presence of a mixture of rINTPs and rNTP analogs
such that transcription is terminated upon incorporation of an ¥NTP analog; and

(b) analyzing the amplification products to determine sequence.
52. The method of claim 51, wherein the target RNA is mRNA.

53. A method of sequencing an RNA sequence of interest, said method
comprising (a) amplifying a target RNA containing the sequence of interest by the
method of claim 2 or 21, wherein RINA transcripts generated from the second
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 tNTP

analog; and (b) analyzing the amplification products to determine sequence.
54. The method of claim 53, wherein the target RNA is mRNA.

55. A method of detecting a mutation in a target RNA, comprising
(a) amplifying the target RNA by any of the methods of claims 1, 2, 20 and 21;
and (b) analyzing the amplification products for the presence of a mutation as

compared to a reference nucleotide.
56. The method of claim 55, wherein the target RNA is mRNA.

57. A method of detecting a mutation in a target RNA by single stranded
conformation polymorphism, comprising (a) amplifying the target RNA by any of
the methods of claims 1, 2, 20 and 21; and (b) analyzing the amplification
products for single stranded conformation, wherein a difference in conformation
as compared to a reference single stranded polynucleotide indicates a mutation in

the target polynucleotide.
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58. The method of claim 57, wherein the target RNA is mRNA.

59. A method of producing a nucleic acid immobilized to a substrate
comprising (a) amplifying a target RNA by any of the methods of claims 1, 2, 20

and 21; and (b) immobilizing the amplification products on a substrate.
60. The method of claim 59, wherein the -target RNA is mRNA.
61. The method of claim 59, wherein the substrate is a microarray.

62. A method of characterizing an RNA sequence of interest, comprising
(a) amplifying a target RNA by the method of claim 10; and (b) analyzing the
labeled RNA products.

63. The method of claim 62, wherein step (b) comprises contacting the

labeled DNA products with at least one probe.

64. The method of claim 63, wherein the at least one probe is provided as

a microarray.

65. The method of claim 64, wherein the microarray comprises at least one
probe immobilized on a substrate fabricated from a material selected from the
group consisting of paper, ceramic, glass, plastic, polypropylene, polystyrene,

nylon, polyacrylamide, nitrocellulose, silicon, and optical fiber.

66. The method of claim 65, wherein the probe is immobilized on the
substrate in a two-dimensional configuration or a three-dimensional configuration
comprising pins, rods, fibers, tapes, threads, beads, particles, microtiter wells,

capillaries, and cylinders.

67. The method of claim 62, wherein the target RNA is mRNA.
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68. The method of claim 62, wherein step (b) of analyzing the labeled
RNA products comprises determining amount of said products, whereby the

amount of the RNA sequence of interest present in a sample is quantified.

69. A method of characterizing an RNA sequence of interest, comprising
(a) amplifying a target RNA by the method of claim 37; and (b) analyzing the
labeled RNA products.

70. The method of claim 69, wherein step (b) comprises contacting the

labeled DNA products with at least one probe.

71. The method of claim 70, wherein the at least one probe is provided as

a microarray.

72. The method of claim 71, wherein the microarray comprises at least one
probe immobilized on a substrate fabricated from a material selected from the
group consisting of paper, glass, plastic, polypropylene, nylon, polyacrylamide,

nitrocellulose, silicon, and optical fiber.

73. The method of claim 72, wherein the probe is immobilized on the
substrate in a two-dimensional configuration or a three-dimensional configuration
comprising pins, rods, fibers, tapes, threads, beads, particles, microtiter wells,

capillaries, and cylinders.

74. The method of claim 69, wherein the target RNA is mRNA.

75. The method of claim 69, wherein step (b) of analyzing the labeled
RNA products comprises determining amount of said products, whereby the

amount of the RNA sequence of interest present in a sample is quantified.

76. A method of determining gene expression profile in a sample, said

method comprising: (a) amplifying at least two RNA. sequences of interest in the
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sample using the method of any of claims 1 or 2; and (b) determining amount of
amplification products of each RNA sequence of interest, wherein each said
amount is indicative of amount of each RNA sequence of interest in the sample,

whereby the gene expression profile in the sample is determined.
77. The method of claim 76, wherein each target RNA is mRNA.

78. A method of preparing a library, said method comprising: (a)
amplifying at least two RNA sequences of interest using the method of any of
10  claims 1 and 2; and (b) preparing a library from amplified single stranded DNA or
RNA product.

79. The method of claim 78, wherein the first primer is a random primer

15 80. The method of claim 78, wherein the first primer comprises a poly-T

portion.

81. A method of performing subtractive hybridization, said method
comprising: (a) preparing multiple DNA copies of the complement of one or
20 more RNA sequences of interest from a first RNA population using the methods
of claim 38; and (b) hybridizing the multiple copies to a second mRNA
population, whereby a subpopulation of the second mRNA population forms a

complex with the DNA copies.

25 82. A method of performing subtractive hybridization, said method
comprising: (a) preparing multiple DNA copies of the complement of at least two
RNA sequences of interest from a first RNA population using the method of claim
38; (b) hybridizing the multiple copies to a second mRNA population, whereby a
subpopulation of the second mRNA population forms a complex with a DNA

30  copy; (c) cleaving RNA in the complex of step (b) with an enzyme that cleaves
RNA from an RNA/DNA hybrid; and (d) amplifying the unhybridized

subpopulation of the second mRNA population, whereby multiple copies of single
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stranded DNA complementary to the unhybridized subpopulation of the second

mRNA population are generated.
83 A kit comprising a first primer that comprises a sequence the
5  complement of which is hybridizable by a propromoter polynucleotide, and
instructions for using the primer to amplify RNA using the methods of any of

claims 1,2, 17, 18, 19, 20, 21, and 38.

82. The kit of claim 83, further comprising a second primer.
10
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ISOTHERMAL DNA AMPLIFICATION

Field of the Invention
"The present invention relates to methods for amplifying polynucleotides, and more

particularly, for amplifying on a solid phase support a single strand of a double stranded target DNA.

BACKGROUND

Much of the progress in genetics and biotechnology has depended on the availability of
techniques for amplifying nucleic acids to produce amounts amenable for analysis, for example, by
sequencing, hybridization, fluorescent labeling, or the like. A wide variety of amplification techniques
have been developed for this purpose, including polymerase chain reaction (PCR), ligase chain
reaction (LCR), nucleic acid sequence-based amplification (NASBA), rolling circle, and the like.

PCR has been the most widely used method to amplify DNA from small quantities of DNA
molecules. Although it is efficient and generates large quantities of DNA from small aliquots of DNA
template, PCR always introduces biases when it is applied to amplify complex DNA libraries. A host
of factors affect the relative amplification rates of individual sequences with a library, including the
preference of primer annealing sites, the length and GC content differences of the template DNAs,
non-specific priming at interior sites of sequences, temporal differences in extension times, and the
like. Frequently, because of such factors, the polymerization, or primer extension, step is terminated
prematurely by the denaturation step of the PCR; hence, smaller fragments and low GC content
fragments are preferentially amplified.

It would be very useful for many applications where nucleic amplification plays a key role, if
an amplification technique were available that minimized or eliminated the above short-comings of

PCR.

SUMMARY OF THE INVENTION

The present invention provides for amplification of one or more polynucleotides by multi-
staged linear amplifications using one or more RNA polymerases. At each stage RNA transcrlpts are
accumulated at a linear rate, so that multiple stages provide for faster than linear transcript
accumulation. RNA transcripts at each stage are converted back into DNA to permit further
production of secondary, tertiary, or higher order RNA transcripts, depending on the embodiment. In
one aspect, the invention provides two stages of RNA transcript production, preferably under
isothermal reaction conditions.

In one aspect, the invention is implemented by the method comprising the following steps: (i)
providing a double stranded DNA having a hairpin at one end, the polynucleotide at the other end, and
disposed therebetween a promoter sequence oriented so that synthesis by an RNA polymerase

recognizing the promoter sequence proceeds in the direction of the hairpin; (ii) transcribing the double

-1-
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stranded DNA with an RNA polymerase that recognizes the promoter sequence to form an RNA
transcript comprising copies of the promoter sequence and the polynucleotide; (iii) generating a
complementary DNA from the RNA transcript; (iv) displacing a 5’ end of the RNA transcript from
the complementary DNA so that the hairpin is reconstituted; and (v) extending the hairpin to
generate the double stranded DNA containing a reconstituted promoter sequence, the RNA
polymerase recognizing the reconstituted promoter sequence and synthesizing RNA transcripts. Ina
preferred embodiment, the step of generating includes forming a heteroduplex of said complementary
DNA and said RNA transcript and wherein said step of displacing includes treating the heteroduplex
with a helicase.

In another aspect, the invention provides a method of amplifying a polynucleotide comprising
the following steps: (i) providing a single stranded DNA containing a promoter sequence and a
polynucleotide, the single stranded DNA having a 5” end, a 3’ end, and complementary sequences at
the 3 end capable of forming a hairpin having a loop region and a duplex region, the promoter
sequence being disposed between the polynucleotide and the 3’ end and the single stranded the single
stranded DNA being attached to a solid phase support by its 5° end; (ii) extending the duplex to form
a double stranded DNA that includes the polynucleotide and complement thereof and the promoter
sequence and complement thereof, thereby forming an operational promoter; and (iii) generating RNA
copies of the polynucleotide with an RNA polymerase that recognizes the operational promoter.

In another aspect, the above step of providing further includes providing a double strand DNA
that contains in series an up-stream promoter, a first stem region, said loop region and complement
thereof, a second stem regijon, said polynucleotide, and a primer binding site, wherein RNA copies of
a strand of the double stranded DNA are generated by treating under synthesis conditions the double
stranded DNA with an RNA polymerase that recognized the up-stream promoter, and wherein the
RNA copies of a strand of the double stranded DNA are captured by specific hybridization of the
primer binding site to a complement thereof attached to a solid phase support.

The invention further includes kits and compositions for carrying out the method of the
invention. In one aspect, such kits include a composition of one or more hairpin adaptors that each
contains a loop region and a double stranded region, wherein the double stranded region contains a
promoter site oriented so that synthesis takes place in the direction of the loop region. In another
aspect, such kits further include at least one RNA polymerases, at least one reverse transcriptases, and
at least one primer (e.g. first primer), and appropriate buffers for implementing the method of the
invention. In another aspect, such kits further include at least one DNA polymerase and at least one
helicase and appropriate buffers for implementing the methbd of the invention.

The invention provides a method and compositions for polynucleotide amplification that
minimizes amplification biases that are found in PCR. A priming step is eliminated in the second
stranded DNA synthesis reaction by employing self-priming with the formation of an intramolecular
looped structure at the 3’ terminus of the first stranded DNA; thus, the priming is accurate and faster

than intermolecular priming.
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BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 lists nucleotide sequences related to an example of the invention.

Figs. 2A-2D diagrammatically illustrate steps of several embodiments of the invention.

Fig. 3 shows images of gel lanes containing fragments from different steps of one
embodiment of the method of the invention.

Figs. 4A and 4B show images of gel lanes containing product fragments from amplification
reactions of the invention carried out for different reaction times in one embodiment of the invention.

Fig. 5 shows images of gel lanes containing products of reactions with Klenow (exo0-) DNA
polymerase on the amplification reaction in one embodiment of the invention,

Fig. 6 shows an image of gel lanes containing reaction components from an analysis of the

reaction showing that T7 RNA polymerase can transcribe through a loop of a hairpin adaptor.

DEFINITIONS

Terms and symbols of nucleic acid chemistry, biochemistry, genetics, and molecular biology
used herein follow those of standard treatises and texts in the field, e.g. Kornberg and Baker, DNA
Replication, Second Edition (W.H. Freeman, New York, 1992); Lehninger, Biochemistry, Second
Edition (Worth Publishers, New York, 1975); Strachan and Read, Human Molecular Genetics,
Second Edition (Wiley-Liss, New York, 1999); Eckstein, editor, Oligonucleotides and Analogs: A
Practical Approach (Oxford University Press, New York, 1991); Gait, editor, Oligonucleotide
Synthesis: A Practical Approach (IRL Press, Oxford, 1984); and the like.

“Addressable” in reference to tag complements means that the nucleotide sequence, or
perhaps other physical or chemical characteristics, of an end-attached probe, such as a tag
complement, can be determined from its address, i.e. a one-to-one correspondence between the
sequence or other property of the end-attached probe and a spatial location on, or characteristic of,
the solid phase support to which it is attached. Preferably, an address of a tag complement is a
spatial location, e.g. the planar coordinates of a particular region containing copies of the end-
attached probe. However, end-attached probes may be addressed in other ways too, e.g. by
microparticle size, shape, color, frequency of micro-transponder, or the like, e.g. Chandler et al,

PCT publication WO 97/14028.

“Allele frequency” in reference to a genetic locus means the frequency of occurrence within a
population of a particular nucleotide or sequence segment, or other sequence marker, such as an
insertion or deletioﬁ of one or more nucleotides, or a particular sequence motif, at or within the
genetic locus. In reference to the above, a population may be a population of individual from a
defined group, e.g. Caucasian women over the age of 50, or a population may be a population of cells
from an individual suffering from a disease or condition, such as cancer. In some contexts, an allele
frequency may also refer to the frequency of sequences not identical to, or exactly complementary to,

a reference sequence, or a set of reference sequences.

-3-
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“Amplicon” means the product of a polynucleotide amplification reaction. That is, it is a
population of polynucleotides, usually but not necessarily double stranded, that are replicated from
one or more starting sequences. The one or more starting sequences may be one or more copies of
the same sequence, or it may be a mixture of different sequences. Amplicons may be produced by a
variety of amplification reactions whose products are multiple replicates of one or more target
nucleic acids. Generally, amplification reactions producing amplicons are “template-driven” in that
base pairing of reactants, either nucleotides or oligonucleotides, have complements in a template
polynucleotide that are required for the creation of reaction products. In one aspect, template-driven
reactions are primer extensions with a nucleic acid polymerase or oligonucleotide ligations with a
nucleic acid ligase. Such reactions include, but are not limited to, polymerase chain reactions
(PCRs), linear polymerase reactions, nucleic acid sequence-based amplification (NASBAs), rolling
circle amplifications, and the like, disclosed in the following references that are incorporated herein
by reference: Mullis et al, U.S. patents 4,683,195; 4,965,188; 4,683,202; 4,800,159 (PCR); Gelfand
etal, U.S. patent 5,210,015 (real-time PCR with “tagman” probes); Wittwer et al, U.S. patent
6,174,670; Kacian et al, U.S. patent 5,399,491 (“NASBA™); Lizardi, U.S. patent 5,854,033; Aono et
al, Japanese patent publ. JP 4-262799 (rolling circle amplification); and the like. An amplification
reaction may be a “real-time” amplification if a detection chemistry is available that permits a
reaction product to be measured as the amplification reaction progresses, e.g. “real-time PCR”
described below, or “real-time NASBA” as described in Leone et al, Nucleic Acids Research, 26:
2150-2155 (1998), and like references. As used herein, the term “amplifying” means performing an
amplification reaction. A “reaction mixture” means a solution containing all the necessary reactants
for performing a reaction, which may include, but not be limited to, buffering agents to maintain pH
at a selected level during a reaction, salts, co-factors, scavengers, and the like. “RNA amplicon”
means an amplicon of RNA molecules; that is, starting sequences, which may be RNA or DNA,
give rise to RNA replicates in an amplicon.

“Complémentary or substantially complementary” refers to the hybridization or base pairing
or the formation of a duplex between nucleotides or nucleic acids, such as, for instance, between the
two strands of a double stranded DNA molecule or between an oligonucleotide primer and a primer
binding site on a single stranded nucleic acid. Complementary nucleotides are, generally, A and T (or
A and U), or C and G. Two single stranded RNA or DNA molecules are said to be substantially
complementary when the nucleotides of one strand, optimally aligned and compared and with
appropriate nucleotide insertions or deletions, pair with at least about 80% of the nucleotides of the
other strand, usually at least about 90% to 95%, and more preferably from about 98 to 100%.
Alternatively, substantial complementarity exists when an RNA or DNA strand will hybridize under
selective hybridization conditions to its complement. Typically, selective hybridization will occur
when there is at least about 65% complementary over a stretch of at least 14 to 25 nucleotides,
preferably at least about 75%, more preferably at least about 90% complementary. See, M. Kanehisa
Nucleic Acids Res. 12:203 (1984), incorporated herein by reference.

-4 -
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“Duplex” means at least two oligonucleotides and/or polynucleotides that are fully or
partially complementary undergo Watson-Crick type base pairing among all or most of their
nucleotides so that a stable complex is formed. The terms “annealing” and “hybridization” are used
interchangeably to mean the formation of a stable duplex. "Perfectly matched" in reference to a
duplex means that the poly- or oligonucleotide strands making up the duplex form a double stranded
structure with one another such that every nucleotide in each strand undergoes Watson-Crick base
pairing with a nucleotide in the other strand. The term “duplex” comprehends the pairing of
nucleoside analogs, such as deoxyinosine, nucleosides with 2-aminopurine bases, PNAs, and the
like, that may be employed. A "mismatch" in a duplex between two oligonucleotides or
polynucleotides means that a pair of nucleotides in the duplex fails to undergo Watson-Crick
bonding.

“Genetic locus,” or “locus” in reference to a genome or target polynucleotide, means a
contiguous subregion or segment of the genome or target polynucleotide. As used herein, genetic
locus, or locus, may refer to the position of a gene or portion of a gene in a genome, or it may refer
to any contiguous portion of genomic sequence whether or not it is within, or associated with, a
gene. Preferably, a genetic locus refers to any portion of genomic sequence from a few tens of
nucleotides, e.g. 10-30, or 10-100, in length, to a few hundred nucleotides, e.g. 100-1000 or 100-
500 in length, to a few thousands of nucleotide in length, e.g. 1000-10,000 or 1000-3000 in length.
In some contexts, genetic locus may refer to the location of a nucleotide within a genome.

“Kit” refers to any delivery system for delivering materials or reagents for carrying out a
method of the invention. In the context of reaction assays, such delivery systems include systems that
allow for the storage, transport, or delivery of reaction reagents (e.g., probes, enzymes, etc. in the
appropriate containers) and/or supporting materials (e.g., buffers, written instructions for performing
the assay etc.) from one location to another. For example, kits include one or more enclosures (e.g.,
boxes) containing the relevant reaction reagents and/or supporting materials. Such contents may be
delivered to the intended recipient together or separately. For example, a first container may contain
an enzyme for use in an assay, while a second container contains probes.

“Ligation" means to form a covalent bond or linkage between the termini of two or
more nucleic acids, e.g. oligonucleotides and/or polynucleotides, in a template-driven
reaction. The nature of the bond or linkage may vary widely and the ligation may be carried
out enzymatically or chemically. As used herein, ligations are usually carried out
enzymatically to form a phosphodiester linkage between a 5’ carbon of a terminal nucleotide
of one oligonucleotide with 3° carbon of another oligonucleotide. A variety of template-
driven ligation reactions are described in the following references, which are incorporated by
reference: Whitely et al, U.S. patent 4,883,750; Letsinger et al, U.S. patent 5,476,930; Fung
etal, U.S. patent 5,593,826; Kool, U.S. patent 5,426,180; Landegren et al, U.S. patent
5,871,921; Xu and Kool, Nucleic Acids Research, 27: 875-881 (1999); Higgins et al, Methods
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in Enzymology, 68: 50-71 (1979); Engler et al, The Enzymes, 15: 3-29 (1982); and
Namsaraev, U.S. patent publication 2004/0110213.

“Microarray" refers to a solid phase support having a planar surface, which carries an array of
nucleic acids, each member of the array comprising identical copies of an oligonucleotide or
polynucleotide immobilized to a spatially defined region or site, which does not overlap with those of
other members of the array; that is, the regions or sites are spatially discrete. Spatially defined
hybridization sites may additionally be “addressable” in that its location and the identity of its
immobilized oligonucleotide are known or predetermined, for example, prior to its use. Typically,
the oligonucleotides or polynucleotides are single stranded and are covalently attached to the solid

phase support, usually by a 5’-end or a 3’-end. The density of non-overlapping regions containing
nucleic acids in a microarray is typically greater than 100 per cm?, and more preferably, greater than

1000 per cm?2. Microarray technology is disclosed in the following references that are incorporated
by reference: Schena, Editor, Microarrays: A Practical Approach (IRL Press, Oxford, 2000);
Southern, Current Opin. Chem. Biol., 2: 404-410 (1998); Nature Genetics Supplement, 21: 1-60
(1999). The synthesis of high-density microarrays is disclosed in the following exemplary references
that are incorporated by reference: Fodor et al, U.S. patents 5,424,186; 5,744,305; 5,445,934;
6,355,432; 6,440,667 (Affymetrix, Santa Clara, CA); Cerrina et al, U.S. patent 6,375,903
(NimbleGen, Madison, WI); and “ink-jet” synthesized microarrays, e.g. disclosed in Hughes et al,
Nature Biotechnology, 19: 342-347 (2001); Caren et al U.S. patent 6,323,043 (Agilent Technologies,
Palo Alto, CA); and the like. As used herein, “random microarray” refers to a microarray whose
spatially discrete regions of oligonucleotides or polynucleotides are not spatially addressed. That is,
the identity of the attached oligonucleoties or polynucleotides is not discernable, at least initially,
from its location. In one aspect, random microarrays are planar arrays of microbeads wherein each
microbead has attached a single kind of hybridization tag complement, such as from a minimally
cross-hybridizing set of oligonucleotides. Arrays of microbeads may be formed in a variety of ways,
e.g. Brenner et al, Nature Biotechnology, 18: 630-634 (2000); Tulley et al, U.S. patent 6,133,043;
Stuelpnagel et al, U.S. patent 6,396,995; Chee et al, U.S. patent 6,544,732; and the like. Likewise,
after formation, microbeads, or oligonucleotides thereof, in a random array may be identified in a
variety of ways, including by optical labels, e. g. fluorescent dye ratios or quantum dots, shape,
sequence analysis, or the like. Hybridization conditions typically include salt concentrations of less
than about 1M, more usually less than about 500 mM and less than about 200 mM. Hybridization
temperatures can be as low as 5° C., but are typically greater than 22° C., more typically greater than
about 30° C., and preferably in excess of about 37° C. Hybridizations are usually performed under
stringent conditions, i.e. conditions under which a probe will stably hybridize to a perfectly
complementary target sequence, but will not stably hybridize to sequences that have one or more
mismaiches. The stringency of hybridization conditions depends on several factors, such as probe

sequence, probe length, temperature, salt concentration, concentration of organic solvents, such as
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formamide, and the like. How such factors are selected is usually a matter of design choice to one of
ordinary skill in the art for any particular embodiment. Usually, stringent conditions are selected to
be about 5° C lower than the T,, for the specific sequence for particular ionic strength and pH.
Exemplary hybridization conditions include salt concentration of at least 0.01 M to no more than 1 M
Na ion concentration (or other salts) at a pH 7.0 to 8.3 and a temperature of at least 25° C. Additional
exemplary hybridization conditions include the following: 5xSSPE (750 mM NaCl, 50 mM sodium
phosphate, 5 mM EDTA, pH 7.4). Exemplary hybridization procedures for applying labeled target

sequence to a GenFlex™

microarray (Affymeitrix, Santa Clara, CA) is as follows: denatured labeled
target sequence at 95— 100°C for 10 minutes and snap cool on ice for 2-5 minutes. The microarray is
pre-hybridized with 6X SSPE-T (0.9 M NaCl 60 mM NaH,,PO4, 6 mM EDTA (pH 7.4), 0.005%
Triton X-100) + 0.5 mg/ml of BSA for a few minutes, then hybridized with 120 ML hybridization
solution (as described below) at 42°C for 2 hours on a rotisserie, at 40 RPM. Hybridization Solution
consists of 3M TMACL (Tetramethylammonium. Chloride), 50 mM MES ((2-[N-
Morpholino]ethanesulfonic acid) Sodium Salt) (pH 6.7), 0.01% of Triton X-100, 0.1 mg/ml of
Herring Sperm DNA, optionally 50 pM of fluorescein-labeled control oligonucleotide, 0.5 mg/m! of
BSA (Sigma) and labeled target sequences in a total reaction volume of about 120 pL. The
microarray is rinsed twice with 1X SSPE-T for about 10 seconds at room temperature, then washed
with 1X SSPE-T for 15-20 minutes at 40°C on a rotisserie, at 40 RPM. The microarray is then
washed 10 times with 6X SSPE-T at 22°C on a fluidic station (e.g. model FS400, Affymetrix, Santa
Clara, CA). Further processing steps may be required depending on the nature of the label(s)
employed, e.g. direct or indirect. Microarrays containing labeled target sequences may be scanned
on a confocal scanner (such as available commercially from Affymetrix) with a resolution of 60-70
pixels per feature and filters and other settings as appropriate for the labels employed. GeneChip
Software (Affymetrix) may be used to convert the image files into digitized files for further data
analysis.

"Mismatch" means a base pair between any two of the bases A, T (or U for RNA), G, and C
other than the Watson-Crick base pairs G-C and A-T. The eight possible mismatches are A-A, T-T,
G-G, C-C, T-G, C-A, T-C, and A-G.

“Mutation" and "polymorphism" are usually used somewhat interchangeably to mean a DNA
molecule, such as a gene that differs in nucleotide sequence from a reference DNA sequence or wild
type sequence, or normal tissue sequence, by one or more bases, insertions, and/or deletions. In some
contexts, the usage of Cotton (Mutation Detection, Oxford University Press, Oxford, 1997) is
followed in that a mutation is understood to be any base change whether pathological to an organism
or not, whereas a polymorphism is usually understood to be a base change with no direct pathological
consequences.

“Nucleoside" as used herein includes the natural nucleosides, including 2'-deoxy and 2'-
hydroxyl forms, e.g. as described in Kornberg and Baker, DNA Replication, 2nd Ed. (Freeman, San

Francisco, 1992). "Analogs" in reference to nucleosides includes synthetic nucleosides having
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modified base moieties and/or modified sugar moieties, e. g. described by Scheit, Nucleotide Analogs
(John Wiley, New York, 1980); Uhlman and Peyman, Chemical Reviews, 90: 543-584 (1990), or the
like, with the proviso that they are capable of specific hybridization. Such analogs include synthetic
nucleosides designed to enhance binding properties, reduce complexity, increase specificity, and the
like. Polynucleotides comprising analogs with enhanced hybridization or nuclease resistance
properties are described in Uhlman and Peyman (cited above); Crooke et al, Exp. Opin. Ther. Patents,
6: 855-870 (1996); Mesmaeker et al, Current Opinion in Structual Biology, 5: 343-355 (1995); and
the like. Exemplary types of polynucleotides that are capable of enhancing duplex stability include
oligonucleotide N3'—-P5' phosphoramidates (referred to herein as "amidates"), peptide nucleic acids
(referred to herein as "PNAs"), oligo-2'-O-alkylribonucleotides, polynucleotides containing C-5
propynylpyrimidines, locked nucleic acids (LNAs), and like compounds. Such oligonucleotides are
either available commercially or may be synthesized using methods described in the literature.

"Perfectly matched" in reference to a duplex means that the poly- or oligonucleotide strands
making up the duplex form a double stranded structure with one other such that every nucleotide in
each strand undergoes Watson-Crick basepairing with a nucleotide in the other strand. The term
also comprehends the pairing of nucleoside analogs, such as deoxyinosine, nucleosides with 2-
aminopurine bases, and the like, that may be employed. In reference to a triplex, the term means
that the triplex consists of a perfectly matched duplex and a third strand in which every nucleotide
undergoes Hoogsteen or reverse Hoogsteen association with a basepair of the perfectly matched
duplex. Conversely, a "mismatch" in a duplex between a tag and an oligonucleotide means that a
pair or triplet of nucleotides in the duplex or triplex fails to undergo Watson-Crick and/or
Hoogsteen and/or reverse Hoogsteen bonding.

“Polymerase chain reaction,” or “PCR,” means a reaction for the in vitro amplification of
specific DNA sequences by the simultaneous primer extension of complementary strands of DNA. In
other words, PCR is a reaction for making multiple copies or replicates of a target nucleic acid
flanked by primer binding sites, such reaction comprising one or more repetitions of the following
steps: (i) denaturing the target nucleic acid, (ii) annealing primers to the primer binding sites, and (iii)
extending the primers by a nucleic acid polymerase in the presence of nucleoside triphosphates.
Usually, the reaction is cycled through different temperatures optimized for each step in a thermal
cycler instrument. Particular temperatures, durations at each step, and rates of change between steps
depend on many factors well-known to those of ordinary skill in the art, e.g. exemplified by the
references: McPherson et al, editors, PCR: A Practical Approach and PCR2: A Practical Approach
(IRL Press, Oxford, 1991 and 1995, respectively). For example, in a conventional PCR using Taq
DNA polymerase, a double stranded target nucleic acid may be denatured at a temperature >90°C,
primers annealed at a temperature in the range 50-75°C, and primers extended at a temperature in the
range 72-78°C. The term “PCR” encompasses derivative forms of the reaction, including but not
limited to, RT-PCR, real-time PCR, nested PCR, quantitative PCR, multiplexed PCR, and the like.

Reaction volumes range from a few hundred nanoliters, e.g. 200 nL, to a few hundred uL, e.g. 200
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HL. “Reverse transcription PCR,” or “RT-PCR,” means a PCR that is preceded by a reverse
transcription reaction that converts a target RNA to a complementary single stranded DNA, which is
then amplified, e.g. Tecott et al, U.S. patent 5,168,038, which patent is incorporated herein by
reference. “Real-time PCR” means a PCR for which the amount of reaction product, i.e. amplicon, is
monitored as the reaction proceeds. There are many forms of real-time PCR that differ mainly in the
detection chemistries used for monitoring the reaction product, e.g. Gelfand et al, U.S. patent
5,210,015 (“taqman’); Wittwer et al, U.S. patents 6,174,670 and 6,569,627 (intercalating dyes); Tyagi
et al, U.S. patent 5,925,517 (molecular beacons); which patents are incorporated herein by reference.
Detection chemistries for real-time PCR are reviewed in Mackay et al, Nucleic Acids Research, 30:
1292-1305 (2002), which is also incorporated herein by reference. “Nested PCR” means a two-stage
PCR wherein the amplicon of a first PCR becomes the sample for a second PCR using a new set of
primers, at least one of which binds to an interior location of the first amplicon. As used herein,
“initial primers™ in reference to a nested amplification reaction mean the primers used to generate a
first amplicon, and “secondary primers” mean the one or more primers used to generate a second, or
nested, amplicon. “Multiplexed PCR” means a PCR wherein multiple target sequences (or a single
farget sequence and one or more reference sequences) are simultaneously carried out in the same
reaction mixture, e.g. Bernard et al, Anal. Biochem., 273: 221-228 (1999)(two-color real-time PCR).
Usually, distinct sets of primers are employed for each sequence being amplified.
“Quantitative PCR” means a PCR designed to measure the abundance of one or more specific target
sequences in a sample or specimen. Quantitative PCR includes both absolute quantitation and relative
quantitation of such target sequences. Quantitative measurements arc made using one or more
reference sequences that may be assayed separately or together with a target sequence. The reference
sequence may be endogenous or exogenous to a sample or specimen, and in the latter case, may
comprise one or more competitor templates. Typical endogenous reference sequences include
segments of transcripts of the following genes: B-actin, GAPDH, B,-microglobulin, ribosomal RNA,
and the like. Techniques for quantitative PCR are well-known to those of ordinary skill in the art, as
exemplified in the following references that are incorporated by reference: Freeman et al,
Biotechniques, 26: 112-126 (1999); Becker-Andre et al, Nucleic Acids Research, 17: 9437-9447
(1989); Zimmerman et al, Biotechniques, 21: 268-279 (1996); Diviacco et al, Gene, 122: 3013-3020
(1992); Becker-Andre et al, Nucleic Acids Research, 17: 9437-9446 (1989); and the like.
“Polynucleotide” or “oligonucleotide” are used interchangeably and each mean a linear
polymer of nucleotide monomers. Monomers making up polynucleotides and oligonucleotides are
capable of specifically binding to a natural polynucleotide by way of a regular pattern of monomer-
to-monomer interactions, such as Watson-Crick type of base pairing, base stacking, Hoogsteen or
reverse Hoogsteen types of base pairing, or the like. Such monomers and their internucleosidic
linkages may be naturally occurring or may be analogs thereof, e.g. naturally occurring or non-
naturally occurring analogs. Non-naturally occurring analogs may include PNAs, phosphorothioate

internucleosidic linkages, bases containing linking groups permitting the attachment of labels, such
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as fluorophores, or haptens, and the like. Whenever the use of an oligonucleotide or polynucleotide
requires enzymatic processing, such as extension by a polymerase, ligation by a ligase, or the like,
one of ordinary skill would understand that oligonucleotides or polynucleotides in those instances
would not contain certain analogs of internucleosidic linkages, sugar moities, or bases at any or
some positions. Polynucleotides typically range in size from a few monomeric units, e.g. 5-40,
when they are usually referred to as “oligonucleotides,” to several thousand monomeric units.
Whenever a polynucleotide or oligonucleotide is represented by a sequence of letters (upper or
lower case), such as "ATGCCTG," it will be understood that the nucleotides are in 5'—3' order from
left to right and that "A" denotes deoxyadenosine, "C" denotes deoxycytidine, "G" denotes
deoxyguanosine, and "T" denotes thymidine, “I”” denotes deoxyinosine, “U” denotes uridine, unless
otherwise indicated or obvious from context. Unless otherwise noted the terminology and atom
numbering conventions will follow those disclosed in Strachan and Read, Human Molecular
Genetics 2 (Wiley-Liss, New York, 1999). Usually polynucleotides comprise the four natural
nucleosides (e.g. deoxyadenosine, deoxycytidine, deoxyguanosine, deoxythymidine for DNA or
their ribose counterparts for RNA) linked by phosphodiester linkages; however, they may also
comprise non-natural nucleotide analogs, e.g. including modified bases, sugars, or internucleosidic
linkages. It is clear to those skilled in the art that where an enzyme has specific oligonucleotide or
polynucleotide substrate requirements for activity, e.g. single stranded DNA, RNA/DNA duplex, or
the like, then selection of appropriate composition for the oligonucleotide or polynucleotide
substrates is well within the knowledge of one of ordinary skill, especially with guidance from
treatises, such as Sambrook et al, Molecular Cloning, Second Edition (Cold Spring Harbor
Laboratory, New York, 1989), and like references.

“Primer” means an oligonucleotide, either natural or synthetic that is capable, upon forming
a duplex with a polynucleotide template, of acting as a point of initiation of nucleic acid synthesis
and being extended from its 3* end along the template so that an extended duplex is formed.
Extension of a primer is usually carried out with a nucleic acid polymerase, such as a DNA or RNA
polymerase. The sequence of nucleotides added in the extension process is determined by the
sequence of the template polynucleotide. Usually primers are extended by a DNA polymerase.
Primers usually have a length in the range of from 14 to 40 nucleotides, or in the range of from 18
to 36 nucleotides. Primers are employed in a variety of nucleic amplification reactions, for
example, linear amplification reactions using a single primer, or polymerase chain reactions,
employing two or more primers. Guidance for selecting the lengths and sequences of primers for
particular applications is well known to those of ordinary skill in the art, as evidenced by the
following references that are incorporated by reference: Dieffenbach, editor, PCR Primer: A
Laboratory Manual, 2™ Edition (Cold Spring Harbor Press, New York, 2003).

“Readout” means a parameter, or parameters, which are measured and/or detected that can be
converted to a number or value. In some contexts, readout may refer to an actual numerical

representation of such collected or recorded data. For example, a readout of fluorescent intensity
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signals from a microarray is the address and fluorescence intensity of a signal being generated at each
hybridization site of the microarray; thus, such a readout may be registered or stored in various ways,
for example, as an image of the microarray, as a table of numbers, or the like. A readout is “digital”
when the number or value is obtained by a counting process, e.g. determining a value by counting on
a microarray the number of hybridization from which signals are being generated (as distinguished
from those sites not generating signals).

“Sample” means a quantity of material from a biological, environmental, medical, or patient
source in which detection or measurement of target nucleic acids is sought. On the one hand it is
meant to include a specimen or culture (e.g., microbiological cultures).A On the other hand, it is
meant to include both biological and environmental samples. A sample may include a specimen of
synthetic origin. Biological samples may be animal, including human, fluid, solid (e.g., stool) or
tissue, as well as liquid and solid food and feed products and ingredients such as dairy items,
vegetables, meat and meat by-products, and waste. Biological samples may include materials taken
from a patient including, but not limited to cultures, blood, saliva, cerebral spinal fluid, pleural ﬂui;i,
milk, lymph, sputum, semen, needle aspirates, and the like. Biological samples may be obtained
from all of the various families of domestic animals, as well as feral or wild animals, including, but
not limited to, such animals as ungulates, bear, fish, rodents, etc. Environmental samples include
environmental material such as surface matter, soil, water and industrial samples, as well as samples
obtained from food and dairy processing instruments, apparatus, equipment, utensils, disposable and
non-disposable items. These examples are not to be construed as limiting the sample types
applicable to the present invention.

“Solid support”, “support™, and “solid phase support” are used interchangeably and refer to a
material or group of materials having a rigid or semi-rigid surface or surfaces. In many embodiments,
at least one surface of the solid support will be substantially flat, although in some embodiments it
may be desirable to physically separate synthesis regions for different compounds with, for example,
wells, raised regions, pins, etched trenches, or the like. According to other embodiments, the solid
support(s) will take the form of beads, resins, gels, microspheres, or other geometric configurations.
Microarrays usually comprise at least one planar solid phase support, such as a glass microscope slide.

