WO 01/ 06004 FCT/ EPOQ 06847 A nethod for anplifying | ow abundance nucl eic
acid sequences and neans for performng said nethod 5 FIELD OF THE '

| NVENTI G\IJ(;'&/OQBGSGM invention relates to nethods as well _as to nucleic
acid primers and kits containing the same for perforni ng"eFFFCPERt 1y an
anplification of nucleic acid sequences froma sanple, particularly of io
nucl ei ¢ acid sequences that are initially poorly represented in said

sanpl e. BACKGROUND OF THE | NVENTI ON 15 DNA sequence information resulting
from genome and expressed sequence tag (EST) sequencing projects is
expected to provAdmethodfor anmplifying lew abdadanceimpsleic aeédcont rol and
node of action of this
respect, analysis angwcon%%bgﬁ%%v\%gﬁf %erggﬁgn ?QW%‘*%@ degree
genes are expressed, commonly known as expression. profiling, is playing
an essential role in the functional characterization of newy identified
genes. I\/any tlméﬁm’ such as the i nmune and nervous
systens, aré c erogeneous cell popul ations. A key s 25
factor lies in understanding their physiology, and the role of specific
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have been dgvehopet faefd se @&?c%b”ﬂwa?'éﬂé' Lrﬁﬁ%mg éééfrw eiBh ﬁsino%af%f large
nunber s of genes@ﬁ@l technl ques, e require relatively large

anounts of RNA® current ly lack the sensitivity to analyze specimens
derived 35 fromsmall popul ations of cells or indeed from an individual

cell. CONFI MBA@(&@YJW#Q@%%&)?OO/ 06887

15 DNA  sequence information resuiting from genome and
expressed sequence tag (EST) sequencing projects is expected to
provide the basis for further understanding of the control and mode of
action of individual, and groups of gene products.

In this respect, analysis and comparison of when, where and to

20 what degree genes are expressed, commonly known as expression
profiling, is playing an essential role in the functional characterization of
newly identified genes.

Many tissue cellular systems, such as the immune and nervous
systems, are composed of highly heterogeneous cell populations. A key

25 factor lies in understanding their physiology, and the role of specific éene
products expressed with the ability o examine gene usage in the context .
of this celiular diversity.

In the past, low throughput ahd laborious methods such as
Northern Blotling and nuclease protection assays were employed fo

30  study gene expression.

More recently, various methods have been developed for
assessing simultaneously the expression of large numbers of genes.

All these techniques, however, require relatively large amounts
of RNA and currently lack the sensitivity to analyze specimens derived

35  from small populations of cells or indead from an individual cell.
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This is conpounded by the fact that it is very difficult in the case of
many cell types to obtain enough specific cellular material for RNA

experi ment aghfespfonsequent |y nmany areas of investigation gngadedistrated
by lack of starting material. 5 Thus in situ hybridization provides

detailed information on the cellular expression pattern of a gene in
I ntact tissue. However, this technique is |aborious to perform and does
not allow the analysis of nore than a very small nunber of transcripts in

SO gl e Pr epar St comiftinaBA b hdTheks bt W10 Ly THRBLPInhe lcaB8 8P R O
10 The pol yrrerase@ ﬁ?l n rtg ghlfﬁg % o as cgeeqegs!eof g%cgéssf u ’&&/Wto

i nvesti gat e geneCixpyREsSsiign ODIRIR y BEPUES nBRECH IS eagiar N uFer | ith the
nested-priner apspeasianidibaD pcwéétf.knwodwansjeraﬁééé Véft Vnvdetigati@stdrects the
anal yses to a snal |l Wer of .cl gse reliat ed genes from specific gene
famlies. 15 Son&@ yq'ﬁ@%"%ﬁ?&(ﬁ?dé?t&g?ron_ of the expression of unrelated
gegelic:?n ?tsimgl e cel IThwtrhsﬂsh?ﬂnd&?oqum:m?%detaﬂaﬁlmfoj[nmattd:mmndhe MRNA:
an after pr ; i s :
However, neit herdégP[?P %g%‘%g%g? %%%1@26 h%\r% n%e'gn %eértmt{lsg%?'at gg@g}%ﬁ,% ow t he
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The fornmer is teanbm thahly vénf Bmalll iumbidri dfstrarisetiptsaint #1singly preparatiorgd
ol 111 e produatien igticRlin HebBrmEER dr B3 BRBBHE . 0" ror g n
singl e cellsit 25 usingThe palmensgse f chain i macior ﬂg%eéﬁsdé’@éﬂop&édby Di xon
at al. (1998, Mﬂﬁb&ésﬁu!@rcfﬂd%v’eﬁa%iécﬁené/ @xl\l%re%@obﬂih9):ytoél%§ﬁﬁé’rfb%ﬁpies'[hi s
met hod conpri sesa&@%ﬁl @_st 'f?lt et\ﬁ esrte%_n irrRr S;ﬁﬁccl:hes @rﬁs pt. 4 ﬁ Il are
reversed transcrf i IHﬂ 2 UF r ESIREENTE p?’i) gen P b§"p§’rt |(ﬂ°§ a
e e o T
ggzzf)lng heel ed p%ﬁ%ﬁﬁéﬁ%ﬁ%ﬁ@u@ﬁiﬁﬁb i St t echni ﬁe of, amplifi ca?i on, the
aut hors havel? succeedeg MR 8‘@!1%‘3}{"13@9%%?& Q”rﬂ%&ﬂ? %‘ff&ﬁ%}?!’ﬁ“&t‘ﬁ%fﬁ?ned in
the cytopl asm ofenassinrglsingieldell, sheh @mseT2RNA giolymerdsg axplifeatien of
transcripts mRNA and PCR after prior homopolymeric tailing of the first strand

cDNA. However, neither of these approaches have been demonstrated

to allow the analysis of more than a small number of genes and are not

20 widely used.

The former is technically difficult, whilst the iatter may be biased
against long franscripts and often requires subsequent cloning of the
amplified products.

Alternatively, a method for expression profiling in single cells

25 using 3’ end amplification PCR has been developed by Dixon et al.
{1988, Nucleic acids research, vol. 268 (n°19): 4426-4431). This method
comprises a first step wherein mRNA species present in a cell are
reversed transcribed using a first heeled primer, thereby providing a
population of first strand cDNA species and a second step wherein

30 partial 3' end second cDNA strand populations are synthesized using a
second heeled primer population.

Using this technique of amplification, the authors have
succeeded in detecting, from a mRNA population contained in the
cytoplasm of a single cell, the presence of poorly expressed transcripts

35  in cholinergic interneurons such as the neurokinin type 1 receptor.



35 in cholinergic interneurons such as the neurokinin type 1 receptor. 2 WD
01/ 06004 PCT/ EPOO/ 06887 However, one of the drawbacks of this technique is

that it W«ﬁdﬂﬂ% all ow the detection of nore than 40 | peTadnesce genes
froma si ng(e cell. This technique generates | arge anmounts of high

nol ecul ar weight cDNA in gene specific PCR reactions. This not only
reduces the s sensitivity of the PCR assay but neans that nmuch of the
anplified. product may not be assayed for gene sequence. SUMVARY OF THE

| NVENTI ON. 10 The i nqewéwsrs ohdgtthécdralvbacks ofthis techaiquetidtied itf doesanpl i fyi ng

MRNA [ t . | { | ' lL.oni f
one. or " sover anoh AW ShB TR of POt 2ok hUABRAES dffled Horf 07! 1D, 1
are initiallysphgieseel. Jthisatechniquergenerateslarge amauntsief high molegilaryed. 15
For instance, wéggit &mﬁi psné e difVPOR: f2adtics. t TRisirotonly edutes theRNA
0
ipy et dhe, Py

sanpl es obt ai ned I.r.om gi c _neur.ones, t [ ters. h .= Succeeded
in detectifg SRBSIEY rgg FERY 2Bk, HER0E {gﬁt rrﬁ'\t@ﬂtogrtﬁen%ﬁﬁhré | evel s 50

fol d | ower t hapnoduotseymct beldssayad fog genesequencenet hods. | n addition, when
applying the nethod of the invention to 2.5 20 ng of total RNA (equival ent

to that contained in approxinmat 0 cells), specific gene sequences

coul d be det eéﬂﬂ&&aﬂﬂé&iﬁ of the final product. The present

invention also relates to nmethods for increasing the nunmber of nucleotide

copy numbeP 1 1 & samiie i%ntééfg%@;%?ﬁ@f%f%". AR o SPIE T T v

hi gh t hr oughpumRNASPesies presentdna sagrie thatalgws the 68@'%?5@ cr%“f!ﬁ used to

aﬂal yse gene dfw]gee@eémgnnnaanmiees Gﬁliliatéregtansahmlarlynan q;gemesale ?’f; In%

o vari ous T eoifL Ao AL FResenbAs 2 ik aopy plipBel BY A saBIE BT B "

and parti cul ardsgayed.ol i gonucl eotide . priners that are required to perform

the nmethodg of the i pyemkiante, wHsHappIging the newtmethodlifelsé invehtiomto i nvent i on
consist of ki tn%Rmaéamples obtained from cholinergic neurones, the inventors have
succeeded in detecting the expression of low abundance A1 receptor
mRNA at levels 50 fold lower than those possible using previous
methods. In addition, when applying the method of the invention to 2.5

20  ng of total RNA (equivalent to that contained in approximately 250 cells),
specific gene sequences could be detected using one millionth of the
final product. '

The present invention also relates to methods for increasing the
number of nucleotide sequences comresponding to the mRNA species

25 present initially at a low copy number in a sample to be assayed.

In addition, this technology allows high throughput analysis
systems, e.g. arrays or gene chips to be used to analyse gene
expression on extremely small samples, including analysing the
expression of genes in a single cell.

30 The invention also pertains to various technical means that are
necessary to perform these methods, and particularly to oligonucleotide
primers that are required to perform the methods of the invention._

Additionally, other objects of the invention consist of kits that
are specially designed to perforrh the disclosed methods, particularly kits

35 containing the oligonucleotide primers mentioned above.



are specially designed to performthe disclosed nethods, particularly kits
35 containing the oligonucl eotide priners nentioned above. 3 WO 01/ 06004
PCTI EPOQO 063§ 61/8F4EF DESCRI PTI ON OF THE DRAW NGS Fi gure LherReb@shdon of
gene specific sequences after anplification of cDNA derived from 100 pg of
total RNA using the first 5 enbodinent of the nethod of the present

I nvention. Figure 2: Detection of gene specific sequences after
anplification of cDNA derived fromtotal RNA using the second (l)and third

(1'1') enbodi nent sgaliEE MEsERPTOROF *PREFERRW]NG'SWGM ion. Figure 3: Diagram

to illustrate product primng/product reparr arter anplification of small
anounts of cDNA using the first and second enbodi nent of the nethod of the
present invention. 15 Figuree #4: Dat¢ctiohi af gjergenspexifieci dequencepieafies after

high stringency | il i '% rj f 98?;9 f t RNA
using the thi rda@ﬁﬁf'dgftlbﬁﬁf "‘m"ﬂ%""ﬁ rgﬁ' Jl 9ﬁe‘§f3§%§ie ?"ﬁ@’ ttnlgofﬁ_gt 20
Figure 5: Det éctemhﬂdﬁnﬁjﬁﬁéth@p’é@ﬁhﬁﬂ@fﬂ‘@cﬁféwgénmléﬁ invitro
transcription of RNA fromanplified cDNA derived fromliver total RNA

using the third enbodi nt of,.t t hod .of the pre |nvent|on Fi gure
6: Size distribution o quﬁ% %%%ﬁﬂeo"fafq &0F %&9&% HeDess h@ﬁe
anplification pragptiicationtofioRiNA ajenmdjfmgv todalt ﬂiHAt tlm:mgi tMemncbﬂiamtf t he

present inventi o} SRbEHIBRRCSE! 1A RPLHHEB p?és% GREBRGIGHENtary  RNA,
left) or T3 polym!args}e (sen'se RI\lAtré S‘ Figure 7A VSlLa|IsatI0n of the

anpl i fication®products obtained 30 accord| ng to the third enbodi ment to
step d) after gene specific anplification with prinmers specific for

tubulin, RL3, Synapt ot aqpig 4 ﬁggmﬂé\;mﬁ% Boc} $Hiind Biadkce et on

of the arrpl i fication prgtucts obtal nhed accor odi nent
of the method t haReTRRINsaten ohsmell moustioa HoNA distng st and sernd bed i n

vitro into the cembedipentohtheItethod ohtheUsbsmnt Tdrentidn.
15
Figure 4: Detection of gene specific sequences after high
stringency amplification of cDNA derived from 1000pg of fotal RNA using
the third embodiment of the method of the present invention.

20 Figure 5: Detection of gene specific sequences after in vitro
transcription of RNA from amplified ¢cDNA derived from liver total RNA
using the third embodiment of the method of the present invention.

Figure 8: Size distribution of the RNA produced after incubating

25  the amplification products obtained according to the third embodiment of

the present invention in the presence of T7 polymerase {complementary
RNA, left) or T3 polymerase {sense RNA right).

Figure 7A: Visualisation of the amplification products obtained

30 according to the third embodiment to step d) after gene specific

amplification with primers specific for tubulin, RL3, Synaptotagmin 1 and
A2A receptor.

Figure 7B: Visualisation of the amplification products obtained

according to the third embodiment of the method that have been



pol ymerase, and then reverse transcribed prior to gene specific PCR

Thr oughout the specification, the followwing terns are defined as 5

fol | ows: wepydemluUNt s of NMRNA is intended to designate tprannoesy of NRNA
present in a maxi mum of 1000 cells, 1 to 100 cells being preferred,
considering that in general, there are between | and 100 io copies of any
given nRNA present in a given cell. Increase the nunber of nucleotide
sequences corresponding to the nRNA species present in a sanple is

i ntended to dqgingRAb&d A vith MG IRE doFreBPSHARY iseAss FRINANGEIng TIORNA N a
nunber of cop

ies which is .sufficient to.allow at | east t he
ol Lowi ng. et IRGHETSTaSs. a1 BT sevares FapectiBe s B e PedticrER: w1
specific oligonucleotide probes; (ii) anmplification of the sequence of
interest wth speci fTﬁrouﬁhb@ﬁﬁé‘% aticAARnPtH Iédving'téirhs_ GlePdefitfedOds t he DNA
nmol ecul es obtained in a Feplicatfon 20 and/or expression vector, or (iv)
In vitro RYA ﬁ?&ﬁ?ﬁription, either for hybridization assays of for further
reverse transcription optionally using unlabelled or |abeled substrates

foll owed by gene spegif.i n.ﬁ_-ﬁ) ki 'e\%‘to @a{@ 2 A heSyr nded to
designate materi al mﬁé‘g’r??%d;"%@a%s é'gk@kj |c%er§|l olt'ﬁeeagﬁ’é‘f‘gtz’féd. For
exanpl e a cel INRNA greseattin odtraaxiewm 19fo0Q0 teelisodote 1005 cells hieing| ecul ar
vei g_héI DNﬁ | s préfeprede @ohsidemsg mufttm ral{ ctheres ar%cbetwé%l'\ fSlpenHewm/h: Crr]rR:\lZ
out si de t expected range 0 r. . served for natura

speci es. ef é%glﬂsyoqfr@gﬁ(efglrhﬁgﬁa@%g ﬁé@g@%&w&eth a size above 5kb. 35 5
CVO 01/ 06004 PCT/ EPOnCoss8 the pEmber pHnpelsctidersequences TaRespOINNY &N Thr ee

different wayghe@fmRNA spydies présent TR isanttile TR WitenBe@ 18Ndedighate S&p! e have
been found, each of i bed i.n _detail. hereafter.

Thus, these, WAGEa%R tlrgﬁﬁépg@qqhgg@q%qgrpbﬁaigeg %[lm ér of copies which is

sufficient to allow at least one of the following methods:

15 M detection of the sequence of interest with specific
oligonucleotide probes;
(i) amplification of the sequence of interest with specific
oligonucleotide primers;
(iii) cloning of the DNA molecules obtained in a replication
20 and/or expression vector, or _
(iv) In vitro RNA transcription, either for hybridization

assays of for further reverse transcription optionally using unlabelled or
labeled substrates followed by gene specific PCR or hybridization.

25 Sample: is intended to designate material which contains the
mRNA which is to be analyzed. For example a cellular extract obtained
from 1 to 1000 cells.

High molecular weight DNA is intended to designate any nucleic
30 acid species which is outside the expected range of molecular weight

observed for natural mRNA species. Preferably any nucleic acid
sequence with a size above 5kb.