“Specific” or “specificity” in reference to the binding of one molecule to another molecule,
such as a labeled target sequence for a probe, means the recognition, contact, and formation of a stable
complex between the two molecules, together with substantially less recognition, contact, or complex
formation of that molecule with other molecules. In one aspect, “specific” in reference to the binding
of a first molecule to a second molecule means that to the extent the first molecule recognizes and
forms a complex with another molecules in a reaction or sample, it forms the largest number of the
complexes with the second molecule. Preferably, this largest number is at least fifty percent.
Generally, molecules involved in a specific binding event have areas on their surfaces or in cavities
giving rise to specific recognition between the molecules binding to each other. Examples of specific

binding include antibody-antigen interactions, enzyme-substrate interactions, formation of duplexes or
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triplexes among polynucleotides and/or oligonucleotides, receptor-ligand interactions, and the like.

As used herein, “contact” in reference to specificity or specific binding means two molecules are close
enough that weak noncovalent chemical interactions, such as Van der Waal forces, hydrogen bonding, -
base-stacking interactions, ionic and hydrophobic interactions, and the like, dominate the interaction

of the molecules.

As used herein, the term “T,,” is used in reference to the “melting temperature.” The melting
temperature is the temperature at which a population of double-stranded nucleic acid molecules
becomes half dissociated into single strands. Several equations for calculating the Tm of nucleic acids
are well known in the art. As indicated by standard references, a simple estimate of the Tm value may
be calculated by the equation. Tm = 81.5 + 0.41 (% G + C), when a nucleic acid is in aqueous solution
at 1 M NaCl (see e.g., Anderson and Young, Quantitative Filter Hybridization, in Nucleic Acid
Hybridization (1985). Other references (e.g., Allawi, H.T. & SantaLucia, J., Jr., Biochemistry 36,
10581-94 (1997)) include alternative methods of computation which take structural and
environmental, as well as sequence characteristics into account for the calculation of Tm.

“Vector" or "cloning vector" refers to an extrachromosomal genetic element which can be
used to replicate a DNA fragment in a host organism. A wide variety of cloning vectors are
commercially available for use with the invention, e.g. New England Biolabs (Beverely, Mass.);
Stratagene Cloning Systems (La Jolla, Calif.); Clontech Laboratories (Palo Alto, Calif.); and the like.

Usually, cloning vectors used with the invention are bacterial plasmids.

DETAILED DESCRIPTION OF THE INVENTION

The invention provides a method for amplifying, or replicating, one or more polynucleotides
in a reaction. In one aspect, the method converts a strand of a DNA duplex into an RNA amplicon in
a multi-stage reaction that exponentially increases the number of replicate molecules with time. In
accordance with the invention, replication in each stage of the reaction is accomplished by providing a
promoter site in an operational configuration with the polynucleotide to be amplified, or a replicate of
it. Thus, at each stage, each replicate is linearly amplified for a combined amplification rate across all
the reaction stages that is greater than linear. In another aspect, the methods of the invention are
carried out under isothermal reaction conditions. In still another aspect, methods of the invention can
be implemented on a solid phase support to create amplicons containing a single kind of molecule,
which amplicons are restricted to discrete locations on a surface of such solid phase support, e.g., as
illustrated below, by hybridizing to complementary oligonucleotides attached to the surface at such
discrete locations. Below, exemplary embodiments are described that implement the principles of the
invention. In a first embodiment, a two-stage reaction is described in which two different promoters,
cach recognized by a different RNA polymerase, are used in a different stage of an overall reaction.
In a second embodiment, a two-stage reaction is described in which a single promoter is used in two

different reaction stages for amplification. An important feature is the use of a first stand cDNA that
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can form a hairpin structure at its 3° end to provide a self-priming template for second strand
synthesis.

In one embodiment, such amplification is carried out in an isothermal reaction using
components as illustrated in Figs. 2A and 2B. Double stranded DNA (200) is provided having the
following elements: up-stream promoter (202), first stem region (204), loop region (206), second
stem region (208), promoter (210), polynucleotide (212), and primer binding site (214). Double
stranded DNA (200) is treated (218) under synthesis conditions with RNA polymerase (216) that
recognized up-stream promoter (202) so that RNA copies (220) are produced of the sequence
downstream of up-stream promoter. Synthesis conditions depend on the particular RNA polymerase
used, but usually are the manufacturer’s recommended conditions, which minimally include the four
ribonucleoside triphosphates and appropriate buffers. Exemplary RNA polymerases include T7 RNA
polymerase, T3 RNA polymerase, SP6 RNA polymerase, and the like. RNA copies (220) are
annealed by way of primer binding site (214) to primer (224) attached by its 5° end to solid phase
support (226). Primer (224) and primer binding site (214) have sufficient complementarity to form a
stable duplex that may be extend with a reverse transcriptase (RT), such as avian myeloblastosis virus
RT, Moloney murine leukemia virus, or the like. Primer (224) may be attached to solid phase support
(226) via a biotin, or equivalent capture moiety, attached to its 5’ nucleotide. Alternatively, primer
(226) may be directly synthesized on the surface of solid phase support (226) using 5°-
phosphoramidite chemistry (e.g. Glen Research), or the like. After a stable duplex forms between
primer (224) and primer binding site (214), primer (224) is treated (228) under synthesis conditions
with reverse transcriptase (230) to form DNA strand (233) from RNA template (235). After such
reaction is completed, RNA template (235) may be removed (236) chemically or enzymatically by
conventional means, e.g. heating in sodium hydroxide solution or by RNase H treatment, after which
first stem region (204) may anneal to second stem region (208) to form an extendable duplex. Such
extendable duplex is treated under synthesizing conditions with DNA polymerase (242) to form (244)
double stranded DNA (245), after which double stranded DNA (245) is treated under synthesis
conditions with RNA polymerase that recognizes promoter (210). Such reaction (248) produces RNA
transcripts (250). Optionally, RNA transcripts (250) may be converted into DNA annealing a primer
to primer binding site (214) and extending the primer with a reverse transcriptase along RNA
transcripts (250).

In another embodiment, the method of the invention is implemented using a single promoter
sequence by reversing its orientation relative to that of the previous embodiment and ligating a hairpin
adaptor containing it to the polynucleotide to be amplified. Part of the invention is the discovery that
RINA polymerases recognizing a promoter oriented to promote synthesis in the direction of a hairpin
loop are able to synthesize an RNA transcript across the loop and along the complementary strand of
the promoter sequence itself. As illustrated in Fig. 2C, hairpin adaptor (252) comprising loop (255),
promoter sequence (253), and, preferably overhang (254) (to facilitate ligation) is ligated to a
complementary overhang on an end of polynucleotide (256). Polynucleotide (256) preferably
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includes a primer binding site at its end opposite to that of the hairpin adaptor (252), e.g. similar to
(214) of Fig. 2A. In embodiments where multiple polynucleotides are amplified, preferably the
polynucleotides all have a common primer binding site. After ligation, augmented sequence (257) is
formed, which is treated (258) with RNA polymerase (259) that recognizes promoter sequence (253).
Upon binding to promoter sequence (253), RNA polymerase (259) initiates synthesis of an RNA
transcript along a template that includes loop (255). Such RNA transcripts accumulate at a linear rate
with time to form an initial RNA amplicon (260). To the sequences in this amplicon are added first
primers (263), which in the presence of reverse transcriptase (262) and the four nucleoside
triphosphates are extended so that each forms a first cDNA strand as part of RNA-DNA heteroduplex
(264). In one version of this embodiment, strand displacing primers (266) are added in order to
primer synthesis of a second DNA strand by DNA polymerase (265). Such strand displacing primers
may be made from, or contain, peptide nucleic acids, or like nucleotide analogs that are capable of
forming duplexes with enhanced stability. Alternatively, the RNA strand can be digested with RNase
H. After double stranded DNA (280) is formed, a second stage of RNA replication is initiated by
RNA polymerase (259) at the reconstituted promoter sequence (253), which results in the generation
of a secondary RNA amplicon (268). Another version of this embodiment is shown in F ig. 2D. The
two versions proceed similarly up to the formation of heteroduplex (264). In the second version, ends
(275) and (277) of heteroduplex (264) are unwound by helicase (270) so that stem region (278) is
regenerated, thereby providing an extendable duplex. Useful helicases are described in Vincent et al,
EMBO Reports, 5:795-800 (2004), and in U.S. patent publication 2004/0058378, which are
incorporated by reference. Preferably, a senlp helicase is employed in the invention, such as
disclosed in Kim et al, Biochemistry, 38: 14697-14710 (1999), and Ursic et al, Nucleic Acids
Research, 32: 2441-2452 (2004), both of which are incorporated by reference. The extendable duplex
is extended by DNA polymerase (265) to form double stranded DNA (282) containing promoter
sequence (253), which is identical to augmented sequence (257). Thus, when RNA polymerase (259)
binds to promoter sequence (253) synthesis again proceeds towards loop (284) to generate secondary
RINA amplicon (268).

Example 1
Solid Phase Capture and Amplification

In this example, T7 RNA polymerase copies a template DNA to form RNA transcripts, which
are captured by a unique primer and then utilized as templates to synthesize the first stranded
complementary DNAs. This first strand DNA flips back at the 3*terminus to provide entry point for
self-polymerization, because the 3’terminus has complementary sequence to form loop and stem
structure. A T3 RNA polymerase promoter in the sequence is then reconstituted after self-
polymerization. After the first in vitro transcription-reverse transcriptase (IVT-RT) mediated
amplification reaction, the looped double stranded DNA serves as template in the second IVT-RT

reaction to transcribe more RNA. In this embodiment, RNA is removed from the heteroduplex prior
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to the self-priming reaction by denaturation (i.e. in alkaline conditions or rising the temperature).
Once the 3” end of cDNA is exposed as single stranded, looped double stranded DNA is synthesized
on the solid surface as well as in the liquid phase by the DNA dependent DNA polymerase activity of
reverse transcribtase. This looped double stranded DNA on the solid surface serves as template for
IVT by T3 RNA polymerase. The transcript from T3 promoter is captured by the same capture
primer. The amplification fold on the solid surface is the function of the amount of input double
stranded DNA, the amount of immobilized primer to capture transcript, and the free capture primer in
the second IVT-RT reaction. The amplification fold, which depends on the amount of input DNA,
was estimated to be from 10 to 20000 when the second IVT-RT reaction was carried out at 37°C for 1
to 3 hours incubation under conditions where no non-specific amplification is observed.

Structure of template for amplification. The consensus sequences of promoters T7 (Dunn
and Studier (1983) J. Mol. Biol., 166: 477-535) and T3 (Beck et al (1989) J. Mol. Biol., 210: 687-701)
are employed in the template to be amplified (fig.1A). GC pairs were placed at —18 and —19 position
of T7 promoter sequence to minimize separation or “breathing” of the T7 promoter sequence at the
end. The T7 leader sequence was changed from GGGAGA to GGGATT to introduce a loop and stem
structure at the 3” end of first strand cDNA. Two restriction enzymes Ncol and Nhel sites were
located just after the T3 promoter leader sequence to permit library construction and amplification of
the sequences. A tag sequence can be located after the Nhel site to identify each insert fragment.
Because of the difficulty in synthesizing long oligonucleotides, the length of tag sequence was
reduced from five words to one word. This shorter version of template DNA was used. An 11-mer
sequence was placed at the very end of the right hand side of the template for primer annealing site to
permit cDNA synthesis using a reverse transcriptase. This same sequence was used for immobilize

cDNA on the solid surface.

The first stranded DNA synthesis and IVT conditions. The first stranded DNA synthesis and
in vitro transcription reactions were combined in one reaction. Reverse transcriptase requires
potassium ion, which inhibits RNA polymerase activity when it is used in excess. On the other hand,
RNA polymerase requires spermidine, which inhibits reverse transcriptase activity when it is used in
excess. 2 mM spermidine and 50 mM KCI were used to facilitate both activities in one reaction. The
IVT-RT reaction was performed in 20 pl reaction volume containing 50 mM KCl, 40 mM Tris-HCl
(pH 8), 16 mM MgCI2, 10 mM DTT, 2 mM spermidine and 0.1 mg/ml BSA supplied with 1 mM
dNTPs, 2 mM rNTPs, 0.1 pmol of template double stranded DNA and 1 uM 5’ labeled fluorescent
primer with Bodipy630/650 which anneals to the 3° terminus of transcript, along with RNase
inhibitor, 0.5 U/ul T7 RNA polymerase and 5 U/pl Superscript IT reverse transcriptase. The same
fluorescent primer was used in all of experiments of this example. The IVT-RT reaction mixture was
incubated at 37°C for four hours. After incubation, aliquot was taken and mixed with blue dextran

denaturing dye, denatured at 100°C for 5 minutes and analyzed on 8 % PAGE denaturing urea gel,
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which was run at 40 W constant for 35 min. Storm860 was used to visualize gel image and analyzed it

with ImageQuant NT software.

Liquid phase amplification. The RNA-DNA heteroduplex obtained above was denatured by
rising the temperature to 100 degree for 5 min to expose the single stranded 3’ end of the cDNA
strand for self polymerization. This enabled synthesis of the template for the IVT reaction and reverse
transcription reaction simultaneously. The second IVT-RT reaction was performed under the same
conditions except that instead of T7 RNA polymerase, T3 RNA polymerase was used. The second
IVT-RT reaction contains 50 mM KCl, 40 mM Tris-HCI (pH 8), 16 mM MgCI2, 10 mM DTT, 2 mM
spermidine and 0.1 mg/ml BSA supplied with 1 mM dNTPs, 2 mM rNTPs, an aliquot of looped single
stranded DNA and 1 pM 5’ labeled fluorescent primer which anneals to the 3° terminus of transcript
along with RNase inhibitor, 0.5 U/ul T3 RNA polymerase and 5 U/ul Superscript II reverse
transcriptase in a 20 pL reaction volume. This TVT-RT reaction mixture was incubated at 37°C for

one hour.

Solid phase amplification. A Streptavidin coated polystyrene plate (Reacti-Bind Streptavidin High
Binding Capacity Coated Plates, PIERCE) was used as a solid support to immobilize biotinylated
primer to capture transcripts from T7 promoter in the first IVT-RT reaction. 200 pmol of primer
in100 pl 1 x BW buffer (5 mM Tris-HCI (pH 7.5), 1 mM EDTA, 1.0 M NaCl) was used for coating
the plate well with biotinylated primer at room temperature for one hour incubation. After binding
primer on the wells, wells were washed two times with 1x BW buffer, once with water, once with T7’
buffer (40 mM Tris-HCI (pH 8), 6 mM MgCI2) prior to the first IVT-RT reaction. The IVT-RT
reaction was performed in 40 UL reaction volume containing 50 mM KCl, 40 mM Tris-HCI (pH 8),
16 mM MgCl2, 10 mM DTT, 2 mM spermidine, 1 mg/ml heparin and 0.1 mg/ml BSA supplied with 1
mM dNTPs, 2 mM rNTPs, various amount of template double stranded DNA along with RNase
inhibitor, 0.5 U/l T7 RNA polymerase and 5 U/ul Superscript II reverse transcriptase. This IVT-RT
reaction mixture was incubated at 37°C for four hours. After four hours incubation, wells were
washed with 1 x T7” buffer two times, once with water, then RNA striping solution (0.5 M NaOH,
1.5 M NaCl) was added to the wells and incubated at room temperature for 10 to 15 min. Wells were
washed with once with water, neutralized with 1 M Tris-HCI (pH 7.0) two times, washed with water
once, washed with 10 mM Tris-HCI (pH 8.0) once and then 1 x T7’ buffer two times prior to the
second IVT-RT reactions. The second IVT-RT reaction was performed in 40 ul reaction volume
containing 50 mM KCl, 40 mM Tris-HCI (pH 8), 16 mM MgCI2, 10 mM DTT, 2 mM spermidine and
0.1 mg/ml BSA supplied with 1 mM dNTPs, 2 mM rNTPs and 1 pM 5’ labeled fluorescent primer
along with RNase inhibitor, 0.5 U/uL T3 RNA polymerase and 5 U/ul Superscript II reverse
transcriptase. The reactions were incubated at 37°C and 1 uL aliquots were drown from the reactions
at appropriate time and mixed with 3 pLof blue dextran denaturing dye, denature at 100 deg for 5 min

prior to apply samples on 8 % Polyacrylamide gel (fig.4).
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Estimation of amplification fold on the solid surface. The amount of final amplified DNA in
the polystyrene well was estimated by the consumption of the fluorescent labeled oligonucleotide.
The total capture oligonucleotide used in the reaction is 40 pmol in 40 pl second IVT-RT reaction
volume. The final amount of amplified DNA is totally dependent on the amount of this capture oligo.
Various amounts of input DNA ( 0.001 pmol to 1 pmol) were used in the first IVT-RT reaction. The
incubation time for the first IVT-RT reaction was fixed at four hours. After removing RNA from first
stranded DNA attached to the polystyrene surface, second IVT-RT cocktails were added to each well
and 1 pL reactions were carried out. Samples were denatured with blue dextran denaturing dye and
analyzed on 8 % PAGE denaturing gel. The signal intensity was quantified by ImageQuantNT. As 1
pl sample at T = 0 shows the initial amount of capture oligo, which is 1 pmol, the amounts of
amplified cDNA (Dout) is estimated by Dout = I[cDNA / (IcDNA + Icap) x 1 pmol, where IcDNA is
the signal intensity of amplified cDNA and Icap is the signal intensity of unincorporated capture
oligonucleotide. The amplification fold is defined by Dout / Din. Dout and Din are the total amount
of estimated output DNA and input DNA, respectively.

Displacement of the looped RNA structure at its 5’terminus by reverse transcriptase. Full
length cDNA synthesis was carried out, as the amplification scheme requires formation of a hairpin at
the 3” end of the first stranded cDNA for providing self priming to regenerate a double stranded DNA.
Fig.3 (lane 4 and lane 5) shows the position of the reverse transcribed first stranded ¢cDNA from IVT-
RT reaction compared with the size of the chemically synthesized full-length cDNA (fig3 lanel). The
size of this chemically synthesized oligonucleotide is 72 nucleotides and that of the first stranded
cDNA is expected to be 72 nucleotides (fig.1). The band size on lane 4 and 5 indicate that the full-
length cDNA is synthesized. Although the 5° terminus of transcript has looped structure, this structure
is unfolded and stretched to serve as a template to make full-length cDNA.

Removing RNA from heteroduplex to give looped DNA with 3° end for the entry point of
DNA polymerase and reconstitution of an active T3 promoter. Although the looped structure of
transcript at its 5* terminus is stretched, or linearized, by reverse transcriptase (fig.3 lane 4 and' lane
5), the heteroduplex is sufficiently stable to prevent the formation of looped DNA at its 3* end. The
size of the first stranded cDNA is not elongated more than the size of its full-length cDNA in the IVT-
RT reaction. rGTP was substituted with rITP to reduce the hydrogen bonding in the heteroduplex;
however, no looped double stranded DNA was observed. Since the synthesized single stranded DNA,
which contains looped structure at its 3° terminus, is able to utilize the looped 3’ terminus as an entry
point for polymerization by self priming (fig.3 lane 2), single stranded ¢cDNA striped off from the
RNA-DNA heteroduplex can be self primed. Therefore, RNA was removed from heteroduplex by
RNaseH treatment followed by heat denaturation in the liquid phase amplification or alkaline
denaturation in the solid phase amplification. After such treatment, the single stranded synthesized
DNA was capable to provide 3” priming point by self-annealing at its 3’ terminus (fig.3 lane 6). Once

the RNA was removed from the heteroduplex, single stranded DNA self primed and was copied by
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Klenow(exo-) DNA polymerase and/or SSII. This looped double stranded DNA reconstitute an active
T3 promoter from which a transcript of the expected size was produced (fig.3 lane 8 to lane 10).
Although the reaction run on lane 7 did not contain T7RNA polymerase and SSII in the first IVT-RT
reaction (fig.3 lane 3), a weak signal was observed on lane 7. This weak signal was derived from the
initial input double stranded DNA carried over to the second IVT-RT reaction. Thus, the labeled DNA
on lane 8 to lane 10 migrated at the same position at which the weak band is observed on lane 7. This
indicates that the size of transcripts were the same, as they were transcribed from the same T3

promoter.

Degree of amplification on the solid surface. The prolonged incubation time in the second
IVT-RT reaction leads fo the consumption of the free capture primers in the capture primer uncoated
well (fig.4A and 4B). When there is no capture primer in the well, looped double stranded DNA
cannot be synthesized (fig.1 B). Background cDNA synthesis in the second IVT-RT reaction is due to
the non-specific binding of the initial input DNA to the well in the first IVT-RT reaction. There are
two possible scenarios can be considered for this non-specific amplification. The first one is non-
specific bond DNA on the well is carried over to the second IVT-RT reaction and the second one is
that transcript is carried over and served as the template for cDNA synthesis in the second IVT-RT
reaction. However, the second case is very unlikely because of the following reasons. If the T7
transcripts is carried over after denaturation process to the second IVT-RT reaction and this transcript
is utilized to synthesize ¢cDNA, T3 promoter is still inactive because heteroduplex is too stable to give
3’ self priming site. Thus it is very unlikely that the T7 transcript carried over is a template in the
second IVT-RT reaction that caused non-specific amplification. This was confirmed by employing an
initial template with an inactive T3 promoter sequence by substituting dATP with diaminopurine,
which suppresses the back ground cDNA synthesis. If the back ground amplification is suppressed,
more capture primer and precursors will be consumed only by the transcript derived from double
stranded looped DNA, which will make the amplification fold be increased. The amplification fold
was estimated for each input DNA at the maximal incubation time which does not cause any back
ground amplification. The less the input DNA is used, the higher the amplification fold was observed
(table 1). The amount of final amplified cDNA was restricted to the total amount of free capture
primer in the second IVT-RT reaction, which is 40 pmol in the experiments. As no more than 40 pmol
of cDNA synthesis can be expected, the maximal amplification is 40 when 1 pmol of input DNA was
used. What is more, the higher amount of input DNA increased the back ground amplification before
the IVT reaction achieved saturation state. Thus, the less input DNA gives higher amplification fold.
Although, the minimal amount of input DNA used was 25 amol / pl, it can be decreed further, in

which case a higher amplification fold more than 20,000 can be expected.

The effect of Klenow (exo-) DNA polymerase in the amplification reaction. F igure 5 shows
the effect of using Klenow (exo-) DNA polymerase in the liquid phase amplification reaction. The

first IVT-RT reaction was performed at 37°C for 4 hours followed by second IVT-RT reaction for one
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hour. In the absence of T7RNA polymerase and RT in the first IVT-RT reaction, | pmol template
was required to see a weak signal in the second IVT-RT reaction in the absence of Klenow (exo0-)
DNA polymerase (fig. 5 lane 6). In the presence of T7RNA polymerase and RT in the first IVT-RT
reaction, minimal amount of the template to be detected after amplification is 0.01 pmol (fig.5 lane
14). The addition of Klenow (exo-) DNA polymerase to the second IVT-RT reaction increased the
amount of amplified product (fig. 5 lane 7 to lane 10 and lane 17 to lane 20). This might be because
the polymerization efficiency of Klenow (exo-) DNA polymerase is higher than that of RT, which
enables the production of more looped double stranded DNA in the second IVT-RT reaction (fig. 5
lane 13 to lane 20). However, this enhancement was also observed under the conditions when no first
stranded DNA was synthesized (lane 7 to 10). The first IVT-RT reaction did not show any significant
effect on the amplification fold in the second IVT-RT reaction in the presence of Klenow (exo-) DNA
polymerase. Even 0.001 pmol of template in the absence of T7TRNA polymerase and RT showed the
amplified product (Fig. 5 lane 7). The size of these products on lane 7 to lane 10 indicates that they
are obtained from RNA transcribed from the T3 promoter on the initial DNA as a template. Thus, the
effect of enhancement of Klenow (exo-) DNA polymerase is mainly on the first stranded cDNA
synthesis from the T3 transcript as a template. The enhancement of final product by Klenow (exo-)
DNA polymerase probably due to the rapid and recurrent entry of the primer to the annealing site on
the T3 transcript by the strand displacement activity of Klenow (exo0-) DNA polymerase rather than
efficient polymerization activity.

Although DNA dependent DNA polymerase activity of reverse transcriptase was used for
preparing template in the second IVT-RT reaction, an increase in the amplification fold might be
accomplished by employing the strand displacement activity of Klenow (exo-) DNA polymerase in
the IVT-RT reaction for the template DNA lacking active T3 promoter.

Double stranded DNA can be amplified isothermically by the combination of IVT and RT
reactions. Transcript from the T7 promoter is primed and served as a template to synthesize full
length cDNA. Although, 5° end of transcript has a stem and loop structure which potentially can
truncate cDNA synthesis, the reverse transcriptase displace the 5 ’looped RNA structure and copied it
to the end of the template strand. Preferably RNA is removed from the heteroduplex to permit
formation of the 3’ looped DNA structure, otherwise the heteroduplex is too stable to permit the

formation of a 3” stem and loop structure for self priming. Once RNA is removed, the remaining

* sequence self primed efficiently and RT elongate the priming site to the end to reconstitute the T3

promoter. This looped double stranded DNA served as a template for the second IVT reaction. The
input double stranded DNA is amplified as anti-sense single stranded DNA.

Figure 1 Structure of the template sequence to be amplified. (A. Input DNA) T7 and T3
promoter sequences are shown in bold. Stem and loop structure are between these two promoter
sequences. Stem region is underlined and loop region is represented in small letters. After T3
promoter leader sequence, Nocl and Nhel sites are located, which are indicated in italicized small

letters. The sequence for annealing capture primer is shown in bold lowercase on the right. (B. pT7
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Transcript) The transcript from T7 promoter is shown. 5’end stem and loop structures are underlined
and in small letters, respectively. The size of full-length cDNA ( C) is 72 mer, and that of looped
double stranded DNA (D ) is 131-mer.

Figure 2 Amplification steps. Din and Dout represent the input double stranded DNA and the
output single stranded DNA, which is the anti-sense strand of the input DNA. R7 is the transcript
from T7 promoter, which anneals to the immobilized capture primer (Cimm) on the solid surface. 5°
end of Cimm is attached to the solid surface. R7Dc is kheteroduplex form between T7 transcript and
the full-length cDNA. Dc is the single stranded full-length cDNA attached to the solid surface after .
R7 is removed. Dloop is the looped double stranded DNA, which serves as template for IVT by T3
RNA polymerase to transcribe R3. R3 is annealed with free capture primer (Cfree) in the solution and
form R3Cfree. Cfree 3’ end is extended by RT to form heteroduplex R3Dout.

Figure 3 First and second IVT-RT reaction. The transcript in the first [IVT-RT reaction was
annealed to the fluorescent labeled capture primer. Reverse transcription reaction and second IVT
reactions were performed in the liquid phase. First lane shows the position of the chemically
synthesized 72 mer DNA, and the second lane shows the position of the looped double stranded DNA,
whose size is 131-mer, synthesized from the same DNA run on the first lane by Klenow (exo-) DNA
polymerase. Lane 3 to lane 6 shows the first IVT-RT reactions with different enzyme combinations.
The reaction run on lane 3 did not contain any enzymes. The reaction on lane 4 contains T7 RNA
polymerase and SSIJ, the reaction on lane 5 and lane 6 contains T7 RNA polymerase, SSII and
RNaseH. All the reactions were heat denatured. The reaction run on lane 6 was followed by
polymerization with Klenow (exo-) DNA polymerase after heat denaturation. Aliquots were taken
from the reactions run on lane 4 to lane 6 and added to the second IVT-RT reaction, each aliquots
from second IVT-RT reactions were run on from lane 7 to lane 10, respectively.

Figure 4 Time course of amplification reaction. The Streptavidin coated polystyrene plate
were charged with (lanes in even number) or without (lanes in odd number) capture primer. After
first IVT-RT reactions in the well, wells were washed and second IVT-RT reaction mixtures were
added to each well. 1 pl of aliquots of reactions were drown from each well at indicated time (in min)
shown on the bottom of each lane. The total amount of input DNA used in the first IVT-RT reaction
was 0.01 pmol in (A) and 0.1 pmol in (B), respectively.

Figure 5 The effect of Klenow (exo-) DNA Dpolymerase in the amplification reaction. Lane 1 to
10 shows the reaction in the absence of T7 RNA polymerase and RT in the first IVT-RT reaction.
The reactions on lane 1 and lane 2 did not contain T3 RNA polymerase nor RT. Lane 3 to lane 10
shows the reaction in the presence of T3 RNA polymerase and RT in the second IVT-RT reaction.
Klenow (exo-) DNA polymerase was added to the reactions shown on lane 7 to lane 10 along with T3
RNA polymerase and RT. Lane 11 to lane 20 shows the reaction in the presence of T7 RNA
polymerase and RT in the first IVT-RT reaction. The reaction on lane 11 and lane 12 did not contain
T3 RNA polymerase nor RT. Lane 13 to lane 20 shows the reaction in the presence of T3 RNA
polymerase and RT in the second IVT-RT reaction. Klenow (exo-) DNA polymerase was added to
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the reactions shown on lane 17 to lane 20 along with T3 RNA polymerase and RT. The band
observed on lane 12 is the full-length first stranded DNA. The total amount of template used in the 20
ul reaction is asfollows: lane 1 and 11, 1 fmol, lane 2 and12, 1 pmol, lane 3, 7,13 and 17, 0.001
pmol, lane 4, 8, 14 and 18, 0.01 pmol, lane 5, 9, 15 and 19, 0.1 pmol, lane 6, 10, 16 and 20, 1 pmol,
respectively.,

Table 1 Amplification fold on the solid surface. The amplification fold was estimated at the
maximum incubation time Tmax when back ground amplification (odd lanes on fig. 4 A and B) was
not observed. The total amount of input template DNA (Din) and the estimated total amount of
output DNA (DNAout) are shown on the table.

Example 2
Amplification with a Single RNA Polymerase

In this example, a hairpin adaptor containing a single promoter site was ligated to an end of
the polynucleotide to be amplified (thereby forming an augmented sequence). The promoter was
oriented in the hairpin adaptor so that transcription takes place in the direction of the loop, thereby
creating transcripts containing a copy of the loop, a single strand of the promoter, and the

polynucleotide. The sequence of the hairpin adaptor (R6) is as follows (SEQ ID NO: 5):

5" =pATCCCTTGCT [pT7 ] GGGAGACCCTATCTTAGGGTCTCCC [PT7’ ] AGCAAGG

where p is a phosphate group, [pT7] is the T7 promoter sequence, and [pT7°] is the complement of the
T7 promoter sequence, the double underlined nucleotides are the loop region, and the first G of the
single underlined nucleotides is the first copied nucleotide of a T7-generated transcript. After
ligation, the augmented sequence was transcribed with T7 RNA polymerase under conventional
reaction conditions to generate RNA transcripts. The reaction components were analyzed by gel
electrophoresis, the image of which is shown in F ig. 6. Lane 1 contains the polynucleotide to be
amplified before ligation with the hairpin adaptor. Lane 2 contains the product of the ligation reaction
where the hairpin adaptor was ligated to the polynucleotide to form the augmented sequence. Lane 3
shows the same product after DNase I treatment. Lane 4 contains the IVT reaction product formed by
treating the product of lane 2 with T7 RNA polymerase. Lane 5 contains the same product of lane 4

after DNase I treatment. Lane 4 show that full length transcription through the loop was achieved.

The above teachings are intended to illustrate the invention and do not by their details limit
the scope of the claims of the invention. While preferred illustrative embodiments of the present
invention are described, it will be apparent to one skilled in the art that various changes and
modifications may be made therein without departing from the invention, and it is intended in the
appended claims to cover all such changes and modifications that fall within the true spirit and scope

of the invention.
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We claim:

1. A method of amplifying a polynucleotide comprising the steps of:

providing a single stranded DNA containing a promoter sequence and a polynucleotide, the
single stranded DNA having a 5” end, a 3° end, and complementary sequences at the 3’ end capable of
forming a hairpin having a loop and a duplex, the promoter sequence being disposed between the
polynucleotide and the 3” end and the single stranded DNA being attached to a solid phase support by its
5° end;

extending the duplex to form a double stranded DNA that includes the polynucleotide and
complement thereof and the promoter sequence and complement thereof, thereby forming an operational
promoter; and

generating RNA copies of the polynucleotide with an RNA polymerase that recognizes the

operational promoter.

2. The method of claim 1 wherein said step of providing further includes providing a double strand
DNA that contains in series an up-stream promoter, a first stem region, said loop region and complement
thereof, a second stem region, said polynucleotide, and a primer binding site, wherein RNA copies of a
strand of the double stranded DNA are generated by treating under synthesis conditions the double
stranded DNA with an RNA polymerase that recognized the up-stream promoter, and wherein the RNA
copies of a strand of the double stranded DNA are captured by specific hybridization of the primer

binding site to a complement thereof attached to a solid phase support.

3. The method of claim 2 wherein said step of providing further includes treating under synthesis
conditions said complement of said primer binding site with a reverse transcriptase to form said single
stranded DNA..

4, The method of claim 3 said step of generating further including a step of converting said RNA
copies into single stranded DNA by annealing a primer to said primer binding site and treating under
synthesis conditions such primer with a reverse transcriptase.

5. The method according to claims 4 further including a step of converting to single stranded DNA

said RNA copies of said polynucleotide by annealing a primer to said primer binding site and treating

under synthesis conditions such primer with a reverse transcriptase.

6. A method of amplifying a strand of a polynucleotide, the method comprising the steps of:
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ligating to an end of the polynucleotide a hairpin adaptor to form an augmented sequence, the
hairpin adaptor having a loop region at one end and a duplex region containing a promoter sequence
oriented so that transcription proceeds toward the loop region;

combining the augmented sequence, an RNA polymerase, a reverse transcriptase, a DNA
polymerase, a first primer specific for the polynucleotide, and a helicase under reaction conditions such
that the RNA polymerase generates transcripts that contain the promoter sequence, the first primers
anneal to the transcripts and are extended by the reverse transcriptase to produce a heteroduplex
containing a first complementary DNA strand, the heteroduplex is unwound at an end such that the loop
region and the duplex region are regenerated in the first complementary DNA strand and the duplex
region is extended by the DNA polymerase to reconstitute an augmented sequence, the RNA polymerase

recognizing the promoter sequence of the reconstituted augmented sequence and synthesizing transcripts

of the polynucleotide.
7. The method of claim 6 wherein said loop region contains from three to six nucleotides.
3. The method of claim 6 wherein said polynucleotide has an end distal to said end that said hairpin

adaptor is ligated and wherein said distal end said polynucleotide has a primer binding site specific for

said first primers.

9. A method of amplifying a polynucleotide in a reaction, the method comprising the steps of:

providing a first double stranded DNA having a hairpin at one end, the polynucleotide at the
other end, and disposed therebetween a promoter sequence oriented so that synthesis by an RNA
polymerase recognizing the promoter sequence proceeds in the direction of the hairpin;

combining the double stranded DNA, an RNA polymerase, a reverse transcriptase, a DNA
polymerase, a first primer specific for the polynucleotide, and a helicase under reaction conditions such
that the RNA polymerase generates primary transcripts that contain the promoter sequence, the first
primers anneal to the primary transcripts and are extended by the reverse transcriptase to produce a
heteroduplex containing a complementary DNA strand, the heteroduplex is unwound at an end such that
the hairpin is regenerated in the complementary DNA strand and is extended by the DNA polymerase to
form an augmented sequence having a reconstituted promoter sequence, the RNA polymerase

recognizing the reconstituted promoter sequence and synthesizing transcripts of the polynucleotide.

10. The method of claim 9 wherein said hairpin has a loop region that contains from three to six

nucleotides.
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11. The method of claim 10 wherein said polynucleotide has an end distal to said end that said
hairpin and wherein said distal end said polynucleotide has a primer binding site specific for said first

primers.

12. The method of claim 11 wherein said step of combining includes treating said heteroduplex by a

helicase to unwind said heteroduplex.

13. A method of replicating a polynucleotide, the method comprising the steps of*

providing a double stranded DNA having a hairpin at one end, the polynucleotide at the other
end, and disposed therebetween a promoter sequence oriented so that synthesis by an RNA polymerase
recognizing the promoter sequence proceeds in the direction of the hairpin;

transcribing the double stranded DNA with an RNA polymerase that recognizes the promoter
sequence to form an RNA transcript comprising copies of the promoter sequence and the polynucieotide;

generating a complementary DNA from the RNA transcript;

displacing a 5° end of the RNA transcript from the complementary DNA so that the hairpin is
reconstituted; and

extending the hairpin to generate the double stranded DNA containing a reconstituted promoter
sequence, the RNA polymerase recognizing the reconstituted promoter sequence and synthesizing RNA

transcripts.

14. The method of claim 13 wherein said step of generating includes forming a heteroduplex of said
complementary DNA and said RNA transcript and wherein said step of displacing includes treating the
heteroduplex with a helicase.