35
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several instances to anplify all nmRVA species which are present in the
sanple of interest. Also included is a detailed description of reagents

and ol i gonuglRRkdde Priners required for anplifying |ow 9‘15@1]';;’155’70 ofk; MRNA 10
- FIRST EMBODI MENT OF THE | NVENTI ON. The first enbodi nent o tEe

anplification nethod takes advantage of the generation high nol ecul ar
wei ght DNA nol ecules are 15 fornmed follow ng anplification of the cDNA
speci es obtai ned through reverse transcription of the initial nRNA species

resent in the s  BESERIBRION at these high nol ecul ar
\a/ei ght DNA nole ALED DEs EI!WEﬂ?léﬁt fromthe formation of
partially duplexed DNA nol ecul es during the annealing step. These
partially 20 dupl exed DifregDbgferdntSwips!lcd &RpAfgng RV tanidulrits COFTRIFRNRNt ary
Pybr i di zat i on conlPa s 2 58e Fald Rsp it eike 8! UitsRoitids being
structural |y rsel #lesarikad inndethiitheeafiep! i Thued thedblAways @tfldnaﬂifydmg]afiﬁmgim : n
the anplificatio ) bt A y : : ar ge
25 nucl el ¢ acl d %3??LF*S§?”°§§??§§P#§’?%‘F‘WAfP?é*ggm%*ﬁ%‘%é%%eﬁmsfhﬁse of
the high nol ecul a?P"Wi? Sﬁi”fﬁﬁﬁ-p etydeg 1s @ detailest descripion of reagents
anpl i fi ed speci esndf oliguneciestide Thrindrsr riquired ofdr remplifying clawuamonhts lbese
findi ngs by provinqlhﬂﬁ a process which by favoring an increase.in the
production of these high 30 nolecular weight DNA nol ecul es in particular,
allows to anpi® fy mRNA species present in a |low quanfity in a sanple to be

anal yzed. Mre pRRSTEMBODIMENT OF THECINVENTION Bt hod to increase the
nunber of nucl eoti de sequences corresponding to the nRNA species present

in alowaquantity in a sanple, conprising: 35 6 WO 01/06004 PCT/EPOO/ 06887
a) reverse transcri bi ngrhgaifirshrembetiment ofu dher gamplification heneitheat!  takésrer

popul ation to pradvaiftage bf the berdteticiPRhSRBIBHIBE Yaight DNA molecules are
15 formed following amplification of the ¢DNA species obtained through
reverse transcription of the initial mRNA species present in the sample.
The inventors have found that these high molecular weight DNA
molecules or bridged products may result from the formation of partiaily
duplexed DNA molecules during the annealing step. These partially
20 duplexed DNA molecules would contain partially complementary
sequences that hybridize with one another in the low stringency
hybridization conditions used, thus forming bridges between two
structurally related or unrelated amplified cDNA molecules contained in
the amplification mixture. Repetitive amplification cycles result in large
25 nucleic acid molecules. Furthermore, the first embodiment makes use of
the high molecular weight DNA produced by this process o analyze
amplified species of interest.
‘The first embodiment makes use of these findings by providing
a process which by favoring an increase in the production of these high
30 molecular weight DNA molecules in particular, allows to amplify mRNA
species present in a low quantity in a sample to be analyzed.
More precisely, there is disclosed a method to increase the
number of nucleotide sequences corresponding to the mRNA species
present in a low quantity in a sample, comprising:

35



b) synthesizing second cDNA strands fromsaid first strand s cDNA
sequences using a second heel ed priner population; c) anplifying said.
first andveegmod CDNA strands resulting from step b) oxermemomdseber of
anplification cycles with the aid of a thernoresistant DNA pol ynerase(s)
with: 10 (i) a first prinmer conprising at |east a portion of the heel
sequence of the first heeled priner; and (ii) a second priner conprising at
|l east a portion of the heel sequence of the second heeled priner, 15

wherein sai d method aprevefdeanscribing said HRNA isp e@ié%ﬂfshrfgeﬁ firdtehedterps of : d')

usi ng or anal FoE FeulaBn 30 plthfil L AtahoNE BEbemtcnt n the hi o

nol ecul ar wei ght DNA nol ecul es, 20 PRIMERS The term" heeled " prinmer wll
be readily under st oog) 's?nﬁxBanﬁ\btsedo?ldbéDﬁApélraﬁds ‘fﬂiﬁﬁ’ré G;P%N' di zi ng
ridi

region and_a n bri di zi ng. r rein t y zing region
regresents théﬁh‘ﬂéﬁ‘ﬂ uencgs ?ﬁcl%ﬁa?‘ eyﬁhﬁ’epffm?fsw °é’d primer is actually
a popul ati on of individual pr| mer species. The first heeled priner

Conpr sing, 1 rom 5. SprpeRARSH o sfcorbi RN sRidy BFIATRGR, 5"

nucl eot i des i $teRerl)t AVehia mumhes of, amplifisation yclgs: withhtherrad, eblaecul es
initially presleertnoresnsﬂant BN slyméraise sauwutnl i go dT sequence of 15 to 25

(, Sor & ang "7 Goeotud et Bk, AR oo ehcnce of

2-4 nucl eot i d8§avengeRigha firsthreled primaicatd described in ill and i v being
capabl e of hybri di z%m s&condiienBOMpHsiAg dit 1BASt & pditish ef thdpedp! Y- A tail

thereof, wher Ehﬂe:?éé &ttﬁgtse@M&/hee\fgé ¥r|88§5| bl e vari abl e sequence

conbination iS

15 wherein said method is characterized in that it comprises the steps of:
d’) increasing the proportion of high molecular weight DNA
molecules, '
e') using or analyzing specific nucleic acid sequences present in
the high molecular weight DNA molecules,
20
PRIMERS

The term “ heeled " primer will be readily understood in the art

to be a primer comprising a hybridizing region and a non-hybridizing

25 region, wherein the non-hybridizing region represents the “ heel ” of the
primer.

The first heeled primer is actually a population of individual
primer species. The first heeled primer population consists of a
30 population of nucleic acid sequences each comprising, from 5’ end to 3'
end:
(i) a heel sequence of 15 to 22 nucleotides in length which does
not hybridize with the mRNA molecules initially present in the sample;
(i) an oligo dT sequence of 15 to 25 nucleotides in length;
35 (iii) a nucleotide which should not be thymidine (A, C or G); and



s found in said first heeled priner population . In a specific enbodi nent
of the first heeled priner, the variable sequence of 2 to 4 nucleotides is
sel ect ed amglg”gs&ﬁ following variable nucleotides sequepggrpiuosésh Of G or
C) - NL. 3-, erein Nis a nucleotide selected from io A T,CorG In a
preferably advantageous alternative, the first heeled primer nmay also
conpri se an RNA pol ynerase binding site, such as the T7, T3 or SP6
pronoter, |ocated between the oligo dT sequence and the heel. 15 The second
heel ed primer is also RPUHR L Qe Wi AL peci es. Wen the
first strand cDNA popu a?t | onla{s}sé%gr%'tgé%% gﬂ?%rﬂﬁ?étoﬁgéé g@%g% "heel ed primer
popul ati on under appr oph® &PAPARANtS descringd in Biand iv bRing caRslleddNA speci es
}[Mh” hlybrltdl ze }Mybhdjﬁtng't_@%&ﬁRNﬂQnél@@@!@%t tﬁ@@"é?ﬂtdf{ﬂ%éfpbly-ﬁ( tagrtﬁéﬁéloﬁgcause of
e sel ection of nucleotide. uences anongs e seco eel.e
ori mor sy - secondVEHRA P ERISEERCERsTe RETALE bediiies R mateR €
direction from foendinssidfistbesled primeppopwation The second heel ed pri ner
popul ation may conpri S Peidtiicerfibddifeht\shihy fist helelpffhdiihesatingl bases
(differing in the hgbrl ng I‘E§] on),, 25 tge secoB t}ﬁel,e a;)rl mer
popul ation pref &CHHEYR n% niectides is selected anqnadne foliowing.y 1000 to
100, 000 pri mer s, hucieotides séeabéy in the range 1024 to 65536 priners. In
order to achieve this, gthe [ SnOf : ' ul ation
preferably each corrprigehacrg?rds@)s’slhaﬂ%??‘@g%ﬁggag{pﬁ%g@gg@? es in the
range of 4 t¥ 7AdclCdtBdes 3' to 30 the heel and a second variable

sequenpet 01; ahoI east 5inrwgﬂe¢@hbﬁ%@vaﬁ@§ébwm§?gﬁevse§ ey ﬁwth h?bte&%ri}ﬂér'reg;a
appr eci at ed, [ r L. .

Chore w1 be 45y 485 Bpdie 3 JAARTRDAE RohEEy bRl st ME TE B3N
vari abl e sequen®§ promoter iogated hepwern thelalige ¢’ segienge grdjtheniaelanal ysi s
of known sequences so as to pronote the ability of 8 WO 01/06004

PCT/ EPO0O/ 06887 he seco heel ed priner as a ol.e to .hybridize to the
T ansor L bod 5. ybhes peeTaL hedBl Sl et A Potath ok, IEUE! Fimef ougr
dat abases spacies. When the first strand cDNA population is contacted with the

second heeled primer population under appropriate hybridizing
conditions, each cDNA species will hybridize with at least one second
heeled primer, (partly because of the selection of nucleotide sequences

20 amongst the second heeled primers), second cDNA strand synthesis
then proceeds in a 5' to 3’ direction from the hybridized second primer.

The second heeled primer population may comprise primers
differing by up to five nucleotide bases (differing in the hybridizing
region),

25 the second heeled primer population preferably comprising a number of
primers in the range 1000 to 100,000 primers, more preferably in the
range 1024 to 65536 primers. In order to achieve this, the primers of the
second heeled primer population preferably each comprise a first
variable sequence of nuclectides in the range of 4 to 7 nucleotides 3’ to

30 the heel and a second variable sequence of at least 5 nuclectides
contiguous 3’ therewith. As will be appreciated, where there are 5
random nucleotides (which is preferred) there will be 4° (ie. 1024)
possible pentamer sequences.

The second variable sequence of this primer may be selected

35 by sequence analysis of known sequences so as to promote the ability of



of DNA or RNA sequences. |n particular, known sequences of the organi sm of
I nterest are preferably consulted. The second vari able s sequence of

nucl eot i gaposefser abl y conpri ses a nunber of nucl eoti deCT/ER00/0d887 r ange 2 to
10 nucleotides. In a particularly preferred enbodi ment, the second

vari abl e sequence of nucl eotides may conprise a nunber of nucleotides

equi val ent to the nunber of nucleotides in the first variable sequence of
this prinmer. 10 The second vari abl e nucl eoti de sequence of the second

heel ed primenge f%gohﬁ Heeled phiner P dOWRste {ohRyttidizE 36 itRE tRinstisse priners

and it is sel SQ as.to stabiljze th [imers dt t I

ef ficiency of SRPYEY-iRFAUCHCE ﬁ@alyﬁ'rsgcépeqqo?éﬂ'egPPgﬂHoﬂmgé‘gég?sgg . | Imr511 a
pr ef e&r ed embadfi DNAL or tFrNAsseqyam_cbe.elrecpaﬂﬁdulm'r kinowm segquentc®spoipieat i on of
second pri ner rapl; ridi [ ; b ti

of irst stranibuinfl O PlefRst’ 4t EReRiby7 KBRARRAERe | shoofl Catiabi " port! on
anpl i fi cat iSon SGAURRREC Rueleatidas arefesably; campyisey ?bl"'é'melréﬁ nugclestides ar i abl e
;-qugzs;f ﬁﬂﬂﬁ@fﬁ@r@?‘?to 10 nuBkkotidesnd apparticulariaprefe?éd embodient]’ |

of the 1 rsi ANSSRUEhYprblK agaudEs of nicieblBed fay beitbes RAmBEPLL ' o1 01
they |ack the musleotides equivalent to the numbarsfndeleetides: insthedfirgt vasiakle The heel
regions, |ike dohfieRddof Mistriterd’ 25 variable sequence regions of the second

priners, are selected b I f K | eot | I
particul arl% ;S)r ef er riﬁe%Fﬁ%\’%%ﬁ%,Ru?'ﬁ&?#;%?nql{‘i%gggﬁg%)ggbmqe@edcoPrpri se
sequences abseimersmay béconstamt thpaughest the papulationfdhese pawers anche heel
regions may ﬁfo ;n@lﬂélééﬁéﬂt)r oS as stco'q.“,%ﬂﬁté @QSS%eH Hhdt b5 R0 pMmal he

: o
organi sm 30 f I C he sanple IS ta ., The regli pns preferably
conprise a n@m?"%ofmbﬂﬁﬁﬂ%@ ﬁlhﬁ t?rﬁ@?ﬁréhﬁﬂéa'ggﬁb‘“ﬁ,%cl?ﬁre preferably 18
to (210 nucl eoti des. Frafpeefelred ermibediment, tiseegeeoncbheeled primerdromiig nucl ei c
aci sequganc f ifrom 35
v 350 B ThabApryetind Wit bty nBlhet on ertig BRIl o0, 20

every 1kb portion of first stran species. This has been found to

produce optimal amplification of mMRNA in a sample.

Particularly preferred second variable sequences of nucleotides
in the second primers are:
20 5-CGAGA-3, 5-CGACA-3, 5'-CGTAC-3' and 5'-ATGCG-3’

The non hybridizing heel regions of the first and second heeled
primers are preferably selected so that they lack the ability to hybridize to
mRNA or first strand cDNA. The heel regions, like the hybridizing or

25 variable sequence regions of the second primers, are selected by
analysis of known nucleotide sequences. In particularly preferred
embodiments, the heel regions preferably comprise sequences absent
from the mRNA species in the sample. However, the heel regions may
simply comprise sequences absent from the genome of the organism

30 from which the sample is taken. The heel regions preferably comprise a
number of nucleotides in the range 15 to 22, more preferably 18 to 20
nucleotides.

Preferably, the heel sequences are chosen among nucleic acid
sequences having a GC content of about 50%, or for example from

35 about 43% to about 55% of the heel sequence.



A particularly preferred heel sequence of the second heeled priner

popul ation is the follow ng nucleic acid sequence of SEQ I D NI:

5' -CTGCATC'W?‘J HGCTCC-3' 5 PROCESS The particul ar t eppefdbitsgs, enzynes
and reagents (other than the first heeled priner) used in the process of
reverse transcription in 1o step a) may be those already known in the art.
Preferably, step a) is perfornmed at 37C in the presence of a reverse
transcri ptase. The frequency with which an individual second heel ed priner

e hal ust ed by enpl oyi AUPRUFVERY SfeSBRchesl SE0uaRAroF i sBS KBa, | (Y
hybri di zati on coprimen papiiatioa inthd folidwing nucleicrapithsgquence oA BECHE 8Pt ci ent
hybri di zati on of the first variable sequence to target cDNA. The degree of

stri.ngency and the nunber of gont; 0, |,n the second 20

heel ed prinmers may be varied gé&égﬁéﬁ-m%(gﬁéﬁr | and error in order

to achieve the desired frequency of hybridization of second heeled priner

species along a }ghé?%l,sength of nucleic acid material. Mst preferably, the
y

conditions for the ridizati on between the second heeled prinmer and the
first cDNA strands obtained at step a) are 25 of |low stringency. In step

b), synthesis of the syrepartichldfterhparatlies erRpies’dMtealénts I6ther #aance of

DNA pol yner ase, ,pr r T ol yner.as IL.n_a. . suitable el tion

Ut o ot ut 1 on. TG Brepa reh fed TEHR Bincols 25 véres esGimtiart adaec
to the buffdr ssieps)owybsrtpose almaglyknowy inthel@rtng in the el ongation
reaction buffer solution. Particularly, the annealing buffer may conprise

betvoon 1.5 20 W0 0110E0BROME RERB0RORTIST e RO o Mo RISHBASL A dnd most
pr ef er abl y aboutrederSedfsnscripdasesi um
The frequency with which an individual second heeled primer
15 population species hybridizes along a given length of nucleic acid may
be adjusted by employing suitable hybridizing conditions. Preferably, the
hybridization conditions are of limited stringency so enabling efficient
hybridization of the first variable sequence to target cDNA. The degree of
stringency and the number of contiguous random bases in the second
20 heeled primers may be varied according to routine trial and error in order
to achieve the desired frequency of hybridization of second heeled
primer species along a given length of nucleic acid material.
Most preferably, the conditions for the hybridization between the
second heeled primer and the first cDNA strands obtained at step a) are
25  of low stringency.

In step b), synthesis of the second ¢cDNA strands is performed
in the presence of DNA polymerase, preferably a Taq polymerase, in a
suitable elongation buffer solution.