15. The method of claim 13 wherein said loop region contains from three to six nucleotides.

16. The method of claim 13 wherein said polynucleotide has an end distal to said end that said

hairpin adaptor is ligated and wherein said distal end said polynucleotide has a primer binding site

specific for said first primers.
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Input DNA (100)(SEQID NO: 1)
bl - GCTAATACGACTCACTATAGGGATTCTATCCCAATTAACCCTCACTAAAGGGAGACCATGGTCTTGCTAGCCTTGAACCGTCGATTGGCTT
CGATTATGCTGAGTGATATCCCTAAGATAGGGTTAATTGGGAGTGATTTCCCTCTGGTACCAGAACGATCGGAACTTGGCAGCTAACCGAA

T7 promoter StemLoop T3 promoter Neol Nhel  Tag  Cap

T7 Transcript (102)(SEQ ID NO: 2)
5" ~GGGAUUCUAUCCCAAUUARCCCUCACUARRGGGAGACCRUGEUCTUGCTAGCCUUGAACCGUCCAUUGECUY

First Strand cDNA and Self Priming 3' End (104)(SEQ D NO: 3)

TN

3" -CCCTAAGATAGGG T AT TGGEAGTGAT TICC OO 66 TACCACRACGATCOCRACTTCOCAGCTAACCGAR

Reconstitution of Active T3 Promoter (106)(SEQ ID NO: 4)

']AATCCCAATTAACCCTCACTAAAGGGAGACCATGGTCTTGClAGCCTTGAACCGTCGATTGGCTT 3!
RTAGGGTTAATTGEGAGTGATITCCCTCTGGTACCAGRACGATCEGARCTTGRCAGCTARCCGAR-5!

Fig. 1

IDT Exhibit 1020.8447

TTTIEBO/900T OAAN

LL/L

T6€T00/900TSNA/ LA



PCT/US2006/002391

WO 2006/081222

2111

224

220

P ~a

MR

RS

|

ERRS

]
:

M RN

RN

[ RS

R [TTH

200

(228)

DNA (233)

L

RNA (235) %

236)

(

Fig. 2A

IDT Exhibit 1020.8448



WO 2006/081222

204

206

208

PCT/US2006/002391
3/11
206
238
e TN 242
! \‘,
“\ [] ,:
P DNA N Ed
q i
(240)

(244)
210
P 246
- |
-l 245
P e
h E
(248) v

Fig. 2B

IDT Exhibit 1020.8449



WO 2006/081222 PCT/US2006/002391

4/11
252 254 256
j A /
255 253 ! 257
&_-: <
l (258)
¢ // \\\\
: / RNA
259
' /
v
260 ——
p-
[ J
. e
262
l(261) AL 263
R U
e R ——— T T
264\ l DNA
— ——
e S
RNA
265 \ l
< \‘, —
~ - ’,_/__»
266 l 280
263 .. X
=
o59 7 =T
268 \K
L 4
L ]
[ J
Fig. 2C

IDT Exhibit 1020.8450



WO 2006/081222 PCT/US2006/002391

5/11
252 oy 256
O v /
255 253 l - 257
l (258)
259 / “ l /RNA
260 ———
p<
L J
L @) A 283
P pap—g
264 T— . :
T~ ! DNA
275"
T —
277 078 RNA
/ 282
 ——
268 - "
®
L _J
FE—
Fig. 2D

IDT Exhibit 1020.8451



WO 2006/081222 PCT/US2006/002391

6/11

IDT Exhibit 1020.8452



WO 2006/081222 PCT/US2006/002391

7111

Fig. 4A

IDT Exhibit 1020.8453



WO 2006/081222 PCT/US2006/002391

8/11

11 pR
o

IDT Exhibit 1020.8454



WO 2006/081222 PCT/US2006/002391

9/11

Fig. 5

12 3°4 5.6 7 891011 12.13 1415 16 17 18 19.20

IDT Exhibit 1020.8455



PCT/US2006/002391

WO 2006/081222

10/11

1 91qEL
01 01 09 000°1
¢TI 4! 0Tl 001°0
08971 891 0ST 0100
00807 - 807 007 100°0
prog dwy (fowd) moyNQ (uro) xewy, (fowd) myNQ

IDT Exhibit 1020.8456



WO 2006/081222 PCT/US2006/002391

11/11

IDT Exhibit 1020.8457



WO 2006/081222

PCT/US2006/002391

SEQUENCE LISTING
<110> Compass Genetics LLC

Brenner, Sydney

Mikawa, Gi
<120> Isothermal DNA Amplification
<130> 8803.01
<150> US 60/647,064
<151> 2005-01-25
<160> 5
<170> PatentIn version 3.3
<210> 1
<211> 91
<212> DNA
<213> Unknown
<220>
<223> probe
<220>
<221> promoter
<222> (3)..(19
<220>
<221> promoter
<222> (33)..(59)
<400> 1
gctaatacga ctcactatag ggattctate ccaattaacc ctcactaaag ggagaccatg 60
gtcttgetag ccttgaaccyg tcgattgget t o1
<210> 2
<21l> 72
<212> RNA
<213> Unknown
<220>
£223> transcript
<4Q0> 2
gggauucuau cccaauuaac ccucacuaaa gggagaccau ggucuugcua gocuugaace 60
gucgauvuggc uu 72
<210> 3
<211> 72

<212> DNA
<213> Unknown

<220>
<223> first ¢DNA strand

<400> 3

-22-
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aagccaatcy acggttcaag gctagcaaga ccatggtcte cctttagtga gggttaattg 60
ggatagaatc cc 72
<210> 4
<211> €5
<212> DNA
<213> Unknown
<220>
<223> probe
<220>
<221> promoter
<222> (43)..(59)
<400> 4
aagccaatcg acggttcaag gctagcaaga ccatggtetc cctttagtga gggttaattyg 60
ggata 65
<210> 5
<211> 76
<212> DNA
<213> Unknown
<220>
<223> adaptor
<220>
<221> promoter
<222> (11)..(27)
<220>
<221> promoter
<222> (58)..(74)
<400> 5
atcccttget taatacgact cactataggg agaccetate ttagggtcete cctatagtga 60
gtecgtattaa gcaagg 76

.23 .

IDT Exhibit 1020.8459



Page 1 of 1

Espacenet - Bibliographic data

) mm;
o +i z o~
%, 192] o -
23 2 g o
= = &) m
= T o o
e — (@]
7 _Dlln T < 5 & -
w o ‘A
“ = oy Q. [T
£ & Doy o @a 2 o
« £ o i)
£ ; zZ35 © < L
i m‘ o] Do ¥ m D [ N
27 4, ZZ o S i3 o
o A r - SC0wiw P &
; % T 2Z 4888 35 &
7 E XX M 4 P S b
i b = D RBROZEOG st RS
& P W wX SN Q ol &=
(e 7o, - B N~ <
“ 3 > 20 L™ 5] 3
Y3 X O o5 o ol N
i e ®) o O N o0
=z pd o [sp]
o E x Z= Y=o o 85
Y] =5 —_— - N S )
) \u “\\ H U S oS T py oy [ A
s\\ 55 (¢)p] » (93] P
%, X W % & i o0
e Z - W= S® @8 b 34 oD
s —_— ey
7g) ech +1 G% o ¥ = O 5 mumm
o o -~ OY XxQOC O @ ==
3 = ® I o O € O i
Y ) o 2, O O o w o < o g
mw..\m s ) =z =z m....m LUio i o3
g iy 2 I TI = e T o] < -
‘= Py — O ] o W fe] et
7y \“.. o N I St
ot 7 —= O5n € > Ty,
L 2 X W © £9 2 o 83 o
& e fo = - o o2 4
G i foe 353 D 5 © 5 o3 ¥
P 5% P =z pd [+ -0 [ %,
o e 3 z c 05 s o s
4y o« 7 a\\V\‘ = i Ll - [T [¢)] ) O 42
£ 4 T O o o N @D ol T pod
5 e 8. u x 9% £ &9 = A &
oy o 2 2> £ o v ) &
i 25 ul ¥ zZz£ 5 . = - =i <L £
Wi iy i =
3 Pt £ oo [ ‘\\“
ek, . ) T il
g ol o s
o “f 1 L= S .m £ -
[ g — N - [ /7] teer
Yorn sty n = = o > = )
473 L =y = c 2] =L c Ko} 2
2 o e 8 = Sg 2 3 i
s i Fes e 1= 7] — - e
\\\ o \‘.\& 7, p \\“ m m (7] m m m Q .w“
i m st o ot & 9. 7
\\ 1 e RV = Q S as T~ 24 e
__TE % g E £ © <2 o2 <& 4

3/16/2018

true&l. ..

IDT Exhibit 1020.8460

3&adjacent

0&ND

https://worldwide.espacenet.com/publicationDetails/biblio?1I



01/20035 A2

=

(19) World Intellectual Property Organization

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

International Bureau

(43) International Publication Date

(10) International Publication Number

22 March 2001 (22.03.2001) PCT WO 01720035 A2
(51) International Patent Classification”: C12Q 1/68 (81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH,CN, CR, CU, CZ,
(21) International Application Number: PCT/US00/25104 DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR,

(22)

25

(26)

30

(71)

(72)

(75)

74

International Filing Date:
13 September 2000 (13.09.2000)

Filing Language: English

Publication Language: English
Priority Data:
60/153,604
60/175,780

13 September 1999 (13.09.1999)
12 January 2000 (12.01.2000)

Us
Us

Applicant (for all designated States except US): NUGEN
TECHNOLOGIES, INC. [US/US]; 11 Bennett Road,
Redwood City, CA 94062 (US).

Inventor; and
Inventor/Applicant (for US only): KURN, Nurith
[TL./US]; 2876 Ramona Street, Palo Alto, CA 94306 (US).

Agents: POLIZZI, Catherine, M. et al.; Morrison & Fo-
erster LLP, 755 Page Mill Road, Palo Alto, CA 94304-1018
(US).

84

HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR,
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
NO, NZ, PL, PT,RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM,
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL,, 8Z, 'I'Z, UG, ZW), Burasian
patent (AM, AZ,BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, B, CH, CY, DL, DK, TS, I'l, I'R, GB, GR, 1L,
I'l, LU, MC, NL, P1, SE), OAPI patent (BF, BJ, CF, CG,
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:

Without international search report and to he republished
upon receipt of that report.

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHODS AND COMPOSITIONS FOR LINEAR ISOTHERMAL AMPLIFICATION OF POLYNUCLEOTIDE SE-
QUENCES

(57) Abstract: The present invention provides novel isothermal, single primer linear nucleic acid amplification methods. Methods
[or amplifying complementary DNA using a composite primer, primer extension, strand displacement, and optionally a termina-
tion sequence, arc provided. Mecthods for amplifying sensc RNA using a composite primer, primer cxtension, strand displacement,
optionally template switching, a propromoter oligonucleotide and transcription are also provided. The invention further provides
compositions and kits [or practising said methods, as well as methods which use the amplification products.

IDT Exhibit 1020.8461



10

15

20

25

30

WO 01/20035 PCT/US00/25104

METHODS AND COMPOSITIONS FOR LINEAR ISOTHERMAL
AMPLIFICATION OF POLYNUCLEOTIDE SEQUENCES

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the priority benefit of the provisional patent applications
U.S. Serial No. 60/153,604, filed September 13, 1999, and U.S. Serial no. 60/175,780, filed
January 12, 2000, both of which are incorporated by reference in their entirety.

TECHNICAL FIELD

The invention relates to the field of polynucleotide amplification. More
particularly, the invention provides methods, compositions and kits for amplifying (i.e.,
making multiple copies) target polynucleotide sequences which employ a single

RNA/DNA composite primer, with-the amplification optionally involving transcription.

BACKGROUND

The developments of methods for nucleic acid amplification and detection of
amplification products have advanced the detection, identification, quantification and
sequence analyses of nucleic acid sequences in recent years.

Nucleic acid analysis is useful for detection and identification of pathogens,
detection of gene alteration leading to defined phenotypes, diagnosis of genetic diseases or
the susceptibility to a disease, assessment of gene expression in development, disease and
in response to defined stimuli, as well as the various genome projects. Other applications
of nucleic acid amplification method are the detection 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 assessment of and amount of pathogenic sequences as well as the
determination of gene multiplication or deletion, as often found in cell transformation from
normal to malignant cell type.

The detection of sequence alterations in a nucleic acid sequence is important for the

detection of mutant genotypes, as relevant for genetic analysis, the detection of mutations
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leading to drug resistance, pharmacogenomics, etc. Various methods for the detection of
specific mutations include allele specific primer extension, allele specific probe ligation,
and differential probe hybridization. See, for example, U.S. Patent Nos. 5,888,819;
6,004,744, 5,882,867; 5,710,028; 6,027,889; 6,004,745; and WO US88/02746. Methods
for the detection of the presence of sequence alterations in a define nucleic acid sequence,
without the specific knowledge of the alteration, were also described. Some of these
methods are based on the detection of mismatches formed by hybridization of a test
amplification product to a reference amplification product. The presence of mismatches in
such hetero-duplexes can be detected by the use of mismatch specific binding proteins, or
by chemical or enzymatic cleavage of the mismatch. A method for detection of sequence
alteration which is based on the inhibition of branch migration in cruciform four stranded
DNA structures was recently described. See, for example, Lishanski, A. et al. Nucleic
Acids Res 28(9):E42 (2000). Other methods are based on the detection of specific
conformations of single stranded amplification products. The secondary structure of a
single stranded DNA or RNA is dependent on the specific sequence. Sequence alterations
in a test nucleic acid target relative to a reference sequence leads to altered conformation.
Altered conformation of a single stranded amplification product can be detected by a
change in the electrophoretic mobility of the test amplification product as compared to that
of a reference amplification product. Single stranded conformation polymorphism, SSCP,
is widely used for the detection of sequence alterations. See, for example, Orita M., et al.
Proc Natl Acad Sci US A 86(8):2766-70 (1989); Suzuki, Y. etal. Oncogene 5(7):1037-43
(1990); and US. Patent No. 5,871,697. This method is also used in microbial identification
that is based on the defined changes in a specific nucleic acid sequence in different strains
or species. Mutation detection using the SSCP methods mostly employs DNA
amplification products, however, RNA-SSCP methods have also been described. Sequence
dependent conformation of a single stranded RNA is well-documented and was shown to
lead to a defined electrophoretic mobility pattern. See, for example, Sarkar et al. Nucleic
Acid Research 20(4):871-878 (1992) and Gasparini et al. Hum. Genet. 97:492-495 (1996),
Although detection of the presence of a defined nucleic acid sequence, and its
sequence analysis, can be carried out by probe hybridization, the method generally lacks

sensitivity when low amounts of the nucleic acid sequence is present in the test sample,
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such as a few molecules. One solution to this obstacle was the development of methods for
generation of multiple copies of the defined nucleic acid sequence, which are suitable for
further analysis.. The methods for generation of multiple copies of a specific nucleic acid
sequence are generally defined as target amplification methods. Other methods for
increasing the sensitivity of detection of hybridization analysis are based on the generation
of multiple products from the hybridized probe, or probes, for example cleavage of the
hybridized probe to form multiple products or the ligation of adjacent probes to form a
unique hybridization dependent product. Similarly, increased sensitivity of hybridization
reaction was achieved.by methods for amplification of signals generated by the
hybridization event, such as the method based on hybridization of branched DNA probes.

There are many variations of nucleic acid amplification, for example, exponential
amplification, linked liﬁear amplification, ligation-based amplification, and transcription-
based amplification. An example of exponential nucleic acid amplification method is
polymerase chain reaction (PCR) which has been disclosed in numerous publications. See,
for example, Mullis ¢t al. Cold Spring Harbor Symp. Quant. Biol. 51:263-273 (1986);
Mullis K. EP 201,184; Mullis et al. U.S. Patent No. 4,582,788; Erlich et al. EP 50,424, EP
84,796, EP 258,017, EP 237,362; and Saiki R. et al. U.S. Patent No. 4,683,194. Linked
linear amplification is disclosed by Wallace et al. in U.S. Patent No. 6,027,923. Examples
of ligation-based amplification are the ligation amplification reaction (LAR), disclosed by
Wu et al. in Genomics 4:560 (1989) and the ligase chain reaction, disclosed in EP
Application No. 0320308B1. Various methods of transcription-based amplification are
disclosed in U.S. Patent Nos. 5,766,849 and 5,654,142; and also by Kwoh et al. Proc. Natl.
Acad. Sci. U.S.A. 86:1173 (1989) and Ginergeras et al. WO 88/10315.

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, each to opposite strand of the target strands, and primer extension
by a nucleotide polymerase 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, sequencing, mutation analysis and
others. Thermocycling-based methods that employ a single primer, have also been

described. See, for example, U.S. Patent Nos. 5,508,178; 5,595,891, 5,683,879; 5,130,238;

IDT Exhibit 1020.8464



10

15

20

25

30

WO 01/20035 PCT/US00/25104

and 5,679,512. The primer can be a DNA/RNA chimeric primer, as disclosed in U.S.
Patent No. 5,744,308. Other methods that are dependent on thermal cycling are the ligase
chain reaction (LCR) and the related repair chain reaction (RCR).

Target nucleic acid amplification may be carried out through multiple cycles of
incubations at various temperatures, i.e. thermal cycling, or at one temperature (an
isothermal process). The discovery of thermostable nucleic acid modifying enzymes has
contributed to the fast advances in nucleic acid amplification technology. See Saiki, et al.
Science 239:487 (1988). Thermostable nucleic acid modifying enzymes, such as DNA and
RNA polymerases, ligases, nucleases and the like, are used in both methods dependent on
thermal cycling and isothermal amplification methods. Isothermal methods such as strand
displacement amplification (SDA) is disclosed by Fraiser et al. in U.S. Patent No.
5,648,211; Cleuziat et al. in U.S. Patent No. 5,824,517; and Walker et al. Proc. Natl. Acad.
Sci. U.S.A. 89:392-396 (1992). Other isothermal target amplification methods are the
transcription-based amplification methods, in which an RNA polymerase promoter
sequence is incorporated into primer extension products at an carly stage of the
amplification (WO 89/01050), and further target sequence, or target complementary
sequence, is amplified by transcription steps and digestion of an RNA strand in a
DNA/RNA hybrid intermediate product. See, for example, U.S. Patent Nos. 5,169,766 and
4,786,600. These methods include transcription mediated amplification (TMA), self-
sustained sequence replication (3SR), Nucleic Acid Sequence Based Amplification
(NASBA), and variations there of. See, for example, Guatelli et al. Proc. Natl. Acad. Sci.
U.S.A. 87:1874-1878 (1990); U.S. Patent Nos. 5,766,849 (TMA); and 5,654,142 (NASBA).
Other amplifications methods use template switching oligonucleotides (T'SOs) and
blocking oligonﬁcleotides. For example, the template switch amplification in which
chimeric DNA primer are utilitized is disclosed in U.S. Patent 5,679,512 and by Patel et al.
Proc. Natl. Acad. Sci. U.S.A. 93:2969-2974 (1996) and blocking oligonucleotides are
disclosed by Laney et al. in U.S. Patent No. 5,679,512.

The isothermal target amplification methods do not require a thermocycler, and are
thus easier to adapt to common instrumentation platform. However the previously
described isothermal target amplification methods have several drawbacks. Amplification

according to the SDA methods requires the presence of sites for defined restriction
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enzymes, which limits its applicability. The transcription base amplification methods, such
as the NASBA and TMA, on the other hand, are limited by the need for incorporation of
the polymerase promoter sequence into the amplification product by a primer, a process
prone to result in non-specific amplification. Moreover, the mechanism of amplification of
a DNA target by these transcription based amplification methods is not well-established.

Another drawback of the current amplification methods is the potential
contamination test samples by amplification products of prior amplification reactions,
resulting in non-target specific amplification in samples. This drawback is a well-known
problem, which is the result of the power of target amplification technology, and the
formation of amplification products, which are substrates for amplification. Various means
for decontamination of test samples either at the end of the amplification reaction, or prior
to the initiation of target amplification have been described. In additions, method for
containment of the test solution by physical means, were also described. All of these
solutions are cumbersome and add to the complexity of nucleic acid testing in the common
laboratory setting.

Furthermore, amplification methods that use thermocycling process have an added
disadvantage of long lag times which are required for the thermocycling block to reach the
“target” temperature for each cycle. Consequently, amplification reactions performed
using thermocycling processes require a significant amount of time to reach completion.

Therefore, there is a need for improved nucleic acid amplification methods that
overcome these drawbacks. The invention provided herein fulfills this need and provides
additional benefits.

All references cited herein, including patent applications and publications, are

incorporated by reference in their entirety.

DISCLOSURE OF THE INVENTION

The invention provides methods and compositions for polynucleotide amplification,
as well as applications of the amplification methods.

Accordingly, in one aspect, the invention provides methods for amplifying a
polynucleotide sequence complementary to a target polynucleotide sequence comprising:

(a) hybridizing a single stranded DNA template comprising the target sequence with a
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composite primer, said 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 template which is 5” with respect hybridization
of the composite primer to the template; (c) extending the composite primer with DNA
polymerase; (d) cleaving the RNA portion of the annealed composite primer with an
enzyme that cleaves RNA from an RNA/DNA hybrid such that another composite primer
can hybridize to the template and repeat primer extension by strand displacement, whereby
multiple copies of the complementary sequence of the target sequence are produced.

In another aspect, the invention provides methods for amplifying a target
polynucleotide sequence comprising: (a) hybridizing a single stranded DNA template
comprising the target sequence with a composite primer, said composite primer comprising
an RNA portion and a 3° DNA portion; (b) hybridizing a polynucleotide comprising a
termination polynucleotide sequence to a region of the template which is 5’ with respect
hybridization of the composite primer to the template; (c¢) extending the composite primer
with DNA polymerase; (d) cleaving the RNA portion of the annealed composite primer
with an enzyme that cleaves RNA from an RNA/DNA hybrid such that another composite
primer can hybridize to the template and repeat primer extension by strand displacement to
produce displaced primer extension product; (¢) hybridizing a 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, such that RNA
transcripts are produced comprising sequences complementary to the displaced primer
extension products, whereby multiple copies of the target sequence are produced.

Various embodiments of the composite primer used in the methods of the invention
arc 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 portion is adjacent to the 3> DNA portion. For the methods described herein, one
or more composite primers can be used.

Various exemplary embodiments of polynucleotides comprising a termination
sequence are also described herein. In some embodiments, the polynucleotide comprising a
termination sequence is a template switch oliognucleotide (TSO), which may (but not

necessarily) contain one or more modifications to enhance binding to template.
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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 region as compared to a TSO without the modiﬁc;ation. Examples of suitable
modifications are provided herein. In some embodiments, the polynucleotide comprising a
termination 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.

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.

In some aspects, a TSO provides propromoter function 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 polynucleotide 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 polynucleotide comprising the propromoter is a PTO.

The methods are applicable to amplifying any DNA target, including, for example,
genomic DNA 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 able to be formed).

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).

Accordingly, in one aspect, the invention provides methods of sequencing a target
nucleotide sequence comprising: (a) hybridizing a single stranded DNA template
comprising the target sequence with a composite primer, said 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 template which is 5’

with respect hybridization of the composite primer to the template; (c) extending the
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composite primer with DNA polymerase and a mixture of dNTPs and dNTP analogs
(which may be labelled or unlabelled), such that primer extension is terminated upon
incorporation of a ANTP analog which may be labelled or unlabelled; (d) cleaving the RNA
portion of the annealed composite primer with an enzyme that cleaves RNA from an
RINA/DNA hybrid such that another composite primer can hybridize to the template and
repeat primer extension by strand displacement, whereby multiple copies of the
complementary sequence of the target sequence are produced of varying lengths; ()
analyzing the product of steps (a) through (d) to determine sequence.

In another aspect, the invention provides methods for sequencing a target nucleotide
sequence comprising (a) hybridizing a single stranded DNA template comprising the target
sequence with a composite primer, said composite primer comprising an RNA portion and
a 3° DNA portion; (b) hybridizing the template with a polynucleotide comprising a
termination polynucleotide sequence to a region of the template which is 5° with respect to
hybridization of the composite primer to the template; (c) extending the composite primer
with DNA polymerase; (d) cleaving the RNA portion of the annealed composite primer
with an enzyme that cleaves RNA from an RNA/DNA hybrid such that another composite
primer can hybridize to the template and repeat primer extension by strand displacement to
produce displaced primer extension product; (e) hybridizing a polynucleotide comprising a
propromoter at the 5’ end and a region which hybridizes to the displaced primer extension
product under conditions such that transcription occurs from the extension product by RNA
polymer_ase, using a mixture of INTPs and rNTP analogs (which may be labelled or
unlabelled), such that RNA transcripts are produced comprising sequences complementary
to the displaced primer extension products, and such that transcription is terminated upon
incorporation of an rNTP analog which may be labelled or unlabelled, whereby multiple
copies of the target sequence are produced of varying lengths; (f) analyzing the product of
steps (a) through (e) to determine sequence.

In some aspects, the invention provides methods of characterizing, or analyzing,
sequence of a target. Some aspects are based on the RNA portion of the composite primer
and accordingly the results reflect information regarding the corresponding region of the
target which, if complementary or of sufficient complementarity, hybridizes to the RNA

portion of the composite primer. The amount of product as compared to amount of product
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from performing the same amplification reaction on a reference target sequence indicates
the presence or absence of a sequence, which may in turn indicate presence or absénce of
wildtype, mutant, or allelic variants. Various sequence detection embodiments are
described herein. Thus, for example, the invention provides methods of detecting a
mutation in a region of a target polynucleotide sequence, comprising conducting an
amplification method described herein, wherein the region of the target polynucleotide
sequence corresponds to the RNA portion of the composite primer, and wherein a mutation
in the target polynucleotide results in detectably fewer amplification products as compared
to the amount of amplification products produced from a reference template comprising
region corresponding to the RNA portion of the composite primer which does not comprise’
a mutation. In these embodiments, amplification by strand displacement is decreased as
compared to production from a reference template which comprises a region corresponding
to the RNA portion of the composite primer which does not contain the mutation (as
compared to the RNA portion of the composite primer).

Thus, the invention provides methods of characterizing a sequence of interest in a
target polynucleotide, said methods comprising conducting the amplification methods of
the invention wherein the sequence of an RNA portion of the composite primer is known,
and wherein (a) production of detectably fewer amplification products fron the template as
compared to the amount of amplification products from a 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 (b) production of
detectably more amplification products from the template as compared to the amount of
amplification products from a 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. In one embodiment, the sequence of an RNA
portion of the composite primer comprises a wild type sequence, and the sequence of

interest is characterized in determining the presence or absence of the wild type sequence.
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In another embodiment, the sequence of an RNA portion of the composite primer
comprises a mutant sequence, and the sequence of interest is characterized in determining
the presence or absence of the mutant sequence. In yet another embodiment, the sequence
of an RNA portion of the composite primer comprises an allelic sequence, and the
sequence of interest in characterized in determining the presence or absence of the allelic
sequence.

In other aspects, the invention provides methods of detecting a mutation (or, in
some aspects, characterizing a sequence) in a target polynucleotide, comprising (a)
conducting an amplification method described herein; and (b) analyzing the amplified
products of the method for single stranded conformation, wherein a difference in
conformation as compared to a reference single stranded polynucleotide indicates a
mutation in the target polynucleotide. In other embodiments, the invention provides
methods of detecting a mutation (or, in some aspects, characterizing a sequence) in a target
polynucleotide comprising analyzing amplified products of any of the methods described
herein for single stranded conformation, wherein a difference in conformation as compared
to a reference single stranded polynucleotide indicates a mutation in the target
polynucleotide (or, in some aspects, characterizes the target sequence).

In other aspects, the invention provides methods of producing a microarray,
comprising (a) conducting an amplification method described herein; and (b) attaching the
amplified products onto a solid substrate to make a microarray of the amplified products.
In other embodiments, microarrays are produced by attaching amplified products by any of
the methods describd herein onto a solid substrate to make a microarray of amplified
products.

Any of these applications can use any of the amplification methods (including
various components and various embodiments of any of the components) as described
herein. For example, the composite primer used may have a 5° RNA portion, which may
be adjacent to the 3° DNA portion.

The invention also provides compositions, kits, complexes, reaction mixtures and
systems comprising various components (and various combinations of the components)
used in the amplification methods described herein. In one aspect, for example, the

invention provides compositions comprising a composite primer, said composite primer
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comprising a 3° DNA portion and a 5> RNA portion. In some embodiments, the 5> RNA
portion is adjacent to the 3° DNA portion. In still other embodiments, the 5° RNA portion
is about 5 to about 20 nucleotides and the 3° DNA portion is about 5 to about 15
nucleotides. In another aspect, the invention provides compositions comprising a TSO,
wherein 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 region as
compared to a TSO without the modification. In some embodiments, the compositions of
the invention comprise any composite primer described herein and a TSO. In still other
embodiments, the invention provides compositions comprising any of the composite
primers described herein and any blocking sequences described herein, including those
containing modifications which enhance binding to template. In other embodiments, the
invention provides compositions comprising any of the composite primers described herein
and a PTO.

In another aspect, the invention provides compositions comprising any of the
complexes (which are generally considered as intermediates with respect to the final
amplification products) described herein (see also the figures for schematic depictions of
these various complexes). For example, the invention provides compositions comprising a
complex of (a) a template strand; and (b) a composite primer, said composite primer
comprising a 3’ DNA portion and an RNA portion. The RNA portion may be 5’ as well as
adjacent to the DNA portion. In some embodiments, the complex further comprises a
polynucleotide comprising a termination sequence (which may be, for example, a TSO or a
blocking sequence). In some embodiments, the complex further comprises a PTO.

In another aspect, the invention provides reaction mixtures (or compositions
comprising reaction mixtures) which contain various combinations of components
described herein. For example, the invention provides reaction mixtures comprising (a) a
polynucleotide template; (b) a composite primer comprising a 3° DNA portion and an RNA
portion; and (c) DNA polymerase. As described herein, any of the composite primers may
be in the reaction mixture (or a plurality of composite primers), including a composite
primer comprises a 5° RNA portion which is adjacent to the 3> DNA portion. The reaction
mixture could also further comprise an enzyme which cleaves RNA from an RNA/DNA

hybrid, such as RNase H. A reaction mixture of the invention can also comprise any of the
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polynucleotides comprising termination sequences described herein, as well as a
polynucleotide comprising a propromoter and a region which hybridizes to displaced
primer extension product, and an RNA polymerase. A reaction mixture of the invention
can also comprise a PTO.

In another aspect, the invention provides kits for conducting the methods described
herein. These kits, in suitable packaging and generally (but not necessarily) containing
suitable instructions, contain one or more components used in the amplification methods.
For example, the invention provides kits that comprise a composite primer comprising a 3’
DNA portion and an RNA portion (which may be 5’ and may further be adjacent to the 3’
DNA portion). The composite primer 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) a polynucleotide comprising a propromoter; (c) any of the
enzymes described herein, such as an enzyme which cleaves RNA from an RNA/DNA
hybrid (for example, RNaseH); and (d) a polynucleotide comprising a propromoter and a
region which hybridizes to displaced primer extension product.

In another aspect, the invention provides systems for effecting the amplification
methods described herein. For example, the invention provides systems for amplifying a
target polynucleotide sequence or its complement, comprising (a) a composite primer
comprising a 3° DNA portion and an RNA portion; (b) DNA polymerase; and (c) an
enzyme which cleaves RNA from an RNA/DNA hybrid (such as RNaseH). The composite
primer may be any (one or more) described herein, including a composite primer which

comprises a 5° RNA portion which is adjacent to the 3> DNA portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1A-C is a diagrammatic representation of a single composite primer isothermal

linear amplification process.
FIGURE 2A-2C is a diagrammatic representation of an enhanced single primer isothermal
linear nucleic acid amplification process involving transcription, using a template switch

oligonucleotide sequence.
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FIGURE 3A-3D is a diagrammatic representation of an enhanced single composite primer
isothermal linear nucleic acid amplification process involving transcription, using a blocker
sequence component.

FIGURE 4 is a diagrammatic representation of detection of a mutation in a template
sequence using the single primer isothermal linear amplification process. “X” denotes a
mutation on the target DNA at a site complementary to the RNA portion of the composite
primer. As shown amplification of the target nucleic acid is blocked when a mutation is
present.

FIGURE 5 depicts an ethidium bromide stained PAGE gel of linear isothermal
amplification products of a synthetic DNA target.

FIGURE 6 depicts an autoradiogram of PAGE analysis of hybridization of DNA
amplification products to a specific probe.

FIGURE 7 depicts an ethidium bromide stained PAGE gel comparing the efficiency of
ssRINA transcription products generated from overlap extension.

FIGURE 8 depicts an ethidium bromide stained PAGE gel comparison of isothermal linear
amplification with and without a 3’-blocked PTO.

FIGURE 9 depicts an autoradiogram of probe hybridized to amplification products
generated by isothermal linear amplification of a J gene sequence from E. coli genomic
DNA.

FIGURE 10 depicts an ethidium bromide stained PAGE gel of linear isothermal
amplification RNA products generated using three different designs of the composite

primer.

MODES FOR CARRYING OUT THE INVENTION

The invention provides methods, compositions and kits for amplifying
polynucleotide sequences. The methods generally comprise using an RNA/DNA
composite primer, optionally a termination sequence, and, in embodiments in which
transcription is used, a propromoter oliognucleotide sequence.

As a general summary, the amplification methods work as follows: a composite

RNA/DNA primer forms the basis for replication of target sequence. In some
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embodiments, a termination sequence provides the basis for an endpoint for the replication
by either diverting or blocking further replication along the target strand. As described
below, in some embodiments, the polynucleotide comprising a termination sequence is a
template switch oligonucleotide (TSO), which contains sequences that are not of sufficient
complementarity to hybridize to the template strand (in addition to sequences which are of
sufficient complementary to hybridize); in other embodiments, the termination sequence
comprises primarily sequences that are of sufficient complementarity to hybridize to the
template strand. DNA polymerase effects copying of the target sequence from the primer.
An enzyme which cleaves RNA from an RNA/DNA hybrid (such as RNaseH) cleaves
(removes) RNA sequence from the hybrid, leaving sequence on the template strand
available for binding by another composite primer. Another strand is produced by DNA
polymerase, which displaces the previously replicated strand, resulting in displaced
extension product. Optionally, a polynucleotide comprising a propromoter and a region
which hybridizes to the displaced primer extension product (which can be, for example, a
template switch oligonucleotide or propromoter template oligonucleotide), which contains
sequences of sufficient complementarity to hybridize to the 3” end of the displacement
extension product, binds to the displaced primer extension product. The promoter drives
transcription (via DNA-dependent RNA polymerase) to produce sense RNA products.
Accordingly, the invention provides methods of producing at least one copy of a
target polynucleotide sequence (generally, methods of amplifying target polynucleotide
sequence) comprising combining and reacting thé following: (a) a single-stranded target
polynucleotide comprising a target sequence; (b) a composite primer comprising an RNA
portion and a 3° DNA portion; (¢) a DNA polymerase; (d) deoxyribonucleoside
triphosphates or suitable analogs; (e) an enyzme, such as RNaseH, which cleaves RNA
from an RNA/DNA duplex; and (f) generally, but optionally, a polynucleotide comprising a
termination sequence, such as any of those described herein, which comprises a portion (or
region) which hybridizes to the template polynucleotide. A termination sequence is used if
transcription-based amplification (see below) is also used. The combination is subjected to
suitable conditions such that (a) the composite primer (and, optionally, a polynucleotide
comprising a termination sequence) hybridizes to the template; (b) primer extension occurs

from the composite primer, to form a duplex; (¢) RNaseH cleaves RNA of the composite
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primer from the RNA/DNA duplex; (d) another composite primer hybridizes to the
template, and another round of primer extension (mediated by DNA polymerase) occurs,
displacing the strand already copied from the template. '

Optionally, the following is also included in the amplification reaction (either at the
same time as those components listed above or added separately): (e) 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;
() ribonucleoside triphosphates or suitable analogs; and (g) RNA polymerase, under
conditions such that transcription of the displaced strand can occur. Details regarding the
various components of the methods of the present invention are provided below.

In some embodiments, the invention provides methods of sequencing nucleic acids
(DNA or RNA). For the sequencing methods, the appropriate dNTPs (or, when
embodiments which rely on transcription-based amplifications are used, appropriate
rNTPs), which may be labelled or unlabelled, are used. Accordingly, the invention
provides methods of sequencing a target nucleotide sequence comprising the methods
described above, wherein dNTPs and dNTP analogs which are primer elongation
terminators, which may be labelled or unlabelled, and/or rNTPs and rfNTP analogs, which
are primer elongation terminators, which may be labelled or unlabelled, are used, and the
amplification product is analyzed for sequence information, as described below.

In other embodiments, the invention provides methods of detecting nucleic acid
sequence mutations and/or characterizing target sequence(s). In one embodiment, the
presence or absence of a mutation in a target polynucleotide is detected based on the ability
to amplify the target polynucleotide using a composite primer whose RNA portion either
contains or lacks the mutated sequence using the methods of the invention. In another
embodiment, the amplified products are used for detection of mutations by hybridization
with specific probes. In yet another embodiment, the amplified products are used to detect
and/or identify single strand conformation polymorphisms in a target polynucleotide.

In yet other embodiments, the invention provides methods for generating
microarrays of nucleic acids (DNA or RNA) using the amplified products of the linear or

enhanced linear nucleic acid amplification methods of the present invention.
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Other methods which use the amplified products described herein are provided

below.

Advantages of the amplification methods of the invention

The amplification methods of the invention provide several significant advantages
over other methods of nucleic acid amplification. The formation of primed template,
primer extension and displacement of the previously generated extension product is
dependent on the cleavage of the RNA portion of the hybridized primer by a ribonuclease
activity. Thus, the primer extension product is lacking the 5’-most portion of the primer.
Consequently, the RNA transcription product generated from the complex of the extension
product and the template switch oligonucleotide, or the promoter template oligonucleotide,
does not contain at its 3’ end the sequence complementary to this portion of the primer.
Thus, the amplification products are not capable of hybridizing to the primer for productive
amplification, making the amplification methods of the invention resistant to non-specific
amplification due to contamination with products generated by prior amplifications
reactions. This feature clearly distinguishes it from other known target amplification
methods, such as PCR, NASBA and the like, and renders the methods of the invention
suitable for open tube platforms commonly used in clinical laboratories, high throughput
testing sites, and the like.