30 Preferably, the amount of second heeled primers added to the
buffer solution vary from 0.01 ng to 10 ng in the elongation reaction
buffer solution. -

Particularly, the annealing buffer may comprise a concentration
of magnesium, generally up to 6 mM magnesium, preferably between 1.5

10



In the case wherein the concentration of magnesiumin the elongation

buf fer has been adjusted to 4.5 mM the tenperature of 5 annealing between
the secorgh h@rRhRd priner and the first cDNA strands i secafembosss7 50C and
the el ongation tenperature in the presence of the suitable DNA pol ynerase
I's of about 72C. The cDNA nol ecul es that are generated at the end of step
b) are highly representative of the spectrumof nRNA nolecules ina io
sanpl e, as nMRNA speci es of | ow abundance are reverse-transcribed to the

same | evel of g bRd6MAM rﬁé?rﬁéﬁtﬁn%_lhuﬁﬁéa réfBhibiy aseitass minep c): The
anplification reacti.on of step c) is perforned wwth a pair of 15

ol i gonucl eot i dP3FPPHEMS t hat respectively conprise at |east a portion of

t he heel sequence of Inthe ¢asewherath the concentration ®f magnesiuim inctheare  def i ned
above. The fir : Rladidstéd & €5 tHeBmipReht he first

heel ed pri rrer.é@ éﬁsdﬁ)lg?rhr%%%? ofj teﬁgr(a. ?’?{;}ér 'f‘lelrﬂgél ﬁ%ﬁ heel of the
20 second heel 8aNealingdet th?é@&ﬂ'adEP?l rigyer 93 %f“sgﬁé ska¥Ssane as
t he second heglofdbput $3°C amditherelsngationliempdraduredn dweipreésence dfitheng t he
nunber of rea f; bhrst enbodi ment A further
alternative isgﬁ%tbﬁesgﬁmﬂégrgﬁg '%gtﬁ%%ngrzi?rbr as the 25 sole prinmer.

Preferably, the anpl iliheceINdmelegwes dhataregengratedial the endr ofesteP i ng | ow
stringency hybajedhighty pepresertatived of - thEOspetaiiof, mRNA ibleatlesnin seact i ons

are perforned in the pr C A rati i eneral ly
up to 5 nMrlT(Fpri?rgblgbli@mgﬂgﬁfeﬁiﬁf@Wa@@b%&%g%@gﬁﬂﬁg%gﬁ tgreferabl y
of .about 4.5 nthernagelevelof efficienayras mpea akyndanymiNASpedasent rati on, each
anplification cycle conprises a denaturing step at 92C, an annealing step
at 60C and an {on ation step at 72C. 11 WD 01/06004 PCT/ EPOO/ 06887

Advant ageousl y3 *anmplification reaction of step c) conprises from30 to
50 anplification cyclThe amplificatien reactibecfiistep c)osperfoevedivdtit a pair of

15 oligonucleotide primers that respectively comprise at least a portion of
the heel sequence of the first and second heeled primers that are
defined above.

The first primer of step ¢) is preferably the heel of the first
heeled primer. The second primer of step c) is preferably the heel of the

20 second heeled primer.

The second primer of step ¢) may be the same as the second
heeled primer and this can be advantageous in reducing the number of
reagents needed to perform the first embodiment

A further alternative is to use the second heeled primer as the

25 sole primer.

Preferably, the amplification reaction of step c) is performed
using low stringency hybridization conditions. For example, amplification
reactions are performed in the presence of a concentration of

30 magnesium génerally up to 5 mM, preferably between 4 mM and 5 mM
magnesium and most preferably of about 4.5 mM magnesium. With the
latter magnesium concentration, each amplification cycle comprises a
denaturing step at 92°C, an annealing step at 60°C and an elongation
step at 72°C. '

1



40 anplification cycles. However, other cycle nunbers could be envisaged.
One paraneter of the optimum nunber of cycles required is s determ ned by

the polymeragmidsng. In a first series of further processpsiERgnesie CDNA
may be submitted to in vitro transcription either imediately a?ter step

c) if the appropriate concentration of cDNA is present in the sanple or
after io further anplification, such as through step d'), steps d) and e)
which is/are discussed in nore detail below. In this context, it is

essenti al thg}\IA at | easAdmﬂagécu_biy,etmrémplﬁﬁ:atrr]@eﬁbaitcﬂoﬁbeEﬁkz) dél}n;ﬁr&ééor c)
conprises a e ; e a 0 rase
pr(r)rprmt er. The R&&%é%&%ﬁeﬁ# l%@e@“ﬁﬁ?' ?ﬁgj%%s?@@r}g@gmf’?fﬁaﬁs# S
steps, for is indlamemplifigation wycleabelHawaver,i ather esysles enumbers ccoyldi ba and
hybridi zed to Difvishgad.s Ondl d=tamaids vethe o@%%ﬂ%@t&%ﬂeg}%@%%eme or

absence of a |abgled.supstrate can be us I N gene-spec
experiments. St L(%'ﬁ)xr_:ecg%v{q? RAMNSIASE HBEEd enbodi ment of step d'), step
d) is a conbination of the following steps d) and e). Step d): At the end

of step c), the reacti ' 0 el opul ati@n..of anplified
DNA nol ecul es which i n?ﬁu%]eﬂ%ﬁge&%r%még* e? rr%%%g't éﬁgpg'agjlébgb§?1 mafé{dg 0
obtain a di| ut ed SEPIUttesblo i \Wio dienserntion gither imadiately after stapoe) ifithen i s
between 2 and 10@ppropribiy concdriratie of IUNA Gensresértaii fe Qémgféeoprdﬁ@km of

step c). Prefgral| ' oncentrati,Qn _ranges t n about 2
andploz) ti rresﬁl egxéﬁ’heg%n@g'@#ﬁcgg %ﬁﬁ‘ﬁ'ﬁéﬁ%gﬁ' ﬁ@pﬁg‘ﬁ @?;F\j\e ch ess,

than the initial isfm:swg@m m_dnta‘ﬂdlﬂw.i In thisecanted} it inessentiat thabbt ai ned
at the end of st gpleasd onelf the Priniérd Qe inCflep §),%Z§ﬁ8idr%ztc5@gri§§'sre {,gm ng the

further steps of the nethod.as.it results { | o
elimnation of tﬁggmrﬁﬁr E’"gi“ﬁisetﬁéurcg aédh%(ﬁ {%Ne‘r%’?}ﬁ'ﬂﬁlaﬁﬁpé&%\:’ﬁ- Histure.
The el im nation BNAngenesfed van3thepr bersubjects th fantieernptocpss tstays, ttbe

redices the o enttrep ool MeRd fing (ko) (el bi SR VPR e

|
anplification st&he affys 1%@%@'%&%9%@?&5 igrthe presansmar mbsence

of a labeled substrate can be used in gene-specific PCR experiments.

Step d'):
20 in the preferred embodiment of step d’), step d) is a
combination of the following steps d) and &).

Step d):
At the end of step c), the reaction mixture containing the
25 population of amplified DNA molecules which include the “bridged
products” can be diluted to obtain a diluted cDNA solution containing a
cDNA concentration which is between 2 and 100 x inferior fo the cDNA
concentration of the product of step ¢). Preferably the diluted cDNA
concentration ranges between about 2 and 100 times less, and most
30 preferably between 40 and 80 times less, than the initial cDNA
concentration found in the reaction mixture obtained at the end of step
c). This dilution step is essential for performing the further steps of the
method as it results in the almost complete elimination of the primers
initially added to the amplification mixture. The elimination of most of the
35  primers, which are not part of the original gene sequence to be detected,

12



m s- hybri di zati on occuring under the | ower stringency conditions enployed.
5 Step e): Preferably step e consists of adding a thernoresistant DNA

pol yner asfp of/dsodsne di | uted cDNA sol ution of step d) andeda@kdodidseg a
further set of anplification reaction cycles w thout adding further

prinmers. 10 Followi ng dilution of DNA the anplification of step e) is
performed w thout adding any prinmers to the diluted cDNA solution obtained
at step d). Because no exogenous priners are added, the annealing step

results in thergdubes the aléntentftran@omeess which wolml bé iiktfoduedd iftthecul es

initially pres L Q.1 | e cﬁ@lA | utJ qn ich are is.th el ongat ed
before the res@%?ﬁan@ﬂﬁ‘faﬁ?héﬁﬁga aei%{éﬁtrfﬁl @E%@Ees%?%s%fefﬁ%’f‘ﬁﬂsd "at the
end of each anpis-hylrigization cpetwingN undert theshower tsiribgeneyuredniditioaay

parti cul ar theékhbloyb&. appears that the "self primng" anplification of
step e) also resulfs in an increase of the nunber of bridged DNA nol ecul es
havi ng a hisgh mol ecul ar wei ght 20 and therefore in an increase in the

nunber of bri dStep &)uf[ appropriately anplified genes fromthe sanple.
ey ot ampi R Egl QASRFES! ing o BFORbAINACIHR
more pref er abl ¥ tﬁ"Poéﬂui‘!ﬁ Féﬁ%s‘&\‘ﬂﬂﬂ e g?ﬂpi @harg pegforming 3 Surthestsed of
pr e}‘ Sr gtenl g ST Saawhgléﬂcaﬁen cémiti'gﬁ cycles WithONtCédtﬁngl ftbmvpfimefﬁ. hfer cycl 2 pg rrtdle: Z g
icgudet erm nﬂ)ed bg t hegég?‘p@ér g}smetﬁbsgg. b%eﬁgéa%@iﬁﬁfgﬁa Iﬁtﬂg)cléi i'gn |
reaction of st@qﬁ@meidsw,ﬁéwtoad@iagaany [pfmerai toatheo dilated dcPNAn solwtion ow
Conal CFord yoeses 8 ety Betaed e gl Wik NI R
?rggn:asi um conc%'m‘ell’]"éﬁ'ﬁJ cﬁ%&brrgﬁﬂ'fnal iﬁythﬁswr%iz% nt%emﬁ?%mgrﬁpﬁ%g?pjﬁwybet ween
1.5 mM and 4. DN malgcolesdnitialiyipresent inpther di ¢DAMoselutiory wiich latet hese
anpl i ficat On wendIbhqAed bRATE therraédufn‘;g@fubm Elshgated TONA Hhsiebiigs’ Ol | owi ng
steps of: 13 Vé\‘?eo e/n%??;éé 'a? %/e%%otgj e%%ﬁBampliﬁcation cycle.
Without wishing to be bound by any particular theory, it appears
that the "self priming" amplification of step e) also results in an increase
of the number of bridged DNA molecules having a high molecular weight
20 and therefore in an increase in the number of bridged but appropriately
amplified genes from the sample.
Preferably, the amplification reaction of step e) is performed for
a number of amplification cycles ranging from 20 to 40 amplification
cycles, more preferably from 25 to 35 amplification cycles and is most
25 preferably of about 30 amplification cycles. However, other cycle
numbers could be envisaged. One parameter of the optimum number of
cycles required is determined by the polymerase used.
Preferably, the amplification reaction of step €) is performed at
hybridization conditions of low stringency, but with a greater stringency
30 than the hybridization conditions used in the amplification reaction of
step c). Typically, the magnesium concentration generally used is up to
4,5mM, preferably between 1.5 mM and 4.5 mM magnesium and most
preferably about 3.5 mM. In these amplification conditions, each
amplification cycle comprises the following steps of:

13



(i) obtaining single stranded DNA nol ecul es by incubating the sanple at a
tenperature conpri sed between 86C and 95C;, (ii) annealing the single

stranded D% ul es obtained at step (1) at a tenper gtpkpooigdse’ i sed
bet ween 55 &Z‘JG%Q 5 (iii) elongating the anneal ed DNA m),FecuI es using a

t her noresi stant DNA pol ynerase at a tenperature conprised between 65C and
75C, (iiv) reiterating steps (1) through (ill) for the desired nunber of
cycles. 10 In a nost preferred enbodi ment, the anplification reaction of

LoD ) SO 2 T g B¢ Qrah B ot *ﬁb’éﬂé"éa*esc or

or ex
72C, and an el onéﬂﬂp@@tﬁ%ﬁpﬁfﬁ?’?@qmr{sﬁ F\@fé”&é% |tabl e DNA
polymerise. is Step e'Xij) énrwatihgthe dingid ettandstt DNA siokgruies) oblained e a

ool Fcatt on i ea0 A hPE RS Brks %@gﬁ%ﬁﬂ%ﬁ’ GERIRE (e
het er ogeneouss cDNA ol il elonpatinthethesuameaalast DdlAa mpleduées g3y @step f)

wherein the hi ghtﬁéﬁhafé&is?éntmﬂ tHolirhb¥ase RE G Rnpepatate bambYised betide havi ng

a length of at g‘scit J% are separated. Step g): In a preferred
enbodi nent step 5 B?l@ 2 of confirmng the presence of at |east one

nucl ei ¢ acid sequence {iupeditesatingnstapsdl) through diiih frhtheSdesiedenuhber ofei ght
CDNA separated af, 2p f) The high nol ecul ar wei ght cDNA speci es previously
separated at st ¥)

an readily be, us r detecting fhe
presence of 3% |east oh@ MG#l g%e "&@ﬂiﬁ@%ﬁet Iéﬁaé‘gf‘ reaghon, ot i vel vy,
the anplificati osteped)rmthprisegs eotdenatemtion stéls abdRic, lmahnmglétepmlaon step

following step flomyhlifle CORHHELS Mlwedd 8L0MAPORRE, G RERRI 8BS,
60°C, 65°C or 72°C, and an elongation step at 72°C in the presence of a
suitable DNA polymerase.
15
Step e’): _
A preferred embodiment of step &') comprise a combination of
the following steps f) and g).

20 Stepf):

The amplification mixture which contains a population of
amplified heterogeneous cDNA molecules is then submitted to a further
step (step f) wherein the high molecular weight cDNA species, preferably

25  those having a length of at least 4.5 kb, are separated.

Step g):
in a preferred embodiment step g) consists of confirming the presence of

at least one nucleic acid sequence species contained in the high
30 molecular weight cDNA separated at step f)

The high molectilar weight cDNA species previously separated
at step f) can readily be used, typically for detecting the presence of at
least one nucleic acid sequence of interest.

Alternatively, the amplification method may comprise an

35  additional amplification step following step ), which consists of

14



submtting at |east a part of the high nol ecul ar wei ght DNA nol ecul es
separated at step f) to a further anplification reaction using a pair of

primers, whelgbda & first primer conprises a portion of gdigerobiessr heel
sequence and the second priner conprises a portion of the second heel 5

sequence. Step g) of the anplification nethod conprises anyone of the
follow ng nethods: (i) detection of the sequences of Interest with specific
1o oligonucl eotide probes; (ii) anplification of the sequences of interest

ith i fi i. | ; . ) ., ! | |
il 5T e sy o el g ol 1

t10 I exp
RNA transcri pt$eparate ﬁﬁg{épffgﬁo %ﬁ{meﬂﬁ 'ﬁ?ﬁ*'%‘s@é?@'b\‘smg P her reverse
transcri pti on pimémsnwheseinaifirgt prinienicohnpeides a portior efthe fivdtdiecht e f ol | owed by

CoNa by al so Ytuetibe S TihE by tmer offliiens aforfin Bf 6 dbong fBef 51 17

it is esserftidiequeBte.one of the priners conprises a RNA pol ynerase binding
site such as the T7 RNA polynerase pronoter. The RNA generated can then be

subjected to furthe r oc ste for instance either b i.ng | abel ed
and attached 1o DuASHR 809 e B ietaR mePoH SeRTubeR Aot By hei ng
reverse 25 tr dollewingaenethogds:i onal |y using a fluorescent, radioactive or
otherwi se | abel ed sybgbfedfith of the 38HGEMIAR dfm}&@%‘gmeands. The

resul ting Iabq can,then be 'hybridized to array or used in

| ed . t h
gene- spec}ofic°\geﬁuéﬁﬂ EPORES. 30 It is to be noted that the |abeling of
any of the react ant s (ii)samplificationof the seqiences of itetestiwite specifi¢ t he
i nvention, alt ;) can be very useful in that it allows the
skill ed per son&@gggflrg_g{éﬁ)g f}?ﬁ dbég to a arr t he products of the
process of the presefi)¢loRipgof e meleeules o '@4"‘?5%"/% BBH7 | n
conducti ng t heargior @predsiencyestomont s which [ead to the first enbodi nent of

the inventjon descri @edindhny RNARhscRYESH, YitheF T Rybiidikdtfon assays or
for further reverse transcription optionally using uniabelled or fabeled
substrate followed by gene specific PCR or hybridization.

In part (iv) of step g), the resulting cDNA may also be submitted

20 to in vitro transcription. In this context, it is essential that one of the

primers comprises a RNA polymerase binding site such as the T7 RNA

polymerase promoter. The RNA generated can then be subjected to

further process steps, for instance either by being labeled and attached

to DNA arrays for hybridization experiments or by being reverse

25 transcribed, optionally using a fluorescent, radioactive or otherwise

labeled substrate, to generate labeled ¢cDNA strands. The resulting

labeled cDNA can then be hybridized to a DNA array or used in gene-
specific PCR experiments.

30 It is to be noted that the labeling of any of the reactants used in
any one of the 3 embodiments of the invention, although optional, can be
very useful in that it allows the skilled person to directly hybridize to a
DNA array the products of the process of the present invention.
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concl usion that even though the "bridged sequences"” refered to previously
contain useful and exploitable informati on on the genes s present in the
sanple to kg andoyzed, it would be useful to reduce bridepehbmfosmti on in
order to obtain individual gene sequences in better yields and which could
then be anal yzed nore specifically. Thus a key elenent of enbodinments it
and Il described beIOM/resides In preventing or at |east reducing the
formation of "bridge sequences” to the |argest to extent possible.

Therefore, the nethods,,.0 i n that
they conprise a pr ocesig éc{n@g@ﬁﬁ @%n%q?‘egmfa%&tehé\gnﬁg@m ﬁQ@%@g& gﬁé ﬁgsgr educe
the fornmation ofemimdimgeirfibe invaaiier d@&qubgwahgve,rtéemvgatqm sagertpgbe on and

anplification ofeohbiasinHC tgitCedsi Cheagh eheeSbri e%S%hueﬁbésherevé@EI gto be
anal yzed. 15 SECOND secopd enbodi nent of

the amplificati c?ﬁe%‘fﬁl}@&onfér'z% ”Sgg'ﬂe?%q |Wﬁ?ﬂl\gl’ I"gPﬁ%aqmnﬁar SRNGH

nol ecul ar weisghtprésent rin|the aeple 40 H2Oapalyzexhtitwonld bedisefid Hy dedseeting a
nucl el ¢, act 4 Seqage o AR Atbrde oo GMARFinGIdhal BB Bhled indeifeP! 11 L1 on

endonucl ease site, sequen € secon eeled

pri mer Consequeﬁ(ﬁ‘iﬁ a%&{h@r then ke af‘ﬂ’%eq meee spefificaliis i IS »kew  net hod
to increase theeﬂnmmrof@inbwﬂhmts leamidilsteReAbeE BeloM esitiee it prevenBibgt 0 t he

Conpr | oo fﬁepég%z%?%%éi’ ?#ci&ﬂt%%éﬁe@%%?Wé@e%%“@?fgﬁgeﬁﬁzﬁ
first heel edo p leat Thatetore, ghe ynetbods of embodignente %é’é]@éﬁ’hces b)
synt hesi zi ng se@ﬂa@c@aﬂédﬁﬂ@ﬂd@ fdoﬁiﬁr@é'djptﬁbéﬁsté w&alwrwquences

d heel o f
ol ot CanaPEvert o e TectuBe Ahs orBRnorof Biifand” Sedudtises! FolbabT o7 o

rare cleavage sigwerss tmscupmhaanth ampliicationt of the oocleict acidl sspteadeat t he 3
end of its heel grery sﬁ?npmlﬂécé(rﬁg&édhe first and second cDNA strands
)

resultlngfrom 3 step over er of anplification cycles with: 16
WO 01/ 06004 PCT/ EPOO 06887
SECOND EMBODIMENT OF THE INVENTION

In the second embodiment of the amplification method, the
generation of a large number of high molecular weight DNA molecules is
20 prevented or reduced by inserting a nucleic acid sequence encoding a
cleavage site, in particular a restriction endonuclease site, at least in the
heel sequence of the second heeled primer
Consequently, another object of this invention consists of a
method to increase the number of nucleic acid sequences corresponding
25  to the mRNA species present in a low quantity in a sample, wherein said
method comprises the steps of:
a) reverse transcribing said mRNA species using a first heeled
primer population to provide first strand cDNA sequences;
b) synthesizing second cDNA sitrands from said first strand
30 cDNA sequences using a second heeled primer population, wherein
each of the primers of said first, and/or second heeled primer population
optionally contains a rare cleavage site in particular a rare restriction site
located at the 3’ end of its heel sequence;
c) amplifying the first and second cDNA strands resulting from
35 step b) over a number of amplification cycles with:
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(i) a first primer conprising at least a portion of the heel sequence of
the first heeled priner; and (ii) a second prinmer conprising at |least a

portion QfgébfRedice! sequence of the second heel ed pri nmryEMo/06sy7 cutti ng
any | arge DNA nol ecul es and preventing bridge formation in subsequent
steps by suppressing the heel portions of at |east one said first or
second heel ed priner e') increasing the anount of |ong double strand
products with sequences nore 5 fromthe original nRNA 10 Preferably, t he

ourformed under the Z‘ié”‘?ﬁ?@‘*ﬁﬁ@"%?? ot 3 PoRRR, 8 dEthdl 2,
first embodi mesequense. of the trpt hegled pemey; andne f| rst arrpl i fi cat i on reaction
of step c) of this sgpoakecord fwmerScwrfsmgraﬂ lezstier pbrilonsofr thegesaty

hybri di zati on condi tio The t cy hybridization conditions used
at step c) i nBYRRDES Pﬁ@%ﬁ%ﬁ?&g}\gpgedreérgﬂ%gte any sequence present initially
in the 20 sanple coufaculting ame large sENAnmolecidss) anoNpreventrg Hrigggul at i on.
Preferably, thgmaahés fih %%bbeﬁuérﬁas%wbyfﬁ Féﬁ%uﬁ;) tHenabsppsrtibhe of fal | owi ng

steps of: (i) obtainin nol ecul es at a tenperature
conpri sed bet wiéast W%ﬁ%r‘{i}%@se%“ﬁ'?ﬁ%ﬁﬂﬂ@gh ng the priners to the single
?t ra?defl DNA nol ecul eﬁ) ineteasingetieearaounteofclong dasible btrand: prodie® with 65C;

iii) elongati ggﬂ% I H\fﬁ\e t a tenperature conprised
bet ween 65C an : ngﬁf’ e{a\ﬂgﬁw@g@ﬁgnd 75C in the presence of a
concent r at ildn of 45mvlrragne5|um 30 (iv) reiterating steps (i) to (iii)
for the desired nunber of cycles. In a nost preferred enbodi nent, the

aneal i ng step at cotretmpi, £ hied %L%“@?ef@s*"?ﬁ%%@d eoNA & %r"a%r ofor 1 od
enbodi nent, t hin steps &) ﬁBdtb)cﬁierP@Q‘@fm osh under thecsampe OPHQI'“PT‘? § %ﬁﬁj Aecond
cDNA strands CHIEPS iay BAd b oneRIFirsternbediment.

15 Stepc):

Typically, the first amplification reaction of step c) of this second
method is performed under low stringency hybridization conditions.

The low stringency hybridization conditions used at step c)
increase the chances to elongate any sequence present initially in the

20 sample containing the first and second cDNA strands population.

Preferably, the amplification reaction of step ¢) includes the
following steps of:

(i) obtaining single stranded DNA molecules at a temperature
comprised between 85°C and 95°C;

25 ; (i) annealing the primers to the single stranded DNA molecules
at a temperature comprised between 45°C and 65°C;

(iii) elongating the annealed DNA molecules at a temperature
comprised between 65°C and 75°C, preferably between 70°C and 75°C
in the presence of a concentration of 4.5mM magnesium;

30 (iv) reiterating steps (i) to (jii) for the desired number of cycles.

in a most preferred embodiment, the amplification reaction of |
step ¢) includes a denaturation step at 92°C, an annealing step at 60°C
and an elongation step at 72°C.

In another preferred embodiment, the amplification reaction

35 step of the first and second cDNA strands comprises between 30 and 50
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17 WO 01/ 06004 PCT/ EPOO/ 06887 anplification cycles, nore preferably
between 35 and 45 anplification cycles, nost preferably about 40

amplificati 'v?(? @6 §ls€s. However, ot her cycl e nunbers coul gchgpnitssaged. One
par anet er ? e optinmm nurrber of cycles required is determ ned by the

pol ynmerase used. 5 Step d'): In a prefered enbodi nent of step d') consists
of incubating the product obtained at step ¢ with at |east one restriction
enzyme that specifically recognise the cleavage site in particular a rare

tricti it included 10 in th ' | th t d
bt &l ned at ¢he. EMBTERACR CYEieRs fors, eIt PEOYPA 8 5h 45 P BFRURT s o'
i n enbodi ment | weydés, thest pmrferabipcnhﬁuhgacamammcagmctess lirkzlweater aother
restriction endopygd Gapfher b be'éhvséagﬁg' °8Y8 9arimetéCof it oy ar

wei ght cDNAs pro at S prevents an I ncre I'n the
nunber of the hi BWMRET &YF?F’%T%’H?‘*&W"?S&WQ@ fY RegBR HEEhave been
generated durfng the second anplification reaction step e) (of enbodi nent
1). This step al §Pe scﬁves to remove DNA sequences which can conpete with
t he gene specifi Pt {'mers used later on in gene specific PCR Furthernore,
cutting and 2Q rm\arefgrqdwembeérmem b stepotiloensista of depbsting dheepradurcency of

in vitro RNA trgpafiedPat é%ép fo @itk %mdsf bﬁé r@‘iﬁct:d?@@ﬁiﬁhé‘%ét%p@cﬁ'@ﬁw fic
variant of the second e ep c)

are incubated i n"PaFER) Wclq@vg%slh; E’SP?”’EWFBH r@fﬁfﬁ?@’&@@&&ﬁl Q‘?'Wbe‘{ he rare

cl eavage smemnm;iheipnmﬂrar a 25 rare restriction sites of the first and

the second heel ed Pl Midinafily IndcONPL sEahaiRbh@tod B 868 & wgvmreﬁ si te

in partlcul ar a rare restricllon si 5 ence lgresen end of
the heel of at |@5Blficatien wackon ster dai)r?f i %F’E% U@H&é o6 zed by
the Mul restri ctoraspondinguisavafe Bgettrsuch iasm eiiriztioy endonisdiegsedpsulls

performied usi g iiYhe GOAMER! bORR nbf ShEeEkL R AN0E, LGRS !

known to those s e i
Sanbr ook, J. 15 Fr$teBcnlhig. prevents an increase in the number of the high molecular

weight cDNA species that would have been generated during the second
amplification reaction step e) (of embodiment 1). This step also serves
to remove DNA sequences which can compete with the gene specific
primers used later on in gene specific PCR. Furthermore, cutting and

20 removing the resulting products increases the efficiency of in vitro RNA
transcription from amplified DNA. :

According fo a specific variant of the second embodiment, the
DNA molecules amplified in step ¢) are incubated in step d) with two
restriction enzymes recognizing the rare cleavage site in particular a

- 25 rare restriction sites of the first and the second heeled primers.

As a preferred variant, the rare cleavage site in particular a rare
restriction site sequence present at the 3’ end of the heel of at least the
second heeled primer is a sequence recognized by the Miul restriction
enzyme.

30 Restriction cleavage in step d) is performed using the
conventional restriction cleavage techniques well known to those skilled
in the art such as described for example in Sambrook, J., Fritsch, E.F. ,
and T. Maniatis, (1988, Molecular cloning: A laboratory Manual . 2nd ed.;
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York).

35
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and T. Maniatis, (1989, Ml ecular cloning: A |aboratory Manual. 2nd ed.;
Col d Spring Harbor Laboratory, Cold Spring Harbor, New York). 35 18 WD

01/ 06004 wRSd/dshtid0/ 06887 Step e'): In a preferred enbodigraooedsep €' ) IS a
conbination of the followng steps e) and f). 5 Step e): The cl eavage step
can be followed by step e) wherein the product of step d) is diluted by an
order of magnitude of 2 to 100 tines in order to alnost conpletely
elimnate the priners used for the first anplification of step d). This
favours the phg ﬁp@qnon of self primng ( io as shown in figure 3) in the
further set of a tio reac Il on cyc]es of _ste shown in
Figure 3, in tiRe aP;S% a Q%‘Hm?& ﬁﬁﬂr@ sis %rﬁ?mb&%@" §% ﬂbﬁ]%'@@f%ﬂ ation at
92C, short st rstepbse)XandSf). strand B) will be able to serve as priners on
conpl ementary longer strands (e.g. strand A), is resulting in an increase
in the amount of doubl e stranded gene specific sequence 5 to the reverse
transcri ptison $¢P|%r site. Note that renoval of the second strand priner

heel , ! faClt| i tat es thTRe i6®Rge step Céaﬁ- |bé fuhielved Pby r@ép Qviséreih 'tttﬁe not t
conpl enent ary n erig
side of the d.%i@%ﬁ%%ﬁ’&éﬂﬁ‘"@ﬁ@ﬁ ?9%“?9'&'%%% ﬁﬁl’ heel ,

whil e thick ban mrhotalmostefcpmpaielyselmrﬂtm theemmdssusemcfocm finst mer hgel :
More pref erablamp FrBSudH efisﬁb d;f i Pavdlrd %héjt:h ﬂ&spsép ﬁﬂnFFPgS and is
nost preferabl luted. a ogi} fgldJ 2t : In a% rre

embodi nent!¥st § owr,Rdaure Sjin the Pﬂﬁeﬁsem t ‘g rase to
the diluted satgpf. of step e) and performng a further set of

lificati I t f I
Subsequent 1 y ;;f o AEISSRA N GLATS, NP Sbedles, Gt adid Briffertitend B0, o,

cycl es wi t houtaf@h&iragd FaParRLen ﬁh@i& éhQBE girands {&9s strand B) will be able

to serve as primers on complementary longer strands (e.g. strand A),
15 resulting in an increase in the amount of double stranded gene specific
sequence §' to the reverse transcription primer site. Note that removal of
the second strand primer heel, facilitates this process since the heel
primer sequence is not complementary to the gene sequence of strand
A. Thick bars on the right side of the diagram represent the reverse
20 transcription primer heel, while thick bars on the left represent the
second strand cDNA primer heel.
More preferably, the product of step d) is diluted 10 to 80 times
and is most preferably diluted about 40 times.

25 Stepf):

In a preferred embodiment step f) consists of adding a
thermoresistant DNA polymerase to the diluted sample of step e) and
performing a further set of amplification cycles without adding further
nucleic acid primer.

30 Subsequently to the dilutions of step e), a further set of
amplification cycles without adding further nucleic acid primers can
advantageously be performed in a step f).

In a preferred embodiment, each amplification cycle of step f)
comprises the following steps of:
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advant ageously be perforned in a step f). In a preferred enbodi nent, each
anplification cycle of step f) conprises the follow ng steps of: 19 WO

01106004 PC%E%%H,QG%? (1) obtaining single stranded DNA-pos6dskeS by
i ncubati ng e sanple at a tenperature conprised between 85C and 95C, (ii)

anneal ing the single stranded DNA nol ecul es obtained at step (i) at a
tenperature conpri sed between 55C and 75C; s (iii) elongating the anneal ed
DNA nol ecul es using a thernp- resistant DNA pol ynerase at a tenperature

ised b 65C 5C (i ' ' ).
For"the desired nunber Orovtabiiauhdib firet BUATALERSS by nbligtiging' '
enbodi nent, the denglesta temparatupe comppised betwedn 86°020d 98(6; anneal i ng step
'S performed at S5C 606 raggé&-rgm@éin@%dstmﬁe&'ms%b@eu@&%taﬁe@%f or ed

at 72C. In another pref vari ant, e anplifrcation | es carried out
15 in step f) corfi® Q)%W@%rea?mnmﬁﬁ%@%" ﬁ%ﬁa'ﬂﬁ’ Zf%)g?abl y between 25
an(rjm35 cycl fag 5zgnd nost  §if) edlengrting the carineatedc PhllAe moledutesy asing od Itle&rmﬁosycl F
nunbers cou e e cycl es
required is det err%&%igﬁ?g)&% I‘\’gp @o#@gngfgg%e{et@eeém%]ge@gﬁg %%I Haé'rtr\g?% isg’a i on

cycles carried o@ndi#p°Gtep f) is preferably 20 performed under |ow
stringency hybridizat i ofy)aenetatingRsspst ictH6RFE [N Tthe dosiiéd Hubmbaof

magnesium In a sﬁ&e}cific vari ant of the second enbodi nent, the mnethod
conprises a furt piegy ep wherein the DNA nol ecul es obtained at step f)
having a | engtth of |ess than 50 base pairs are discarded fromthe 25

reaction mxture. Step jg)g pr@%r?élﬁ&éj%_’n? f HiLEmBddifiint ARERIchaftFatiiifst
several of the 30 fﬁl I og& ng ggpé &esén@j;ﬁ de eec'{; | onﬁ&%e%egygg‘p@sségc
interest with spdePPigmed a ' ng step is pe . '
- 85°C or 72°C and the elongation step is performed at 72°C.
In another preferred variant, the amplification cycles carried out
15 in step f) compris between 10 and 40 cycles, more preferably between
25 and 35 cycles and most preferably about 30 cycles. However, other
cycle numbers could be envisaged. One parameter of the optimum
number of cycles required is determined by the polymerase used.
The set of amplification cycles carried out in step f) is preferably
20 performed under low stringency hybridization conditions, the presence of
about 3.5 mM magnesium.
In a specific variant of the second embodiment, the method
comprises a further step wherein the DNA molecules obtained at step f)
having a length of less than 50 base pairs are discarded from the
25  reaction mixture.