The unique requirement of cleavage of the RNA portion of the composite primer in
the hybridized and extended form, by a ribonuclease such as RNase H, for further
progression of the amplification of the target nucleic acid sequence, results in the exclusive
amplification of DNA target. Thus, it is possible to use the methods of the invention for
amplification of genomic DNA targets in the presence of excess mRNA. This feature is
useful for accurate quantification of gene dosage. When the test target nucleic acid
sequence is RNA, the target is first transcribed to produce cDNA which can be amplified
using the methods of the invention.

The methods of the invention also provide for amplification of target nucleic acids
with high accuracy with respect to the template. Each amplification product is a direct

copy of the target sequence in the input template DNA (in the linear amplification
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methods), or the input template DNA and the primer extension products of the input
template DNA (in the enhanced linear amplification methods).

The methods of the invention do not require thermocycling in that amplification can
be performed isothermally. This feature provides numerous advantages, including
facilitating automation and adaptation for high throughput amplification and/or analysis of
nucleic acids. For example, sequencing methods based on the amplification methods of the
invention are simplified by the ability to perform the reactions isothermally. Other
methods that have been reported require thermal cycling for the separation of primer
extension products from the target sequence. The isothermal reaction is faster than that
afforded by thermal cycling and is suitable for performing sequencing of a target nucleic
acid in miniaturized devices. '

Another advantage of the methods of the invention is that only a single primer is
required. A single primer is utilized to provide unidirectional primer extension that results
in amplification of template nucleic acid. This obviates the numerous drawbacks
associated with having to use primer pairs, for example cost of designing and making two
sets of primers, the need to have prior knowledge of an additional sequence region within
the template nucleic acid, and the increased probability that amplified products are the
result of non-specific priming.

The linear isothermal amplification methods of the invention are also suitable for
use for detection of nucleic acid targets, quantification of defined nucleic acid sequences,
and the production of probes for defined nucleic acid sequences. The methods of the
invention are useful for qualitative detection of a nucleic acid sequence, quantitative
determination of the amount of the target nucleic acid sequence, detection of the presence
of defined sequence alterations, as needed for genotyping, and sequencing. The products of
the amplification according to the methods of the invention are single stranded and are
readily detectable by various known nucleic acid detection methods.

The methods of the invention are further useful for multiplex analysis of nucleic
acid sequences. That is to say, various target sequences may be amplified simultaneously
in a single reaction mixture. The various target sequences may be part of a single genomic
DNA, or may represent specific sequences of various nucleic acid targets, which may be

present in a single test sample. For example, the methods of the invention are useful for the
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detection of the presence of various pathogens in a single biological sample. Similarly, the
determination of various polymorphic sites in a single genomic DNA sample can be
determined simultaneously in a single reaction.

It is understood that, with respect to all embodiments described herein, as generally
“comprising” components or aspects, the invention also includes embodiments which
“consist essentially of” these components or aspects. The invention also includes
embodiments which “consist of” these components or aspect. This applies to all

embodiments described herein.

General Techniques
The practice of the present invention will employ, unless otherwise indicated,

conventional techniques of molecular biology (including recombinant techniques),
microbiology, cell biology, biochemistry, and immunology, which are within the skill of
the art. Such techniques are explained fully in the literature, such as, “Molecular Cloning:
A Laboratory Manual”, second edition (Sambrook et al., 1989); “Oligonucleotide
Synthesis” (M.J. Gait, ed., 1984); “Animal Cell Culture” (R.1. Freshney, ed., 1987);
“Methods in Enzymology” (Academic Press, Inc.); “Current Protocols in Molecular
Biology” (.M. Ausubel et al., eds., 1987, and periodic updates); “PCR: The Polymerase
Chain Reaction”, (Mullis et al., eds., 1994).

Primers, oligonucleotides and polynucleotides émployed in the present invention

can be generated using standard techniques known in the art.

Definitions

A “target sequence,” as used herein, is a polynucleotide sequence of interest, for
which amplification is desired. The target sequence may be known or not known, in terms
of its actual sequence. Generally, a “template,” as used herein, is a polynucleotide that

contains the target nucleotide sequence. In some instances, the terms “target sequence,”

77 & b 1Y 7

“template DNA,” “template polynucleotide,” “target nucleic acid,” “target polynucleotide,
and variations thereof, are used interchangeably.
“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”
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does not necessarily mean perfect sequence complementarity or identity to the template
sequence. For example, copies can include nucleotide analogs such as deoxyinosine,
intentional sequence alterations (such as sequence alterations introduced through a primer
comprising a sequence that is hybridizable, but not complementary, to the template), and/or
sequence errors that occur during amplification.

“Polynucleotide,” or “nucleic acid,” as used interchangeably 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, modification 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 polynucleotide may be further modified after polymerization,
such as by conjugation with a labeling component. Other types of modifications include,
for example, “caps”, substitution 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 phosphonates, phosphotriesters, phosphoamidates, cabamates, ctc.)
and with charged linkages (e.g., phosphorothioates, phosphorodithioates, etc.), those
containing pendant moieties, 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 analogous 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,
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carbocyclic sugar analogs, a.-anomeric sugars, epimerié sugars such as arabinose, xjrloses
or lyxoses, pyranose sugars, furanose sugars, sedoheptuloses, acyclic analogs and abasic
nucleoside analogs such as methyl riboside. One or more phosphodiester linkages may be
replaced by alternative linking groups. These alternative linking groups include, but are
not limited to, embodiments wherein phosphate is replaced by P(O)S(*““thioate™), P(S)S
(“dithioate”), “(O)NR; (“amidate™), P(O)R, P(O)OR’, CO or CH; (“formacetal”), in which
each R or R’ is independently H or substituted or unsubstituted alkyl (1-20 C) optionally
containing an ether (-O-) linkage, aryl, alkenyl, cycloalkyl, cycloalkenyl or araldyl. Not all
linkages in a polynucleotide need be identical. The preceding description applies to all
polynucleotides referred to herein, including RNA and DNA.

“Oligonucleotide,” as used herein, generally refers to short, generally single
stranded, generally synthetic polynucleotides 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.

A “primer” is generally a short single stranded polynucleotide, generally with a free
3°-OH group, that binds to a target potentially present in a sample of interest by hybridizing
with a target sequence, and thereafter promotes polymerization of a polynucleotide
complementary to the target.

A “termination polynucleotide sequence” or “termination sequence,” as used
interchangeably herein, is a polynucleotide sequence which effects cessation of DNA
replication by DNA polymerase with respect to the template comprising the target
sequence. A termination sequence comprises 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.

“Blocker sequence,” or “blocking sequence” as used interchangeably herein, is an
example of a termination sequence, and refers to an oligonucleotide that binds, generally

with high affinity, to the template nucleic acid at a location 5’ to the termination site and
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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.

“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.

“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, “protopromoter sequence,”

9 L& 9% (L L9

“protopromoter,” “propromoter sequence,” “propromoter,” “promoter sequence,” and
“promoter” are used interchangeably.

“Template switch oligonucleotide (TSO),” as used herein, refers to an
oligonucleotide 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. TSOs are
generally known in the art. “Template 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.

“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 portion may be the same, distinct or
overlapping nucleotides of an oligonucleotide.

A first sequence which “corresponds” to 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.
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To “inhibit” is to decrease or reduce an activity, function, and/or amount as
compared to a reference.

A “complex” is an assembly of components. A complex may or may not be stable
and may be directly or indirectly 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
intermediate with respect to the final amplification product(s).

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 contiguous nucleotides.

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 Figure 1A-C.

A “reaction mixture” is an assemblage of components, which, under suitable
conditions, react to form a complex (which may be an intermediate) and/or a product(s).

“A” “an” and “the”, and the like, unless otherwise indicated include plural forms.

“Comprising” means including.

Conditions that “allow” an event to occur or conditions that are “suitable” for an
event to occur, such as hybridization, strand extension, and the like, or “suitable”
conditions 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.

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 wild type
sequence or a sequence to which one wishes to compare a sequence of interest. A sequence
mutation includes single nucleotide changes, or alterations of more than one nucleotide in a
sequence, due to mechanisms such as substitution, deletion or insertion. Single nucleotide

polymorphism (SNP) is also a sequence mutation as used herein.
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“Single stranded conformation polymorphism,” and “SSCP,” as used herein,
generally refer to the specific conformation 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, result 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 electrophoresis, and/or susceptibility to
endonuclease digestion.

“Microarray” and “array,” as used interchangeably herein, refer to an arrangement
of a collection of nucleotide sequences in a centralized location. Arrays can be on a solid
substrate, such as a glass slide, or on a semi-solid substrate, such as nitrocellulose
membrane. The nucleotide sequences can be DNA, RNA, or any permutations thereof.

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.

The term “5°” generally refers to a region or position in a polynucleotide or
oligonucleotide 5” (upstream) from another region or position in thie same polynucleotide or
oligonucleotide. ,

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 preferably from about
1 to about 20, more preferably from about 3 to about 18, even more preferably from about
5 to about 15 nucleotides.

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 preferably from about
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1 to about 20, more preferably from about 3 to about 18, even more preferably from about
5 to about 15 nucleotides. »

“Detection” includes any means of detecting, including direct and indirect
detection. For example, “detectably 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.

Components and reaction conditions used in the methods of the invention

Template nucleic acid

The nucleic acid (NA) 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, chloroplast DNA and RNA, DNA-
RINA hybrids, or mixtures thereof, genes, chromosomes, plasmids, the genomes of
biological material such as microorganisms, e.g., bacteria, yeasts, viruses, viroids, molds,
fungi, plants, animals, humans, and fragments thereof. Otaining and purifying nucleic
acids use standard techniques in the art. Amplification of an RNA target will require initial
cDNA synthesis, as known in the art. Amplification of a DNA-RNA hybrid would require
denaturation of the hybrid to obtain a ssDNA, 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.

The initial step of the amplification of a target nucleic acid sequence is rendering
the target single stranded. If the target nucleic acid is a double stranded (ds) DNA, 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. If the target is RNA, the initial
step may be the synthesis of a single stranded cDNA. Techniques for the synthesis of
cDNA from RNA are known in the art.
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Composite primer

The amplification methods of the invention employ a single composite primer that
is composed of RNA and DNA portions. The composite design of the primer is critical for
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. 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.

Composite primers for use in the methods and compositions 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 to form a partial heteroduplex in which only the RNA portion of the primer is
cleaved upon contact with a ribonuclease such as RNase H, while the target strand remains
intact, thus enabling annealing of another composite primecr.

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 binding
affinity, such as sequence length and/or identity, as well as hybridization conditions. In a
preferred embodiment, hybridization 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.

Generation of primers suitable for extension by polymerization is well known in the
art, such as described in PCT Pub. No. W099/42618 (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
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those that comprise at least one portion of RNA and at least one portion of DNA. As
shown in Example 5 (showing the relative performance of the various primers used for
amplification of E. coli J gene) for one gene, 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. Accordingly, 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 present invention comprises a 3’-DNA
portion and at least one intervening RNA portion (i.e., an RNA portion between DNA
portions).

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 25, 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 be at least about
any of 1, 3, 4, 5 nucleotides, with an upper iimit of about any of 10, 15, 20, 25, 30
nucleotides.

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 25 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
nucleotides.

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
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 certain
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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.

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 25 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 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 or nucleotides.

The length of an intervening RNA 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 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 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. 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 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 some embodiments of a

composite primer comprising a 3’-DNA portion and at least one intervening RNA portion,
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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.

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.

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.

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
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 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.

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 nucleotides, even more preferably from about 5 to about 15
nucleotides, and most preferably from about 7 to about 12 nucleotides. 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
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about any of 1, 3, 5, 7, 10 nucleotides, with an upper limit of about any of 10, 12, 15, 18,
20, 22 nucleotides.

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 portion, 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.

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 intervening 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.

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 nucleotides, and most preferably from about 3 to about 6 nucleotides. In
some embodiments of a composite primer comprising 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
intervening 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. Itis
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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.

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 composite
primer includes the 5° most nucleotide of the primer. In othef 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’-RINA portion and includes the 3’
most nucleotide of the primer (and the 5’-RNA portion includes the 5° most nucleotide of
the primer).

The total length of the composite primer can be preferably from about 10 to about
40 nucleotides, more preferably from about 15 to about 30 nucleotides, and most preferably
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, 40, 50
nucleotides. It is understood that the length can be greater or less, as appropriate under the
reaction conditions of the methods of this invention.

To achieve hybridization (which, as is well known and understood in the art,
depends on other factors such as, for example, ionic strength and temperature), composite
primers for use in the methods and compositions of the present invention are 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 target nucleic acid.
The individual DNA and RNA portions of the composite primers are 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 target nucleic acid.

As described herein, one or more composite primers may be used in an

amplification reaction.

A polynucleotide comprising a termination polynucleotide sequence

In some embodiments of the methods of the present invention, especially if
transcription-based amplification is used, a polynucleotide comprising a termination

sequence is included, examples of which are provided below.
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Template switch oligonucleotide

A second oligonucleotide that can be used in the amplification methods of the
invention is a termination switch oligonucleotide (TSO). In one embodiment, the TSO
functions as a termination sequence. In another embodiment, the TSO functions as a
termination sequence and provides a propromoter sequence.

Previously described amplification methods based on template switch
oligonucleotide were restricted in the concentration of this oligonucleotide due to inhibition
of hybridization of the second primer, or the second hybridization step of the same primer
when the method is designed to utilize a single primer species. The methods of the
invention are free of this limitation. In contrast to previously described methods using
TSOs, the template switch oligonucleotide can be used at high concentration for
amplification according to the methods of the present invention. This feature ensures
efficient hybridization of the oligonucleotide to the target strand, and maximizes the yield
of the tri molecular complex, the substrate for primer extension and template switch. An
additional attribute of this feature is the efficient hybridization of the displaced primer
extension product to the template switch oligonucleotide to form a substrate for the RNA
polymerase, as described.

A TSO comprises a 3° portion that cai hybridize to the target and a 5° portion
which is designed for strand switch during polymerization (see Figure 2A-C). Design of a
TSO that would effect strand switch is known in the art, such as was previously described
in Patel et al., Proc. Nat’l Acad. Sci. USA 1996, 93:2969-2974.

The 3’ portion hybridizes to the template at a location 5’ to the position or region in
the template polynucleotide 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 (“termination site™).

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 explanation 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 hybridized portion of the TSO), the 3° end of the primer extension
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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 of
template 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 complementary
sequences is preferably from about 3 to about 20 nucleotides, 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 methods of this invention.

In some embodiments, the 5° portion of the TSO comprises a sequence (hereinafter
“propromoter sequence’), that is designed for formation of a double stranded promoter of
an RNA polymerase. This embodiment of the TSO would function both as a termination
sequence and to provide a promoter template. In this embodiment, the propromoter
sequence of the TSO serves as a template for incorporation of a propromoter sequence
(generally complementary to the propromoter sequence of the template TSO) into the
primer extension product. Subsequent hybridization 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 obtaining 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.

In one embodiment, the promoter sequence is adjacent 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
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transcriptional activity of the polymerase from a promoter that is opefatively 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.

In a preferred embodiment, a segment of the 3° portion 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 heterocycle modification (described in Flanagan et al.,
Proc. Natl. Acad. Sci. USA 1999, 96(7):3513-8); and locked nucleic acids (described, e.g.,
in Kumar et al., Bioorg. Med. Chem Leﬁ. 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 preferably at least about
75%, and most preferably at least about 90%, of the events of primer extension.
Substantially or sufficiently inhibited TSO diéplacement 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 modified.

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
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least about 75%, and most preferably at least about 90%, to its intended binding sequence

on the target nucleic acid.

Blocker sequence

In some embodiments, the primer extension termination sequence is provided by a
blocker sequence. The 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 preferably more than
about 75%, and most preferably more than about 90%, of primer extension events. The
length and composition of the blocker polynucleotide should be such that excessive random
non-specific hybridization 1s 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. Itis
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
polynucleotide 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.

In one embodiment, the blocker sequence comprises a segment that hybridizes to
the target DNA 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

sufficiently, inhibited. Suitable means for achieving such attachment and determining
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substantial, or sufficient, inhibition of displacement are as described above for TSO used in
the methods of the present invention.

In one embodiment, the blocker polynucleotide cannot function efﬁéiently asa
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
dideoxynucleotide, in the 3’-most position of the blocker polynucleotide that is not capable

of anchoring addition of nucleotides by a DNA polymerase.

Polynucleotide comprising a propromoter and a region which hybridizes to a displaced

primer extension product

Some embodiments employ a polynucleotide comprising a propromoter and a
region which hybridizes to a displaced primer extension product. In some embodiments,
the polynucleotide is a TSO which contains a propromoter sequence, as discussed above.
In other embodiments, the propromoter sequence is contained in a PTO, as described

below.

Propromoter template oligonucleotide

In some embodiments, the methods employ a promoter sequence for transcription
which is provided by a propromoter template oligonucleotide (PTO).

A PTO for use in the methods and compositions of the present invention is a single-
stranded polynucleotide, generally DNA, comprising a propromoter sequence that is
designed for formation of a ds promoter of an RNA polymerase, and a portion capable of
hybridizing to the 3’ end of the primer extension product. In a preferred embodiment, the
propromoter sequence is located in the 5” portion of the oligonucleotide 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 different 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. Inthe embodiments wherein hybridization of the
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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 displaced 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.

Promoter sequences that allow transcription of a template DNA 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
pfomoter sequence can be from a prokaryotic or eukaryotic source.

In some embodiments, the PTO comprises an intervening sequence between a
propromoter sequence and a portion capable of hybridizing to the 3° end of the primer
extension 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. Generally, 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. 5766849 and 5654142, and
can also be empirically determined.

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 propromoter sequence. Generally,

but not necessarily, the sequence is not hybridizable to the primer extension product.
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In one embodiment, the PTO cannot function efficiently 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. Itis also 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.
The length of the portion of the PTO that hybridizes to the displaced primer

extension product 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 target nucleic acid.

DNA polymerase, ribonuclease and RNA polymerase

The amplification methods of the invention employs the following enzymes: a DNA
polymerase, ribonuclease such as RNase H, and, optionally a DNA dependent RNA
polymerase.

DNA polymerases for use in the methods and compositions of the present invention
are capable of effecting extension of the composite primer according to the methods of the
present 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. The polymerase should be able to displace a nucleic acid strand from
the polynucleotide to which the displaced strand is bound, and, generally, the more strand
displacement capability the polymerase exhibits (i.e., compared to other polymerases 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
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nucleic acid strand. Preferably, the DNA polymerase does not possess substantial nicking
activity. Preferably, the polymerase has little or no 5°->3’ exonuclease activity so as to
minimize degradation of primer, termination or primer extension polynucleotides.
Generally, this exonuclease activity is dependent on factors such as pH, salt concentration,
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. Suitable DNA polymerases for use in the methods
and compositions of the present invention include those disclosed in U.S. Pat. Nos.
5648211 and 5744312, 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
thermohydrosulfuricus. It is preferred that the DNA polymerase displaces primer extension
products from the template nucleic acid in at 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 polymerases with
strand displacement activity is preferred. Such polymerases are known in the art, such as
described in U.S. Pat. No. 5744312 (and references cited therein). Preferably, the DNA
polymerase has little to no proofreading activity.

The ribonuclease for use in the methods and compositions of the present invention
is capable of cleaving ribonucleotides 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 present invention are well known in the art, including ribonuclease H
(RNase H).

The DNA-dependent RNA polymerase for use in the methods and compositions of
the present 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 transcribing from the promoter sequence provided by the
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TSO or PTO 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.

In general, the enzymes used included in the methods and compositions of the
present invention should not produce substantial degradation of the nucleic acid
components of said methods and compositions.

Reaction conditions and detection

Appropriate reaction media and conditions for carrying out the methods of the
present invention are those that permit nucleic acid amplification according to the methods
of the present 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. No. 5,679,512 and PCT
Pub. No. W099/42618. 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 preferably from about 7 to about
9, and most preferably from about 7.5 to about 8.5. The reaction medium can also include
bivalent metal ions such as Mg®" or Mn?", at a final concentration of free ions that is within
the range of from about 0.01 to about 10 mM, and most preferably from about 1 to 5 mM.
The reaction medium can also include other salts, such as KCl, 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 100 mM, more preferably from about 0 to about 75 mM, and most
preferably from about O to about 50 mM. The reaction medium can further include
additives that could affect performance of the amplification reaciions, but that are not
integral to the activity of the enzyme components of the methods. Such additives include
proteins such as BSA, and non-ionic detergents such as NP40 or Triton. Reagents, such as
DTT, that are capable of maintaining enzyme activities can also be included. Such reagents
arc known in the art. Where appropriate, an RNase inhibitor (such as Rnasine) that does
not inhibit the activity of the RNase employed in the method can also be included. Any
aspect of the methods of the present invention can occur at the same or varying

temperatures. Preferably, the reactions are performed isothermally, which avoids the
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cumbersome thermocycling process. The ampliﬁcatidn reaction is carried out at a
temperature that permits hybridization of the oligonucleotides (primer, TSO, blocker
sequence, and/or PTO) of the present invention to the template polynucleotide and that
does not substantially inhibit the activity of the enzymes employed. The temperature 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. In some embodiments that
include RNA transcription, 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.

Nucleotide and/or nucleotide analogs, such as deoxyribonucleoside triphosphates,
that can be employed for synthesis 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 pM, even more preferably about 500 to about 1700 puM,
and most preferably about 800 to about 1500 uM. In some embodiments, a nucleotide or
nucleotide analog whose presence 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
other modified bases, all of which are known in the art. Nucleotides and/or analogs, such
as ribonucleoside triphosphates, that can be employed for synthesis of the RNA transcripts
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.

The oligonucleotide components of the amplification 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, 10%, 10°, 108, 10,
10" times the amount of target nucleic acid. Composite primers, TSO, PTO and the
blocker sequence 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.

In one embodiment, the foregoing components are added simultaneously at the

initiation of the amplification process. In another embodiment, components are added in
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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 present invention can be
added to the reaction mixture either prior to the nucleic acid denaturation step, following
the denaturation step, or following hybridization of the primer and/or blocker sequence to
the target DNA, as determined by their thermal stability and/or other considerations known
to the person of skill in the art.

The amplification reactions 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. Methods
for stopping the reactions are known in the art, including, for example, cooling the reaction
mixture to a temperature that inhibits enzyme activity. Methods for resuming the reactions
are also known in the art, including, for example, raising the temperature of the reaction
mixture to a temperature that permits enzyme activity. In some embodiments, one or more
of the 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.c., from start to
finish) without interruption.

The detection of the amplification product is indicative of the presence of the target
sequence. Quantitative analysis 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 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. The amplification methods of the present
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.
Amplification methods of the present invention
The [ollowing are examples of the amplification methods of the invention. It is

understood that various other embodiments may be practiced, given the general description

41

IDT Exhibit 1020.8502



10

15

20

25

30

WO 01/20035 PCT/US00/25104

provided above. For example, reference to using a composite primer means that any of the
composite primers described herein may be used.

In one aspect of the present invention, a method for amplifying a nucleotide
sequence complementary to a target nucleotide sequence is provided. In this method,
isothermal linear nucleic acid sequence amplification is achieved. In another aspect, a
method for amplifying a target polynucleotide sequence wherein the amplified product is
sense RNA is provided, which is sometimes referred to herein as an “enhanced” linear
amplification method. In one embodiment, a method of enhanced isothermal linear nucleic
acid sequence amplification which is TSO-based is provided (hereinafter “Method 17°). In
another embodiment, a method of enhanced isothermal linear nucleic acid sequence
amplification which is blocker sequence and PTO-based is provided (hereinafter “Method

2’5)'

Linear nucleic acid sequence amplification resulting in complementary DNA product

When not linked to transcription, the amplification method of the invention
provides for isothermal linear amplification of a target nucleic acid sequence. The method
utilizes a single composite primer. In one embodiment, the method also employs a
termination sequence, such as a blocker sequence as described in Method 2, or a TSO, as
described in Method 1. Methods 1 and 2 are described below. Insofar as the linear
amplification is not linked to transcription, the components and steps leading to formation
of a complex comprising a promoter sequence for a DNA dependent RNA polymerase, are
not included.

The termination sequence (either TSO or blocker sequence component, if used) is
added for producing a product of 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 of primer extension. When this feature is not

desired, the isothermal linear amplification according to the methods of the invention can
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be carried out without a termination sequence. The isothermal linear amplification further
utilizes two enzymes, a DNA polymerase and a ribonuclease such as RNase H. Schematic
description of the linear isothermal nucleic acid amplification of the invention is shown in
Figure 1A-C.

Similar to Methods 1 and 2 as described below, the linear amplification method is
designed to amplify a single stranded DNA target. When the target to be amplified is ds
DNA, the target is first denatured to produce single stranded target. Target denaturation
may be carried out using methods known in the art, such as heat or alkali treatment. When
the target is single stranded RNA, such as mRNA or viral RNA, the target is first
transcribed to produce cDNA target by methods known in the art.

As shown in Figure 1A-C, the linear isothermal amplification method of the
invention comprises steps similar to the initial steps of the enhanced linear amplification
methods (Methods 1 and 2) described below and in Figures 2A-C and 3A-D. The target
nucleic acid is combined with a composite primer, DNA polymerase, a ribonuclease such
as RNase H and optionally a blocker sequence component or TSQO, as described above. In
one embodiment, each amplification reaction includes composite primers of one identical
sequence. In another embodiment, each amplification reaction includes a mixture of
composite primer vatiants, wherein the variants represent two or more homologous but
non-identical sequences, and wherein all are capable of hybridizing to the same target
nucleic acid sequence. The complementarity is preferably at least about 50%, more
preferably at least about 75%, and most preferably at least about 90%. Advantages of this
embodiment include the ability to introduce different sequences of interest into the primer
extension products. 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 different sites along the same target nucleic
acid strand. Advantages of this embodiment include multiplex detection and/or analysis of
target nucleic acids through amplification of a plurality of target nucleic acid species in a
single amplification reaction.

Figure 1A-C illustrates an embodiment that includes a termination sequence. The

composite primer and the termination sequence (TSO or blocker sequence component)
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hybridize to the same strand of the target, to form a tri molecular complex, XX (Figure 1A-
C). The 3’-end of the composite primer is extended along the target strand by the
polymerase, up to the site of hybridizing of the TSO or blocker sequence component, to
yield complex XXI (Figure 1A-C). A ribonuclease such as RNase H cleaves the RNA,
generally the 5’-RNA, portion of the extended primer of complex XXI (Figure 1A-C) to
produce complex XXII (Figure 1A-C). A second composite primer binds to complex XXII
(Figure 1A-C) by hybridization of the RNA, generally the 5 RNA, portion to yield
complex XXIII (Figure 1A-C). The free 3 portion of the bound composite primer then
displaces the 5° end of the primer extension product and hybridizes to the target to form
complex XXIV (Figure 1A-C). The hybridization of the 3 end of the composite primer to
the target is generally favored over the hybridization of the 5’ end of the primer extension
product since the hybridized 3’ end of the primer is a site of binding of the DNA
polymerase which will then extend the 3 end of the primer along the target. Primer
extension results in displacement of the first primer extension product to yield complex
XXV (Figure 1A-C). The process is repeated to yield multiple single stranded DNA
displacement products which are generally complementary to the target sequence.

The single stranded DNA (i.e., the displaced primer extension products) of the
isothermal linear amplification method are readily detectable by any of many detection
methods known in the art. Various homogeneous or heterogeneous detection methods
suitable for the detection of single stranded nucleic acid molecules were previously
described, 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 indicative of the presence of the target
sequence. 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. The amplification methods of the present
invention can also be extended to analysis of sequence alterations and sequencing of the

target nucleic acid.
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The production of at least 1, at least 10, at least about 100, at least about 1000, at
least about 10°, at least about 107, at least about 10°, at least about 10'2, complementary
copies of each copy of template polynucleotide can be expected, thus leading to at least 1,
at least 10, at least 100, at least 1000, at least about 10°, at least about 107, at least about
10°, at least about 10'*-fold enhancement with respect to each copy of template

polynucleotide.

Enhanced linear amplification resulting in sense RNA product

The present invention also provides methods for amplifying a target polynucleotide
sequence wherein the amplified product is RNA containing the sense sequence (i.e., same
sequence as target). Amplification of target nucleic acid according to Method 1, which
results in the generation of a unique intermediate amplification product comprising target
and template switch oligonucleotide (TSO)-related portions, provides for coupling of the
linear amplification to transcription. The complex formed by the hybridization of the
template switch oligonucleotide and the displaced primer extension product is a substrate
for transcription by the RNA polymerase, which generates an RNA product of the same
sense as the initial target sequence. Similarly, amplification of nucleic acid target
according to Method 2 results in formation of a displaced primer extension product which
when hybridized to the promoter template oligonucleotide forms a complex, which is a
substrate for the RNA polymerase. As in Method 1, this process results in coupling of the
linear amplification to transcription. The production of preferably at least about 1, more
preferably at least about 50, even more preferably at least about 73, still more preferably at
least about 100, and most preferably at least about 1000, RNA transcript products from
each primer extension product is expected, thus leading to 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-fold enhancement with respect to
the non-transcription linked methods of amplification.

Below are two exemplary methods.
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Method 1-TSO-based enhanced linear nucleic acid amplification

In one embodiment, the TSO-based linear amplification method of the present
invention is linked to transcription from the primer extension products to provide enhanced
nucleic acid amplification. A schematic description of this novel amplification method,
Method 1, is shown in Figure 2A-C.

The TSO-based nucleic acid amplification method of the invention employs a single
composite primer, as described above. A second oligonucleotide used in the amplification
method of the invention is a template switch oligonucleotide (TSO), also as described
above. The amplification method of the invention employs the following enzymes: a DNA
polymerase, a ribonuclease such as RNase H, and a DNA dependent RNA polymerase.

The nucleic acid target to be amplified can be DNA or RNA. Amplification of an RNA
target will require initial cDNA synthesis, as known in the art.

The new TSO-based enhanced linear amplification method of the present invention
can produce multiple copies of an RNA product homologous (i.e., sense) to the target DNA
sequence.

The single stranded target nucleic acid is combined with the composite primer, a
TSO oligonucleotide, DNA polymerase, ribonuclease stich as RNase H, a DNA dependent
RNA polymerase, and nucleotides, such as deoxyribonucleoside triphosphates (ANTPs) and
ribonuceoside triphosphates (rNTPs), in a reaction medium suitable for nucleic acid
hybridization and amplification, as known in the art. Suitable reaction medium and
conditions are as described above. In one embodiment, transcription is performed at a
different temperature, generally lower, than that of the preceding steps. In another
embodiment, all the steps of the methods are performed isothermally.

In one embodiment, each amplification reaction includes composite primers of one
identical sequence. In another embodiment, each amplification reaction 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 hybridizing to the same target
nucleic acid sequence. The homology (sequence identity) is preferably at least about 50%,
more preferably at least about 75%, and most preferably at least about 90%. Advantages of

this embodiment include the ability to introduce different sequences of interest into the
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primer extension products. 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 different sites along the same target
nucleic acid strand. Advantages of this embodiment include multiplex detection and/or
analysis of target nucleic acids through amplification of a plurality of target nucleic acid
species in a single amplification reaction.

In one embodiment, the TSO functions as a termination sequence and provides a
propromoter sequence. In another embodiment, the TSO does not comprise a propromoter
sequence. In this embodiment, a propromoter sequence is provided separately by another
oligonucleotide, such as a PTO, that comprises a propromter sequence and is hybridizable
to the 3’ portion of the primer extension product such that transcription of the primer
extension product can occur.

The single composite primer and the TSO then hybridize to the same strand of the
nucleic acid to be amplified. The two oligonucleotides may be added to the sample
suspected of containing the nucleic acid target prior to the target nucleic acid denaturation
step. Hybridization of the two oligonucleotides to the target strand results in the formation
of the tri molecular complex I (Figure 2A-C).

A DNA polymerase carries out primer extension. The primer is extended along the
target nucleic acid strand of complex I (Figure 2A-C), up to 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 II. The last comprises a target nucleic acid, the TSO and the first
primer extension product. The first primer extension product is a unique DNA comprising
both a target dependent portion (i.e., sequence complementary to the target nucleic acid)
and a TSO dependent portion (i.e., sequence complementary to the unhybridized portion of
the TSO) .

Complex IT (Figure 2A-C) is a substrate for both an RNA polymerase and a
ribonuclease such as RNase H. The DNA dependent RNA polymerase binds to the
functional ds promoter of complex II and transcribes the first primer extension product to

produce a sense RNA product III (Figure 2A-C). A ribonuclease, such as RNase H, which
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1s specific for degradation of the RNA strand of an RNA/DNA heteroduplex, degrades the
5’ portion of the primer extension product in complex II to form the tri molecular complex
Iv.

Free composite primer hybridizes to the primer complementary site of the target
nucleic acid in complex IV (Figure 2A-C). This hybridization results in formation of
complex V (Figure 2A-C) 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 of the partially hybridized primer will
result in formation of complex VI (Figure 2A-C), which is a substrate for a DNA
polymerase. Extension of the primer along the target strand (VII; Figure 2A-C) results in
displacement of the first primer extension product from the complex. Repeated primer
extensions and strand displacements result in generation of multiple copies of
polynucleotides that are at least substantially complementary to the target nucleic acid.

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 product (VIII; Figure 2A-C) hybridizes to free
TSO oligonucleotide to form the partial duplex IX (Figure 2A-C). Complex (duplex) IX
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 functional double stranded promoter for the
DNA dependent RNA polymerase. The last binds to the promoter of the partial duplex IX
and transcribes the primer extension product to form multiple copies of a sense RNA
product X (Figure 2A-C).

The products of the amplification described above can be detected by either
homogenous or heterogeneous detection methods, 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 indicative 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
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sequence in the test sample can be determined. Further extension of the new amplification
method to analysis of sequence alteration and sequencing of the target nucleic acid are also

feasible, as described below.

Method 2 —Blocker sequence-based enhanced nucleic acid amplification

In another embodiment, the blocker sequence-based linear amplification method of
the present invention is linked to transcription from the primer extension products to
provide enhanced nucleic acid amplification. This alternative enhanced linear
amplification, Method 2, which does not involve a template switch step, is shown in Figure
3A-D.

Method 2 utilizes the single composite primer, as in Method 1, as described above,
a blocker sequence component which is either an oligonucleotide or an oligonucleotide
analog, which, as described above, is further able to hybridize to a sequence on the same
target nucleic acid strand as the single primer, and a third oligonucleotide, the promoter
template (PTO), which, as described above, 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 at its 5 end a sequence of a promoter for a DNA
dependent RNA polymerase. As in the TSO described above, the sequence immediately
adjacent to the promoter sequence is designed to provide for preferably optimal
transcriptional activity by the RNA polymerase used in the amplification according to the
method of the invention. The blocker sequence component is designed to hybridize to the
target sequence at a site which is located upstream, towards the 5’ end of the target, relative
to the site of hybridization of the single primer. Stated alternatively, and as described
above, the blocker sequence hybridizes 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. The blocker sequence binds with sufficiently high affinity so as to
block primer extension at the site of blocker hybridization 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.

As in Method 1, the target nucleic acid for amplification according to Method 2 is a

single stranded DNA. When the target nucleic acid is a ds DNA, the target is first rendered
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single stranded by denaturation. The denaturation of the ds DNA target may be carried out
by heating or any other known method known in the art, such as alkali treatment. When
the target nucleic acid is RNA, such as mRNA, the target is first reverse transcribed by
methods known in the art to produce a cDNA that is then amplified according to the
method of the invention.

The single stranded nucleic acid target is combined with the single composite
primer, the blocker component, the propromoter template (PTO), DNA polymerase,
ribonuclease such as RNase H, a DNA dependent RNA polymerase, and nucleotides, such
as NTPs (e.g., dNTPs and rNTPs), as was described for Method 1. Suitable reaction
medium and conditions are as described above. In one embodiment, the transcription is
performed at a different temperature, generally lower, than that of the preceding steps. In
another embodiment, all the steps of the methods are performed isothermally.

In one embodiment, each amplification reaction includes composite primers of one
identical sequence. In another embodiment, each amplification reaction 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 hybridizing to the same target
nucleic acid sequence. The homology (sequence identity) is preferably at least about 50%,
more preferably at least about 75%, and most preferably at least about 90%. Advantages of
this embodiment include the ability to introduce different sequences of interest into the
primer extension products. 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 different sites along the same target
nucleic acid strand. Advantages of this embodiment include multiplex detection and/or
analysis of target nucleic acids through amplification of a plurality of target nucleic acid
species in a single amplification reaction.

The single composite primer and the blocker sequence component hybridize to the
same target strand to form a tri molecular complex. The primer is extended along the target
up to the site of hybridization of the blocker sequence, to form complex XII (Figure 3A-D).

As in Method 1, a ribonuclease, such as RNase H, cleaves the RNA portion,
generally the 5° RNA portion, of the single composite primer of complex XII to form
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complex XIII (Figure 3A-D). As described above, the enzyme 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. The following steps, as
illustrated in Figure 3A-D, of primer hybridization (XIV), displacement of the 5° end of the
primer extension product by the 3’-DNA portion of the composite primer (XV), primer
extension and displacement of the first primer extension product (XVI), proceed as in
Method 1, to yield multiple copies of the displaced extension product (XVII). Unlike the
displacement product of Method 1, XVII is fully complementary to the target sequence and
does not comprise a 3’ end portion which is not complementary to the target. Repeated
primer extensions and strand displacements result in generation of multiple copies of
polynucleotides that are complementary to the target nucleic acid.

The promoter template oligonucleotide (PTO) binds to the displaced extension
product to form complex XVIII (Figure 3A-D), by hybridization of the 3” end portion (A)
of the propromoter template to the 3’ end of the displaced primer extension product. As
described above, the 3’ end of the PTO may be blocked or not. When the 3’ end of the
propromoter template is not blocked, the template will be extended along the displaced
primer extension product. The 3 end of the displaced product will be extended by the
nucleotide (DNA) polymerase along the B portion (see Figure 3A-D) of the hybridized
propromoter template to form complex XIX, which comprises at its one end a ds promoter
sequence that can be utilized by the DNA dependent RNA polymerase. Complex XIX is
depicted in Figure 3A-D as the product of hybridization of a promoter template 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 complex. DNA-
dependent RNA polymerase will transcribe the extended displaced primer extension
product of complex XIX, in both forms (the choice of RNA polymerase must take into
account its capability to transcribe from a ds and/or ss DNA template), that is to say either
the partial duplex or the fully double stranded duplex forms of the complex. Multiple
copies of a single stranded RNA products are produced by this transcription step.

The products of the amplification described above can be detected by either

homogenous or heterogeneous detection methods, including identification by size and/or
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migration properties in gel electrophoresis, or by hybridization to sequence-specific probes.
The detection of the amplification product is indicative 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. The amplification methods of the present
invention can also be extended to analysis of sequence alterations and sequencing of the

target nucleic acid, as discussed below.

Methods using the amplification methods and compositions of the invention

The methods and compositions of the present invention can be used for a variety of
purposes. For purposes of illustration, methods of sequencing, genotyping (nucleic acid
mutation detection), microarray preparation using the amplified nucleic acid products
generated by the methods of the present invention, and characterizing nucleic acid

sequences are described.

Isothermal sequencing of defined nucleic acid targets using the linear amplification method

of the invention

The linear isothermal amplification methods of the invention are useful, for
example, for sequencing of a defined nucleic acid target sequence. The sequencing process
is carried out as described for the amplification methods described herein. In addition to
the nucleotides, such as natural deoxyribonucleotide tri phosphates (ANTPs), that are used
for the amplification method according to the present invention, the sequencing reaction
mixture also includes the appropriate nucleotide tri phosphate analogs, which may be
labelled or unlabelled, that upon incorporation into a primer extension product effect
termination of nucleotide polymerization. Such analogs are commonly used in other
sequencing methods and are well known in the art, such as dideoxyribonucleotides. They
may be labeled, e.g., with fluorochromes or radioisotopes. The labels may also be labels
which are suitable for mass spectroscopy. 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
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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 generation of a
detectable signal that could be detected by methods such as colorimetry, fluorometry or
chemiluminescence. All of the above examples are well known in the art. These are
incorporated into the primer extension product by the polymerase and serve to stop further
extension along the target sequence. The resulting truncated extension products are labeled.
The accumulated multiple displaced primer extension products vary in length, according to
the site of incorporation of each of the analogs, which represent the various sequence
locations of a complementary nucleotide on the target sequence.

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
electrophoresis 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 protein, such as biotin-labeled chain terminator and streptavidin
conjugated to an enzyme. The label is detected by the enzymatic activity of the enzyme,
which generates a detectable signal. As with other sequencing methods known in the art,
the sequencing reactions for the 4 nucleotide types (A, C, G, T) are carried out either in a
single reaction vessel, or in separate reaction vessels (each representing 1 of the 4
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 tri phosphate
analogs and/or label used. Thus, for example, when each of the analogs 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 invention are similar to those for other previously
described sequencing methods. The reagent and reaction conditions should be as described

above for the linear nucleic acid-amplification methods of the present invention.
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Isothermal sequencing of defined nucleic acid targets using the enhanced linear

amplification methods (methods 1 and 2) of the invention

Transcription based sequencing was previously described in, for example, Sasaki et.
al., PNAS, 95:3455-3460, 1998. The inclusion of rNTPs analogs, which may be labelled or
unlabelled, that upon incorporation into an RNA transcript effects termination of NTP
polymerization in the reaction mixture for the enhanced linear amplification methods will
result in production of truncated RNA products, which result from blocking of the RNA
polymerase at sites of incorporation of the analogs. Suitable rNTP analogs are known in
the art. The last are incorporated opposite the complementary nucleotide on the displaced
extension product in the relevant complexes according to the method used (Method 1 or
Method 2).

Analysis of the reaction products for the elucidation of sequence information is
carried out using any one of a variety of methods as known in the art. Such methods
include those described above for sequencing of defined nucleic acid targets using the

(non-enhanced) linear amplification methods of the invention.

RNA portion-based isothermal mutation detection utilizing the amplification methods of

the invention

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 genotyping, 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.

The target nucleic acid sequence suitable for the method of the invention is ss DNA.
However, preparation of a ss DNA target from a ds DNA target or an RNA target can be
carried out as described above and known in the art.

One embodiment of the method of the invention is schematically illustrated in

Figure 4. In this embodiment, the RNA portion(s) of the composite primer is designed to
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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 nucleotide substitution, a deletion or insertion. The site of sequence alteration is
schematically marked by X in Figure 4.

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 complementary to the test target nucleic, and thus is not 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 RNA portion, generally 5° RNA portion, of the composite primer comprises a
sequence which is complementary to a known normal wild type sequence, or a known
mutant or a polymorphic genotype. Generally, a suiiable 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 complementary 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. As shown in Figure 4, 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 the first tri
molecular complex, and is extended. A ribonuclease, such as RNase H, 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
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hybridizing oligonucleotide 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 preventing the amplification of the target sequence.
Another possibility 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 amplification 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 a primer extension product, or quantitative comparisons of
amount of accumulated primer extension product. For example, when the composite
primer comprises the reference sequence (for example, wild type), the presence of a
mutation in a target strand may lead to no detectable amplification products; alternatively,
it may lead to detectable products, but less than those produced from a template strand
without the mutation.

When the composite primer comprises an RNA portion, generally a 5° RNA
portion, that is fully complementary to a mutant genotype, ampiification of a sequence
which is of the normal genotype will be prevented, while a mutant genotype 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 reactions that include either the nucleic acid
sample of interest or reference sample of target nucleic with a wild type sequence could be
run. Accumulation of more primer extension 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 amplification products is indicative of a normal genotype.

Any of the amplification methods of the present invention are suitable for detection

of mutation as described above.
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3’-nucleotide-based isothermal mutation detection utilizing the amplification methods of

the invention

In this method, the complementarity of the 3’ most nucleotide of a composite
primer is used to characterize the presence or absence of a mutated sequence.
Hybridization of the 3’ most nucleotide of the composite primer to a target nucleic acid is
required for primer extension. Therefore, product amplification indicates that the target
nucleic acid contains the sequence defined by the 3’ most nucleotide of the composite
primer. Reduction or absence of product amplification, on the other hand, indicates that the
target nucleic acid contains a sequence alteration that includes at least the base
complementary to the 3’ most nucleotide of the composite primer. The lack of the
sequence can be due to point mutation, single nucleotide polymorphism, insertion or
deletion of a sequence segment encompassing the sequence defined by the 3’ most
nucleotide.

In one embodiment, genotype-specific primers, designed to have the 3’ most
nucleotide correspond to the various sequences at the variant nucleotide position (such as
due to allelism), are used for amplification according to the methods of the invention. The
presence of amplification products would indicate that the target nucleic acid comprises the
sequence defined by the 3’ most nucleotide of the particular primer used. The absence or
lack (in comparison to a reference nucleic acid having the sequence defined by the 3 most
nucleotide of the particular primer used) of amplification products would indicate that the
target nucleic acid does not comprise the sequence defined by the 3’ most nucleotide of the

particular primer used.

Mutation detection based on single stranded conformation polymorphism utilizing the

amplification methods of the invention

The DNA or RNA amplification products generated according to the methods of the
present 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, as will be

discussed in the following.
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The products of the linear nucleic acid amplification methods (DNA) and the
enhanced linear amplification methods (RNA) described previously are suitable for single
stranded conformation polymorphism (SSCP or rSSCP) based mutation detection. Insofar
as the RNA product of the new amplification methods is not a substrate for further
amplification, sequence amplification according to the new methods does not require the
presence of agents which reduce secondary structures in the single stranded product.
Transcription-based amplification methods described by others are carried out in the
presence of agents which reduce secondary structures, such as DMSO. Thus, it is
anticipated that the enhanced linear amplification methods of the present invention can be
directly linked to appropriate means for detecting single stranded conformation
polymorphism, 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 specific sequence features, or the presence of any difference in a test nucleic
acid as compared to a reference nucleic acid.

Methods based on gel electrophoresis or capillary electrophoresis can be used for
the detection and analysis of the various single stranded conformational isomers.
Alternatively, it is also likely that cleavage of the single stranded DNA or RNA product
using nucleases which recognize sequence dependent secondary structures; may be useful
for the determination of sequence specific conformation polymorphism. Such nucleases
are known in the art, such as the Cleavase assay (Third Wave). The electrophoretic
methods are potentially more suitable for high throughput mutation, or genotyping,
detection methods.

The determination of 'sequence specific electrophoretic pattern for a given nucleic
acid sequence is useful for 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
differentiated, thus allowing the detection of two alleles in a single genomic DNA sample,
as required for heterozygous genotype, or multiple alleles. Any alteration in the test
nucleic acid sequence, such as base substitution, insertions 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.
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Method of preparing microarrays of nucleic acids

The single stranded nature of the products of the linear nucleic acid amplification
methods (DNA) and the enhanced linear amplification methods (RNA) described
previously are particularly suitable for preparing microarrays comprising the amplification
products.

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 amplified
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. Other methods, such as those using amino propryl
silican surface chemistry are also known ih the art, as disclosed at
http://www.cmt.corning.com and http://cmgm.standord.ecu/pbrownl.

Attachment of groups to the primer which could be later converted to reactive
groups is also possible using methods known in the art. Any attachment to nucleotides of
the composite primer will become part of the single stranded DNA product of the linear
amplifcation methods, which could then be attached to the solid surface of the microarray.

The amplification products of the methods of the present invention can be further
modified, such as through cleavage into fragments or by attachment of detectable labels,
prior to or following attachment to the solid substrate, as required and/or permitted by the

techniques used.

Characterization of nucleic acids

The amplification products obtained by the methods of the invention are
particularly amenable to further characterization, in part because the products are single
stranded. The amplified products, either DNA or RNA, can analyzed using probe
hybridization techniques known in the art, such as Southern and Northern blotting. The
amplified products can also be analyzed by contacting them with microarrays comprising

oligonucleotide probes. The identity of the probes provides characterization of the
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sequence identity of the amplified products, and thus by extrapolation the identity of the
template nucleic acid present in a sample suspected of containing said template nucleic

acid.

Compositions and kits of the invention

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. For example, the invention provides a
composition comprising a composite primer, wherein the composite primer comprises an
RNA portion and a 3° DNA portion. In another example, the invention provides a
composition comprising a composite primer, wherein the composite primer comprises a 5°-
RNA portion and a 3’-DNA portion. In one embodiment, the RNA portion is adjacent to
the DNA portion. In another example, the invention provides a composition comprising a
composite primer, wherein the composite primer comprises 5’- and 3’-DNA portions with
at least one intervening RNA portion. In other examples, the invention provides a
composition comprising a composite primer that is further derivatized by attachment of a
moiety capable of effecting attachment of a polynucleotide comprising the composite
primer to a solid substrate used in preparing nucleic acid microarrays. In some
embodiments, the composite primer is further derivatized by attachment of a positively
charged moiety such as an amine. In other embodiments, the invention provides a
composition comprising 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 compositions comprise a composite primer and a termination
sequence. In some embodiments, the invention provides a composition comprising a
polynucleotide comprising a propromoter sequence, such as a TSO or PTO (i.e., any of
those embodiments described herein), and may further comprise a composite primer and/or
a blocker sequence. In some embodiments, the invention provides a composition
comprising a blocker sequence (i.c., any of the embodiments described herein, including
blocker sequences with modifications).

In other embodiments, the invention provides compositions comprising (a) a

composite primer, wherein the composite primer comprises an RNA portion and a 3° DNA
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portion (in some embodiments, the RNA portion is adjacent to the DNA portion); and (b) a
termination sequence. In some embodiments, the termination sequence is a TSO. In other
embodiments, the termination sequence is a blocking sequence. In some embodiments, the
composite primer comprises a 5°-RNA portion and a 3’-DNA portion (in certain
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 some embodiments, the composition comprises (a) a composite primer; (b) a
polynucleotide comprising a termination sequence; (c) a polynucleotide comprising a
propromoter sequence. In some embodiments, the propromoter sequence is provided by a
PTO. In other embodiments, the propromoter sequence is provided by a TSO. Any of the
above compositions may further comprise template (which comprises a target sequence)
and/or any of the enzymes described herein (such as DNA polymerase, RNaseH, and/or
RNA polymerase). The compositions are generally in aqueous form, preferably in a
suitable buffer.

The invention also provides compositions comprising the amplification products
described herein. Accordingly, the invention provides a population of DNA (anti-sense) or
RNA (sense) molecules which are copies of a target sequence, which are produced by any
of the methods described herein.

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).

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 nucleotide sequence; sequencing of
amplified polynucleotides; and detection of sequence mutation in amplified
polynucleotides.

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. A kit may comprise any of the composite primers described herein. In some

embodiments, a kit comprises two or more composite primers, which may or may not be
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separately packaged. In other embodiments, a kit comprises a composite primer and a
termination sequence (any of those described herein). A kit may comprise a composite
primer, a polynucleotide comprising a termination sequence, and a polynucleotide
comprising a propromoter sequence (which may be a PTO or TSO). The composite primer
may be labelled or unlabeled. Kits may also optionally include any of one or more of the
enzymes described herein, as well as deoxynucleoside triphosphates and/or ribonucleoside
triphosphates. Kits may also include one or more suitable buffers (as described herein).
Kits useful for nucleic acid sequencing may optionally 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 concentrations 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.

The kits of the invention may optionally include a set of instructions, generally
written instructions, although electronic storage media (e.g., magnetic diskette or optical
disk) containing inistructions are also acceptable, relating to the use of comiponents of the
methods of the present 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. The instructions included with the kit
generally include information as to reagents (whether included or not in the kit) necessary
for practicing the methods of the presentation invention, instructions on how to use the kit,
and/or appropriate reaction conditions.

The component(s) of the kit may be packaged in any convenient, appropriate
packaging. The components may be packaged separately, or in one or multiple
combinations. Where kits are provided for practicing the enhanced linear amplifications
methods of the present invention, the RNA polymerase (if included) is preferably provided
separately from the components used in the steps prior to the transcription steps.

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
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to occur to practice the methods disclosed herein and/or to further optimize the sensitivity
of any assay.

The invention also provides systems for effecting the methods described herein.
These systems comprise various combinations of the components discussed above. For
example, in some embodiments, the invention provides a system suitable for producing
target polynucleotide sequence (or amplifying target polynucleotide sequence) comprising
(a) a composite primer (any of those described herein), (b) DNA polymerase; and (c¢)
ribonuclease. In some embodiments, the system further comprises a polynucleotide
comprising a termination sequence (any of those described herein). In some embodiments,
the system further comprises a polynucleotide comprising a propromoter sequence (which
may be a PTO or TSO) and a DNA-dependent RNA polymerase. Any of the systems
embodiments may also comprise a template (target) sequence, as described herein.

The invention also provides reaction mixtures (or compositions comprising reaction
mixtures) which contain various combinations of components described herein. In some
embodiments, the invention provides reaction mixtures comprising (a) a polynucleotide
template; (b) a composite primer comprising a 3’ DNA portion and an RNA portion; and
(c) DNA polymerase. As described herein, any of the composite primers may be in the
reaction mixture (or a plurality of composite primers), including a composite primer
comprises a 5 RNA portion which is adjacent to the 3> DNA portion. The reaction
mixture could also further comprise an enzyme which cleaves RNA from an RNA/DNA
hybrid, such as RNase H. A reaction mixture of the invention can also comprise any of the
polynucleotides comprising termination sequences described herein. Another example of a
reaction mixture is (a) a displaced primer extension product (and, as such, contains at its 5’
end sequence complementary to the 3° DNA portion of the composite primer, but not
sequences complementary to the RNA portion of the composite primer); (b) a
polynucleotide comprising a propromoter sequence (for example, a PTO); and (¢) RNA
polymerase. Other reaction mixtures are described herein and are encompassed by the
invention.

The invention also includes compositions comprising any of the complexes (which
are intermediates in the methods described herein) described herein. The complexes are

schematically depicted in Figures 1-4. As an example, one complex of the invention is a
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complex comprising: (a) a template strand; and (b) a composite primer, said composite
primer comprising a 3> DNA portion and an RNA portion. The composite primer may
have an RNA portion which is 5’ and adjacent to the 3” DNA portion. The complex may
further comprise a polynucleotide comprising a termination sequence (such as a TSO or
blocker sequence). The complex may also comprise a polynucleotide comprising a

propromoter, such as a PTO.

The following Examples are provided to illustrate, but not limit, the invention.

EXAMPLES

Example 1: General Methods

The general methods that are described in this example are also utilized in other

examples provided herein.

Buffers that were used throughout the examples are made with the following materials.
TE Buffer: 10 mM Tris-HCL, pH 8.0, 1 mM EDTA

TBE Buffer: 89 mM Tris base, 8 mM boric acid, 2 mM EDTA, pH 8.3

FX Buffer: 20 mM Tris-SO4, pH 9.0, 20 mM (NH4)2S04, 0.1% NP-40

Isothermal linear amplification using a single chimera primer, DNA polymerase and Rnase

H

Sequence amplification was performed in 15 ul reactions containing 20 mM Tris-
HCI, pH 8.5, 6.0 mM MgCl,, 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 (Ambion, Austin, TX), 0.6 Units/ul recombinant ribonuclease inhibitor
(rRNasin, Promega, Madison, WI), 0.5-5 uM composite primer IA0Q05, and 100-200 nM
promoter-template oligonucleotide (PTO) IA015C. Composite primer IA00S5 is a 20-mer
primer with the sequence of: ACGGAUGCGGUCUCCAGTGT (SEQ ID NO:1).
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Promoter-template oligonucleotide (PTO) IA015C is a 55-mer oligonucleotide with the
sequence of:
geAATTCTAATACgACTCACTATAgggAgAgCgeTACgCTgATCAAAGATCCgTg-
biotin (SEQ ID NO:12).

Reactions were assembled with all components except the two enzymes. After
heating to 70°C or 99°C for 10 sec. ina programmable thermal cycler (GeneAmp 9600,
Perkin Elmer), 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% glycerol; Hybridase thermostable RNase H, Epicentre Technologies, Madison,
WTI) and 1.0-5.0 Units Bca DNA polymerase (2- Ulul; Panvera, Madison, WI) 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. Reactions can remain at 4 C until RNA transcription step is

desired.

Enhanced linear amplification by RNA transcription of the linear amplification

ssDNA product

RNA transcription was performed at 37°C for 3 hours in 10 ul reactions containing
2.5 ul of the linear amplification reaction mixtures above, and 40 mM Tris-HCI, pH 8.5, 70
mM KCI, 5.0 mM DTT, 12 mM MgCl,, 110 ug/ml BSA, 3 mM each rNTP (ATP, UTP,
CTP, GTP, Amersham), 7.5% DMSQO, 1 Unit/ul rRNasin (Promega, Madison, WI), and 20
Units T7 RNA polymerase (Ambion, Austin, TX).

DNA Templates

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
experiments: a synthetic DNA target (IA013), a primarily single-stranded DNA (351 bases)
template produced by PCR amplification, and genomic DNA from the K12 strain of E. coli
(preparation described in Example 4). Synthetic DNA target IA013 comprises:

Spacer18-Spacer] SCGGTACGCTGATCAAAGATCCGTGCAACAAATGTCA
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TGGTCATGGTCGTGTTGAGCGCAGCAAAACGCTGTCCGTTAAAATCCCGGCAG
GGGTGGACACTGGAGACCGCATCCGT (SEQ ID NO:18). Spacerl8 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 aforementioned primarily
single-stranded DNA (351 bases) template produced by PCR amplification is:
CGGTACGCTGATCAAAGATCCGTGCAACAAATGTCATGGTCATGGTCGTGTT
GAGCGCAGCAAAACGCTGTCCGTTAAAATCCCGGCAGGGGTGGACACTGGAG
ACCGCATCCGTCTTGCGGGCGAAGGTGAAGCGGGCGAGCATGGCGCACCGGCA
GGCGATCTGTACGTTCAGGTTCAGGTTAAACAGCACCCGATTTTCGAGCGTGAA
GGCAACAACCTGTATTGCGAAGTCCCGATCAACTTCGCTATGGCGGCGCTGGG
TGGCGAAATCGAAGTACCGACCCTTGATGGTCGCGTCAAACTGAAAGTGCCTG
GCGAAACCCAGACCGGTAAGCTATTCCGTATGCG (SEQ ID NO:17) 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 product

Single-stranded DNA template for isothermal linear amplification was prepared by
PCR amplification of a 351-bp segment of the E. coli J gene using the primers IA006 and
IA004. Primer IA006 is a 23-mer with the sequence of:
CGGTACGCTGATCAAAgATCCGT (SEQ ID NO:16). Primer IA004 is a 26-mer with
the sequence of: CGCATACGGAATAGCTTACCGGTCT (SEQ ID NO:15).

PCR was performed in 100 ul reactions containing 20 mM Tris-SOy4, pH 9.0, 20
mM (NH4),SO4, 0.1% NP-40, 2.0 mM MgCl,, 300 uM each dANTP (dATP, dTTP, dCTP,
dGTP), 5§ Units Taq DNA polymerase, 400 nM primer IA006, 400 nM 5'-phosphate-
primer 1A004, 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 IA004 was synthesized with a 5'-
phosphate to protect the sense-strand from digestion by lambda exonuclease (Strandase Kkit,

Novagen, Madison, WI). The Strandase digestion was performed according to the
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manufacturer's recommendation. Briefly, PCR product prepared as described above, was
precipitated from the reaction mixture by the addition of 1/10 volume 3M sodium acetate,
pH 5.2 and 0.6 volumes isopropanol, cooling td -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 programmable thermal cycler (GeneAmp 9600, Perkin Elmer). Remaining DNA was
purified using QiaQuick Nucleotide Removal Columns (Qiagen, Valencia, CA) following
the manufacturer's recommended procedure and using the buffers providéd with the kit
(Qiagen, Valencia CA). 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 500 ul of Buffer PE (Qiagen). The column was then dried thoroughly
by centrifugation at maximum speed for 3 minutes. The DNA was eluted in 50 ul Buffer
EB (10 mM Tris-HCI, pH 8.5 )}(Qiagen). The concentration was estimated to be about 2.5
X 102 copies/ Sul from OD at 260 nm. Gel analysis revealed that significant dsDNA (less
than half the total) remained, but the error in concentration was less than 2-fold. The DNA
was diluted to 10'° copies/ 5ul in TE Buffer. Serial dilutions were prepared from the 10'°
copy stock solution as needed. Concentration based on O.D. measurement was confirmed

by limiting dilution PCR analysis.

Gel Electrophoresis

Amplification products were electrophoretically separated on Novex pre-cast 4-20%
polyacrylamide gradient gels (Invitrogen, Carlsbad, CA; part no. EC62255) in 1X TBE
Buffer (89 mM Tris base, 89 mM boric acid, 2 mM EDTA, pH 8.3) in a Novex
electrophoresis apparatus (EI9001-XCell IT Mini Cell, Novex). Reaction mixtures (5 ul)
from linear amplification or transcription (enhanced linear amplification) were mixed with

I ul of 6X Gel Loading Solution (40% sucrose, 0.25% bromophenol blue, 0.25% xylene

67

IDT Exhibit 1020.8528



10

15

20

25

30

WO 01/20035 PCT/US00/25104

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 0.5 ug/ml ethidium bromide in 1X TBE Buffer (89 mM Tris
base, 89 mM boric acid, 2 mM EDTA, pH 8.3). A dsDNA molecular size marker (Hi-Lo
DNA Marker, Bionexus, San Leandro, CA) 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
Oligonucleotide probes for hybridization examples(IA010 for ssDNA products;

1A014 for ssRNA products) were 5'-end-labelled using T4 polynucleotide kinase (New
England Biolabs, Beverly, MA) and 7-3 2p-ATP (adenosine 5'—[y-3 2p] triphosphate,
triethylammonium salt, Amersham, Piscataway, NJ; PB10218, >5000 Ci/mmol, 10
mCi/ml). Primer IA010 is a 21-mer with the sequence of:
ATGTCATGGTCATGGTCGTGT (SEQ ID NO:13). Primer IA014 is a 31-mer with the
sequence of: CTCAACACGACCATGACCATGACATTTGTTG (SEQ ID NO:14).
Labelling reactions (50 ul total volume) contained 70 mM Tris-HCI, pH 7.6, 10 mM
MgCl, 5 mM DTT, 1 ug oligo (147 pmol for primer IA010; 101 pmol for primer IA014),
250 uCi y-3 ’P-ATP, and 30 Units T4 polynucleotide kinase. Incubation was at 37 C for 30
minutes, followed by removal of unincorporated nucleotide using QI Aquick Nucleotide
Removal Kit (Qiagen, Valencia, CA). The decay rate (cpm) was determined in a Packard
Minaxi Tri-Carb 4000 Series liquid scintillation counter by Cherenkov counting of 1 ul of
the labelled oligo.

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 10° 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

(GeneAmp 9600, Perkin Elmer). The entire volume of hybridization reaction was
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electrophoresed in 10% polyacrylamide gels in 1X TBE 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: Isothermal linear amplification

Isothermal linear amplification using a single composite primer, DNA polymerase,
RNase H, and TSO or blocker was performed. Reaction mixtures containing all reaction
components, as described above, as well as reaction mixtures without one of the key
reagents such as composite primer, RNase H, or Bca DNA polymerase (Panvera, Madison,
WI) were spiked with 10'® copies of synthetic ssDNA target (IA010 - sequence listed in
Example 1). A negative control reaction containing all the reagents and no target ssDNA,
was also included. The isothermal linear amplification of target DNA sequence was carried
out as described above. Target denaturation was carried out at 70°C and the isothermal
amplification was carried out at 65 C.

The amplification products were resolved by gel electrophoresis (Figure 5) (First
lane: molecular weight ladder; lanes #1-4: no DNA, no primer, no RNase H, no Bca DNA
polymerase, respectively; lane 5: contains all components). No amplification products
were detected in reaction mixtures without primer, RNase H or Bca DNA polymerase.

Probe IA010 hybridization and autoradiography to the ssSDNA product of the linear
amplification method, as shown in Figure 6 (L.anes 1-4: no DNA, no primer, no RNase H,
no DNA polymerase, respectively; lane S: contains all components), verified 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
(IAO015b). Promoter-template oligonucleotide IAQ15b is a 55-mer with a sequence of:
GGAATTCTAATACGACTCACTATAGGGAGAGCGGTACGCTGATCAAAGATCCG
TG (SEQ ID NO:11). The amplification reaction 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 down to 65°C, and further incubated at

this temperature for 30 minutes following the addition of Bca polymerase and RNase H. No
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hybridization was detected in the control reactions (no DNA, no primer, no RNase H, no

Bca).

Example 3: Promoter-template oligonucleotide coupled isothermal linear

amplification and transcription

The promoter-template oligonucleotide (PTO) contains two essential sequence
motifs: a T7 promoter sequence (5-TAATACGACTCACTATAGGGAgGAG (SEQ ID
NO:20)) and a sequence complementary to the ssDNA template. Four versions of a PTO
were designed (IA012, IA012b, IAO15, 1A015b). IA012 PTO is a 67-mer and has a
sequence of:
GGAATTCTAATACGACTCACTATAGGGAGAGATCGAGTAGCTCCGGTACGCTG
ATCAAAGATCCGTG (SEQ ID NO:8). IA012 PTO contains two sequences in addition
to the core T7 promoter: a 5'-extension (5'-GGAATTC (SEQ ID NO:21)) and a spacer (5'-
ATCGAGTAGCTC (SEQ ID NO:22)) 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:
TAATACGACTCACTATAGGGAGAGCGGTACGCTGATCAAAGATCCGTG (SEQID
NG:10). IA012b PTO is a 60-mer which contains the spaccr, but not the extension.
IA012b PTO has the sequence:
TAATACGACTCACTATAGGGAGAGATCGAGTAGCTCCGGTACGCTGATCAAAG
ATCCGTG (SEQ ID NO:9). IA015b contains the extension, but not the spacer. The
sequence of IA015b is disclosed in Example 2. All primers other than the chimeric
oligonucleotides IA005, IA019, and IA020 were synthesized by Keystone (Division of
BioSource International, Camarillo, CA) and were PAGE purified.

A general schematic for this amplification method is illustrated in Figure 2A-C.
The ability of IA012, IA012b, IAO015, and IA015b 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 (IA009) and each of the PTO's. Synthetic oligo product IA009 is a 100-mer
with the sequence of: AGTGTCCACCCCTGCCGGGATTTTAACGGACAGCG
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TTTTGCTGCGCTCAACACGACCATGACCATGACATTTGTTGCACGGATCTTTGA
TCAGCGTACCG (SEQ ID NO:19). Overlap-extension was performed in 15 ul reactions
containing 20 mM Tris-HCI, pH 8.5, 6 mM MgCl,, 1 mM each dANTP (dATP, dTTP, dCTP,
dGTP), 100 nM IA009, 100 nM PTO, and 1 Unit Bca DNA polymerase. Reactions were

constituted without Bca DNA polymerase, heated to 95 C then cooled over 10 minutes to
60°C. After addition of DNA polymerase, reactions were incubated 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.

As shown in Figure 7 (Lane 1: molecular weight ladder; lanes 2-5: overlap
extension product from IA012, IA012b, IAQ15, IAOLSDb, respectively; lanes 6-13: RNA
from IA012, IA012b, 1A015, [AO015b, IA012, IAO12b, IAO1S, 1A01 5b, respectively)
significantly more RNA was produced by the transcription substrate produced with the
shorter PTO's (IA015, TA015b) than by either of TA012 or [A012b. The PTO containing
the 5'-extension but not the spacer (IA015b) 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 a 3°-
blocked PTO. Blocking the free 3°-OH of the PTO eliminates its ability to initiate non-
specific incorporation of a functional promoter sequence to the amplifiction 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 (IA015¢) produced comparable yields of specific RNA as IA015b, but with
significantly less background, as shown in Figure 8 (Lane 1: molecular weight ladder; lanes
2, 9: no DNA, 30 minutes; lanes 3, 10: no DNA, 1 h; lanes 4, 11: no DNA, 2h; lanes 5, 12:
10" copies IA013, 30 min; lanes 6, 13: 10'° copies IA013, 1h; lanes 7, 14: 10'° copies
IA013, 2h; lanes 8, 15: 10" copies IA013, 30 min; reactions 1-7 were not blocked
(IA015b), reactions 8-15 were blocked (IA015¢)). Negative control reactions (no DNA
template) and reactions containing 10'° copies of oligo target (IA013) were amplifted by
strand displacement for 30 minutes, 1 hour, or 2 hours at 55C, with either IA015b or

1AO15c¢c included in the strand-displacement reaction. When the 3'-OH was not blocked,
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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

isothermal enhanced linear amplification

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
solubilization in a chaotropic lysis solution (Bactozol Kit, Molecular Research Center,
Cincinnati, OH) following the manufacturer's recommended procedure. Briefly, bacteria
were collected by centrifugation at 6000 x g 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, OH) and incubated for 15 minutes at room temperature. DNA was precipitated
from the solution by addition of 0.6 volume ice-cold ethanol. 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-HCI, 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 (EPI005-35) by the
addition of 1/10 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, centrifuged again, and
resuspended in 150 ul TE Buffer. Two dilutions 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) corresponds to approximately 2.5 X 10° genome

copies / 5 ul (5 fg of E. coli genomic DNA =1 copy).
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Isothermal enhanced linear amplification

DNA was serially diluted in TE Buffer to 109, 108, or 10’ copies/ 5 ul, and

denatured by heating to 95°C for 5 minutes followed by rapid cooling on ice. Single-
stranded template DNA also was diluted to 10° copies/ Sul. Reactions were assembled to
contain no DNA, 107, 10%, 10%, 0r 2.5 X 10° copies of genomic DNA.

Amplification was performed in 15 ul reactions containing 20 mM Tris-HCI, pH
8.5, 6.0 mM MgCl,, 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, TX), 0.6 Units/ul recombinant ribonuclease inhibitor (rRNasin, Promega,
Madison, WI), 5 uM composite primer IA00S5 (sequence disclosed in Example 1), 200 nM
promoter-template oligonucleotidé (PTO) IA015C (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 (GeneAmp 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-HCI, pH 8.5, 30%
glycerol), Hybridase, Epicentre Technologies, Madison, WI) and 1.0 ul Bca DNA
polymerase (2.0 Units, Panvera, Madison, WI) 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 transcription reaction (total volume 20 ul). 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 (5 ul) and probe
hybridization (10 ul).

Unlike the amplification of defined single stranded synthetic target, the
amplification-of genomic DNA according to the method of the invention 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 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.
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Successful amplification of a defined sequence of genomic DNA by the enhanced
isothermal linear amplification method of the invention is shown in Figure 9 (Lane 1: no
DNA; lane 2: 107 copies E. coli genomic DNA; lane 3: empty; lane 4: 10® copies E. coli
genomic DNA). The ssRNA product is shown to hybridize to a specific oligonucleotide
probe.

Example 5: Evaluation of the effect of primer design on the performance of enhanced

isothermal linear amplification

The performance of each of the three composite primers in the amplification
methods of the invention was assessed. The isothermal linear amplification was performed
in 15 ul reactions containing 20 mM Tris-HCI, pH 8.5, 6.0 mM MgCl,, 1.0 mM dATP, 1.0
mM dCTP, 1.0 mM dTTP, 0.8 mM dGTP, 0.2 mM dITP (INTP's from Amersham), 6%
DMSO, 8% glycerol, 100 ug/ml acetylated BSA (Ambion, Austin, TX), 0.6 Units/ul
recombinant ribonuclease inhibitor (rRNasin, Promega, Madison, WI), 5 uM composite
primer, 200 nM promoter-template oligonucleotide (PTO) IA015C. The sequence of PTO
TA015C is disclosed in Example 1. The sequence of composite primers IA005 (20-mer) is

disclosed in Example 1. Other composite primer sequences with alphanumerical names are

as follows:
1A019 (20-mer) ACGGAUGCGGUCUCCAGTGT (SEQ ID NO:2)
IA020 (21-mer) GACGGAUGCGGUCUCCAGTGT (SEQID NO:3)

Four other composite primer sequence were used that did not have alphanumerical names.
Their sequences are, respectively:
(1) GCAAGACGGAUGCGGUCUCCAGTGT (SEQ ID NO:4)
(2) GACGATGCGUCTCCAGTGT (SEQ ID NO:5)
(3) GACGGATGCGGUCTCCAGUGT (SEQ ID NO:6)
(4) GACGGATGCGGUCTCCAGUGUCCA (SEQ ID NO:7)

These composite primers were synthesized by Dharmacon Research, Inc. (Boulder,
CO). The RNA portion of the oligonucleotide was synthesized using a 5'-silyl protecting
group in conjunction with an acid-labile 2'-orthoester protecting group (2'-
bis(acetoxyethoxy)-methyl ether or "2'-ACE" (Scaringe, S.A., etal. J. Am. Chem. Soc.
120:11820-11821 (1998) and Scaringe, S.A. Advanced 5'-silyl-2'-orthoester approach to
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~ RNA oligonucleotide synthesis. Methods in Enzymology (in press)). Primers were PAGE

purified.

Reactions were assembled with all components except the two enzymes. After
heating to 70°C for 10 seconds in a programmable thermal cycler (GeneAmp 9600, Perkin
Elmer), reactions were cooled to 55 C-65"C. Upon attaining the lower temperature, 0.05
Unit of RNase H (diluted from the 5 U/ul stock solution using a diluent/storage solution: 10
mM Tris-HCI, pH 8.5, 30% glycerol; Hybridase thermostable RNase H, Epicentre
Technologies, Madison, WI) and 2.0 Units Bca DNA polymerase (2 U/ul; Panvera,
Madison, WI) 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-HCI, pH 8.5, 70 mM KCIl, 5.0 mM
DTT, 12 mM MgCl,, 110 ug/ml BSA, 3 mM each INTP (ATP, UTP, CTP, GTP,
Amersham), 7.5% DMSO, 1 Unit/ul rRNasin (Promega, Madison, WI), and 20 Units T7
RNA polymerase (Novagen, Madison, WI).

The products of the enhanced linear amplification generated with each of the
composite primers were resolved by gel electrophoresis as shown in Figure 10 (Lane 1:
molecular weight ladder; lanes 1,2: IAO15, 60°C; lanes 3,4: IAO019, 55°C; lanes 5,6: IA0Q19,
60°C; lanes 7,8: IA019, 65°C; lanes 9,10: IA020, 55°C; lanes 11, 12: IA020, 60°C; lanes
13,14: 1A020, 65°C). 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 1A020, followed by IA005 and
[IA019 equally. The other four composite primers yielded less RNA products. The optimal
temperature for the isothermal linear amplification step was different for the different

primers, as expected.