Step g):

Furthermore, step g) can comprises one or several of the
30 following methods:
(i) detection of sequences of interest with specific
oligonucieotide probes;
(i) amplification of sequences of interest with specific
oligonucleotide primers;

20



ol i gonucl eoti de probes; (ii) anplification of sequences of interest with
specific oligonucleotide priners; 20 WO 01/06004 PCT/EPOO/ 06887 (iii)

cl oni ng @l dilagneNA nol ecul es obtained in a replicati onpc@kpddiissXpPr essi on
vector; or (iv) in vitro RNA transcription, either for hybridization assays

or for further reverse transcription using unlabeled or |abeled substrate
5 foll owed by gene specific PCR or hybridization. It is inportant to note
that the anplified cDNA obtained fromthe reverse transcription and

amplification of thegRu ' appl.e submtted
toin vitro transcri pl%‘hﬁbptﬁ{elrt rmeg ?Eﬁ'uglgoo%?ﬁ'g?j ﬁ)% é@&

appropri ate c@%&ﬂﬂ&ﬁ%h’"dﬁcm is present in the sarrpl e or after
further amplificati %N)S#VMNAhfmdbtmheﬁﬁe?)for hybridiihtioh assadys drhi s

context, it n rises a RNA
pol ymer ase bi iﬂrefﬁéﬁg't H[egegsi?rlﬁérggﬁgtﬁ@ﬁs;nﬂ&a %’F@tb& &é@%?%ﬁ% The RNA

gener at ed danfollwediwmnﬁmcﬂﬁl?GRanhvhmlzqilQDbess steps, for 15 i nst ance
ei ther by being | abel ed and hybri di zed to DNA arrays or by being reverse

transcri bed, optionally. usin fl u cent tive, or erw se
| abel ed substrate, ﬁ&'%'@??&’?ﬂ&% Péf?‘gﬁﬁg W@'"epé@?‘ B’!eng | abel ed
cDNA can t hen remrbgmnahdcmmntmchamnf catloapfdhe imekkic acidgseqaengescof i ¢ PCR

exper ment s. 40, L iyl SfARlel gy Uit #m.h th@mraaqlaqaryreact ant s

used in the a tiona ver use n that it
al lows the sla?neretfpp@)r géhetaapmnr 95'1 ation Al
products of t lsampiy ocafter furthehamplificatioh sunheastmmuthaeBwaERSnd Igt) ls to be

feature of ¢ ndh ol Sahias, 16 ERaTHaPinel oF B8t OB of iCorrlers YmPMRBE {10 i ¢ her
on the first IRV palymerase binding:site sueh@sdhedd RNARalymerass@remolest h pri mer s
or on pri ners TheeRNAYdHerited)canHRBR b subjécted to) AT Process steps, for
15 instance either by being labeled and hybridized to DNA arrays or by
" being reverse transcribed, optionally using a fluorescent, radioactive or
otherwise labeled substrate, to generate labeled cDNA strands. The
resulting labeled cDNA can then be hybridized to a DNA array or used in

gene-specific PCR experiments.

20
It is to be noted that the labeling of any of the reactants used in
the above method, although optional, can be very useful in that it allows
the skilled person to directly hybridize on a DNA array the products of the
process of the present invention.
25

PRIMERS
it is to be noted that although the presence of a cleavage site is
an important feature of the second embodiment, this cleavage site can
be located either on the first heeled primer, on the second heeled primer,
30 on both primers or on primers used in step ¢). However, it is necessary
that at least one primer comprise a cleavage site.

A) First heeled primers

21



that at | east one priner conprise a cleavage site. A) First heeled priners
21 WD 01/ 06004 PCTI EPOO 06887 For performng this second enbodi nent of the
met hod, th B sdsodreel ed primer popul ation consists of a RGpitedbdsen Of

nucl ei ¢ aci conprising, from5' end to 3' end: (i) a heel sequence of 15
to 22 nucleotides in length which is 5 not conplenentary to the nRNA

nol ecul es present in the sanple or wwth the first strand cDNA nol ecul es
synt hesi zed at step a) and wherein the heel sequence optional |y includes

t he nucl eoti de sequenc f rare..cle | r

restriction site | ocat 28?8?#?"@"@”%3%&"%9? E%h'%gﬂ{]?ﬁﬁ m%tﬁpa ﬁhgff{er ably
present RNA pol yhesled eprimer poputatiost Qoeqxasn@é a (papujatian of mgoletﬂ aé:&‘;fuence of
15 to 25 nucl eot ¢giRsridiny, If,%ﬂggr%qd(tb\@ eﬁdva“dab| e sequence of 2- 4 nucl eoti des
in length. This seque e to i di.ze MRNA, nol ec at the5
end of the poly-A tai ?E@H@%&Pw%r&yﬁé %Bét'&f?fq“?ﬁ?%/ iy {grieth

variable is s:equwtcrmnqxbmrhemtaty torthe mﬁmmlemiwrésémtnmhdmmé qmrwmher

popul ati on. pﬂhﬁafiéétystratn'aecdr@z& g?:ﬁé Qgﬁﬁéﬁzﬁaggép%ggnﬁ%ﬁé’r‘éﬁm %‘%el ength

of the first hee riner 1s vari a
nucl eot i de sequelfs: SGSTUS('W optienally EGF‘UNES dbg’ nucmgﬁeusequﬁn@e &f fucaBot i de

sel ected fromA, ctéava@e@te% aﬁicmarar&re&esﬁnt:ﬁoreﬂm&mmamé3ténds second

fhe sequence of a rare(e @293@%%‘ S ePdb ABh, FRart R ot

restriction Mtepromoémmaema, I n partlcula_r a rare restriction _
si tecl eavage site in pﬁﬁ)tér%ﬂg%rd‘!asé oe bPTS td 26 hgaeéﬁde@,qhwme sitein

t I t t f I t
o bar t1 oul ar & rare. (S Varebls, Sefiencesof Zohiplecties it Kyfathi n DR cl ose.
to the 3 end of sequenbedd abledqyhridize to at mMBNfomdlecileost theed' mneksednthe
i nvention, 'cl Oﬁﬁbig A g ﬁaeré‘d’fd whére:ri 'Etﬁi&ﬂ%aﬁf ek?e?yggaéﬁbsgh%nhbe

cl eavage site i rticul ar restrig é é ositioned so
as to | eave ¥s fseaﬂusasesoraglnﬁﬁe%isﬁpw o ﬁ@" Q%etﬁ EIMef PRPUIRAERR.r | ct i on
enzyme cutting so as t Gypivaliyd el séquenee a4 nucleotides in length of

the first heeled primer is selected among the following variable
nucleotide sequence: 5-(A or G or C)-N4.3-3', wherein N is a nucleotide
selected from A, T, C or G.

20 In a specific embodiment of this second amplification method,
the first heeled primer may therefore also include the sequence of a rare
cleavagecleavage site in particular a rare restriction site. cleavage site
in particular a rare restriction sitecleavage site in particular a rare
restriction sitecleavage site in particular a rare restriction site

25 The sequence of a rare cleavage site in particular a rare
restriction site is usually located within or close to the 3’ end of its heel
sequence. In the context of the present invention, ‘close to the 3' end' is
intended to designate that the cleavage site in particular a rare restriction
site is to be positioned so as to leave as few bases as possible from the

30 heel after restriction enzyme cufting so as to avoid subsequent aberrant
hybridization between the remaining and generated sequences.

Preferably, the cleavage site in particular a rare restriction site
is selected from the so-called ‘rare cutter’ the group which comprises, for
example, Not1 Bsshlil, Narl, Miul, Nrul and Nael.
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hybri di zati on between the remai ni ng and generated sequences. Preferably,
the cleavage site in particular a rare restriction site is selected from

t he so-c@blogdsoos are cutter' the group which conprises, ptofepociéss¥pl €, Not |
Bsshll, Narl, Mul, Nrul and Nael. 22 WO 01/ 06004 PCT/ EPOO/ 06887
Preferably, the cleavage site in particular a rare restriction site of the
first heeled prinmer is identical to the cleavage site in particular a rare
restriction site of the second heeled primer. Alternatively, the cleavage
site in particular ekl | ' i iofteLiRe pri mer
may be different frgﬂaﬁﬁb@?ﬁﬁg&\’% %It%ﬁn pédﬁglaia %rrééé;étgre r%'gétjri ction

t . parti [ a ¢
site of the s&¥dh@ ﬂFﬁQé’]Q@S’dpPW"ﬁEF. ﬁf”@%dﬂdhﬁé{ﬁaﬁgﬁ)ﬁtﬁé? PEHICHIA & econd
heel ed pri mer hrambtttctiamsiwofsihets'ecohdaearenqirimdron of nucleic acid f
sequences each conpr jhgi Ads ' ' ‘a4 . nce of 15
to 22 nucl eotides i nAFéerﬁg{%J&'% gﬁaﬁggen%l?? @‘crprfagﬁ (Céjl"r'r%é\% ]a'tarr% rF %ﬁm";ﬁg‘
nol ecul es fr esrfaid firstihpeled pmer gnayibendiffigeentifram thereleavagensitanin ecul es
synt hesi zed 1pamicutdreirare redtitionsite!tt the sécopdtieriedd priiméequence incl udes the
nucl eoti de sequence of a rare cleavage .site, in particular a rarely used
site, located at its 3" end; (ii) An optional but preferably present RNA
pol yner ase prjrfircond heeledmrimer20 (iii) a first variable sequence of 4 to 7
nucl eotides in length selected such that substantially every possible
sequence conbination_of 4 to 7 nucleotides, s found.in_said second heel ed
prinmer popldl ation; ahte FPW“‘ﬁhgﬁ'Ean‘H imey; popiation, eansiits ®f & RARKIAEN ¢ hat was
cal cul ated t ofimubleicchcic sequemnces @geh camprisingcfivem\b’ endlio Bbend:on of said

first strand 25 c nol egqu 0 I 4N ldi '

conditions. Preferabl'y, t_h% h?%'ava e nglbtéé‘f ﬁg qooggn@%%\nmﬁe?nintzggbﬁgel

sequence. More pref e\"élﬂ*’y,s noh eomp arydpithe mﬁlﬂémleewas PEesent i

rest rijct ihonI Sijt e i s tecsdmplealr withcthd firstrstrant cONA hirtecuiesisyrithesizdd t he

secon egl e ri megy u ; A ie e site
15 P bt B%ﬁeéf‘%i%[hm 3hd i r{egl ?:Rfuﬁagl%seér@%éé .nau%sle gﬁé’j‘g

in 30 particular a rare ricrtion s from) t he
initial nucleotide sequence of a rare cleavage site, in particular a
rarely used site, located at its 3’ end;
(i) An optional but preferably present RNA polymerase
promoter sequence,
20 (iii) a first variable sequence of 4 to 7 nucleotides in length

selected such that substantially every possible sequence combination of
4 to 7 nucleotides is found in said second heeled primer population; and

(iv) a second variable nucleotide sequence that was calculated

to hybridize on average once in every 1 kb portion of said first strand
25 ¢DNA molecules under low stringency hybridization conditions.

Preferably, the cleavage site is located within the heel
sequence. More preferably, the cleavage site in particular a rare
restriction site is located at the 3’ end of the heel sequence of the second
heeled primer population, and is a rarely occurring cleavage site in

30 particular a rare restriction site in the genome from which the initial
mRNAs are expressed.

Most preferably, the cleavage site in particular a rare restriction
site is selected among the cleavage site in particular a rare restriction
sites that are found less than once every 20 kb in the genome of the

35 organism from which the cDNA amplification is sought.
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NMRNAs are expressed. Most preferably, the cleavage site in particular a
rare restriction site is selected anong the cleavage site in particular a
rare restri ites that are found | ess than once ev n the
genone of t\&éoﬂ%gogr gani sm from whi ch the cDNA anpl |f|ca1(:311|r on/ﬁ’?sf&g%*ug ht. 23
WO 01/ 06004 PCT/ EPOO/ 06887 In nmanmmals, and nore particularly in the rat,
such rare cleavage site in particular a rare restriction site is selected
fromthe so- called 'rare cutter' group of cleavage site in particular a
rare restriction 5 sites which conprises, for exanple, Noti, Bsshil, Nari,
Mul, Nrul and Nael. Preferably, the heel sequence of the second heel ed
primer consists of thén mamewls,dend eooen qeartiéulS8BQ ih Dihe? rat, such rare

Crocancy T CTAC GEETae 48 WAL £14 oRORRSH R0 St o pbce

sequence, said ence I e group. of
sequences consi@al P«ﬁgl’%ﬁ oyﬁetm Qf cegvam@\mpartlgulac@-m@ zZestrglion

5'-ATCCG 3',5 sugitéstmthm’fpﬁ@és Sfat @xﬁﬁ?féﬁwdtWB&ﬂiiB Neff) URIEENRS @ngund i n
said second heel,ed prinmer popul ation 5 KITS The invention further

relates to a kit a?‘or the anplification of the nRNA species present in a
sanpl e, wherein said kiPrefecabiy.itbe lie sequenea dfidbeesqoninkeelpdmrimari on; and
20 (i1) a secondediapied & | RE pﬁwé&rdeon seBfiefl®l | N0 WEye jor Nea.t her
enbodi ments | or pertalns to a kit for the
anplification ofCJﬂ'th%I@[dﬁgéfge enting a sanple wherein said kit
further conptdses: (iln)a preferexd embodimerdoofsthet secprol hedled hesrjueseguence of
tsggufe'nggt of thge@zi;&%eeédﬁﬁénabgé ¥éq@en%89$'&ﬂo§éd FFan &%@bﬂgg ﬁ%eﬁ{:eﬁ&ﬁ%ehﬁgh
anpl i fication ki@ongjing of 5’-CGA£A-3’ §5-CGACA-3', 5-CGTAC-3' and 5-ATG
3', such that each of said second variable sequence is found in said
second heeled primer population.
15
KITS
The invention further relates to a kits for the ampilification of the
mRNA species present in a sample, wherein said kit compris:
(i} a first heeled primer population; and
20 (i} a second heeled primer population, as defined above for
either embodiments { or li.
The invention also pertains to a kit for the amplification of the
mRNA species presenting a sample wherein said kit further comprises:
(i) a first primer consisting of the heel sequence of the first
25 heeled primer;
(iv) a second primer consisting of the heel sequence of the
second heeled primer.
In a specific embodiment, the mRNA amplification kit may
further comprise one or more restriction enzymes that recognize the rare
30 cleavage site in particular a rare restriction site sequence that may be
present in the heel sequence of the heeled primers.
In another preferred embodiment, said mRNA amplification kit
may further comprise a restriction enzyme that recognize the rare
cleavage site in particular a rare restriction site sequence that may be

35  present in the heel sequence of the first heeled primer.
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further conprise one or nore restriction enzynmes that recognize the rare
30 cleavage site in particular a rare restriction site sequence that may be

pr esent waoqmoheel sequence of the heeled prinmers. |npafebdegesseref erred
enbodi ment, said nmRNA anplification kit wmy further conprise a restriction

enzynme t hat recogni ze the rare 'cleavage site in particular a rare
restriction site sequence that may be 35 present in the heel sequence of
the first heeled prinmer. 24 WO 01/06004 PCT/ EPOO’ 06887 In yet another

preferred enbodi nent ' | ﬁgf@d | ymer ase.
TH RD EMBCDI MENT OF "il QRQEEr ﬁ%&%mgggi i ng’ to E‘?Qk’% Q?I fication
met hod of t heSHItARIARNLPOIYMERA®E: stringency hybri d| zat i on condl tions are
used to prevent the generation of bridged nucleic acids In the second

enbodi nment , “ﬁik | a prinmers containing a rare
cl eavage si te B MB OF ENT owed cl eavage by a cl eaving
agent, preferably a restriction endonucl ease, of the | ong cDNA nol ecul es
formed during the first set of anplification cycles. The conditions for

perform ng the third,enb . have beep. 15 ch furthe reduce
bri dge formation. LQ?F 5@ qe%ﬁsﬁ]"ﬁc?'ﬂaﬁﬂcﬂbpn @%&ng 8Pt Dom t he
opti onal pr esbigher ostringenayt hikridizationi cendiﬁommearepusedzrgo |pl£\f&€ﬁsih|eg t he

stringency of gl N
Stiirgency o 8@»{&%&1 h@turra nhblercewe&in iﬁé sg@onoe§ﬁ1baa l%\ﬁds'gém h il

1
Tnturn ddRy oM cleavag i Eaﬁ  BriSeis (rRInhg B fare SISANESE SES AR Aant ant. of
the prinmers vxheelfseddenme ‘Ehis atiowed cmanagé byga tleayiag aigent preferahiy aal so

e o, gonf AR, AR IEYS AL S 1
may be net af ﬁﬁ??fgama" W’hw@ﬁaatlves of this third enbodi ment which
are 25 described heTapoiditionEhfor peifoming the thirdlenmbotimeént Havedesnt hod to
;BEL?Z‘EG h0e cRYEPLo RlrthdY Fodife’ BlfugSRNRafGE SUchShaRbhendiGud for VA
example, (apart from the optional presence of a restriction site on the
primer) increasing the stringency of hybridization with respect to the
stringency used in embodiment 1 or 2, for example by optimizing buffer
conditions which will in turn decrease mis-hybridizations and/or
20 increasing the GC content of the primers which aliows elevated
annealing temperatures, which also reduces mis-hybridization and
increases the distance between hybridized paired oligonucleotides.
These higher stringency hybridization conditions may be met
according to two alternatives of this third embodiment which are
25 described hereunder.

The method of embodiment il is a method to increase the
number of nucleotide sequences corresponding to an mRNA species
present in a sample in a low quantity comprising the steps of:

30 a) reverse transcribing the mRNA species using first heeled
primer population to provide first strand cDNA species;

b) synthesizing second cDNA strands using a second heeled
primer population;

¢) amplifying said second cDNA strands resulting from step b)

35 over a number of amplification cycles in order to generate second cDNA
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present in a sanple in a low quantity conprising the steps of. 30 a)
reverse transcribing the mRNA species using first heeled prinmer popul ation
to provide first strand cDNA species; b) synthesizing se t rands
using a secORGVHEY ed prinmer population; c) ' anplifyi n;i&?ghp second cDNA
strands resulting fromstep b) 35 over a nunber of anplification cycles in
order to generate second cDNA 25 WD 01/06004 PCT/ EPOO/ 06887 strands
conprising heels at both ends and increasing the nunber of second cDNA

strands corresponding to | gng nR specjes present initially in the sanple
to be assayed:; d?’“’%’#ﬁ F‘P’VP?’%}’?Q H@g@l\ﬁfgﬁiheé $©&nd JEGPaFAg tﬁf-’ rg!g%rpofg) under
5 hybridi zati on sesuhdt tONA shrareds eoreespiondini tihdangs mMRNW espegieshpresehbse of

step ¢) and whi C&'}féggm @ﬁéf%gjb?%’% 3&53&@8‘ synt hesi s of high nol ecul ar

wei ght cDNA nol e covering the popul ati on of DNA nol ecul es
obtained at step d). 0 amuliyimsthesDiid moleguigscresbltipg feanestep cj ndele sane
as for the figsthgiliddien cRnaiigns WRRICaRE a,h@meaﬁngém? thére thddessf heel ed

primer popul ation _conprise 15 hee equ e that .nust .have a cont ent
rangi ng from 60958 %ﬁiwﬁfﬁm@%’% 564%@?“ ;5’? 3%%15_3‘3%5'8@%55&&1’“9}3% 4 n order
to permit an i neeighteDNA molecdes;iamgency of the hybridization conditions
din the first t e 4 ' duci
used in e firs se S??ewﬁﬁiﬁﬁd@rﬁtﬁﬁﬁémﬁhﬁ bt %EQDrNaXQQé | educi ng

the formation of , nucl efc aci e the amplifie ecul e.

20 Step b) Step B} of synthesis of the second cDNA strands is al so

performed at ipaybridi zation conditions of a higher stringency than the

hybri di zat i on coggi-- used in step b) as described for the first and the
ﬁﬂﬁ%ﬁo $,

25 second enbodi ne he i nventi on.
Step a

Preferably, step a) is the same as for the first and the second
embodiments, except that the first heeled primer population comprises a
15 heel sequence that must have a GC content ranging from 60% to 80%
and which is most preferably of about 75%, in order to permit an
increase in the stringency of the hybridization conditions used in the first
set of amplification cycles of step c), thereby reducing the formation of
nucleic acid bridges inside the amplified cDNA molecule.
20
Step b)

Step b) of synthesis of the second cDNA strands is also
performed at hybridization conditions of a higher stringency than the
hybridization conditions used in step b) as described for the first and the

25 second embodimentsof the invention.

Step b) is preferably performed at high stringency conditions.

A preferred example of high stringency conditions is as follows:

synthesizing second cDNA strands using a second heeled primer

population preferably at a concentration ranging between 0.02 te 200 ng
30  per reaction in the following conditions;

(i) adding the primers to the cDNA product obtained at step a);

(i) obtaining single stranded DNA molecules at a temperature
comprised between 85°C and 95°C preferahblyfor a period of time which
ranges from 2 to § min,;
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Step b) is preferably perfornmed at high stringency conditions. A preferred
exanpl e of high stringency conditions is as follows: synthesizing second

CDNA st ryodsostek Ng a second heel ed prinmer popul ation peefPicdebys at a
concentration ranging between 0.02 to 200 ng 30 per reaction in the
followi ng conditions; (i) adding the prinmers to the cDNA product obtained
at step a); (ii) obtaining single stranded DNA nol ecul es at a tenperature
conpri sed between 85C and 95C preferablyfor a period of tine which ranges

from2 to 5 mn" 26 |

t her noresi stant DNA (\é}gag%ggagg‘%éﬁ? %ﬁ?@ﬁ‘g@? oa-{yfh}edrsé m?%g?é@é\%p{ 5 oof

readi ng enzynihermorefistantargetregding;enzyme;todhe mixture obtainedyat sjan (kal | v

mai nt Si n} n?_ the tengii) Optichaldy nﬁéimamé? the tatnpeaa?mrem'frméahkt&técatduridng a
period o [ 2 priners to sai
single stranggag%k?%gly@fggdﬁ@ég’ ur e cé)%% Qéa’gl?;lb\;ﬁvgen 40C and 72 C, (vi)
el ongat i ng5t he annedVranngalingthebesled pimess tesgidisingle strandethPNAcat bet ween

60C and 75 C; algmpstdtireddnptised betweerrdo@as@rdictt ons are notably obt ai ned
e} accordingtothJ | fi

bri mer  used. Pref orih gponasfing the andedlen Sfafpolkctlen s JSEREGHTE o
magnesi um concempriseéd betwgend&0aClandufd 1€ 5 nM nagnesi um preferably between
3 and SmM magnesi umpdip StringieRb tBhYiz8lior? cnfibnt SardVothb! BBYafiRSt ant DNA
pol ynmer ase is ref,er% added ar st gb !4} n armuni1 hat rangesfrom 3U
Do BU. mode pREearHing) to the speciinatrushialdeatutesiof the sepond hesled Riimerdp: i onal | y
step (b) is pesédirmed in the presence of both a thernoresistant DNA
Do e - as e DL Teeri R e BF YA peffBribd P ATRORAR CRD X L0c
from 0.1 U t omagnsgjumeenceptratien agnorally 29 to 5 mMimagnesiuredpigferablyhe DNA
pol ymerase i betveen 31akd 6mM midgnesium, most preferably of 3.5 mM.
15 The thermoresistant DNA polymerase is preferably added at
step (b) in an amount that rangesfrom 3U to 5U, most preferably 4.5U
DNA polymerase in a volume of 1ul. Optionally step (b) is performed in
the presence of both a thermoresistant DNA polymerase and a proof
reading enzyme.
20 This enzyme being added at the same time as the DNA
polymerase and in an amount which preferably ranges from 0.1 U to
0.5U, most preferably 0.25 U and is admixed with the DNA polymerase
in a volume of 1pl.
With regard to step (b) (iv), it is performed for a period of time
25  preferably from 1 min to 3 min, most preferably during 2 min.
With regard to step (b) (v), it is preferably performed at a
temperature of 50°C for a period of time generally up to10 min,
preferably between 4 min and 10 min, more preferably 6 min and 8 min
and most preferably 7.5 min.
30 With regard to, step (b) (vi), it is preferably performed at a
temperature of 72°C for a period of time comprised between 1 min and 5
min, preferably between 2 min and 4 min and most preferably during 2.5
min.
High amounts of second heeled primer population used in steps
35 b) and c) increases the prabability of annealing of at least one primer to
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Wth regard to step (b) (iv), it is perfornmed for a period of tinme 25
preferably froml1l mn to 3 mn, nost preferably during 2 mn. Wth regard

to step (byyoMhsoost 1S preferably performed at a tenpergétimonéssp0C for a
period of tinme generally up tol0 mn, preferably between 4 min and 10 m n,
nore preferably 6 mn and 8 mn and nost preferably 7.5 mn. 30 Wth
regard to, step (b) (vi), it is preferably perfornmed at a tenperature of
72C for a period of tinme conprised between 1 min and 5 mn, preferably

between 2 mn a ' f y ri . J - ekl nount s
of second heel e%ﬁﬁ’i ?e#ugggeulng |tgﬁégs§gaﬁ% sf'?ée{pscw{fg gsrargﬂr;sd pg%“ulgg%l eases

t he probability sypthesized et Blgp&.- at | east one primer to 27 Wc) 01/ 06004
PCTI EPOOI 06887 every sequence contained in the first eDNA strands

previ ously syngélggici;ed at step a). Step C 5 Although the inventors do not
wi sh to be boun ny particular theory, it appears that through the
successi ve cycl es of tKlmcmpuheirwamom]donetawishdnbefbwndﬁoapy parisuldequences

that contain at ',rité'?pé‘érétﬁ qn%%Dgli)\més §ife QclbE of AfRrangimanted primer
will anneal to the firs strcsln C |n%%er to e{}‘er, ,es%og_geegDNA
strands conpri sifBFtiBATster 6.othgequences t 89@3%8% &l Yend the f step
c) increase the selasumsesobthe detewd hegledvimrinped wills bniséal aodther frststrand t he

reaction m xtur ) N6 %gﬁgt, ces to
the 5" end of t%%%ﬁg%@e%utgn@se%trgesenﬁ&iinifh‘é‘.’ﬁggarré)l e rﬁe’l{ eﬁ%?%%gd. 15 In

a first pref@rrootteppdei There mpedtiveycydes gh sigbnak inceaasentheschasees &f ned
during the succegtdcting evelydist stiang psédentin the réeitidhiraixtine of siepéased

efficiency in long se C n i i 0 to work
t hrough several cycl G%Qt%ﬁ%&y%v%@BW?W#gggngﬁs g’ng%?@éﬁi%gequences
hybri di zed to t ke gengseqianses prasgnt indhesampletare geoerat&dnt ors bel i eve t hat

t he pol ynerase may actually displace snall sequences hybridized to the
first strand during the e ext.ensi er

sequences al¥eady hybrif'd? l[‘g‘:g %%¢§f%ﬁggm$$¥%%§{ Bgﬁt?.p ¢), no 88 uratiBR %S
performed during the successive cycles. This situation permits an
increased efficiency in long sequence elongation by allowing the
polymerase to work through several cycles without removing the primers
or short DNA sequences hybridized to the first strand. Furthermore, the

20 inventors believe that the polymerase may actually displace smail
sequences hybridized to the first strand during the elongation to favor the
extension of longer sequences already hybridized to this first strand.

In a second preferred embodiment of step ¢), denaturation is
performed under mild temperature conditions, preferably in the range of

25 80 to 85°C. In these conditions, small mismatched sequences, generally
of less than 50 bp in length and preferably at least the second heel
primers, are removed from their hybridization site on the first strand and
are thus available for further priming in subsequent reactions. The further
increases the vield in the amplification of the second strand ¢cDNA.

30 In a third preferred embodiment of step ¢), denaturation is
performed under usual temperature conditions, preferably in the range of
85 to 95°C.

The first and second ¢DNA strands previously synthesized are
35 preferably amplified over a number of amplification cycles with the
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In a second preferred enbodi ment of step c), denaturation is perforned -
under mld tenperature conditions, preferably in the range of 25 80 to
85C. I n twespoceeyndi tions, small m smatched sequences, geoEEedoloyssof | ess
than 50 bp in Iength and preferably at |east the second heel priners, are
renoved fromtheir hybridization site on the first strand and are thus.
avail able for further primng in subsequent reactions. The further
increases the yield in the anplification of the second strand cDNA. 30 In a

third preferregdoratbelE brimér ftlLtoricbntrafiditah; ﬁéunder
pf@

usual tenperature conditio C. The
first and secoff®f r@m%ﬂﬁfg@'\gb&eteaﬁ%%ym%%&@@%e%f Eets@gn rably
anpl i fied over5@ngantdenosifpreferdbily beteveen! andi@agwi th the 28 WO 01/ 06004

PCT/ EPO0/ 06887 secohge 'ler'éf ?r‘éd'%‘u?ﬂ?ft o?%e@%&ﬁ@é{l@& gibie‘? ob@f%ﬂbﬁ%s@ tween

0.02 to 200 ng per reactron re preferably
bet ween | ahd matemg) increases th %p&b@bwm 9f #neqling qa&lﬁ?smnﬁ@nmnﬁéo preferred

anount of secogkrjesediéneei oBitainetuiratthenfitgs eahd Ssdoondt eDN®) stramtisases t he

probability of imer to every seguence
contained in t%§V¢3§1§t59§$p§sg§§5h§@§5ﬁx3§9?{inds prewpus?/y sgnt hesi zed at
steps a) and b). Prefseferbly, a pspplatian |Q5rﬁRW°>aﬁ\§iQiX|4rmPélmr31157 usedners is
used during tagiryAe! drhpificafioh f&wahwsﬁp@tevh@)mcr’éasés trecémeas the

chances |o of gacC ene se uence anne l.east one priner. The
chences ' |  of el GEiS sane fine2ig B o @anpdé piPRRG rhe humber of
cycles int he 'Elrmlavéllabﬂlty oﬁea@tapmmenlscncreaegi by. mlultlplemgtthg' hupbes ofc) is
performed in t e

anplification ?Qﬁiﬁ @d%i?ﬂ & gﬁg%? an bpS&) i on

cycl es and nosk "Eﬂ"meé 9F§ﬁ§ﬁﬂ°e4@ 4 'E%Q’FQ?H‘ n% \Paﬂﬁcgéeousl Y,

t he anpli fi catamplificationicyslesf nxire [preferably betwéen 38damndh 46hamphfmhone of both

a therm)reﬁ stgmensg%led @%yﬁfé}éﬁy 3389&@0 %llﬁ [rf%;tﬁ?,lecg;d.@gt proof reading

enzyme. The pr me in the 20
anpl i fication buffer Advagtageausly.qihe | amplificatione Jeaction (9f s&%lpal ¢k ySof the
performed in the presence of both a thermoresistant DNA polymerase

and a thermoresistant proof reading enzyme.

The presence of a thermoresistant proof reading enzyme in the

20 amplification buffer allows a significant increase in the quality of the
sequences that are synthesized during the elongation step of each
amplification reaction cycle.

Most preferably, step c) comprises a step wherein the heeled
primers are elongated in the presence of the DNA polymerase and

25 optionally the proof reading enzyme at a temperature rangmg between
40 and 72°C.

Optionally, an annealing step may be performed between the
denaturation step and the elongation step, at 40°C, a temperature
wherein the DNA polymerase is almost prevented to synthesize DNA.

30 Preferably, step ¢) comprises an elongation step wherein the
annealed DNA molecules are elongated at a temperature comprised
between 65 and 75°C in the presence of a thermoresistant DNA
polymerase.

In a preferred alternative variant, step c) can comprise

35 the step of amplifying second cDNA strands resulting from step b) over a
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sequences that are synthesized during the elongation step of each
anplification reaction cycle. Most preferably, step c) conprises a step

wherein thﬁ,c,h,gﬁg prinmers are elongated in the presencgwipobheasPNA

pol ymer ase an 25 optionally the proof reading enzyne at a tenperature
rangi ng between 40 and 72C. Optionally, an annealing step nmay be perfornmed
between the denaturation step and the elongation step, at 40C, a
tenperature wherein the DNA polynerase is alnbst prevented to synthesize

DNA. 30 Pref

anneal ed BﬁAeﬁg‘ﬁngmeztb?Ep@fg%gﬁRg%@%?g@ﬂggtﬁéﬁ%@g?@ﬁ %%mrgﬁa%t ween 65
and 75C in the @téseonsentiation fmnﬁ)b%@ewaﬁx 2 ;R0 p@ﬂpﬁér%afémmm the
preferred alterRglgwify ¥éiditiNs; Step c¢) can conprise 35 the step of

anplifying second c strand resultin over, a

01/ 06004 PCT/ EPOO/ 0688 ORIRHALY ﬁa*awgl %ns%aﬁrwfe%y%& ’U&?’??P"E%uaévéecond
heel ed prines prte’hpemlhkrg comtprised dedween 800 randa®bfiChgn ibe pweeseree0d a0 200 ng
per reaction in ns; (1) optionally obtaining single
stranded DNA mltﬁéﬁqoré&ét%%ﬂﬁp‘b@}ﬁ‘?éera ure conpri sed between 80C and 95C,
in the presence of a h&psaing m%ﬁﬁcmsﬁél"?r@ﬁ'mg@ tq ithg THsh8HENGg t he
second strand pr(smglessttandéh)eom Aloletlleanat a(tanpedamretmmmséh Bteom! ecul es

at a tenperaturg ferably between 40C and
60C, 10 (I111i) eI %Hﬁet?haﬁﬁﬁﬁgpgé&%@miq ecu?%g}eat a tenperature
conpri sed be®ween 65C(éi ¢longatiog the kanegled PNAMpleewlen & oiemperature

t her mor esi st ant c%n@@d \oEblese 65(’CVénd emeet bpbraligha thel %)re%@ﬂcé idfig (wWith
(i) as an optlo referably, steps

S _ lglﬁi nunber of cycles. 15
(c) (ii) to (|v edpprt?%%ggt[ Pgﬁ'"]ﬁf?% 60 cycles, preferably from20 to
50 cycl es and nost pr eiverrapeatingbsteps Zi() and ébb(mthfl()) agyayi eption) for the
desired number of cycles.
15 Preferably, steps {¢) (i) to (iv) are repeated for 10 to 80 cycles,
preferably from 20 to 50 cycles and most preferably about 20 or about 40
cycles.

In a preferred variant of step (¢}, a population of second heeled
primers is added at step (b).

20 Preferably, step c) is performed in the presence of a
magnesium concentration up to 5 mM and most preferably of 3.5 mM.