Example 6: Isothermal sequencing of nucleic acid targets using the linear

amplification methods

Nucleic acid sequences to be analyzed are first isolated from their sources. Non-
limiting examples of sources used in this example are animal, plant, bacteria, viruses, yeast,

or fungi. If the source of nucleic acids (DNA or RNA) is from animal tissues, then the
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tissue is homogenized or sonicated or subjected to some force that enables single cells to
become separated from the connective tissue. Caution is exercised to prevent degradation
of DNA and RNA, especially mRNA, and, to prevent shearing of genomic DNA during the
handling of the tissue. Animal cells can also be obtained from commercial sources, i.e.
Gibco BRL, or from non-profit sources, i.e. American Tissue Type Culture (ATCC).
Depending on the form of nucleic acid desired, genomic DNA, total RNA, or mRNA can
be isolated by following standard protocols found in Sambrook et al. supra. Protocols for
isolating nucleic acid from plant cells can also be found in Current Protocols in Molecular
Biology supra. If the source of nucleic acid is from non-mammalian sources, for example,
bacteria, yeast, fungi, or viruses, slightly different protocols are used to isolate nucleic acid.
These protocols can be found in Sambrook et al. or Current Protocols in Molecular Biology
for bacteria, yeast, fungi, and viruses.

Amplification of the defined target nucleic acid sequence is carried out as described
for isothermal linear amplification, as described herein. About 10? to 10" copies is used for
template. In addition to the natural deoxyribonucleotide triphosphates (dNTPs) that are
used for the amplification method, the sequencing reaction mixture includes the labeled
triphosphate analogs. If each analog is uniquely labeled, all four can be added in the same
reaction tube. Otherwise, if each nucleotide analog is labeléd with the same label, the
sequencing reactions are carried in four different reaction tubes in which each reaction
mixture contains one of the nucleotide analogs. These analogs are incorporated to the
primer extension product by the polymerase and serve to stop further extension along the
target sequence. The resulting truncated extension products are labeled. The accumulated
multiple displaced primer extension products vary in length, according to the site of
incorporation of each of the analogs, which represent the various sequence locations of a
complementary nucleotide on the target sequence. Analysis of the reaction products for
elucidation of sequence information can be carried out by running the products on a gel.
Alternatively, other methods of anlysis can be used as well. As with other sequencing
methods, the sequencing reactions are carried out either in a single reaction vessel, or in
separate reaction vessels. The choice of method to be used is dependent on the nucleotide
triphosphate analogs used. Thus when each of the analogs is differentially labeled, the

sequencing reaction can be carried out in a single vessel. The considerations for choice of
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reagent and reaction conditions for optimal performance of sequencing analysis according
to the method of the invention are similar to those for other previously described methods.
The plurality of primer extension products which differ in size in accordance with
the specific incorporation of elongation terminator, are size separated using any of a variety
of methods known in the art. The profile of the plurality of primer extension products
produced with each of the terminator analog is indicative of the nucleotide sequence of the

test nucleic acid sequence.

Example 7: Sequencing of nucleic acid targets using enhanced amplification

Amplification of the defined target nucleic acid sequence is carried out as described
for isothermal linear amplification, which involves transcription, as described herein.
Either use of TSO’s or PTO’s may be used to append the protopromoter sequence to the
product of the isothermal linear amplification. In addition to the natural ribonucleotide
triphosphates (rRTPs) that are used for the enhanced linear amplification method according
to the present invention, the sequencing reaction mixture also includes the appropriate
labeled triphosphate analogs, which are commonly used in other sequencing methods
known in the art. These are incorporated to the extension product by the RNA polymerase
and serve to stop further extension along the target sequence. The resulting truncated
extension products are labeled. The accumulated multiple displaced extension products
vary in length, according to the site of incorporation of each of the analogs, which represent
the various sequence locations of a complementary nucleotide on the target sequence.
Analysis of the reaction products for elucidation of sequence information can be carried out

as stated in the above sequencing example.

Example 8: Genotyping using isothermal enhanced linear amplification and genotype

specific composite primer

Genomic DNA is isolated from test cells using methods described in previous
examples or by other mean 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 hybridizes to

one genotype of a specific nucleic acid sequence, or hybridize to the counterpart genotype.
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The sequence variation determining specific genotypes may be point niutation, single
nucleotide polymorphism (SNP), insertions deletions and the like.

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 proof reading activity, the
generation of amplification product indicates the presence of target sequence of the defined
genotype. Sequence variation that prevents hybridization of the 3’-end of the primer to the
target nucleic acid sequence will prevent amplification. The amplification product 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
oligonucleotide probes to the amplification product is detected by gel electrophoresis.

In cases where the genotyping of diploid cells is required, such as the determination
of homozygote or heterozygote genotype, it is feasible to carry out the amplification 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
amplification product is indicative of a hornozygote genotype, i.e. either wild type or
mutant homozygote. The detection of amplification product in both amplification reactions

indicates a heterozygote genotype.

Example 9: RNA portion-based isothermal mutation detection utilizing amplification

methods

The isothermal amplification methods disclosed herein are used for the detection of
defined mutations, or polymorphic sites (such as SNPs), in a target nucleic acid sequence.
The methods are used for genotyping or detection of mutation leading to drug resistance.
The target nucleic acid sequence is single-stranded (ss) DNA. Single-stranded DNA target
is prepared from a double-stranded DNA target or an RNA target using isothermal
amplification methods described herein.

As shown in Figure 4, a composite primer which is complementary to a wild type

DNA sequence is used in combination with a ss DNA target that has or is suspected to have
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a mutation within the allele under scrutiny. About 107 to about 10'? copies of the ssDNA
target and about 0.05- 5 pM of composite primer is used. The presence of sequence
alteration does not prevent the initial step of the amplification whereby the composite
primer hybridizes to the target sequence to form the first tri-molecular complex, and an
extension product is made. A ribonuclease, RNase H, then cleaves the RNA portion of the
extended primer of the complex. The cleavage of the RNA portion of the composite
primer, or the primer extension product, by RNase H is affected by the presence of a
mismatch. This may prevent cleavage, alter cleavage patern, or reduce the efficiency of the
cleavage. The next step of binding of a composite primer to the complex by hybridization
of the 5’ RNA portion is inhibited by a mismatch for the reason described above. The
inability of the composite primer to hybridize to the target prevents further steps of primer
extension strand displacement and production of multiple copies of the amplification
products. The amplification products, or lack thereof, is visualized by gel electrophoresis
or other equivalent means.

Factors which contribute to the inhibition of primer hybridization include the size of
the hybridizing oligonucleotide 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.

A composite primer that is complementary to a mutated DNA sequence is also used
in combination with a wild type ssDNA target in isothermal amplification method
described above. In this case, the primer binds to the target DNA and undergoes extension.
However, after treatment with RNase H, more primer cannot bind to the wild type DNA
because of nucleotide mismatch and thus, little to no amplification product is made. The
amplification products, or lack thereof, is visualized by gel electrophoresis or other
equivalent means.

Paralle] reactions are also run that include either the nucleic acid sample of interest
or reference sample of target nucleic with a wild type sequence. Accumulation of more
primer extension products in the former compared to the latter reaction is 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
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prevented, and the detection and/or quantitative determination of amplification products is

indicative of a normal genotype.

Example 10: Genotyping using isothermal amplification methods and genotype

specific probe hybridization

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 ananlysis 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 specific binding pair which may be
directly or indirectly labeled.

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 amplification
components, target-specific chimera primer, and propromoter sequence (such as PTO).
The combination is subjected to incubation conditions as described herein to generate
single stranded RNA amplification product. Hybridization of the amplification product to
genotype specific probes is carried out in solution or solid phase with attached genotype
specific probes. Since the products of enhanced isothermal linear amplification methods
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 hybridization to the amplification products is carried out by various
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methods known in the art, for example, disclosed in Sambrook 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.

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 algorithms. The generation of labeled amplification product is
carried out by incorporation of labeled rNTPs during the transcription step by substituting
of one of the four INTPs by a INTP analog, which is labeled. The label is a dye, or a small
molecufe 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 11: Genotyping by rSSCP (RNA Single Stranded Conformation

Polymorphism)

Genotyping is carried out by amplification of the specific target nucleic acid sequence
using the methods described herein and by determination of the electrophoretic band
pattern of the single stranded RNA product, which reflects the single stranded
conformation. 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 electrophoresis. 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 amplification method
with rSSCP analysis. }

Purified test genomic DNA is combined with components 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
amplification product is subjected to cither 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
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achieved by inclusion of a dye intercalator. The electrophoretic pattern of the amplification
product is compared to that of amplification products generated by amplification of target
nucleic acid sequence obtained from cells of known genotype. Any change in the
electrophoretic 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 electrophoretic 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 pattern for genotype

determination.
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CLAIMS

What is claimed is:

1. A method for amplifying a polynucleotide sequence complementary to a target
polynucleotide sequence comprising:

(a) hybridizing a single stranded DNA template comprising the target sequence with
a composite primer, said 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 template which is 5° with respect to hybridization of the
composite primer to the template; '

(c) extending the composite primer with DNA polymerase;

(d) cleaving the RNA portion of the annealed composite primer with an enzyme that
cleaves RNA from an RNA/DNA hybrid such that another composite primer can hybridize
to the template and repeat primer extension by strand displacement,

whereby multiple copies of the complementary sequence of the target sequence are

produced.

2. A method for amplifying a target polynucleotide sequence comprising:

(a) hybridizing a single stranded DNA template comprising the target sequence with
a composite primer, said composite primer comprising an RNA portion and a 3° DNA
portion;

(b) hybridizing a polynucleotide comprising a termination polynucleotide sequence
to a region of the template which is 5° with respect to hybridization of the composite primer
to the template;

(c) extending the composite primer with DNA polymerase;

(d) cleaving the RNA portion of the annealed composite primer with an enzyme that
cleaves RNA from an RNA/DNA hybrid such that another composite primer can hybridize
to the template and repeat primer extension by strand displacement to produce displaced

primer extension product;
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(e) hybridizing a 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, such that RNA transcripts are produced
comprising sequences complementary to the displaced primer extension products,

whereby multiple copies of the target sequence are produced.

3. The method of claims 1 or 2, wherein the RNA portion of the composite primer

is 57 with respect to the 3> DNA portion.

4. The method of claim 3, wherein the 5> RNA portion is adjacent to the 3> DNA

portion.
5. The method of claims 1 or 2, wherein a plurality of composite primers are used.

6. The method of claims 1 or 2, wherein the polynucleotide comprising a

termination sequence is a template switch oliognucleotide (TSO).

7. The method of claim 6, wherein the TSO coraprises a modification in the region
which hybridizes to the template, wherein, under a given set of conditions, the TSO binds

more tightly to the region as compared to a TSO without the modification.

8. The method of claims 1 or 2, wherein the polynucleotide comprising a
termination sequence is a blocking sequence.

9. The method of claim 8, wherein the blocking sequence comprises a modification
in the region which hybridizes to the template, wherein, under a given set of conditions, the
blocking sequence binds more tightly to the region as compared to a blocking sequence

without the modification.

10. The method of claims 1 or 2, wherein the enzyme that cleaves RNA is RNaseH.

34

IDT Exhibit 1020.8545



10

15

20

25

30

WO 01/20035 PCT/US00/25104

11. The method of claim 2, wherein the polynucleotide comprising a propromoter
and region which hybridizes to the displaced primer extension product is a template switch

oligonucleotide (TSO).

12. The method of claim 2, wherein the polynucleotide comprising the propromoter
comprises a region at the 3’ end which hybridizes to the displaced primer extension
product, whereby DNA polymerase extension of displaced primer extension product

produces a double stranded promoter from which transcription occurs.

13. The method of claim 12, wherein the polynucleotide comprising the

propromoter is a propromoter template oligonucleotide (PTO).

14. The method of claims 1 or 2, wherein steps (a) and (b) are performed in either -

order.

15. The method of claims 1 or 2, wherein steps (a) and (b) are performed

simultaneously.

16. The method of claims 1 or 2, wherein steps (a), (b) and (c¢) are performed

simultaneously.

17. The method of ciaims 1 or 2, wherein steps (a) and (b) are performed before

step (c).
18. The method of claims 1 or 2, wherein all steps are performed simultaneously.
19. A method of sequencing a target nucleotide sequence comprising:
(a) hybridizing a single stranded DNA template comprising the target sequence with

a composite primer, said composite primer comprising an RNA portion and a 3° DNA

portion;
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(b) optionally hybridizing a polynucleotide comprising a termination polynucleotide
sequence to a region of the template which is 5> with respect to hybridization of the
composite primer to the template;

(c) extending the composite primer to a termination site with DNA polymerase and
a mixture of ANTPs and dNTP analogs, such that primer extension is terminated upon
incorporation of a ANTP analog; |

(d) cleaving the RNA portion of the annealed composite primer with an enzyme that
cleaves RNA from an RNA/DNA hybrid such that another composite primer can hybridize
to the template and repeat primer extension by strand displacement, whereby multiple
copies of the complementary sequence of the target sequence are produced of varying
lengths; '

(e) analyzing the product of steps (a) through (d) to determine sequence.

20. A method of sequencing a target nucleotide sequence comprising

(a) hybridizing a single stranded DNA template comprising the target sequence with
a composite primer, said composite primer comprising an RNA portion and a 3° DNA
portion;

(b) hybridizing a polynucleotide comprising a termination polynucleotide sequence
to a region of the template which is 5’ with respect to hybridization of the composite primer
to the template;

(c) extending the composite primer with DNA polymerase;

(d) cleaving the RNA portion of the annealed composite primer with an enzyme that
cleaves RNA from an RNA/DNA hybrid such that another composite primer can hybridize
to the template and repeat primer extension by strand displacement to produce displaced
primer extension product;

(e) hybridizing a polynucleotide comprising a propromoter and a region which
hybridizes to the displaced primer extension product under conditions such that
transcription occurs from the extension product by RNA polymerase, using a mixture of
tNTPs and tfNTP analogs, such that RNA transcripts are produced comprising sequences

complementary to the displaced primer extension products, and such that transcription is
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terminated upon incorporation of an iNTP analog, whereby multiple copies of the target
sequence are produced of varying lengths;

(f) analyzing the product of steps (a) through (e) to determine sequence.

21. The method of claim 19 or 20, wherein the RNA portion of the composite
primer is 5”7 with respect to the 3° DNA portion.

22. The method of claim 21, wherein the 5 RNA portion is adjacent to the 3° DNA

portion.

23. A method of characterizing a sequence of interest in a target polynucleotide,
said method comprising

conducting the method of claims 1 or 2 wherein the sequence of an RNA portion of
the composite primer is known, and wherein

(a) production of detectably fewer amplification products from the template as
compared to the amount of amplification products from a 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

(b) production of detectably more amplification products from the template as
compared to the amount of amplification products from a 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.

24. The method of claim 23, wherein the sequence of an RNA portion of the
composite primer comprises a wild type sequence, and the sequence of interest is

characterized in determining the presence or absence of the wild type sequence.
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25. The method of claim 23, wherein the sequence of an RNA portion of the
composite primer comprises a mutant sequence, and the sequence of interest is

characterized in determining the presence or absence of the mutant sequence.

26. The method of claim 23, wherein the sequence of an RNA portion of the
composite primer comprises an allelic sequence, and the sequence of interest in

characterized in determining the presence or absence of the allelic sequence.

27. A method of detecting a mutation in a target polynucleotide, comprising (a)
conducting the method of claims 1 or 2; and (b) analyzing the amplified products of the
method for single stranded conformation, wherein a difference in conformation as
compared to a reference single stranded polynucleotide indicates a mutation in the target

polynucleotide.

28. The method of claims 23, wherein the RNA portion of the composite primer is
57 with respect to the 3° DNA portion.

29. The method of claim 28, wherein the 5° RNA portion is adjacent to the 3° DNA

portion.

30. A method of producing a microarray, comprising (a) conducting the

amplification method of claims 1 or 2; and (b) attaching the amplified products onto a solid

substrate to make a microarray of the amplified products.

31. A composition comprising a composite primer, said composite primer

comprising a 3’ DNA portion and a 5> RNA portion.

32. The composition of claim 31, wherein the 5° RNA portion is adjacent to the 3’
DNA portion.

88

IDT Exhibit 1020.8549



10

15

20

25

30

WO 01/20035 PCT/US00/25104

33. The composition of claim 31, wherein the 5> RNA portion is about 5 to about
20 nucleotides and the 3> DNA portion is about 5 to about 15 nucleotides.

34. A composition comprising a TSO, wherein 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 region as compared to a TSO without the modification.

35. A composition comprising the composite primer of claim 31 and the TSO of

claim 34.

36. A composition comprising the composite primer of claim 31 and a blocking

sequence.

37. A composition comprising the composite primer of claim 31 and a propromoter

template oligonucleotide (PTO).
38. A composition comprising a complex of (a) a template strand; and (b) a
composite primer, said composite primer comprising a 3> DNA portion and an RNA

portion.

39. The composition of claim 38, wherein the RNA portion is 5’ and adjacent to the
3’ DNA portion.

40. The composition of claim 39, wherein the complex further comprises a

termination sequence.
41. The composition of claim 40, wherein the termination sequence is a TSO.

42. The composition of claim 40, wherein the termination sequence is a blocking

sequence.
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43. A reaction mixture comprising (a) a polynucleotide template; (b) a composite

primer comprising a 3° DNA portion and an RNA portion; and (c) DNA polymerase.

44. The reaction mixture of claim 43, wherein the composite primer comprises a 5’

RNA portion which is adjacent to the 3° DNA portion.

45. The reaction mixture of claim 44, further comprising an enzyme which cleaves

RNA from an RNA/DNA hybrid.

46. The reaction mixture of claim 45, wherein the enzyme is RNaseH.

47. The reaction mixture of claim 44, further comprising a polynucleotide

comprising a termination polynucleotide sequence.

48. The reaction mixture of claim 47, further comprising a polynucleotide

comprising a propromoter.

49. The reaction mixture of claim 48, wherein the polynucleotide comprising a

propromoter is a TSO.

50. The reaction mixture of claim 48, wherein the polynucleotide comprising a

propromoter is a propromoter template oligonucleotide (PTO).

51. A kit for amplification of a target polynucleotide sequence, comprising a

composite primer comprising a 3> DNA portion and an RNA portion.

52. The kit of claim 51, wherein the RNA portion is 5° with respect to the 3> DNA

portion.

53. The kit of claim 52, wherein the 5> RNA portion is adjacent to the 3° DNA

portion.

90

IDT Exhibit 1020.8551



10

15

20

25

30

WO 01/20035 PCT/US00/25104

54. The kit of claim 51, further comprising a polynucleotide comprising a

termination polynucleotide sequence.

55. The kit of claim 54, wherein the termination polynucleotide sequence is a

TSO.

56. The kit of claim 54, wherein the termination polynucleotide sequence is a

blocker sequence.

57. The kit of claim 51, further comprising a polynucleotide comprising a

propromoter.

58. The kit of claim 57, wherein the polynucleotide comprising a propromoter is a

TSO.

59. The kit of claim 57, wherein the polynucleotide comprising a propromoter is a

PTO.

60. The kit of claim 51, further comprising an enzyme which cleaves RNA from an
RNA/DNA hybrid.

61. The kit of claim 60, wherein the enzyme is RNaseH.

62. A system for amplifying a target polynucleotide sequence or its complement,
comprising (a) a composite primer comprising a 3> DNA portion and an RNA portion; (b)
DNA polymerase; and (c¢) an enzyme which cleaves RNA from an RNA/DNA hybrid.

63. The system of claim 62, wherein the enzyme is RNaseH.

64. The system of claims 62 or 63, wherein the composite primer comprises a 5’

RINA portion which is adjacent to the 3> DNA portion.
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METHODS AND COMPOSITIONS FOR LINEAR

ISOTHERMAL AMPLIFICATION OF POLYNUCLEOTIDE SEQUENCES

<130>

<140>
<141>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

492692000100

Herewith

22
FastSEQ for Windows Version 4.0
1
20

DNA
Synthetic primer

Chimeric DNA/RNA primer.
IAQ005

1

acggaugcgg ucuccagtgt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2

20

DNA

Synthetic primer

Chimeric DNA/RNA primer.
IAQ019

2

acggaugcgg ucuccagtgt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

3

21

DNA

Synthetic primer

Chimeric DNA/RNA primer.
IA020

3

gacggaugcg gucuccagtg t

<210>

4
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<211>
<212>
<213>

<220>
<223>

<400>

WO 01/20035

25
DNA '
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<210> 10
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<213> Synthetic primer
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<400> 10
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<210> 11
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<223> Guanine has biotin molecule attached.
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<210> 15
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<213> Synthetic primer

<220>
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<400> 15

cgcatacgga atagcttacc ggtct 25
<210>
<211>
<212>
<213>

16

23

DNA

Synthetic primer

<220>
<223> IA006

<400> 16

cggtacgctg atcaaagatc cgt 23
<210> 17

<211> 351

<212> DNA

<213> Synthetic primer

<400> 17

cggtacgctg
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ggttaaacag
caacttcgct
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<210> 18

<211> 115
<212> DNA
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<220>
<223> IA013

<400> 18

atcaaagatc
tccgttaaaa
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Synthetic primer

cgtgcaacaa
tcccggcagg
agcatggcgc
tcgagcecgtga
tgggtggcga
aaacccagac

atgtcatggt
ggtggacact
accggcaggc
aggcaacaac
aatcgaagta
cggtaagcta

catggtcgtg
ggagaccgca
gatctgtacg
ctgtattgcg
ccgacccttyg
ttccgtatgc

ttgagcgcag
tccgtettge
ttcaggttca
aagtcccgat
atggtcgcegt
g

cggtacgctg atcéaagatc cgtgcaacaa atgtcatggt catggtcgtg ttgagcgcag
caaaacgctg tccgttaaaa tcccggecagg ggtggacact ggagaccgca tcegt

<210> 19
<211> 100
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<212> DNA
<213> Synthetic primer

<220>
<223> IA009

<400> 19
agtgtccacc cctgccggga ttttaacgga cagcgttttg ctgcgctcaa cacgaccatg 60
accatgacat ttgttgcacg gatctttgat cagcgtaccyg 100

<210> 20

<211> 24

<212> DNA

<213> Bacteriophage

<400> 20
taatacgact cactataggg agag 24

<210> 21

<211> 7

<212> DNA

<213> Synthetic primer

<400> 21
ggaattc 7

<210> 22

<211> 12

<212> DNA

<213> Synthetic primer

<400> 22
atcgagtagc tc 12

pa-519773 5
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WO 02/36821 A2

(54) Title: METHOD FOR THE AMPLIFICATION AND OPTIONAL CHARACTERISATION OF NUCLEIC ACIDS

(57) Abstract: A method for the amplification of a template nucleic acid comprises simultaneously carrying out the steps of reacting
a nucleic acid primer with said template nucleic acid, normal DNA precursor nucleotides, at least one modified DNA precursor
nucleotide and a DNA polymerase so as to obtain an extended nucleic acid primer, said nucleic acid primer remaining bound to
said template; cleaving the modified base-containing extended nucleic acid primer so as to generate a free 3’-OH terminus that is
extensible by said DNA polymerase; and repeating steps i) and ii) on DNA fragments thereby generated. The modified precursor
nucleotide may be a substrate for a DNA glycosylase or recognised by a 3’ -endonulcease and determines the cleavage of the DNA
and the site of the cleavage accordingly. The method has significant advantages over existing technologies in that it is more versatile
and more flexible with respect to providing a single high throughput process that can be easily adapted to multiple different formats
in the fields of DNA detection, quantitation and characterisation.

IDT Exhibit 1020.8583



WO 02/36821 PCT/IE01/00139

10

15

20

Description

Method for the amplification and optional characterisation

of nucleic acids

Technical Field

This invention relates to a new method for amplifying and

characterising nucleic acids.

Background Art

Extension of a nucleic acid primer on a target nucleic acid
template is a highly important process with multiple applications
including nucleic acid detection, diagnosis, and quantitation. In
particular, extension of a primer on a template is i) direct evidence that
the primer has annealed to the template, ii) confirms the presence of a
sequence complementary to the primer on that template, and therefore
iii) confirms the presence of that template or target nucleic acid. Using
closely related primers that differ by as little as a single base, it is
routinely possible to distinguish between nucleic acids that differ in
sequence by a single base. The key limitation in using extension of
primer on a template nucleic acid as a method for detection, diagnosis,
and quantitation of nucleic acids is that in a typical extension reaction,
the primer anneals (hybridises) to the template but is only extended once.
Thus, the amount of template in a sample determines the amount of
primer which is extended. For the majority of applications in the nucleic

acid detection, diagnosis, and quantitation fields, the amount of template
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is often too small to permit direct detection of the extended primer if that

extension reaction is not repeated or cycled in some manner.

Amplification processes are necessary to overcome this key
limitation. A variety of these processes have been described previously
and they essentially involve either: a) cyclic dissociation conditions
where the extended primer is dissociated from the template using heat,
thereby allowing annealing and subsequent extension of new primer, b)
repeated generation of a primer in DNA through the use of a restriction
enzyme to nick an unmodified strand of a hemi-modified DNA
recognition site and the ability of a 5’-3” exonuclease deficient DNA
polymerase to extend the 3’ DNA terminus at the nick and displace the
downstream DNA strand, ¢) where the template nucleic acid is
circularised so that primer extension progresses continuously and/or d)
where the copies of the template are produced by a transcription method

which serve as templates in subsequent primer extension reactions.

Amplification of a nucleic acid (generating multiple copies) to the
level where they can be detected and manipulated has a very high utility.
Such amplification processes, generating sufficient amounts of a specific
target nucleic acid are generally the first key step required in the
characterisation of the nucleic acid. Direct amplification of a specific
nucleic acid sequence from a sample permits diagnosis of the presence or
absence of said nucleic acid in that sample and thus has a very high
utility in DNA / gene diagnostics. Direct amplification of a nucleic acid
from a sample and subsequent characterisation can be performed for a
variety of purposes including diagnosis of the presence or absence of

DNA variations such as mutations and polymorphisms in a specific
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nucleic acid. Amplification processes can in many cases be designed to
permit both amplification and full or partial characterisation of the

amplified target.

The current known methods for amplifying and characterising
nucleic acids each have different limitations especially with respect to
the process required for primer dissociation, primer generation,
specificity, versatility, generation of single stranded DNA and
facilitation of multiplexing and high throughput genotyping especially
genotyping of single nucleotide polymorphisms (SNP) as described

below.

Primer extension

Primer extension per se on a template is very well documented in
the literature. This can be achieved by annealing a primer to its
complementary sequence on a template or target nucleic acid followed
by incubation with a DNA polymerase in the presence of DNA
precursors, typically dATP, dGTP, dCTP and dTTP, which results in
extension of the primer from its 3’-OH (hydroxy) terminus in a 5° to 3’
direction (with respect to the primer) on the template strand and
produces a newly synthesised DNA strand that is complementary to the
original template. Primer extension can only occur if the primer has a
free 3’-OH terminus. Amplification of this complementary strand from
the template by primer extension methods requires that a) primer
extension occurs more than once per annealed primer molecule, b) new

primer is repeatedly allowed to anneal to the template and be extended
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and / or ¢) that the complementary strand serves as a template for

subsequent extension of a second primer.

Polymerase chain reaction (PCR)

Amplification of a nucleic acid template can be achieved by the
polymerase chain reaction (PCR) (Saiki, R.K. et al., Science. 239:487-
491 (1988).

Typically, amplification of a target segment of a nucleic acid
template by PCR is carried out using appropriate synthetic
oligonucleotide primers in the PCR along with a thermostable DNA
polymerase and DNA precursors. Multiple cycles of denaturation,
annealing and primer extension results in the exponential amplification
of the target segment. Thus detection of the product indicates the
presence of a certain sequence at a specific locus. The length of the
amplified product is determined by the combined length of the primers

and the distance between their 3’ termini on the template and so on.

PCR has an absolute requirement for a thermostable DNA
polymerase. It also involves a thermal cycling process, therefore
automation of this technique requires specialised equipment. A typical
reaction normally requires two primers to initiate the reaction, therefore
this adds additional complexity to the reaction, especially when one
wants to consider multiplexing several different amplification reactions
(i.e. in one tube). This leads to an increased number of primers present in
the reaction and thereby increases the possibility of false and nonspecific

amplification. In addition, there is also an increased complexity in
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designing and optimising the PCR reaction since the annealing
temperature of the reaction has to suit both primers used in the reaction.
This becomes an additional disadvantage when multiplexing different
amplification reactions since a single annealing temperature must suit all

amplification reactions being multiplexed.

Also, there is a potential for amplicon contamination since
multiple copies of the template nucleic acid are produced during the

reaction to act as subsequent templates.

Transcription-based amplification methods

Transcription-based amplification (Kwoh, D.Y. ez al., (1989)
Proc. Natl. Acad. Sci. USA, 86 1173-1177; Guatelli, J.C. et al., (1990)
Proc. Natl. Acad. Sci. USA, 87 1874-1878; Compton, J. (1991) Nature
350 91-92.) is an amplification method that relies on primer extension of
primers on a target nucleic acid so that a RNA polymerase promoter is
created upstream of the target region to be amplified. Essentially a pair
of primers that flank the target sequence are incubated with a template
nucleic acid. One of the primers has an RNA polymerase promoter
sequence upstream (5°’) of a seqﬁence that is complementary and anneals
to the template. The other primer is complementary to a segment of the
complementary template strand. The primer with the RNA promoter
sequence is extended on the template strand using a nucleic acid
polymerase such as reverse transcriptase and DNA precursors. After
thermal denaturation of the hybrid nucleic acid (the template strand and
the newly synthesised complementary strand) or enzymatic degradation

of the template strand, the second primer anneals to, and is extended on
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the newly synthesised complementary strand. This results ina product
that is double stranded and has a RNA polymerase promoter attached to
the target sequence. Incubation of this product with RNA polymerase
and RINA precursors results in production of numerous RNA transcripts
of that target sequence. Each RNA transcript serves in turn as a template
for the production of a complementary DNA strand and this process
continues in a self sustained cyclic fashion under isothermal conditions
until components in the reaction become limiting or inactivated. This

results in a large amplification of the target nucleic acid sequence.

One main disadvantage is that these techniques have an absolute
dependence on RNA which is inherently more unstable than DNA and is
more susceptible to degradation. Hence the reaction is ultra sensitive to
contaminating ribonucleases. Typically the method requires RNA as

template and is not suited or optimal with a DNA template.

Also the method requires at least two primers to initiate the
reaction, where one of the primers must be specially designed to

incorporate a transcription initiation site for a RNA polymerase.

Furthermore, there is potential for amplicon contamination since
multiple copies of the template nucleic acid are produced during the

reaction to act as subsequent templates.

These techniques are not suited to mutation or polymorphism

detection without the addition of further steps.
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Strand Displacement Amplification (SDA)

SDA is an amplification method based upon the ability of a
restriction enzyme to nick the unmodified strand of a hemi-modified
double stranded DNA at a specific recognition site and the ability of a
5°-3” exonuclease deficient DNA polymerase to extend the 3’ terminus
at the resulting nick and in doing so, displacing the downstream DNA
strand (Walker, G.T. et al., PNAS 89:392-396 (1992)). Exponential
target DNA amplification is achieved by coupling reactions on the
template in which strands displaced from the reaction on the template
strand serve as target for the reaction on the complementary strand and
vice versa. Essentially heat denaturation of a DNA sample generates two
single stranded DNA fragments (T1 and T2). Present in excess are two
DNA amplification primers (P1 and P2). The 3’ end of P1 binds to the 3’
end of T'1, forming a duplex with 5’ overhangs. Likewise, P2 binds to
T2. The 5’ overhangs of P1 and P2 contain a recognition sequence for a
restriction enzyme such as Hincll. An 5°-3” exonuclease deficient form
of . coli DNA polymerase extends the 3’ ends of the duplexes using the
DNA precursors dGTP, dCTP, dTTP and the modified precursor
deoxyadenosine 5’-[alpha thio] triphosphate, which produces a
hemiphosphorothioate recognition sites on P1T1 and P2T2. HinclI nicks
the unprotected primer strands of the hemiphosphorothioate recognition
sites, leaving intact the modified complementary strands. The DNA
polymerase extends the 3’ end at the nick on P1T1 and displaces the
downstream strand that is functionally equivalent to T2. Likewise,
extension at the nick on P2T2 results in displacement of a downstream

strand that is functionally equivalent to T1. Nicking and

IDT Exhibit 1020.8590



WO 02/36821 PCT/IE01/00139

10

15

20

25

polymerisation/displacement steps cycle continuously on P1T1 and P2T2
because extension at the nick regenerates a nickable Hincll recognition
site. Target amplification is exponential because strands displaced from
P1TI1 serve as targets for P2 and strands displaced from P2T2 serves as

targets for P1.

A major disadvantage of SDA is that one must use specially
designed primers which incorporate a site for a specific restriction
enzyme. Typically one requires two or more sequence specific primers
per amplicon to carry out the reaction. In addition, the amplified
fragments produced in this reaction using a single primer do not readily
have a defined 3’ terminus. This is also a major disadvantage of SDA
since a defined 3’ terminus on a displaced fragment allows one to prime

a subsequent reaction with this same fragment.

WO 97/03210 discloses a method for rapidly detecting the
presence or absence of a particular nucleic acid sequence at a candidate
locus in a target nucleic acid sample comprising the steps of: 1)
introducing a modified base which is a substrate for a DNA glycosylase
into said candidate locus at one or more preselected positions; ii)
excising the modified base by means of said DNA glycosylase so as to
generate an abasic site; iii) cleaving phosphate linkages at abasic sites
generated in step ii); and iv) analysing the cleavage products of step iii)
so as to identify in said target nucleic acid sequence the presence or
absence of said particular nucleic acid sequence at said candidate locus.
The method has particular application for detecting specific mutations in
a DNA sample, including the detection of multiple known mutations in

DNA.
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WO 99/54501 discloses a method for characterising nucleic acid
molecules comprising the steps of 1) introducing, a modified base, for
example uracil, which is a substrate for a DNA glycosylase into a DNA
molecule; ii) excising the modified base by means of said DNA
glycosylase so as to generate an abasic site; iii) cleaving the DNA at the
abasic site so as to generate an upstream DNA fragment that can be
extended; and iv) incubating the extendible upstream fragment in the
presence of an enzyme, for example, a polymerase or a ligase, allowing
for extension thereof and a template nucleic acid and analysing the
resultant fragment(s). However, in the case of the method described in
WO 99/54501 for the cleavage of the DNA at the site where the base

was excised is critical.

In the case of the method as exemplifed in WO 99/54501 the
reaction mixture bearing the amplified target nucleic acid was treated
with exonuclease I to digest the primers not extended in the
amplification step and shrimp alkaline phosphatase to digest INTPs not
incorporated during the amplification step. Accordingly, no further
amplification of the template nucleic acid occurred and the method was

limited to a single cycle.

Consequently, it is important to develop an improved method for
amplification and characterisation of nucleic acids that is more versatile,
more specific, offers higher throughput, facilitates multiplexing of

reaction and permits generation of single stranded DNA.
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Accordingly, the invention provides a method for the
amplification of a template nucleic acid, which comprises

simultaneously carrying out the steps of:

i) reacting a nucleic acid primer with said template nucleic
5 acid, normal DNA precursor nucleotides, at least one
modified DNA precursor nucleotide and a DNA polymerase
so as to obtain an extended nucleic acid primer, said nucleic

acid primer remaining bound to said template;

ii)  cleaving the modified base-containing extended nucleic acid
10 primer so as to generate a free 3'-OH terminus that is

extendible by said DNA polymerase; and

iili)  repeating steps i) and ii) on DNA fragments thereby

generated.

In one embodiment, the modified base-containing extended

15 nucleic acid primer is cleaved by a 3'-endonuclease.

In this embodiment, preferably, the 3'-endonuclease is
Endonuclease V from E. coli or homologues thereof to be found in other

organisms.

In an alternative embodiment, the method comprises the steps of:

20 1) reacting a nucleic acid primer with said template nucleic
acid, normal DNA precursor nucleotides, at least one

modified DNA precursor nucleotide which is a substrate for
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a DNA glycosylase, and a DNA polymerase so as to obtain
an extended nucleic acid primer, said nucleic acid primer

remaining bound to said template;

ii)  excising the modified base of the modified DNA precursor
nucleotide from the extended nucleic acid primer by means

of a DNA glycosylase so as to generate an abasic site;

iii)  cleaving the extended nucleic acid primer at the abasic site
so as to generate a free 3'-OH terminus that is extendible by

said DNA polymerase; and
iv)  repeating steps i)-iii) on DNA fragments thereby generated.

The method according to the invention has many specific
advantages as set out below. However, more generally the method
according to the invention has significant advantages over existing
technologies in that it is more versatile and more flexible with respect to
providing a single high throughput process that can be easily adapted to
multiple different formats in the fields of DNA detection, quantitation

and characterisation.

The invention will be described principally hereinafter with
reference to the embodiment involving the use of a DNA glycosylase.
We have coined the term glycosylase mediated amplification (GMA) for
this method according to the invention. However, all embodiments of
the invention are referred to collectively herein under the acronym

GMA.
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In the method according to the invention the modified DNA
precursor nucleotide can thus be a substrate for a DNA glycosylase or

recognised by a 3'-endonuclease as described herein.

Typically, the nucleic acid template strand can be any strand from

a natural or artificially synthesised nucleic acid.
Preferably, the template nucleic acid is DNA.

The method according to the invention is primed/initiated by the
nucleic acid primer. For convenience, the primer responsible for

initiating the reaction is referred to herein as the initiating primer (IP).

The IP can be any nucleic acid with a free 3’OH terminus that can
be extended by a DNA polymerase. The IP may be artificially
synthesised for example a synthetic oligonucleotide, or derived directly

or indirectly from a naturally occurring nucleic acid.
In one embodiment, the nucleic acid primer is a DNA primer.

The normal DNA precursor nucleotides are the
deoxyribonucleotide triphosphates dATP, dCTP, dGTP and dTTP. In
certain limited circumstances, dideoxynucleotide triphosphates may also
be used and included in the reaction. Therefore, possible normal

precursors also include ddATP, ddCTP, ddGTP and ddTTP.

Preferably, the DNA precursor nucleotides are selected from
dATP, dCTP, dGTP and dTTP.
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Any one of several nucleic acid polymerases may be used in
GMA. When a DNA template is used a DNA polymerase is used. When
an RNA template is used a DNA polymerase which can utilise a RNA
template is required, typically such an enzyme is reverse transcriptase.
Typically, two classes of DNA polymerases are used depending on
whether displacement or digestion of the nucleic acid downstream of the
extending primer is required. When strand displacement is required,
thereby generating displaced fragments, a DNA polymerase that does not
have a 5’-3” exonuclease activity is used. In contrast, when a DNA
polymerase with 5°-3” exonuclease activity is used, the downstream
DNA is degraded in each cycle of the GMA reaction. This also leads to

generation of a detectable product as discussed further below.

There are several known modified precursor nucleotides which,
when incorporated into DNA, become a substrate for a DNA-
glycosylase and/or are recognised by a 3'-endonuclease, as appropriate.
In the latter case, the modified precursor nucleotide directs cleavage by a
3'-endonuclease enzyme to a phosphodiester bond 3' to the site of

incorporation thereof.

In each case cleavage is dependent on the presence of the
modified base in the DNA and it is this that dictates the cleavage of the
DNA and dictates the location of the cleavage, in either of two ways,
namely, 1) excision of the modified base by the glycosylase and
cleavage of the subsequent abasic site or 2) cleavage of the extended
nucleic acid primer at the second phosphodiester bond on the 3' side of

the site of incorporation of the modified base by a 3'-endonuclease
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enzyme. In one embodiment, the modified nucleic acid precursor is

dUTP.

The modified precursor nucleotide dUTP is a base sugar
phosphate comprising the base uracil and a sugar phosphate moiety.
Primer extension on template using the precursor nucleotides dATP,
dCTP, dGTP, and dUTP in place of dTTP, results in newly synthesised
DNA complementary to the template where thymine is replaced

completely by uracil.

However, it will be appreciated by those skilled in the art that
other modified nucleic acid precursors can also be used, such as dITP

and 8-OH dGTP.

The modified precursor nucleotide dITP is a base sugar phosphate
comprising the base hypoxanthine and a sugar phosphate moiety. The
modified precursor nucleotide 8-OH dGTP is a base sugar phosphate

comprising the base 8-OH guanine and a sugar phosphate moiety.

The glycosylase substrate precursors dUTP, dITP and 8-OH dGTP
when incorporated into DNA generate the glycosylase substrate bases

uracil, hypoxanthine and 8-OH guanine, respectively.

In one embodiment, the DNA glycosylase is uracil DNA-
glycosylase (UDQG).

Uracil in DNA is recognised specifically by UDG and released
from DNA. UDG also recognises other uracil related bases when present
in DNA.
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Many DNA-Glycosylases have been described. These enzymes
cleave the N-glycosidic bond connecting the glycosylase substrate base

to the DNA backbone. This releases the base from the DNA and

generates an abasic site.

Other suitable DNA glycosylases include alkylpurine DNA-
glycosylases (ADG) or formamidopyrimidine DNA-glycosylase (FPG)
DNA-glycosylase.

Hypoxanthine is recognised specifically by alkylpurine DNA-
glycosylases (ADG) and released from DNA. This enzyme also
recognises and releases N3 methyladenine, N3 methylguanine, 0?
methylcytosine and O® methylthymine when present in DNA. 8-OH
guanine is recognised specifically by FPG DNA-glycosylases and
released from DNA. This enzyme also recognises and releases ring

opened purines when present in DNA.

Several agents are known which cleave the phosphodiester bonds
in nucleic acids at abasic sites. Cleavage of the bond can be 5’ of the
abasic site or 3” of the site. 5” cleavage can occur proximal or distal to
the phosphate moiety and generate an upstream fragment which has a 3’
terminus with a free 3’OH group or 3’-phosphate group respectively. 3’-
OH termini are extendible by DNA polymerases on a template whereas
3’-phosphate termini are not extendible. Such 3’-phosphate termini can
generally be rendered extendible by treatment with a phosphatase
enzyme such as T4 polynucleotide kinase which has a 3’ phosphatase
activity. Agents which cleave 5’ to the phosphate moiety and generate a

3’ terminus with a free 3°’OH are the enzymes with AP endonuclease

IDT Exhibit 1020.8598



WO 02/36821 PCT/IE01/00139

10

15

20

25

16

activity, such as AP endonuclease IV from E. coli. Agents which cleave
3’ to the phosphate moiety and generate a 3’ terminus with a 3’-P group
are alkali, heat and certain DNA repair enzymes such as FPG and basic
proteins and peptides. Agents which cleave 3’ of the abasic site include
heat, and DNA repair enzymes with AP lyase activity such as
endonuclease III from E. coli. Such 3’-deoxyribophosphate (dRp)
termini can generally be rendered extendible by treatment with an AP
endonuclease. FPG-DNA glycosylase cleaves both 5’ and 3’ of the

abasic site.

Preferably, the extended nucleic acid is cleaved at the abasic site

by means of an enzyme which cleaves at a nucleic acid abasic site.

Further, preferably, the enzyme is an AP endonuclease, especially
AP endonuclease IV which cleaves 5’of the abasic site and generates a

free 3’OH terminus.

Where the extended primer is cleaved by a 3'-endonuclease,
cleavage of the extended primer by such an enzyme is dependent on the
presence of a modified base in the extended primer and cleavage occurs
at a phosphodiester bond on the 3' side (i.e. downstream) of the site of
incorporation of the modified base. In contrast to the action of the
glycosylase and AP site cleavage, cleavage of the extended primer by the
3'-endonuclease does not involve excision of the modified base and does
not involve creation of an abasic site. Cleavage by the 3'-endonuclease
is dependent on the presence of a modified base in the extended primer
and recognition of said modified base by the enzyme. Cleavage usually

occurs at the second phosphodiester bond on the 3' side of the modified
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base/nucleotide. This cleavage event results in the generation of a nick
in the DNA strand with a 3'-OH and a 5'-phosphoryl group being
generated. The DNA polymerase present in the reaction can then extend
from the free 3'OH group. As mentioned above, the 3'endonuclease may
be Endonuclease V from Escherichia coli. Endonuclease V recognises
several modified bases in DNA including uracil, hypoxanthine (inosine)
and urea residues. In addition to cleavage of DNA with modified bases,
endonuclease V can also cleave DNA containing abasic sites. Therefore
in certain circumstances, endonuclease V could be used to cleave the
extended primer in combination with the action of a DNA glycosylase

which generates an abasic site in the DNA.

In one embodiment, the modified precursor nucleotide partially

replaces one of the normal precursor nucleotides.

For example, primer extension on a template using the precursor
nucleotides dATP, dCTP, dGTP and dTTP in addition to the modified
precursor nucleotide dUTP results in newly synthesised DNA
complementary to the template where thymine is replaced randomly by
uracil. The uracil is incorporated in the newly synthesised DNA strand at
positions complementary to adenine residues in the template DNA strand
during the DNA synthesis process. Thus, the downstream displaced
fragments are delimited by the position of the random incorporation of
the dUMP in the newly synthesised DNA. This results in the generation
of displaced fragments of multiple sizes a;:cording to the permutations of
dUTP versus dTTP incorporation in the complementary strand opposite

A residues in the template nucleic acid strand.
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A similar approach substituting dITP for dGTP or 8-OH dGTP for
dGTP leads to replacement of all or part of dGTP in the newly
synthesised DNA complementary to the template by hypoxanthine or 8-
OH guanine, respectively at positions complementary to cytosine
residues in the template DNA strand. Replacement of all or part of one
or more of the regular DNA precursors with one or more dideoxy
terminator nucleotides (a nucleotide that prohibits further extension of a
primer on a template once incorporated) can be used to terminate primer
extension by a DNA polymerase when desired. Replacement of part of
one or more of the regular DNA precursors with one or more dideoxy
terminator nucleotides terminates primer extension at multiple different
positions on the template strand and generates terminated primers of
multiple different lengths. Replacement of all of one or more of the
regular DNA precursors with one or more dideoxy terminator
nucleotides terminates primer extension at specific positions on the
template strand and generates terminated primers of specific lengths.
More than one modified precursor nucleotide may be used in the GMA
with one or more DNA-glycosylases. Two DNA glycosylases may be
used whereby one releases a modified base from the primer while the
other releases the modified base once incorporated into newly

synthesised DNA.

Steps i) and ii) or i)-iii), as appropriate of the method according to
the invention can continue in a cyclical manner until one of the reagents

becomes limiting,.

The method according to the invention can be carried out under

isothermal conditions.
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Accordingly, when the method is isothermal, no thermocycling is

required.

The method according to the invention is the only isothermal
amplification reaction capable of amplifying multiple, newly synthesised
and discrete DNA segments in a primer extension reaction using a single

primer.

It will be appreciated that the method according to the invention
can result in the accumulation of displaced single stranded downstream
fragments of nucleic acid specified by the locations of modified bases in

a complementary nucleic acid strand.

Thus, the method according to the invention provides a means of
generating multiple copies of discrete single stranded primers
downstream of an initiating primer. This offers exceptional specificity
for detection purposes, as the discrete downstream primers can only be
generated if the target template nucleic acid is present. Thus for DNA
diagnosis, GMA is a significant improvement over any previously

described amplification method with respect to specificity.

Amplification of multiple DNA segments from a single template
sample is highly desirable and is currently a limitation for amplification
technologies. This limitation largely arises from the fact that existing
technologies use exponential amplification and/or are more cumbersome
and generate double stranded product or large size single stranded

product.
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The method according to the invention offers significant
advantages over existing methods for multiplex amplification of DNA

segments.

The method according to the invention can be used for generating
5 multiple copies of discrete single stranded primers downstream of an

initiating nucleic acid primer.

The displaced downstream fragments can be extended in a

secondary reaction.

Furthermore, the displaced downstream fragments can be

10 extended on a secondary template nucleic acid.

Also multiple secondary templates can be immobilised on a DNA

chip.

These aspects of the invention will be described further below.

The method according to the invention can be used in detection
15 diagnostics. Thus, for example the method can be used in the detection

of pathogens.

The method according to the invention can also be used in the
detection of the presence or absence of mutations and in the detection of

polymorphisms.

IDT Exhibit 1020.8603



WO 02/36821 PCT/IE01/00139

10

15

20

25

21

It will be appreciated that the method according to the invention
can be used in the quantification of the level of a nucleic acid in a

sample.

The GMA method according to the invention can be measured
both qualitatively and quantitatively by several means. Therefore, the
characteristics and quantity of an IP and / or its complementary
annealing site on a template nucleic acid can be assessed by the ability of
the IP to prime a GMA reaction on that template. The resolution
achieved according to the invention, if desired, can be as high as
determining single base differences between IPs and /or the template or
target nucleic acid and this is based on the successful priming of a GMA
reaction. Since the IP may be derived directly or indirectly from a
naturally occurring nucleic acid, and the GMA permits qualitative and
quantitative characterisation of the IP, the GMA can therefore be used to
qualitatively and quantitatively characterise nucleic acids. This has high
utility in the fields of detection, diagnosis, and quantitation of nucleic
acids. This includes for example, detection and quantitation of
pathogenic micro-organisms like certain bacteria and viruses, detection
of variants therein, detection of human disease causing mutations,
detection of single nucleotide polymorphisms and quantification of the

amount/titre of specific mRNA species in tissue samples.

The method according to the invention has significant advantages
over existing technologies in the area of quantitation. As the kinetics of

the GMA are linear, the GMA reaction is easier to detect and
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measure/quantify than existing amplification technologies with

exponential kinetics.

The method according to the invention also has significant
advantages over existing technologies in the area of contamination
control. The reason for this is that unlike existing technologies, GMA in
its basic format does not synthesise new templates for subsequent use by

initiating primers and the kinetics of the process are linear.

The method according to the invention can also be used in signal
amplification from any nucleic acid that can function as a primer or

template.

The method according to the invention has significant advantages
over existing technologies in that it permits signal amplification from an
initiating primer using a single linear template. The GMA does not
incorporate the initiating primer into the amplified displaced downstream
fragments. This offers the advantage that the displaced downstream
fragments do not have a 5’ tail that is always the initiating primer.
Furthermore, this means that the displaced downstream fragments can be
extended in a secondary reaction to produce complementary displaced
downstream fragments devoid of sequences complementary to the

initiating primer.

The method according to the invention is unique in that it can be
carried out in a single reaction vessel whereby extension of an IP on a

template generates and amplifies new primers that are distinct from the
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IP and which can subsequently serve as IPs on the same template from

which it was derived or on a different template.

Brief Description of Drawings

Fig. 1 is a flow diagram of one embodiment of the method

according to the invention as described inter alia in Example 1; and

Fig. 2 is a flow diagram of another embodiment of the method

according to the invention as described in Example 4.

One embodiment of the invention is illustrated with reference to

Fig. 1. as follows:

Event 1 The primer binds to a complementary sequence on the
template;
Event 2 Once bound the free 3’OH terminus of the primer is

extended by the DNA polymerase. This happens through
the polymerisation of the precursor nucleotides onto the
3°0OH terminus of the primer. The precursor nucleotides
(dATP, dCTP, dGTP and / or dTTP) are incorporated into
the extending primer in addition to the modified precursor
nucleotide according to the sequence of the template. The
modified precursor nucleotide usually replaces either fully
or partially one of the normal precursor nucleotides. The
newly synthesised DNA strand is complementary to the
initial template and is referred to as the complementary

template strand herein;
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Event 3

Event 4

Event 5

PCT/IE01/00139
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Once the modified precursor nucleotide is incorporated into
the newly synthesised DNA, that DNA then contains a
modified base which is a substrate for the specific DNA
glycosylase. Consequently every time a modified base
appears in the newly synthesised DNA, it is released from
the DNA by cleavage of the N-glycosylase bond that joins
that base to the deoxyribose moiety in the DNA. This results
in the production of an abasic site which is essentially a
deoxyribose moiety joined to the flanking DNA by a
phosphodiester bond on the proximal and distal side (i.e. 5’
and 3’ of the deoxyribose moiety with the 5’ bond being the

closest to the original primer); and

The abasic site is for example a substrate for AP
endonuclease (APE) enzyme. Consequently every time an
abasic site appears, it is cleaved by APE. This enzyme
cleaves the phosphodiester bond 5’ of the deoxyribose
moiety generating a free 3’OH terminus on the upstream
DNA segment and a deoxyribose moiety attached to the 5’

end of the downstream segment.

The DNA polymerase present in the reaction synthesises
new DNA from this newly generated 3’OH terminus of the
upstream fragment every time it is created, and in doing so,
displaces the DNA downstream of the polymerisation as a
single strand. This results in the incorporation of new
precursors nucleotides, including modified precursor

nucleotides, into the newly synthesised complementary
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template strand and the appearance of a new modified base
at each position in the newly synthesised strand opposite its

complementary base in the template nucleic acid.

Thus, the reaction steps i) to iii) according to this embodiment cycle

continuously until one of the reagents becomes limiting,.

Each free 3’OH terminus created in a cycle of the reaction is
extended once in each subsequent cycle of the reaction with concomitant
displacement of the downstream DNA segments. As the reaction is
continuous the net result is the repeated synthesis of new DNA from
each 3’0OH terminus created and accumulation of the displaced
downstream DNA as discrete single stranded fragments of discrete sizes,
referred to herein as displaced downstream fragments, or displaced
fragments, delimited by the locations of modified bases in the
complementary strand and/or the 3’ terminus due to termination of DNA

synthesis by the polymerase.

Primers that are extended and cleaved can be immediately re-
extended by the polymerase by incorporation of nucleotides including
modified precursor nucleotides. Since the normal precursor nucleotides,
modified precursor nucleotides, polymerase, glycosylase and cleavage
agents are all simultaneously present in the same reaction, a continuous
cycle of extension and cleavage results in the amplification of multiple

copies of displaced downstream fragments.

When the modified precursor nucleotide is dUTP, then the

modified base is uracil and the specific DNA glycosylase when such is
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used is Uracil DNA glycosylase. Hence the displaced downstream
fragments are delimited or defined by the locations of uracil in the
complementary strand and therefore by the location of adenine bases in
the template nucleic acid, since uracil forms a normal Watson-Crick base

pair with adenine.

Therefore, briefly, the primer binds to the template and is
extended by the DNA polymerase. DeoxyATP, dCTP, dGTP, and dUTP,
are incorporated into the extending primer. Uracil DNA glycosylase then
excises the uracil bases in the newly synthesised strand and the resulting

abasic sites are cleaved by the AP endonuclease enzyme.

Alternatively, the 3'-endonuclease recognises uracil in the newly
synthesised strand and cleaves the strand at the second phosphodiester 3'

of the uracil moiety.

The DNA polymerase then begins to synthesise new DNA from
the newly generated 3’OH termini every time they are created and
displaces the 3’ or downstream DNA as the polymerisation proceeds.
This again results in the incorporation of more uracil into the newly
synthesised DNA which is subsequently excised and/or recognised °, the

DNA cleaved and polymerisation initiated from the new 3’OH terminus.

The GMA may be carried out at mesophilic or thermophilic
temperatures. A DNA polymerase such as the E. co/i DNA polymerase
Klenow fragment exo” may be used at mesophilic temperatures (usually

between 25°C and 42°C and typically at 37°C) while at thermophilic
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temperatures (typically between 50°C and 80°C, although it can be
higher), thermostable DNA polymerases such as a strand displacing
DNA polymerase from Thermus aquaticus (Stoffel fragment) may be
used. Both types of polymerase may be added jointly or sequentially to a
reaction. When high processivity is required, so that a primer is extended
to a considerable length before the polymerase disassociates from the
DNA, a highly processive polymerase can be used. By contrast, when
low processivity is required, so that a primer is extended to a short length
before the polymerase disassociates from the DNA, a lowly processive
polymerase can be used. When an RNA template is used, a reverse
transcriptase with strand displacement activity may be used for the GMA

reaction.

In the simplest case, an artificial or synthetic primer is supplied as
the IP to prime the GMA reaction on a given template or target nucleic
acid. The IP is chosen so that it hybridises to a specific target sequence
in the template. Following hybridisation of the IP, the GMA initiates and
the extended IP is repeatedly extended in the cyclic reaction resulting in
amplification of the displaced downstream DNA fragments. These
displaced fragments can be qualitatively and quantitatively characterised

by multiple different approaches according to published procedures.

Direct detection of displaced fragments can be achieved by a

variety of means, for example they may be suitably labelled.

Labelling of the displaced fragments can be performed by a
variety of means including addition of a radioactive, fluorescent, or

detectable ligand to the fragments during or post synthesis. The use of a
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labelled precursor nucleotide in any of the extension reactions facilitates
detection of these fragments. Direct DNA staining methods such as
silver or ethidium bromide staining facilitates their detection after size
separation based on electrophoretic mobility. Hybridisation of
complementary or test nucleic acids to these fragments may be used to
identify them and such complementary or test nucleic acids may be
immobilised and hybridised directly to the displaced fragments. In this
context, DNA macroarrays, DNA microarrays and DNA chips are very
suitable. Alternatively, the displaced fragments may serve as a bridging
hybridisation molecule so that one test nucleic acid, which may be
immobilised, is hybridised to part of a displaced fragment and a second
test or reporter nucleic acid hybridises to the remainder of the displaced
fragment. Again, DNA macroarrays and DNA microarrays are also very

suitable in this context.

The complementary or test nucleic acids may suitably be labelled
by any of a variety of direct or indirect labelling approaches such as
reporter-quencher fluorescent dye methods. Since the displaced
fragments are single stranded, hybridisation to complementary molecules
will create double stranded nucleic acids which may be detected using
double stranded specific probes such as SYBR green. This may be
achieved in the GMA reaction according to the invention by including
DNA complementary to the displaced fragments in addition to SYBR
green reagent which specifically binds double stranded DNA.

The sequence of the displaced fragments and, in particular, the
3’end thereof can be determined by their ability to function as initiating

primers in a subsequent or the same GMA reaction. Essentially, such
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determination is based on the ability of these fragments and particularly
their 3’end to hybridise to a selected complementary sequence on a
template under selected conditions and to function as an IP in a
secondary GMA reaction. It will be appreciated that multiple
possibilities exist for the selection of complementary sequences on a
template and template molecules themselves. Nonetheless, the ability of
a displaced fragment to function as an IP in its own right in a GMA
reaction is a measure of its hybridisation to, or lack of hybridisation to, a
selected target sequence and thus the determination of the nature of the

sequence of part or all of the displaced fragment is on this basis.

Detection of the displaced fragment is highly advantageous from a
specificity perspective since the generation thereof is dependent on a) the
successful hybridisation of the IP to the target template and b) priming of
a GMA reaction on the correct template. Thus, detection of the
anticipated displaced fragment is evidence that the IP has hybridised to

the correct region on the correct template.

The identity or sequence of the displaced fragment can be
determined using a variety of approaches including hybridisation, mass
measurement, and the ability thereof to be ligated directly to a nucleic
acid or its ability to act as the complementary strand necessary for
ligation of one or more nucleic acid molecules. For example, it can be
detected and characterised by assessing the ability thereof to serve as a
bridging hybridisation molecule for ligation of the 5’ and 3’ end of a
linear test DNA to form a circle. The hybridised displaced fragment, or

an additional primer, can then serve as an IP for a GMA reaction on the
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new circular template resulting in amplification of the DNA by a rolling

circle replication (RCR) mechanism.

It should also be noted that, in addition to acting as an IP, a
displaced downstream fragment can also act as a template in a

subsequent GMA reaction.

There are many methods by which an IP can be generated. In all
cases the IP supplied or gencrated must have a free 3°OH terminus so

that it can prime the subsequent DNA polymerisation step.

Artificial synthesis of an IP allows for numerous possibilities with
respect to synthesis, design and modification of the IP. Many different
modifications of artificially synthesised primers have been previously
described. These include modifications of the base, sugar and
phosphodiester bond and including those whereby glycosylase substrate
bases such as uracil, hypoxanthine and 8-hydroxy guanine are

incorporated into the primer.

Typically a standard or modified IP is synthesised to specifically
match all or part of its complementary sequence on the template nucleic
acid. It is well established that complementarity between the bases at the
3’ end of a potentially extendable primer and the template is one of the
key parameters that determines whether the IP will be extended on that
template. An IP that is fully complementary to a section of the template
can be extended by DNA polymerase, whereas an IP that is fully
complementary to a section of the template except for the base at its 3’

terminus is not extended under stringent conditions. Thus, it will be
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appreciated that extension of an IP on a template can be used to
differentiate between closely related IPs that differ by as little as a single
base. Similarly, it will be appreciated that extension of an IP on a
template can be used to differentiate between closely related templates
that differ by as little as a single base. This approach is of particular
importance in the field of human genetics where it permits detection of
mutations and polymorphisms such as single nucleotide polymorphisms

(SNPs).

It is well established that the stringency of hybridisation
conditions between IP and a template can be varied considerably. Low
stringency conditions permit low specificity hybridisation between DNA
molecules. Thus under low stringency conditions, DNA molecules that
are partially complementary can hybridise to each other. Therefore,
under such conditions a partially complementary IP could hybridise to a
template. Under such conditions, a single IP can hybridise and be
extended at one or more partially complementary sites on a template
nucleic acid. When the stringency conditions are so low that priming
occurs at multiple sites, the process is referred to as random priming
(although the priming is not entirely random in that a significant match
between the five most 3’ bases of the IP and the template is usually
required). As stringency is increased, hybridisation becomes increasingly
specific and hybridisation conditions can readily be found that permit
only hybridisation of a fully complementary primer, but excludes
hybridisation of a partially complementary primer even if it only differs
by a single base. During hybridisation, there are a number of parameters

by which the stringency of hybridisation may be altered, such as
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temperature. As temperature is increased, the stringency of hybridisation
increases. Consequently, in enzymatic processes that are dependent on
hybridisation between DNA molecules, higher specificity can be
achieved at higher temperatures. However, the enzymatic process at the

higher temperature usually requires thermostable enzymes.

The IP may be generated following cleavage of an artificially
synthesised primer or of a natural nucleic acid such that a new free 3°’OH
terminus is produced. The cleavage can be either single or double strand
dependent, dependent on the presence of a modified base in a single
strand or double strand context, sequence dependent, dependent on the
presence of a mismatch, or dependent on the presence of a specific
structure. Thus, a primer may be generated through glycosylase mediated
cleavage of a probe bearing a modified base that is recognised by a
specific glycosylase in a single strand or double strand context. An IP
may also be generated by cleavage of a probe bearing a mismatched base
that is recognised by a mismatch specific endonuclease or glycosylase in
a double strand context, for example when the probe is annealed to the
template nucleic acid. This can be achieved by designing the primer so
that a base mismatch is created between the primer and the template at
one or more locations in the hybridised segment and incubating with one
or more of a variety of endonucleases or DNA glycosylases which have
been shown previously to specifically cleave at mismatched bases in
double stranded nucleic acids. These include T7 endonuclease I, MutY
DNA glycosylase, thymine mismatch DNA glycosylase and

endonuclease V.
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An IP may also be generated through cleavage of a complex
formed by the hybridisation of overlapping oligonucleotide probes using

a structure-specific enzyme such as a cleavase.

A primer may be synthesised with a blocked 3’ terminus so that
extension of the primer is not possible unless the blocking group is
released through cleavage of the primer. Such a primer is referred to as a
3’-blocked primer herein. A blocked 3’ terminus of a primer can be
achieved by several methods including 3’ phosphorylation, incorporating
a dideoxy nucleotide at the 3’ terminus, synthesising the primer with a
3’amine or 3’thiol group, synthesising the primer with one or more
inverted nucleotides at the 3' terminus, or cleaving an abasic site with a

DNA lyase.

Therefore in one embodiment of the invention, a primer may be
synthesised with a noncomplementary 3’ terminus (i.e. not
complementary to the template at its 3’ terminus) so that extension of the
primer is not possible unless the 3’ terminus is released through cleavage

of the primer.

A primer may be synthesised with a noncomplementary 5°
terminus so that cleavage causes dissociation of the primer from
template nucleic acid. The dissociated primer can then serve as an IP in a

GMA reaction on a different template.

Cleavage of a primer so that a 3’-blocked primer is unblocked, and
a noncomplementary 3’ terminus or noncomplementary 5’ terminus is

released, may be made dependent on hybridisation of the primer to all or
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part of a template nucleic acid so that following the cleavage, an IP with
anew free 3°’OH terminus is created, permitting extension of the IP on
the same or a distinct template. Cleavage of the hybridised primer in this
instance so that it can extend on a template, requires that the primer is
cleaved at one or more locations in the hybridised segment of that
primer. This can be achieved by designing a primer containing the
modified base hypoxanthine which is a substrate for 3-alkylpurine DNA
glycosylase (e.g. AlkA).

In a further embodiment of the invention, using thermostable
cleaving agents, it is possible to cleave a hybridised primer at a modified
or mismatched base so that once the probe is cleaved, the two or more
fragments become thermally unstable and fall off the target nucleic acid,
thereby allowing another full-length primer to hybridise. This oscillating
process amplifies the signal (increased generation of the cleaved primer).
The cleaved product with a 3°’OH terminus can then serve as an IP in a

subsequent or coupled GMA reaction.

An IP may also be generated by cleavage of a primer at a modified
base where such cleavage is dependent on extension of the primer on a
template. This permits generation of an IP smaller than the original
primer and which can be characterised in a variety of ways. For example,
E. coli Uracil DNA Glycosylase will not release uracil from the ultimate
or penultimate 3’ position of a primer. However, if the primer is
extended on a template, the uracil which was at the ultimate or
penultimate 3’ position of the primer is now further away from the 3’
terminus of the newly extended nucleic acid and will therefore be

released. Thus a primer with a free 3Ol terminus and one or two bases
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shorter than the original primer is generated and is therefore an IP for a

subsequent GMA reaction.

An IP may be generated from a naturally occurring or amplified
nucleic acid by full or partial enzymatic or chemical cleavage with DNA
or RNA cleaving agents such as DNAses, RN Ases, restriction
endonucleases, DNA glycosylases following conversion of a normal
DNA base to a glycosylase substrate base or incorporation of such a base
during amplification, AP endonucleases following partial or full
depurination or depyrimidination of DNA, enzymes that cleave RNA or
DNA in RNA:DNA hybrids such as RNAseH and enzymes that cleave
at DNA mismatches formed following denaturing and re-annealing of
nucleic acid hybrid molecules such as RNA:DNA hybrids and
DNA:DNA hybrids. Enzymatic or chemical cleavage of DNA or RNA
may generate 3’ termini that are not extendible by DNA polymerases.
Such 3’ termini can generally be rendered extendible by treatment with
one or more enzymes such as AP endonuclease IV or T4 polynucleotide
kinase which has a 3’ phosphatase activity. It is well established that
cleavage agents can be double strand, single strand or sequence specific.
A double or single stranded nucleic acid may be cleaved to small double
or single stranded fragments, respectively using one or more cleavage
agents prior to GMA. This provides a means to restrict the size of the

displaced fragments.
Cleavage or nicking of one strand of a duplex molecule provides a

section of nucleic acid with a free 3°’OH terminus that can function

directly as an IP on the template to which it is hybridised or on a distinct
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template in a GMA reaction. Cleavage or nicking of one strand of a
duplex molecule can be achieved using certain cleavage agents. The
nucleic acid can be nicked non-specifically with a low amount of
nuclease enzyme such as DNAse, leading to the generation of multiple
different displaced downstream fragments from multiple locations on the

nucleic acid template.

The nucleic acid can be nicked with more specific agents such as
the restriction enzyme N.BstNB I which nicks DNA four bases
downstream of the 3' side of the recognition sequence GAGTC.
Alternatively, the nucleic acid can be nicked with a restriction enzyme,
for example Hincll or BsoBI, which nicks the unmodified strand of a
hemi-modified double stranded DNA at a specific recognition site,
thereby generating a free 3’OH terminus. RNA may be cleaved non-
specifically with certain RNAses and more specifically with sequence or
structure specific RNAses such as ribozymes. RNAseH cleaves RNA in
a RNA:DNA hybrid. Thus RNA can be cleaved by RNAseH following
synthesis of a cDNA on the RNA template by reverse transcriptase. The
RNA can be cleaved specifically by RNAseH following annealing of

oligonucleotide DNA molecules to one or more sequences on the RNA.

In particular, addition of oligo / poly dT provides a means to make
the 3 polyA tail of mRNA species double stranded. Addition of RNAseH
results in digestion of the polyA tail providing a unique 3’ terminus for
each mRINA species. This method provides a means whereby each

mRNA species in a sample can potentially act as an IP in a GMA.
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A double stranded nucleic acid may be cleaved to expose its free
3’0OH terminus enabling the cleaved DNA to function as anIP in a
GMA. For example, a double stranded DNA may be denatured by heat.
Alternately, it may be treated with the T7 gene 6 exonuclease which
hydrolyses duplex DNA in a stepwise non-processive reaction from the
5’ termini. The enzyme is not active on single stranded DNA and thus

stops when duplex regions are no longer present.

Importantly, specific cleavage of one strand of a duplex molecule
at a mismatch generates a nucleic acid fragment with a 3’OH terminus
that can function directly as an IP on that template to which it is
hybridised or on a different template. This provides a means of

identifying mutations and polymorphisms in nucleic acids.

In this respect, the present invention allows one to investigate the
presence or absence of a mutation or polymorphism at a specific location
in a nucleic acid (candidate locus) in the following way: annealing a 3’-
blocked primer to the target nucleic acid such that a mismatch is
generated at the candidate locus. The mismatch is typically located
internally with respect to the primer, i.e. that the base creating the
mismatch with the candidate locus base on the template is not the base
residue of the primer’s 5’ terminal or 3 terminal nucleotide. Upon
cleavage of the primer at the position of the mismatch with a mismatch
specific glycosylase and abasic site cleavage agent, the 5’ cleaved
section of the primer has a 3’OH terminus and is therefore an IP which
can now initiate a GMA reaction on that same template or an alternative

template. Therefore, the resultant GMA is indicative of the presence or
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absence of the mutation dependent on whether a mismatch was formed

or not by the binding of the primer to the template and vice versa.

Additionally, reannealed nucleic acid hybrid molecules can be
treated with mismatch specific enzymes such as T7 endonuclease I,
MutY DNA glycosylase, thymine mismatch DNA glycosylase or
endonuclease V. Combinations of gene amplification by PCR methods
followed by reannealing and cleavage of DNA at mismatches with a
mismatch specific repair enzyme generates free 3°’OH terminii that can
serve as IPs in a subsequent GMA reaction on a distinct template

following dissociation from its complementary strand.

Alternatively, extension from the 3’OH terminus generated at the
mismatched site using a strand displacement DNA polymerase in a
standard “once off” strand displacement reaction, or in a GMA reaction,
produces a displaced fragment that can serve as an IP in a subsequent
GMA reaction. Since the generation of the IP is dependent on the
presence of a mismatch, priming of a GMA reaction is indicative of a
mismatch. When a whole genome amplification method is used with this
approach with multiple probes and/or multiple templates for detection of
displaced fragments, many amplification products can be tested for the
presence of mismatches. Using selected probes and/or selected
templates, it is possible to locate the mismatches. Using an array of
probes, this can be applied to a genome wide search or to a search of

multiple amplified nucleic acids simultaneously.

The use of a degenerate IP in a GMA reaction provides a means

for priming the GMA at multiple sites on the template. Degeneracy of
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the IP may be very high and consequently random priming of a template
may be achieved. In such a case, an IP such as a random hexamer, or a
longer primer with a random hexamer as its 3” sequence, is used
typically with a template such as genomic DNA. More specific multiple

priming may be achieve with an IP with a lower level of degeneracy.

The method according to the invention can be used as a novel
signal amplification method provided by the GMA. The extended IP and
the displaced fragments created in a GMA reaction have a free 3’OH
terminus and can function as primers that can be extended. Using a
strand displacement DNA polymerase, the displaced fragments produced
during the GMA on a template are free to function as IPs in a secondary
GMA reaction, if a suitable template is available. A template may be
provided in the same reaction or in an uncoupled reaction as a means for
signal amplification. The template provided for use in signal
amplification is referred to as the signal amplification template or
booster template herein. This is especially important when the amount of
the original template is low, which is often the case when genomic DNA
is used as the template or target nucleic acid in the initial GMA. The
booster template is synthesised so that it has an intrinsic sequence
complementary to any initiating primer of interest, termed ‘IP binding
site’ herein. Typically, this sequence is complementary to the extended
initiating primer or a displaced fragment produced during a GMA
reaction. Typically the IP binding site is at the 3° end of the booster
template (the booster template is read in a 3’ to 5 direction by the
polymerase that polymerises and extends the IP in a 5’ to 3’ direction).

One or more bases are present upstream (5”) of the IP binding site on the
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booster template that are complementary to the modified base used in the
GMA reaction. Typically, this base is an adenine residue. This results in
the incorporation of a modified base, typically a U, at this position into
the extending IP during the GMA reaction. The sequence following this
position (upstream), referred to herein as the booster sequence is devoid
of bases that are complementary to the modified base used in the initial
GMA. The booster sequence can vary in size and is typically longer than
18 nucleotides. Typically, the booster sequence has a 3' modification
such as an inverted nucleotide to prevent spurious self-priming. A DNA
synthesis block may also be included in the booster template in the
region complementary to the IP to prevent spurious self-priming. When
an initiating primer primes a GMA on the booster template, it generates
the complement of the booster sequence referred to as complementary
booster sequence herein. The net effect of this procedure is that the
complementary booster sequence is copied/amplified to a high level, as
the booster template 1s typically not limiting, and every IP generated can
potentially serve to prime any non-primed booster template in the GMA
reaction. The complementary booster sequence can also serve as a

universal reporter for detection purposes.

To achieve a very high level of signal amplification, the booster
sequence (i.e. BS#1) can be followed by one or more bases that are
complementary to the modified base in the GMA reaction. This booster
sequence is followed in turn by a second booster sequence (BS#2). BS#2
is typically identical to BS#1. When an IP primes a GMA reaction on the
booster template, it generates the complement of BS#1 and BS#2

referred to as complementary booster sequence #1(cBS#1) and
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complementary booster sequence #2 (cBS#2) herein. cBS#1 and cBS#2
are identical and function as IPs priming the booster template from
BS#1. They also bind to BS#2 but are displaced in each cycle of the
GMA reaction. The net effect of this is that cBS#2 can be amplified to a
high level as the booster template is typically not limiting and every
cBS#1 and cBS#2 can potentially serve as initiating primers for any non-

primed booster template in the GMA reaction.

‘There are many possibilities for booster template design. If cBS#1
is generated in the primary GMA reaction, then a booster template with
only the BS#1 and BS#2 sequences, separated by a base complementary
to the modified base, is necessary since the cBS#1 serves as the initiating
primer. A booster template can be designed with several different IP
binding sites, i.e. allowing many differently sequenced IPs to bind and

prime, followed by identical or distinct booster sequence units.

A further possibility for detecting or monitoring the progression of
the initiated GMA reaction is by monitoring DNA polymerase activity.
Since GMA results in the continuous re-extension (i.e. polymerisation)
of DNA fragments on a template, there is continuous incorporation of
dNMP into the newly synthesised DNA and release of a pyrophosphate
moiety (PPi) per each incorporated nucleotide monophosphate.
Therefore, a PPi detection assay (Nyren, P. (1987) Analytical
Biochemistry, 167, 235-238) can be used to indirectly detect or monitor
GMA activity.