In a most preferred variant, step (¢) is performed in the
presence of both a thermoresistant DNA polymerase and a proof reading
enzyme.

25 Advantageously, the proof reading enzyme is added at the
same time as the DNA polymerase and in an amount which ranges from
0.1 U to 0.5U, most preferably 0.25 U and is admixed with the DNA
polymerase in the volume of 1ul.

30
Step d)

The third embodiment further comprises a second set of
amplification cycles which are performed at step d) (referred to above)
under more stringent hybridization conditions. This serves to amplify all

35 the cDNAs bearing heel sequences with minimum bridge formation and,
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In a preferred variant of step (c), a population of second heeled priners
Is added at step (b). 20 Preferably, step c) is perforned in the presence
of a magpggimsgaconcentration up to 5 mM and nost pref esciknoooéss3. 5 M I n
a nost preferred variant, step (c) is perfornmed in the presence of both a
t hernoresi stant DNA pol ynerise and a proof reading enzyne. 25

Advant ageousl y, the proof reading enzyne is added at the sane tine as the
DNA pol ynmerase and in an anmount which ranges from 0.1 Uto 0.5U nost

preferably 0.2 [ d f’&%e p [ ' ol une of
1 pl. 30 Step %Q{ﬁgﬂt&hﬁpﬁ gin%@%'(}yewm?'urt er d %lt éfﬁméﬁco@uys’et of
anpl i ficati on ograasinguiiecyieldrof spaquepees:Mitially fre n&)m(tﬁefm Ri& (WgeBpove)
under nore strgdifigaredity emibdiméntsn amwabom)s This serves to anplify all

35 the cDNAs bearing e d, 30
WD 01/ 06004 PCT/ Epm%gﬁﬁﬁygt%%ow&ﬁa %’i ?%q%oﬁﬁ"?‘%o%)ﬁ?ed at
hi gh ef fi ci #ncggmptiges the follovirg sigps 06 vi eI d of sequences initially present
in the sanple (when (§QERAAIAG diy lee‘ﬂﬁﬂaéafmhaééhlasque)batﬁ?qherably,

each arrpllflcatlonr actlon cle of [ the 1ol l ow ng
steps of: (i) WBP RdenPeLs é’%‘i‘?‘%ﬁﬂ?&&% %Eéc@ngggg i ncubating the
sanpl e at a tenper at (ii)e elongatinge dthect arrealeth CDINAI Qmmles) usingngati ng t he

an%?r SSUII‘DSACO ﬁlﬁg}ee%&b&? ﬂAapolﬁngff%Erﬁzd %rgﬁéra Il ) rel ter még?eps (1)

and (ii) f&¢ 18R GaRd Ye&inunber of reaction cycles. Preferably, the

anplification reacti i) aeiterating dtepss (Pearidr(iedor the tdesinedenember af 2. S5V

magnesi um betyé%g{? QY 50 anplification 15 cycles, nore preferably
ampi

bet ween 35 and I'cation cycl es_ and
Preferably, the amplification reaction of step d) is performed in

the presence of 2.5mM magnesium, between 30 and 50 amplification

15 cycles, more preferably between 35 and 45 amplification cycles and
most preferably about 40 amplification cycles. However, other
magnesium concentrations could be used, depending on the choice of
polymerase.

The denaturation temperature is preferably 95°C and the

20 elongation temperature is preferably 72°C.

Most preferably, the annealing and elongation step is performed
during a period of time which is sufficient for maximizing the annealing of
the primers to the single stranded cDNA molecules.

Typically, such annealing and elongation step ranges from 2.5

25 to 3.5 minutes and is most preferably about 3 minutes.
In another preferred embodiment, step d) can be
performed as follows:
amplifying said first and second cDNA strands resulting from step c) over
a number of amplification cycles with primers selected from the group
30 consisting of (1) a primer comprising a portion of the heel sequence of
the first heeled primer which portion is of a nucleotide length sufficient to
hybridize with its complementary sequence under the hybridization
conditions specified, (2) a primer comprising a portion of the heel
sequence of the second heeled primer which portion is of a nucleotide
35 length sufficient to hybridize with its complementary sequence under the
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nost preferably about 40 anplification cycles. However, other magnesium
concentrations could be used, depending on the choice of polynerase. The

denat ur at i ature is preferably 95C and the 20 elghgdbdmesr
t enper at ur 3‘91’@9%%‘{ erably 72C. Most preferably, the annealing and

el ongation step is perfornmed during a period of time which is sufficient
for maxi m zing the annealing of the priners to the single stranded cDNA
nol ecul es. Typically, such annealing and el ongation step ranges from 2.5

25 to 3.5 mnutes and i.s nost_preferaply ab 3 mnutes.. | n_.another
preferred enbodi ﬁi‘:tmd,‘zaé'f’%ﬁ"’&?mgﬁﬁ SBE?'R%%r?rlﬂ?k%oa é‘%'.’di”&'l’ |°§\XE‘-‘? PLHRAS E@l ng said
1; |mr) Is|t f ?rC]gt ;sgﬁogSazd)m, sng;aramtheemialt tm'g:ehtmﬁnrsbépprmem\mefemblymams ;)f f
: w30, consi sting o
(1) a prinmer corr%rtlgls?fewg'a gé‘? ?,Bdé)ﬁg?? fﬁ%@ﬁﬁéfé{tﬂ%‘z‘@%@@%‘?ﬁ%‘n rst heel ed
primer which portion i4)efdiagiuepéversde theaBNA rradustabiaited 8t iR Bl di ze
Speci 11 a0, (2] A bl L e ol he ool “coqnence of the
second heel ed er%Pf'mﬁ%%P?P@aP‘éagfé?a nucl eotide 35 | ength sufficient
L&Péﬁébfbégg%“tﬂ ibt;d¢ﬁhﬁ¢ﬁr@aﬁmm§®iﬂewzm&ggerae%£:1ﬁom 0_1é606004 f
( ybr i diggaiimtampiythk tempef@e! dti £range °g fgrogcare o
the primers (1) _and é? erel ) the total concentratiqn.,af priners
preferably ra_ngeg"' a@&m@{%e@'e%@%g@m%s@gpe%g%ﬁ%ﬁpr:]%.trﬂ *fol | owi ng
go??! ; i olrjlts: _(#) addi ng (¥)nennealing the pmetsetodllw&ap{ sﬂgtetstc&nda?riéﬁﬁ\andst ep CZ:I;
i) obtaining PN %E%%r, LCPINPri se
bet ween 80C and g@éé]&h%l!, gﬂﬂﬁe a t@%ﬁgg?s aan?e po@y%‘ﬁ%@%a (1v)
nai nt ai ni ng t he beiweenHBE@ndi7% Giange from 80C to 95C for a period of

time preferably conpri gy cafyngesutSsteps (VP akld (¥)nfor 1d) degredimueatidrngf t he
primers to the saigd single stranded DNA and elongating the anneal ed DNA

nol ecules at a t ature conprised between 65C and 75 C
15

With regard to step d), in a preferred embodiment, step d) (iv) is
performed at a temperature of 94°C. According to these conditions, the
reaction mixture contains essentially the single stranded cDNA products
obtained at step c¢), the amplification primers as well as the

20 thermoresistant DNA polymerase which is not active at this high
temperature.

Preferably, at the first occurrence of step d) (iv) in the
amplification method, the temperature is maintained in the range from
80°C to 95°C, most preferably 94°C, for a period of time up to 3 minutes,

25 most preferably 2 minutes. For the further occurrences of step d) (iv),,
then the temperature ranges from 80°C to 85°C, most preferably 84°C,
and is maintained up to 60 sec, most preferably 20 sec.

At step d) (v) the primers are annealed to the single stranded
DNA molecules at a temperature wherein the thermoresistant DNA

30  polymerase is able to elongate the primers using the cDNA molecules as
templates. '

Preferably, step d) {v) is performed at a temperature comprised
between 68°C and 74°C, most preferably 72°C.
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(vi) carrying out steps (iv) and (v) for a desired nunber of cycles. 15
Wth regard to step d), in a preferred enbodi nent, step d) (iv) is

per f or megioafioenok €nper ature of 94C. According to these ¢gepgipbdgessy, the
reaction m xture contains essentially the single stranded cDNA products

obtained at step c), the anplification prinmers as well as the 20

t hernoresi stant DNA pol ynerase which is not active at this high
tenperature. Preferably, at the first occurrence of step d) (iv) in the
anplification methodqn 4 hefoREREMbOiMent 18! WNedob ,y,géad afAeg o rom 80C
to 95C, nost pref&g?kflgfgic’ for aw)eri ddﬁ%ﬁ&ﬁ? l?% Fjnuti,{tggs, 25 nost
preferably 2 REARH o ime,comprised between L min agfc '@?ﬁmf%ef W® . then

t he tenper at unginr anges from 80C to 95C, nost preferably 94C, and is

e e 4P, L0, 00 e A GAd AR S o el of ), 11 1L S

are annealed to the sin

§$
t he t her nofesPeffgrreddunng@ W'é]ﬂngf Hme comprsed betweennthendt6R mini ner s

usi ng the cDNprefetabiybetwess 25t Binirs mo¥tehreferdbly duiigeds fin.(Vv) is
performed at a tenperature conprised between 68C and 74C, nost preferably

72C. 32 WO 01/ 06004 PCT/ EP00/ 06887 In a preferred enbodi nent, step d) (v)
i s perforned during Steped)odvdf preferabliongempriseshdetween 118i andn$010 mi n,
nost pref er ablgmphfication-cyclesa Preferred enbodi ment, the last occurrence of

step d) (v),, is 5 performed duri eriqd of ti conpr.i sed, bet ween 10
and 60 m r}?’ pref er a@fﬁgﬁfﬁ@v rﬁfﬂeﬁﬂﬁ#ﬁ"ﬁd‘*ﬁqﬂ?ﬂ %ﬁi‘?g‘é? & Egﬁ%rfnqulﬁ‘r ing 35
mn. Step d), theiprepemdes rafb bgthc anpthegneresistante DNKO polymefaseagoidi fa cat i on
cycles. 10 Pr ﬁ-ﬁ@,?‘l_. lrhhdifat | acd ' rf ormed
in the pr ese(riﬁ:e 0 sot? E;g’rt err?r%)drlggi sél[f.ﬁayrﬂtrl & é‘gﬁt@m@;?g g)neéé'a%bRF
t her nor esi st aRP”BFB%j in epregense, 9h@  concentration,ofymagaesiumy; earapiised

between 2 and 5 mM.

15
In a preferred expression of the second alternative of the third
embodiment, the respective concentration of primers at step (d) ranges
from 0.02 to 500 ng.

20 Step d) which includes steps (i) to (vi) as described above, is
preferably performed when the initial sample contains a large amount of
mRNA, such as for example an amount of mMRNA corresponding to the
whole mRNA that can be found after extraction from about 100 cells (e.g.
100 mammalian cells).

25 In this situation step d) is preferably performed in the presence
of a concentration of magnesium up to 3 mM, most preferably 2 mM.

If the initial sample contained a small amount of mRNA, such as

the amount of mRNA that may be found after extraction from 1 to 10
30 cells, step d) above will preferably comprise further steps of amplifying
the products obtained at step d) (vi) of the second alternative.

In this situation, step d) further comprises the steps of
amplifying the DNA molecules obtained at step d) (vi) over a number of
amplification cycles with primers selected from the group consisting of

35 (1) a primer comprising a portion of the heel sequence of the first heeled
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performed in the presence of a concentration of magnesi um conpri sed
between 2 and 5 nM 15 In a preferred expression of the second alternative
of the third _emhodiment, the respective concentration of j at step
(d) ranges VPPEM™ 02 to 500 ng. 20 Step d) which incl udé’s?q;s“Jt"g@gsé?i) to
(vi) as described above, is preferably performed when the initial sanple
contains a | arge anount of nRNA, such as for exanple an anobunt of nRNA
corresponding to the whole nRNA that can be found after extraction from

about 100 cells . q. 0 | i I | [ ' 81 ep d)
Is preferably pe%ﬁ@gﬁyg%%*ﬁ%réeﬁée]ﬂg‘g%@e i&@%’n@ﬁé{é@t@o@@?k%&gﬁ{esi um up
to 3 nM nost pr#$ecampienentaly |equarce nkndern thanhivbridigatien neanditichfal |
amount of MRNA,  suedined (2)f & BrimeP ebinpRsing A \PortiBalof Y hesl Jeguedcabf dle
extraction froml to 1€ l%(; cells,. %teﬁiﬂg?' %?ove @hl Erefera#'l%éﬂ grpri se
further steps of SEFRNC HSRIGHPTRRIWRIER PARICLT i§:0F 2 Histeolde SGnalf §Y g ? of the
second al t er nat i tgbridize tiths itsi camplementasy epeqlientar uirier thenmbhybddizatiore st eps
of amplifying t [ : ' rwReratyroer of
anplification cygﬁ%s{% egﬁ??feearc@o @ZE’@’?@’&%‘F gﬁe@l@mg?uéndgﬁgyéti rag of 35
(1) a priner confe tatgiconceatratiopeiprimers prefarakiyda bgiweeR L2, heel ed
33 WO 01/ 06004 Peng ﬁgwmagn inthie feifowifig ebnditirist on is of a nucl eoti de
|l ength sufficient to hybridi | i r the
ybri di ati on condi &1 o) Edfingdibie g&?né%ﬁ%% PERSHoeT o of
the heel sequenceomprisetbetweenfB’hand 98 @ri mer which portion is of a
nucl eoti de |ength suff I(ﬁﬁ)eaadih?_aStHM%réamgnwm pé!?m@%ﬁé‘ REY @lnglesequence
under the hybri di atéq%%onql ions S&%%I fii fqu nd (3) a mxture of the
primers (1) and E%§" implecyles oRfamed & SRV at i on” of priners preferably
ranges between 0.02 andix) 28tneaijingeand eslarigating nthehesifgie | (swanged:oﬁglﬁt i ons:
(vii) obtaining g f ratiie Hbefbech 68 MPRMESHE itsS
conpri sed bet meﬁid&%ﬂgﬁﬁ&a&%@;@@(ﬁw [ ifwé ' na% a ,? h?r m)réasl séant DNA
pol ymerase td5the si ngﬂ§ carrying out steps wb d (ix) for a desired number of
cycles.
With regard to the magnesium concentration used at step (d),
these are preferably of (a) 2.5 mM magnesium at steps (d) (i) to (vi) and
{b) 2mM magnesium at steps (d) (vii) to (x).
20 As for amplification reaction steps (d) (i) to (vi) these are
performed with a respective concentration of primers which ranges from
0.02 to 90 ng, preferably from 10 to 50 ng, most preferably about 30 ng,
then step (d) (vil) to (x) is performed with a respective concentration of
primers that ranges from 50 ng to 300 ng, preferably from 65 ng to 200
25 ng and most preferably about 100 ng.
Thus, when the initial sample contained a small amount of
mRNA species, step (d) (i) to (x) are preferably performed, using a total
amount of primers ranging from 0.02 to 500 ng, preferably from 60 to
300 ng and most preferably about 130 ng.
30 Preferably, step (d) (x) of the second alternative of the third
amplification method described above comprises between 20 and 60
amplification cycles, preferably between 30 and 50 amplification cycles
and most preferably about 40 amplification cycles.
As it is detailed above, when step (d) is performed by carrying
35 out steps (i) to (x), the first set of amplification reactions of steps (i) to (vi)
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stranded DNA nol ecul es obtained at step (vii); (ix) annealing and
el ongating the single stranded DNA nol ecules at a tenperature conprised

bet ween ?,5 4 75C, 15 (Xx) carrying out steps (vii) apgrfeedoostsdr a desired
nunber o cyc es Wth regard to the nagnesi um concentrati on used at step

(d), these are preferably of (a) 2.5 nmM magnesium at steps (d) (i) to (vi)
and (b) 2nmM nmagnesium at steps (d) ,(vii) to (x). 20 As for anplification
reaction steps (d) (i) to (vi) these are perfornmed with a respective
concentration,of o] abI y from
10 10 50 ng, oeETorars bl b Sa Eifouts”SF pioRfs by 83%9( .Qéftﬁfi, (3 1
performed wit rpeafonnegwtwy"mmubﬁ@leutstgnsbrb to (fvi). rmes ower amgrgesf f r om 50

ng to 300 ng, gpnfdr§balby af &te 5nﬂﬁls§ oisitudh rmm rﬂrpéFdQIﬁéﬁrrﬁbW about
1 00 ng. Thus, wherﬁ%t 1 B](ﬁ e tudfiof daPpet Y CI of nRNA

poci 00 TS e feve of s PybridiearRfia i DASE G SnBiftaliof Teadiong; .

amount of iri Midws thapgodusts pbtairedoat step S @vihgre fully frepreseptativenf i@ t o 300
d b f th
ng and nost p n‘i’ﬁ@fe@% leéqﬁftiﬁllylg&ntﬁiﬂe?%?tﬂaer@ifrﬁﬁlé M%orakfgpto(tﬁ?s \faglén the

second al ternati t1on 0 escri be ove
conpri ses bet @dh eﬁ"%ﬁfgmﬁﬂt t Prpﬁqcp dﬁ Q’VEffgg'mbr'@?‘gP&'SI \?aﬁ'@&veen 30
and 50 anpl i f isteps (@ (viy td 69 wnmmi:reasettharaﬁwmtdfynaibﬂaltunmau;aambhﬁed:at i on

cycles. As it t ove, when step (d) is performed by carrying 35
out steps (i) #ﬁte@(a {)ﬁg(?ir?rst set of anplification reactions of steps (1)

to (vi) 34 WO 01/ oebmprwmﬂ theometisuizabave, the amplification reactiossi@nser anount
of primers thia) \('hﬁanttﬁt(ﬁpaf&)préférabl?rﬁéifdmédbm € présuhceubf petielay steps

peci fi ¢ s) { ulpDP R FRnp ENE polmerdfe Fiace SR ia@bREibrbpe rdid” °

specific situ
m s- hybr.i di zatGn@w¥ei n the first set of anplification reactions. s Thus the

products obtained atpgfémb 2tﬁe/bhpﬁf@atiﬁaulﬂeacﬁcﬁ@rﬁéﬁgt(ay (vm tef(x; A TRNA
speci es |n|t|aII cont.a

t f
P heC bmpou! on PerbrESE 18 Jfe refenss of & [TenfantHiER $LaBengsm ur3p " oo
(d) (vii) to (mdyl \pireflerably: rhedween 16 sansli2t5 ehMnandhest preferably pt mpl i fied

magnesium concentration of 2.0 mM.
In a preferred embodiment, the respective concentration of
primers used at steps (d) (vii) to (x) ranges from 10 to 500 ng, and most
20 preferably from 30 to 300 ng.