In a GMA reaction using the precursor nucleotides dATP, dCTP,
dGTP, dTTP in addition to a modified precursor nucleotide such as
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dUTP, the displaced fragments which are generated are of multiple sizes
according to the permutations of dUTP versus dTTP incorporation into
the newly synthesised complementary strand opposite the A residues in
the template strand. A suitable IP binding site on a booster template in
such a case is a sequence that is identical to a section of the initial
template which is 5> (with respect to the template) of where the IP
initially primed. In a sequence of DNA, a dUTP or a dTTP would be
expected to be incorporated on average every fourth base since an A
residue would be expected to occur at any given position in the template
with a frequency of 0.25. Thus the average expected size of a displaced
fragment in a GMA reaction, using dUTP in place of dTTP, would be
three nucleotides. Whereas, using a ratio of dUTP to dTTP where the
DNA polymerase inserts either of the two dNTPs with a 0.5 probability,
the size of generated displaced fragments will range from a minimal size
of three nucleotides to larger sizes where the frequency of generation of
any displaced fragment decreases as the size of the displaced fragment
gets larger. However, the larger the displaced fragment, the more
stringent can be the hybridisation between the displaced fragment acting
as an IP and the IP binding site. Thus an IP binding site on the booster
template that is identical to a sequence 5’ of the IP binding site on the
original template nucleic acid is desirable. For example, if a displaced
fragment is selected so that it has 10 positions within a 40 nucleotide
segment where a dUTP or dTTP could be incorporated, an IP binding
site on the booster template, complementary to the 40 nucleotides of the

displaced DNA is suitable.
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For detection of SNPs or mutations, the IP that primes the
template nucleic acid can be positioned 3’ from the chosen SNPs
location with respect to the template strand, so that one permutation of
the displaced fragment generated has its 3’ terminus defined by the SNP
site. In such a case, the presence of the SNP on the template nucleic acid
leads to the generation of a displaced fragment with a unique 3’OH
terminus that is not created if the SNP site is absent. The IP can be
chosen so that in a GMA reaction, using a mixture of a normal and
modified precursor such as dTTP and dUTP, a displaced fragment is
generated of a suitable size so as to permit its hybridisation to the IP
binding site on the booster template under stringent conditions.
Furthermore, the IP binding site on the booster template can be designed
so that it can only be primed by that displaced fragment with the unique
3’OH terminus as defined by the SNP site and the status of that site. This
can be achieved by designing the booster template so that the key
adenine residue supporting the GMA is sufficiently closely located 5* on
the booster template so that, the 3’end of the displaced fragment
generated with a 3’OH terminus defined by the next position of dUTP
incorporation past the SNP site on the original template, is opposite or 5’
of the key adenine residue on the booster template. Under stringent
hybridisation conditions, displaced fragments where the 3’OH terminus
is generated from a site upstream of the SNP site (with respect to the
complement of that strand that acts as template) will not prime the

booster template as they will not hybridise to the IP binding site.

According to a further embodiment of the invention an IP binding

site may be degenerate so that it can serve as a binding site for many
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different initiating primers. Two or more booster templates can be
included in a GMA reaction so that the cBS generated from the first
booster template can serve as an initiating primer for the second booster
template. This has the added advantage that the second booster template
can be identical for multiple different GMA reactions and thus serve as a
universal booster sequence. This facilitates a single streamlined process
for detection and signal amplification using a single end point booster
template. Typically the end point booster template will be designed and
synthesised so that it serves directly or indirectly as the reporter for the

GMA.

The IP in a GMA reaction may displace a downstream extended
primer that serves as an IP in a subsequent GMA reaction. This has
important uses for SNP and mutation detection. A primer may be placed
sufficiently close to the SNP site so that the first modified precursor
incorporated is at, or distal to, the SNP site. Thus the primer is extended
to a different length depending on whether or not a SNP is present at the
site. It is desirable to generate multiple copies of the differentially
extended primer for subsequent characterisation by any one of several
means including its ability to function as an IP in a subsequent GMA on
a booster template. Multiple copies of the differentially extended primer
may be obtained by a thermocycling process as described for the
polymerase chain reaction. Alternatively, the differentially extended
primer may be repeatedly displaced by initiating a GMA reaction 5’ of
this primer (i.e. further 3” on the template strand). This is achieved using
an IP which hybridises 5° of the primer located proximal to the SNP site

and this IP initiates a GMA reaction. The downstream primer will be
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extended in the same reaction in each cycle but will also be displaced in

each cycle. Once displaced, fresh primer can hybridise and be extended.

Displaced fragments generated from template nucleic acids, and
complementary booster sequences generated from the booster template
may be detected in a 5’ nuclease assay. Typically, the 5’ nuclease assay
is an assay that detects a specific nucleic acid by its ability to serve as an
initiating primer for DNA synthesis on a template using a DNA
polymerase with a 5°-3° exonuclease activity leading to degradation of a
probe which is annealed downstream on the template. This degradation
is based on the presence of a 5°-3” exonuclease activity in the
polymerase used in the reaction. The typical probe is an oligonucleotide
bearing both a reporter fluorescent dye and a quencher dye in close
proximity. An increase in fluorescent intensity results when the reporter
and quencher are separated / detached from each other through
degradation of the probe. Thus an increase in fluorescence indicates that
the probe has hybridised to the template and has been degraded by the 5°
to 3’ exonuclease activity of the DNA polymerase as it extends the

initiating primer on the template nucleic acid.

A variation of this assay uses an approach whereby the probe is
part of the template but is complementary to a section of template. This
results in the probe forming a stem with part of the template by base
pairing with its complement on the template nucleic acid, effectively
producing a double stranded stem with one free 5’ end and one looped

end.
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Alternatively, a self complementary probe with a reporter at one
end and a quencher at the other end may be used. In this case, the probe
forms a stem and loop through base pairing bringing the reporter close to
the quencher so that fluorescence is quenched. Denaturation of the stem
loop structure in the presence of a fully or partially complementary
displaced fragment or cBS permits hybridisation between the probe and
the displaced fragment or cBS. This renders the probe double stranded
and increases the distance between the reporter and quencher causing an

increase in fluorescent intensity.

Adaptation of the GMA for use with a linked reporter - quencher
provides a unique booster template that permits simultaneous IP
detection and signal amplification. Essentially, the booster template is
designed with an IP binding site followed by a self complementary
sequence that brings a linked reporter and quencher into close proximity
through formation of a double stranded stem loop structure. The TP
binding site and the sequence forming the stem - loop structure are
devoid of the base complementary to the modified base in the GMA
reaction. The IP binding site is 3’ of the stem - loop sequence and may
comprise a sequence which is complementary to an initiating primer and
/ or a sequence which is complementary to a cBS. One or more bases
complementary to the modified base in the GMA reaction are present 5’
of the stem - loop and are followed by another complementary sequence
to a cBS. When an initiating primer is extended on the reporter-quencher
booster template, the net effect is that the IP binding site and stem - loop
section of the booster template is linearised and becomes double

stranded during GMA through strand displacement and remains double
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stranded. The signal is amplified through the synthesis of further ¢cBSs at
the 5° end of the booster template which in turn serve as initiating
primers for any non-primed booster template in the GMA reaction.
When the stem-loop is linearised and becomes double stranded, the
fluorescence intensity increases and measurement of the fluorescences

functions as a measure of the level on IP in the reaction.

An alternative method of signal detection in accordance with the
invention involves designing the booster template so that part or all of
the displaced fragment is self complementary either within itself or
between other copies of itself and forms double stranded DNA. The
double stranded DNA can then be detected readily by binding of double
strand specific probes such as SYBR green.

The booster template may be circular. Such a circular booster
template provides a means for the extending DNA polymerase to
proceed continuously in a rolling circle replication format. There are
multiple variations that can be used with a circular booster template. In
its simplest form, the circular booster template may serve as a template
for rolling circle amplification where an IP may serve as the initiator of
DNA replication on the circle. In such a case, the DNA is continuously
synthesised until the polymerase or the DNA precursors become
limiting. Inclusion of such a booster template in a GMA reaction
requires that the booster template is designed so that it does not contain
any residues complementary to the modified precursor nucleotide in the

GMA reaction.
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Alternatively, the booster template may be designed with one or
more IP binding sites followed by a residue supporting incorporation of a
modified precursor on to the extending IP during GMA. This may be
further followed by one or more booster sequences. The booster
sequences may be preceded and followed by one or more bases that are
complementary to the modified base in the GMA reaction. The
complement of the booster sequence, when generated, serves as an IP for
any non-primed booster templates. Priming of subsequent booster
templates provides additional IP for additional non-primed booster
templates and the reaction continues until all of the booster templates are
primed and replication continues until one of the reagents becomes
limiting. The net effect of this method is that a linear copy of all or part
of the booster template is generated in each cycle. Inclusion of a second
complementary booster template with a self-priming booster sequence
provides a means of generating multiple linear copies of the booster
template. The linear copies of the two booster templates will then
hybridise to each other generating double stranded DNA which can be
detected by several means, including double strand specific DNA

binding agents such as SYBR green.

A single booster template may also be designed so that it produces
cBSs that base pair with each other thus generating double stranded
DNA. The booster template is particularly suitable for this application
since regions of self complementarity within a DNA circle can be primed
without denaturation by IPs hybridising to IP binding sites which are not

in the self complementary region. In contrast, denaturation of fully
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double stranded linear complementary DNA is necessary to allow an IP

access an IP binding site.

In another embodiment of the present invention the booster or
secondary template can be immobilised on a solid support, for example,
on a micro- or macro-array or DNA ‘chip’. Multiple different booster or
secondary templates can be immobilised on a DNA chip which can then
be used to characterise multiple different nucleic acids and multiple
different GMA reactions in a high throughput manner. In a preferred
embodiment one attaches the secondary templates via their 3’ termini.
This makes the otherwise reactive 3’OH group inaccessible, therefore it
cannot be extended by a polymerase and acts only as a template, thereby

reducing any background non-specific extension.

Another embodiment of the present invention provides for the use
of GMA in DNA computing. It is now increasingly appreciated that
DNA, by virtue of its intrinsic physical and chemical properties, may
provide an avenue for the computation of solutions to difficult
mathematical tasks. It will be appreciated that by designing initiating
primers, templates and/or booster templates to act as individual or
combined pieces of information, be it problems and/or solutions, the
solutions to mathematical problems can be computed using the GMA
reaction. Preferably, the IPs and templates are artificially synthesised. It
will also be appreciated that the use of GMA in DNA computing permits
simultaneous operations and parallel searches and can give rise to a

complete set of potential solutions.
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Accordingly, the invention provides use of a method as
hereinbefore described in DNA computing and/or as a “tool” in DNA

computing, referred to herein collectively as DNA computing.

The invention will be further illustrated by the following

Examples.

Modes for Carrying Out the Invention

Various enzymes were used in the following Examples. Some of
these enzymes were available commercially while others were purified

from over-expression in E. coli strains as described below.

Thermotoga maritima UDG (TmalUDGQG)

The open reading frame for the TmaUDG protein was amplified
from 7. maritima genomic DNA by PCR. The PCR product was inserted
into the pPBAD-TOPO over-expression vector according to the
manufacturer's instructions (InVitrogen). Competent TOP-10 E. coli
(InVitrogen) were then transformed with the construct by heat shock,
according to the manufacturer's instructions. Cells containing the pBAD-
TOPO/TmaUDG construct were grown to an ODgyp of 0.6 (1000mL) and
over-expression was induced by arabinose added to a final concentration
of 0.2%. After incubation at 37°C for 4hours the cells were lysed and the
fusion protein was purified by immobilised metal affinity
chromatography using ProBond resin (Invitrogen) according to the
manufacturer's instructions. A 15mL fraction containing the eluted

protein as judged by SDS-polyacrylamide gel electrophoresis was
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collected. The fraction was then further purified by ion-exchange
chromatography using Mono-S resin and 0.5mL of the most
concentrated eluted protein fraction was collected and stored after

addition of glycerol to 50% at —20°C until required.

Thermotoga maritima Endonuclease IV (TmaEndolV)

The open reading frame for the TmaFEndolIV protein was amplified
from T" maritima genomic DNA by PCR. The PCR product was inserted
into the pBAD-TOPO over-expression vector according to the
manufacturer's instructions (InVitrogen). Competent TOP-10 E. coli
(InVitrogen) were then transformed with the construct by heat shock,
according to the manufacturer's instructions. Cells containing the pBAD-
TOPO/TmaEndolIV construct were grown to an ODggg of 0.6 (1000mL.)
and over-expression was induced by arabinose added to a final
concentration of 0.2%. After incubation at 37°C for 4hours the cells were
lysed and the fusion protein was purified by immobilised metal affinity
chromatography using ProBond resin (Invitrogen) according to the
manufacturer's instructions. A 15ml fraction containing the eluted
protein as judged by SDS-polyacrylamide gel eclectrophoresis was
collected. The fraction was then further purified by ion-exchange
chromatography using Mono-S resin and 0.5mL of the most
concentrated eluted protein fraction was collected and stored after

addition of glycerol to 50% at —20°C until required.
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Thermotoga maritima Endonuclease V (TmaEndoV)

The open reading frame for the TmaEndoV protein was amplified
from 7. maritima genomic DNA by PCR. The PCR product was inserted
into the pBAD-TOPO over-expression vector according to the
manufacturer's instructions (InVitrogen). Competent TOP-10 E. coli
(InVitrogen) were then transformed with the construct by heat shock,
according to the manufacturer's instructions. Cells containing the pPBAD-
TOPO/TmaEndoV construct were grown to an ODggo of 0.5 (1000mL)
and over-expression was induced by arabinose added to a final
concentration of 0.2%. After incubation at 37°C for 8hours the cells were
lysed and the fusion protein was purified by immobilised metal affinity
chromatography using ProBond resin (Invitrogen) according to the
manufacturer's instructions. 15 x 1mL fractions containing the eluted
protein as judged by SDS-polyacrylamide gel electrophoresis were
collected and pooled. The pooled fractions were then further purified by
ion-exchange chromatography using Mono-S resin and 0.5mL of the
most concentrated eluted protein fraction was collected and stored after

addition of glycerol to 50% at —20°C until required.

E. coli Endonuclease IV (EcoEndol V)

The open reading frame for the EcoEndolV protein was amplified
from E. coli genomic DNA by PCR. The PCR product was inserted into
the pPBAD-TOPO over-expression vector according to the manufacturer's

instructions (InVitrogen). Competent TOP-10 E. coli (InVitrogen) were
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then transformed with the construct by heat shock, according to the
manufacturer's instructions. Cells containing the pBAD-TOPO/
EcoEndolV construct were grown to an ODygp¢ of 0.6 (1000mL) and
over-expression was induced by arabinose added to a final concentration

of 0.2%.

After incubation at 37°C for 4hours the cells were lysed and the
fusion protein was purified by immobilised metal affinity
chromatography using ProBond resin (Invitrogen) according to the
manufacturer's instructions. A 15mL fraction containing the eluted
protein as judged by SDS-polyacrylamide gel electrophoresis was
collected. The pooled fractions were then further purified by ion-
exchange chromatography using Mono-S resin and 0.5mL of the most
concentrated eluted protein fraction was collected and stored after

addition of glycerol to 50% at —20°C until required.

Archaeoglobus fulgidus UDG-Thioredoxin (AfUDG-Thio)

The open reading frame for the AfUDG protein was amplified
from A. fulgidus genomic DNA by PCR. The PCR product was inserted
into the pBAD-TOPO ThioFusion over-expression vector according to
the manufacturer's instructions (InVitrogen). Competent TOP-10 E. coli
(InVitrogen) were then transformed with the construct by heat shock,
according to the manufacturer's instructions. Cells containing the pBAD-
TOPO-ThioFusion/AfUDG construct were grown to an ODyg, of 0.6

(2000mL) and over-expression was induced by arabinose added to a
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final concentration of 0.2%. After incubation at 37°C for 4hours the cells
were lysed and the fusion protein was purified by immobilised metal
affinity chromatography using ProBond resin (Invitrogen) according to
the manufacturer's instructions. A 15mL fraction containing the eluted
protein as judged by SDS-polyacrylamide gel electrophoresis was

collected and stored at 4°C until required.

Example 1

The method according to the invention was used to cyclically
extend a 25-mer oligonucleotide (Initiating Primer-IP), which was
complementary to a region of an 80-mer oligonucleotide (Template
nucleic acid) which served as the template for the polymerisation
reaction. The complementary region extended from 10 bases from the 3’
end of the 80-mer to 35 bases from the 3’ end of the 80-mer. The region
of the 80-mer 5’ to this IP complementary region (IP binding site) was
designed to contain a number of A residues which upon cyclical
extension of the 25-mer would lead to the production of DNA fragments
of discrete sizes following the GMA reaction. The 80-mer was also
designed so that a specific number of G residues lay between each A
residue. This was to allow labelling, by incorporation of a**P-dCTP, of
the displaced downstream DNA fragments produced during the reaction.
A flow diagram of the method is shown in Fig. 1. Both oligonucleotides
were synthesised artificially and purified by excision from a
polyacrylamide gel after electrophoresis. The objective was to determine

if the 25-mer annealed to the 80-mer and could be cyclically/repeatedly
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extended by the method according to the invention, producing multiple

copies of labelled single stranded DNA fragments (displaced fragments).

Before addition of the enzymes, the reactions contained 100fmole
of each of the oligonucleotides, 10mM Tris-HCI (pH7.5), SmM MgCl,,
7mM dithiothreitol, 0.2mM each of dATP, dGTP and dUTP, 0.02mM
dCTP and 0.2pL o**PACTP (10mCi/ml, ~800Ci/mmol) in a total of
17uL. This mixture was overlaid with mineral oil and heated to 95°C for
2min. The reaction temperature was then dropped to 37°C and held at
this temperature. Five units of Klenow Fragment (3> — 5’ exo0’), 1 unit
of E. coli Uracil DNA Glycosylase and 2 units of either E. coli
Endonuclease IV or 2uL. Thermotoga maritima Endonuclease IV were
then added, in that order, bringing the final reaction volume to 20uL. In
the case of the control reactions, which contained no Endonuclease I'V
and the control reactions that contained neither Endonuclease IV nor
Uracil DNA Glycosylase, water was added to bring the final volume to
20uL. 5pL samples were taken from the reactions at 30min intervals
after the addition of the Endonuclease IV. NaOH was added to the
samples to a final concentration of 50mM and then heated to 95°C for
15min. An equal volume of formamide loading dye (98% formamide,
0.025% Bromophenol blue, 0.025% Xylene cyanol) was then added. The
samples were then loaded onto a 20% denaturing (7M urea)
polyacrylamide gel and electrophoresis was carried out for size analysis
of the DNA fragments. Following electrophoresis, the gel was exposed
to a phosphor screen and the image was subsequently scanned by a

Storm (Trade Mark) 860.

IDT Exhibit 1020.8638



WO 02/36821 PCT/IE01/00139

10

15

20

25

56

Analysis of the image showed that the reactions which contained
Endonuclease IV contained a number of labelled DNA fragments of
different sizes shorter than 70 bases, which increased in number with
time, and which did not appear in the control reactions which lacked the
Endonuclease IV, or in the control reaction which lacked both

Endonuclease I'V and Uracil DNA Glycosylase.

It was noted that the Thermatoga maritima Endonuclease IV
preparations contained an intrinsic and/or contaminating 3 to 5’
exonuclease activity. This lead to non-specific background amplification
during a GMA reaction. To eliminate this activity and non-specific
amplification, the Endonuclease IV enzyme was heat treated prior to its
use in the GMA reaction. The stock of Endonuclease IV enzyme was
heated to 90°C for 10 min, then put on ice for > 5 min and subsequently
centrifuged for = 5 min. The E. coli Endonuclease IV preparations were
also observed to contain such an activity and the preparations also

required inactivation of the exonuclease activity prior to use.

Example 2

The method according to the invention was used to cyclically
extend a 41-mer oligonucleotide (Initiating Primer-IP) which was self-
complementary at its 3’ end, i.e. palindromic, and therefore served as the
template for itself for the GMA reaction. The complementary region
extended for 20 bases from the 3’ end of the 41-mer and this section of
the oligonucleotide esssentially acted as the IP. The region of the 41-mer
5’ to this IP complementary region (IP binding site) was designed to

contain one A residue following the IP binding site, which upon cyclical
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extension of the 41-mer would lead to the production of a discrete DNA
fragment of 20 nucleotides following the GMA reaction. The 41-mer
was also designed so that it contained a number of G residues. This was
to allow labelling, by incorporation of a*’P-dCTP, of the displaced
downstream DNA fragments produced during the reaction (20-mer). The
oligonucleotide was synthesised artificially and purified by excision
from a polyacrylamide gel after electrophoresis. The objective was to
determine if the 41-mer annealed to itself and could be
cyclically/repeatedly extended by the method according to the invention,
producing multiple copies of the labelled single stranded 20-mer DNA
fragment (displaced fragment).

Before addition of the enzymes, the reactions contained 100fmole
of the 41-mer oligonucleotide, 10mM Tris-HCI (pH?7.5), 5SmM MgCl,,
7mM dithiothreitol, 0.2mM each of dATP, dGTP and dUTP, 0.02mM
dCTP and 0.2uL o**PdCTP (10mCi/ml, ~800Ci/mmol) in a total of
17uL. This mixture was overlaid with mineral oil and heated to 95°C for
2min. The reaction temperature was then dropped to 37°C and held at
this temperature. Five units of Klenow Fragment (3’ — 5’ ex0"), 1 unit
of E. coli Uracil DNA Glycosylase and 2 units of either E. coli
Endonuclease IV or 2ul. Thermotoga maritima Endonuclease IV were
then added, bringing the final reaction volume to 20uL. In the case of the
control reactions which contained no Endonuclease IV and the control
reactions which contained neither Endonuclease I'V nor Uracil DNA
Glycosylase, water was added to bring the final volume to 20uL. The
reaction was allowed to proceed for greater than or equal to 30 min.

EDTA was added to a final concentration of 10mM to stop the reaction.

IDT Exhibit 1020.8640



WO 02/36821 PCT/IE01/00139

10

15

20

25

58

An equal volume of formamide loading dye (98% formamide, 0.025%
Bromophenol blue, 0.025% Xylene cyanol) was then added. The
samples were then loaded onto a 20% denaturing (7M urea)
polyacrylamide gel and electrophoresis was carried out for size analysis
of the DNA fragments. Following electrophoresis, the gel was exposed
to a phosphor screen and the image was subsequently scanned by a

Storm 860 (Storm is a Trade Mark).

Analysis of the image showed that a detectable quantity of the
labelled and amplified 20-mer oligonucleotide was produced in each test

reaction, but not in the control reactions.

Example 3

The method according to the invention was carried out as

described in Example 2 with some modifications, as follows:

Before addition of the enzymes the reaction contained 100fmole
41-mer palindromic oligonucleotide, 10mM Tris-HCl (pH 8.3) 10mM
KCl, 3mM MgCl,, 0.2mM each of dATP, dUTP and dGTP, 0.02mM
dCTP and a-**P-dCTP in a volume of 20puL. This mixture was overlaid
with mineral oil and heated to 95°C for 2min. The temperature was then
dropped to 60°C and held there. 10 units of AmpliTaq (Trade Mark)
DNA Polymerase Stoffel Fragment, 2uL units Thermotoga maritima
UDG and 4 units E. coli Endonuclease IV (or water in the case of the
control reaction containing no Endonuclease IV) were added to the
reaction in that order, to bring the final reaction volume to 25uL. SpL

samples of the reactions were taken at 30min intervals after the addition
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of the Endonuclease IV. These samples were brought to a final
concentration of 10mM EDTA. An equal volume of formamide loading
dye (98% formamide, 0.025% Bromophenol blue and 0.025% Xylene
cyanol ) was then added. Size analysis of the DNA samples was carried

out as in Example 1.

Analysis of the image showed that the reactions containing
Exonuclease IV contained large amounts of labelled DNA, which was
absent from the control reactions which lacked the Endonuclease IV. The
amount of DNA in the test reactions increased with time reaching a peak

at 90min from the addition of the Endonuclease 1V.

Example 4

The method according to the invention was carried out as

described in Example 2 with some modifications, as follows

Before addition of the enzymes the reaction contained 100fmole of
the 41mer oligonucleotide, 10mM Tris-HCI (pH 8.3) 10mM KCI, 3mM
MgCl,, 0.2mM each of dATP, dUTP and dGTP, 0.02mM dCTP and
0.2uL a-**P-dCTP (10mCi/ml, ~800Ci/mmol) in a volume of 20pL.
This mixture was overlaid with mineral oil and heated to 95°C for 2min.
The temperature was then dropped to 70°C and held there. 10 units of
AmpliTag DNA Polymerase Stoffel Fragment, 2ul. AfUDG-Thio and
2ul. EcoEndolV (or water in the case of the control reaction containing
no Endonuclease IV) were added to the reaction in that order, to bring
the final reaction volume to 25ul. The reaction was terminated after

60min by the addition of EDTA to a final concentration of 10mM. An
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equal volume of formamide loading dye (98% formamide, 0.025%
Bromophenol blue and 0.025% Xylene cyanol ) was then added. Size
analysis of the DNA samples was carried out as in Example 1. Following
electrophoresis, the gel was exposed to a phosphor screen and the image

was detected using a Storm (Trade Mark) 860 phosphoimager.

Analysis of the image showed that the reactions containing
Exonuclease IV contained large amounts of the expected labelled 20mer
and to a lesser extent, some smaller fragments, which were absent from

the control reactions in the absence of added Endonuclease IV.

Example 5

The method according to the invention was used to detect primer
extension from attomole quantities of the 41-mer palindromic
oligonucleotide. Uracil DNA Glycosylase digestion followed by
Endonuclease I'V digestion of the product formed by the polymerase
catalysed extension of the 41-mer oligonucleotide using itself as
template yields as one of its products a 20-mer single stranded
oligonucleotide (i.e. displaced fragment which can subsequently act as
an IP). This oligonucleotide acts as a secondary primer. In this example
the method according to the invention allows the detection of the cyclical
extension of the 20-mer oligonucleotide through a feedback loop
reaction. A 42-mer oligonucleotide (booster template) was designed as
schematically represented in Fig. 2. The complementary sequence of the
20-mer secondary primer/displaced fragment is repeated twice in this 42-

mer. The repeated sequences are separated (reading 5’ to 3’) by an AT
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sequence. This oligonucleotide was synthesised and purified in the same
way as the 41-mer palindromic oligonucleotide. This 42-mer was
included in large excess in the reaction. Once the 20-mer secondary
primer has been produced as described above, it can then anneal to the
42-mer oligonucleotide and, by the method according to the invention,
be itself cyclically extended, producing as a result numerous copies of
itself. These newly produced 20-mer secondary primers can then
themselves anneal to other copies of the 42-mer oligonucleotide
initiating new rounds of cyclical extension and so on. The objective was
to detect quantities of the 41-mer palindromic oligonucleotide, normally
too small to detect as described in Example 2, by the production of
detectable quantities of the 20-mer secondary primer through the
feedback loop application of the method according to the invention

described above.

The reactions described in Example 2 were repeated in triplicate
except for the following modifications. The 42-mer described above was
included in each reaction to a final concentrations of 40ng/reaction. The
concentration of the 41-mer palindromic oligonucleotide was 1.0 fmole,
10 fmole or 10™ fmole per reaction in the different sets of control (no
Endonuclease IV included in the reaction) and test reactions
(Endonuclease IV included in the reaction). The reactions were allowed
to run for 2 hours before the addition of the NaOH to a final
concentration of 50mM. The labelled DNA fragment content of the
reactions was analysed by analysis of the equivalent of SuL of the
original reactions (before addition of the NaOH and formamide loading

dye) as described in Example 1.
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Analysis of the image showed that a detectable quantity of the
labelled 20-mer oligonucleotide was produced in each test reaction, but

not in the control reactions.

A similar result was observed when the above experiment was
repeated using the thermostable enzymes, DNA Stoffel Fragment,
Thermatoga maritima UDG and Thermatoga maritima Endonclease TV.
To avoid any non-specific amplification arising from the self- priming of
the booster template, the 3' end of the booster usually contains a
blocking group which prevents extension by DNA polymerase. The
blocking group used on the 42-mer booster described above was a

dideoxycytosine nucleotide.

Example 6

The method according to the invention was used to cyclically
extend a self-annealing 41mer. This reaction produced a 20mer that
could then act as an initiation primer on a 42mer (booster) with a
blocked 3’ terminus (the block used was an inverted cytidine nucleotide).
The booster was designed such that this secondary reaction would also
produce the same 20mer by cyclical extension (see Fig. 2). These 20mers
could then prime further extension on other booster molecules,
amplifying the signal from the original reaction on the 41mer. The
41mer and 42mer booster were designed to allow the incorporation of
radio-labelled a’*PdCTP. Reactions contained either (1) 100fimole of the
41mer, (2) 1fmole of the 41mer, (3) 100fmole of booster or (4) 1fmole of
the 41mer and 100fimole of a booster in Taq Stoffel Fragment buffer
(10mM Tris-HCI, 10mM KCIl, pH8.3) supplemented with 3mM MgCl,,
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0.2mM dATP, 0.2mMdGTP, 0.2mM dUTP and 0.02mM and 0.2ul.
o**PdCTP (10mCi/ml, ~800Ci/mM). This reaction mix was overlaid
with oil and incubated at 95°C for 2min before being brought to and
maintained at 70°C. 10U Taq Stoffel Fragment, 2ul. AfUDG-Thio and
2uL EcoEndolV were then added in that order, bringing the final
reaction volume to 25pL. The reaction was incubated at 70°C for 60min
and then terminated by the addition of EDTA to a final concentration of
10mM. An equal volume of 98% formamide loading buffer (containing
0.025% Bromophenol blue, 0.025% Xylene cyanol) was added and
samples were analysed by denaturing 20% polyacrylamide gel
electrophoresis. Following electrophoresis, the gel was exposed to a
phosphor screen and the image was detected using a Storm (Trade Mark)

860 phosphoimager.

Analysis of the image showed that in reaction (1) there was
production of a 20mer labelled DNA product, and to a lesser extent a
~60mer and a number of products smaller than the 20mer. The same
product was produced in reaction (2) but to a far lesser extent. There was
no labelled reaction product in reaction (3) however in reaction (4) a
labelled 20mer was produced which was more intense than that produced
in reaction (2) as well as to a lesser extent a number of labelled products
smaller than the 20mer. It was observed that the use of inverted
nucleotides as 3’ terminal blocks was more effective than use of

dideoxynucleotides as terminal blocks.
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FExample 7

The method according to the invention was used to cyclically
extend a 41-mer oligonucleotide (Initiating Primer-IP), which was self-
complementary at its 3’ end, i.e. palindromic, and therefore served as the
template for itself for the GMA reaction. The complementary region
extended for 20 bases from the 3’ end of the 41-mer and this section of
the oligonucleotide essentially acted as the IP. The region of the 41-mer
5’ to this IP complementary region (IP binding site) was designed to
contain one A residue following the IP binding site, which upon cyclical
extension of the 41-mer would lead to the production of a discrete DNA
fragment of 20 nucleotides following the GMA reaction. The 41-mer
was also designed so that it contained a number of G residues. This was
to allow labelling, by incorporation of o**P-dCTP, of the displaced
downstream DNA fragments produced during the reaction (20-mer). The
oligonucleotide was synthesised artificially and purified by excision
from a polyacrylamide gel after electrophoresis. The objective was to
determine if the 41-mer annealed to itself and could be
cyclically/repeatedly extended by the method according to the invention
with E. coli Exonuclease III in place of E. coli endonuclease TV,
producing multiple copies of the labelled single stranded 20-mer DNA
fragment (displaced fragment). Before addition of the enzymes, the
reactions contained 100fmole of the 41-mer oligonucleotide, 10mM Tris-
HCI (pH7.5), 5SmM MgCl,, 7mM dithiothreitol, 0.2mM each of dATP,
dGTP and dUTP, 0.02mM dCTP and 0.2pL o**PdCTP (10mCi/ml,
~800Ci/mmol) in a total of 22pL. This mixture was overlaid with

mineral oil and heated to 95°C for 2min. The reaction temperature was
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then dropped to 37°C and held at this temperature. Five units of Klenow
Fragment (3’ — 5’ ex0’), 10 units of E. coli Uracil DNA Glycosylase
and 0.1 units of E. coli exonuclease 111 were then added, bringing the
final reaction volume to 25uL. In the case of the control reactions which
contained no Exonuclease ITI, water was added to bring the final volume
to 25uL. The reaction was allowed to proceed for greater than or equal to
30 min. EDTA was added to a final concentration of 10mM to stop the
reaction. An equal volume of formamide loading dye (98% formamide,
0.025% Bromophenol blue, 0.025% Xylene cyanol) was then added. The
samples were then loaded onto a 20% denaturing (7M urea)
polyacrylamide gel and electrophoresis was carried out for size analysis
of the DNA fragments. Following electrophoresis, the gel was exposed
to a phosphor screen and the image was detected using a Storm (Trade

Mark) 860 phosphoimager.

Analysis of the image showed that a detectable quantity of the
labelled 20-mer oligonucleotide was produced in each test reaction, but

not in the control reactions.

Example 8

The method according to the invention was used to cyclically extend a
21-mer oligonucleotide (Initiating Primer-IP), which was complementary
to aregion of a 40-mer oligonucleotide (template nucleic acid) which
served as the template for the polymerisation reaction. The
complementary region extended from the 3’ end of the 40-mer. The

region of the 40-mer 5’ to this IP complementary region (IP binding site)
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was designed to contain a number of C residues which upon cyclical
extension of the extended 21-mer would lead to the production of DNA
fragments of discrete sizes following the GMA reaction. The 40-mer was
also designed so that a number of G residues lay between each A
residue. This was to allow labelling, by incorporation of a**P-dCTP, of
the displaced downstream DNA fragments produced during the reaction.
Both oligonucleotides were synthesised artificially and purified by
excision from a polyacrylamide gel after electrophoresis. The objective
was to determine if the 21-mer annealed to the 40-mer and could be
cyclically/repeatedly extended by the method according to the invention,
producing multiple copies of labelled single stranded DNA fragments
(displaced fragments). Before addition of the enzymes, the reactions
contained 100fmole of each of the oligonucleotides, 10mM Tris-HCI
(pH7.5), 6mM MgCl,, 10mM KCl, 0.2mM each of dATP, dITP and
dTTP, 0.02mM dCTP and 0.2uL o’*PdCTP (10mCi/ml, ~800Ci/mmol)
in a total of 22pL. This mixture was overlaid with mineral oil and heated
to 95°C for 2min. The reaction temperature was then dropped to 70°C
and held at this temperature. Ten units of Taq polymerase Stoffel
Fragement, and 800pg of TmaEndoV was then added, in that order,
bringing the final reaction volume to 25uL. In the case of the control
reactions, which contained no Endonuclease V, water was added to bring
the final volume to 25ul. Reactions were terminated by the addition of
EDTA to a final concentration of 10mM. One half volume of formamide
loading dye (98% formamide, 0.025% Bromophenol blue, 0.025%
Xylene cyanol) was then added and the reaction products denatured by
heating to 95°C for Smin. The samples were then loaded onto a 20%

denaturing (7M urea) polyacrylamide gel and electrophoresis was carried
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out for size analysis of the DNA fragments. Following electrophoresis,
the gel was exposed to a phosphor screen and the image was detected

using a Storm (Trade Mark) 860 phosphoimager.

Analysis of the image showed that the reactions, which contained
5 Endonuclease V, contained a number of labelled DNA fragments of
different sizes which were delineated by the relevant position of dITP
incorporation in the extension, and which increased in number with time,
and which did not appear in the control reactions that lacked the

Endonuclease V.
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Claims: -

1. A method for the amplification of a template nucleic acid,

which comprises simultaneously carrying out the steps of:

1) reacting a nucleic acid primer with said template nucleic
5 acid, normal DNA precursor nucleotides, at least one
modified DNA precursor nucleotide and a DNA polymerase
so as to obtain an extended nucleic acid primer, said nucleic

acid primer remaining bound to said template;

i)  cleaving the modified base-containing extended nucleic acid
10 primer so as to generate a free 3'-OH terminus that is

extendible by said DNA polymerase; and

iii)  repeating steps i) and ii) on DNA fragments thereby

generated.

2. A method according to Claim 1, wherein the modified base-

15  containing extended nucleic acid primer is cleaved by a 3'-endonuclease.

3. A method according to Claim 2, wherein the 3'-

endonuclease is Endonuclease V from E. coli.

4, A method according to Claim 1, which comprises the steps
of :

20 i) reacting a nucleic acid primer with said template nucleic

acid, normal DNA precursor nucleotides, at least one
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modified DNA precursor nucleotide which is a substrate for
a DNA glycosylase, and a DNA polymerase so as to obtain
an extended nucleic acid primer, said nucleic acid primer

remaining bound to said template;

5 ii)  excising the modified base of the modified DNA precursor
nucleotide from the extended nucleic acid primer by means

of a DNA glycosylase so as to generate an abasic site;

iii)  cleaving the extended nucleic acid primer at the abasic site
so as to generate a free 3'-OH terminus that is extendible by

10 said DNA polymerase; and
iv)  repeating steps i)-iii) on DNA fragments thereby generated.

5. A method according to any preceding claim, wherein the

template nucleic acid is DNA.

6. A method according to any preceding claim, wherein the

15 nucleic acid primer is a DNA primer.

7. A method according to any one of Claims 1-6, wherein the
DNA precursor nucleotides are selected from dATP, dCTP, dGTP and
dTTP.

8. A method according to any preceding claim, wherein the

20 DNA polymerase has strand displacement activity.
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