Step e)

With regard to step e) (referred to above) the method may

comprise a further step wherein the DNA molecules obtained at step e)

25 having a length of less than 50 bp are discarded from the reaction
mixture.

Step ¢€') : . .
In an advantageous alternative variant of this embodiment, step
30 d)is followed by the following steps :

i) incubating the DNA molecules obtained at step e) with at least
one restriction enzyme that specifically recognizes a restriction site
included in the heeled sequence of the first and/or second heeled primer;
and/or

35



at steps (d) (i) to (vi). io According to the nmethod above, the
anplification reaction steps (d) (viii) to (x) are preferably perfornmed in
the presenggo@fudg@t h @ thernoresistant DNA pol ymerase ampgrapoo/osss?

t her noresi stant proof reading enzyne. Preferably, the anplification
reactions steps (d) (viii) to (x) are 15 perfornmed in the presence of a
concentration of magnesiumup to 4 mM preferably between 1.6 and 2.5 nM
and nost preferably at a rmagnesium concentration of 2.0 MM In a preferred

(Vi) to () rangee. 11 iyl P Ariict it bieplh ' 5 Sﬁgﬁ%r@% AR

300 ng. Step e) swlution containingea DA @cemeatm\mcb@ elween éthﬁ’é' Addod nmay
conprise a furthga? 0 §hi28 Méf?fb?'té‘tﬁé‘%DRN%éﬂHeﬁﬁﬁi;&ﬁoPm@Pﬂﬁﬂmﬁbf sfepp)e) 25

having a | ength l'ess than 50 bp are discarded fromthe reaction
m xture. Step e'? n an advant ageous alternative variant of this
enbodi nent, ssep 3o d) i sdiing avthernoresistant @INA wiolwnerasg do :the )dilutedubat i ng

the DNA mol ecul eéaﬂgﬁaﬁﬁ]kfg:eei‘fogrﬁ&gg? ?flhrtt%li Befbf 'a‘?ﬁﬁiﬁ'c? rée?c‘iib{'n L(é}cLé&n enzyme

that specifically r ] 3 Ion site n eel ed
sequence of the Withait agdinganyduielaizadid eriegn@#mdRr:  and/or 35 WO 01/ 06004
PCT/ EPOO/ 06887 i) dil M%%@ Benfirimingorthel upresefces tafpat )ledist @hbanoclaicdiakidt ed cDNA

Crmes nferior (iReReE a@%ﬁﬁ@ﬂiﬁ%éﬁd@%@fﬁﬂ% R GrBtB ot S s
addi ng a t hengror @@ngfoaiil. DNA pol ynmerase to the diluted sanple and
performng a further S%tﬁga@éﬂé‘ﬁnhﬁ%téﬂ'eép%%!‘amy%tﬁé’@émt whetdi®gtepaddi ng

ggg Eﬂg: g: g gg: gl) Fl)Sr bgﬁoﬁné’j‘cp%e pnmerg pre?era'b[y eacg'n complpse a?p%gt 8;16 %rel east

restriction site.
These variants may also comprise a further step wherein the
15 DNA molecules obtained at step i) having a length of less than 50 bp are
discarded from the reaction mixture.

Preferably , the number of amplification reaction cycles
performed in step ii) is comprised between 20 and 40, more preferably
between 25 and 40 and most preferably between 30 and 40.

20 - As for step iii}, it can comprise anyone of the following methods:

(i) detection of sequences of interest with specific
oligonucleotides probes;

(i) amplification of sequences of interest with specific
oligonucleoctide primers; and

25 (iiiy cloning of the DNA molecules obtained in a replication
and/or expression vector.

The conditions for performing step i) to ili) of this preferred
variant are the same as those described for performing steps d) to g) of
the first and second emboediments.

30
Step )

One specific variant of this embodiment comprises the
additional step of;

) confirming the presence of at least one nucleic acid sequence

35 contained in the population of DNA molecules obtained at step e) or ¢').
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sequence contained in the popul ati on of DNA nol ecul es obtained at step to
) and/or ii). In the above variants and especially in the variant wherein

step i)woviRgdekor med, the priners preferably each conmpicrigoddssseast one
rare restriction site. These. variants may al so conprise a further step

wherein the is DNA nolecules obtained at step i) having a |l ength of |ess
than 50 bp are discarded fromthe reaction m xture. Preferably , the
nunber of anplification reaction cycles perforned in step ii) is conprised

bet ween 20 and 40, Esf;)?%?sﬁs%lgléhy%f@gﬁ?gcf&ﬁ, nfsthgyad nost preferably

bet ween 30 and 40. 2 step ri an cohprise anyone of the
fol | owi ng met hods: @) datectien | Aequencescf ointaraste, with™ \sRecTSeci i c
ol i gonucl eot i dttgonuoidutisle probes; anpl i fi cati on of sequences of interest with

specific oligonuclegti ' SHIPT:| [ L9 t
mol ecul es obt ai ned |@} agﬁ‘é’gﬁéuaéﬁg i § ggﬁéé%éésex fr géfsé?%% \)@&} o%cwg
condi ti onsSf opligenudgatidaprisnasy 1) to 11i) of this preferred variant are

the sane as those d grélbﬁiﬁlgf&rtnéedm Fhotecales Pebtdinel Gin0h Rplicatiyh first and
second enbodi St One specific variant of this enbodi nent

ment.s. ep f)
conpri ses thea"a}&&ﬁ‘P{ﬁﬁP"s"F@@ﬂo‘?’: f) confirmng the presence of at |east
one nucl ei ¢ acid sediMiive eitroRNA transéription; eitherdomphybridizatiom assay®x nol ecul es

obtained al sgituherteverss trandbripllen UsimPOdnéled oF el Sibstratd cP 1)
conpri ses any e of the follow met hods: (1) detection of sequences of
interest Wt hféié@@dfqycgerﬁﬁﬂfﬁﬁiﬁc#}gﬁpfh 'ﬁf?’%ﬁ} ~ (ii) anplification of
sequences of interest wwth specific 5 oligonucleotide priners;

It is important to note that, the resulting ¢cDNA may be
submitted to in vitro transcription, either immediately after step ¢) if the
appropriate concentration of cDNA is present in the sample or after

15 further amplification such as through step d) or through optional steps of
e') described above. In this context, it is essential that one of the primers
comprises a RNA polymerase binding site such as the T7 RNA
polymerase promoter. The RNA generated can then be subjected to
further process steps, for instance either by being labeled and hybridized

20 to DNA arrays or by being reverse transcribed, optionally using a
fluorescent, radioactive or otherwise labeled _substrate, to generate
labeled cDNA strands. The resulting product can then be hybridized to a
DNA array or used in gene-specific PCR experiments. If unlabelled the
products can be attached to a microarray base and be hybridized to

25 labeled oligonucleotides.

It is to be noted that the labeling of any of the reactants used in
this embodiment of the invention, although optional, can be very useful in
that it allows the skilled person to directly attach or hybridize to a DNA

30 array the products of the process of the present invention.

Alternatively, after step e) or € RNA transcription can be carried
out by first optionally removing low molecular weight DNA, including hee!l
35 primers, to provide a ‘cleaner environment for subsequent RNA
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(iii1) cloning of the DNA nol ecul es obtained in a replication and/or
expression vector; or (iv) in vitro RNA transcription, either for

hybri di zat i s or for further reverse transcripti ' | abel ed
or Iabeledwggggééate io foll owed by gene specific PCR orqﬂ§ riggﬁg?ion.lt
Is inmportant to note that, the resulting cDNA may be submtted to in vitro
transcription, either inmmediately after step c¢c) if the appropriate
concentration of cDNA is present in the sanple or after 15 further

descr i bed above. PPymeY Moty 1tk Black (TAMOReBRAG IS aist FRGpEtne £
conprises a RNA pdligdnpemon t5 akangg it buffai selutiont teea oufiaruthatpeoyidditase

pronoter. The R%&@%ﬁ?ﬁpﬁﬂtéﬁﬁséﬁl%ﬁu&% F%!‘.'Mp%ﬁ&r%?aé@reafc%ﬁd?er process
steps, for instance either by being | abel ed and hybridized 20 to DNA arrays

or by being reverse transcribed, optionally using a fluorescent,
radi oactive os ot her wtseimpmvahtid roib Hat teeresulting eDiNAamay Hesutinstied NA

ised i n gene- spelt {100 HSEHon” R1shAIRE 60 et uibE BibSe? of B8 RNAY O]
attached to a ni BPYHEIEraSe Beseotanin the pmen allowsysynthesis of peeplementary
ol i gonucl eoti ge_SRNA, duitable ﬂﬁ_mti&idingh?t Gehe CiHibs!|drngrrays bearirgf sét!i% A can
e very useful 1| 42 phBc EbIaes 7 forciBSehy Bl EhEPbeSr, o
hybri di ze tola Dapd 3byhiidisiyg tafethsr sesidtast siDNA ctop astisenseoigentespeaifient
o en"out by PRGreetdel oo, Sl ol A ORI g
"hel udi ng heel . BehBaenBnd Pee0 Arter alows syfibans of skuse B Rutade for
subsequent RNA Bypﬂ&simg;ﬁsoanam@?m@/ Crfiisgnsepobljigeueizetidesyctdrorfer t o t ake
DUESr ol ot on’ FRSBRU bR ROk o HLERGLPSI SRR RN L1
RNA pol yrerad® r @erehaps or pirayssbeatpg seane oeee sBpcficdlgeriugieotdes. i 1 ng cDNA
may be submi tt edir this context, itds tesearstial thgtiome oft thehmishetshmamprised & RNA
'Cg‘ri{) ;JZ 'ngﬂ . g‘; yt hepSiinerd? MiRGhg $he RUATEE $e 9 RNR pRiyntEihsé bldhibtes YiHEST S Of

RNA generated can then be subjected to further process steps, for

instance either by being labeled and hybrdized to DNA on arrays or by

20 being reverse transcribed, optionally using a fluorescent, radioactive or

otherwise labeled substrate, to generate labeled ¢DNA strands. The

resulting product can then be hybridised fo a DNA array, or attached to a

support (e.g. glass, nylon, silcon etc) for subsequent hybridisation with

other nucleic acids, or used in gene-specific PCR experiments.

25 .

PRIMERS

The specific structural features of the primers used in this

embodiment (first and second heeled primers, primers used in step ¢)

30 include an increase in GC content as compared to primers of
embodiments | and Il

Thus, the primers used in this embodiment comprise a heel

sequence having a GC content ranging from 60% to 80%, most

preferably of about 75%. This increase in the GC content permits an

35 increase in the stringency of the hybridization conditions used in the first

38



RNA, suitable for hybridising to Gene Chips or arrays bearing sense gene
specific oligonucl eotides, or for subsequent reverse transcription io and

hybri di siyipoikodshe resultant cDNA to antisense gene spagitirrdo/osss7
ol i gonucl eotides. In contrast, inclusion of the RNA polynmerase pronoter in

the second heeled priner allows synthesis of sense RNA, suitable for
hybri di sing to arrays bearing anti sense oligonucl eoti des, or for
subsequent reverse transcription and hybridization of the resultant cDNA 15

to GeneChips Qg dfly i n' le%e&s e eth% b:%v@hﬂ In this
cont ext , it is essen rs conp ses a

pol yner ase bi rifintglei¢ taé'dsbﬁm%“lsh’@ ﬂ"P ﬂNR' od ¢ r“amPWﬁ)ﬂB‘ﬂ thuse RNA
generated can rb@éhtnh mnebsmh@sis ta¥ ther higRrmoleealas weighp 8DNROpediest ance

?Li??éebtrgﬁéc spfAe @%t?%ﬂ%éw 06 Rt s SEp AL efRpBkTale oY v or

ot herwi se |5abel ed substrate, to generate | abel ed cDNA strands. The
resul ting product Caﬁ\éPﬂéTeﬁé‘d Bﬁ%ﬂﬁhéﬂdthb%b%v%n?éré%bmﬁase%tte%%hed to a

support (e.g. a for _sub t atiron with
othor nustere oy Seavge S6Lin et el sehuertes S AN D andreh thelr Hes! pry Ve
The specific sequenee.al features of the prinmers used in this enbodi nent
(first and second heeled primers, prinmers used in step ¢) 30 include an

i ncrease in content as conpared.to prjiners of enbodinents | and I1.
Thus, the Hrﬁ@@%&spﬁcﬁ o ee‘ﬁ%dﬁ mg%ﬁ?ﬁt@@rgsg%mve@gﬁhme havi ng
a GC content rfistgherded pomes @Poputatiof®bonsists of arpdmiatiory ob huelbizudcidd% Thi s

increase int ' t 35 increase in the stringency of the
hybri di zat i onh%ﬁ fn%gt‘r‘ams ﬁhatsﬁg'&fl rst 38 WO 01/06004 PCT/ EPOO/ 06887

set of anplificati on(')cycl%i‘eelfs%l@ﬁcépf 16ter22opugiectidas: indgnathevhiether at i on
of nucleic acid bridges iigsidiecdnysiementary it dhe Bt stearel ¢DNA aod théus

P cerved Sht g 2t epe ) " dRRNA FefHbibsTRAEN frBhertin Hid s, P!
(i)~ An option but preferably present RNA polymerase
promoter site;
(iii) an oligo dT sequence of 15 to 35 nucleotides in length; and
(iv) a variable sequence of 2-4 nucleotides in length that can
20 hybridize to a MRNA molecule at the 5'end of the poly-A tail thereof,
wherein substantially every possible variable sequence combination is
found in said first heeled primer population.

~ According to this specific embodiment of the method, the
25 variable sequence of 2 to 4 nucleotides is selected among the following
variable nucleotide sequence : §-(A or G or C)-N-1.3, wherein N is a
nucleotide selected from A, T, C or G.
Preferably, the first heeled primer includes the sequence of a
rare restriction site which may be located at any position within the heel
30 sequence and preferably at the 5 end or at the 3'end of the heel
sequence of said first heeled primer.
Preferably, the oligo dT sequence has a length comprised
between 20 and 35, more preferably between 25 and 35 and is most
preferably of about 30 nucleotides in length.
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In a preferred enbodi nent, the above priners conprise at |east one

cl eavage site in their heel sequences or at the 3' end o; their heel
sequence. I t her aspect of the third enbodi ment o
ineention,%wﬂgﬂmggfst heel ed primer popul ati on consi sts o popufﬁtlon of
nucleic acids conprising, fromb5'" end to 3 end: (i) a heel sequence of 15
to 22 nucleotides in length which is not conplenentary to the first strand
cDNA nor the 15 nRNA nolecules initially present in the sanple; (ii) An

ti but f er abl ese rase e (diy 42N oligo
d sequence of 15 o’ ol roPEl o, Sardfi REC xaRaE"MEusgios gt 2 ) 4
sequence of 2-4 nurleddisles @fstherfirseheglnd tﬂimefclarﬁefﬁbeﬁ)ﬂmqﬂﬂ the fallowingrNA
nol ecul e at the »ﬁar%cb AficlbbRiePsdglienbesd: 85'1(Atc5?9(‘36t9fc) NheBeiwheteiR a9 al |y

ever ossible v ahl e s 0 on is found in sard first heel ed
pri rr)érppopul atlo l%g E%e‘{]@mf‘ﬁ} gbgg‘érc fic enbodi nent of the nethod, the
25 variabl e siaquence oi\szahteadxl descited the Sq snggehbﬁmgé ?\ﬁaélsgqum;:;fmﬂ | owi ng
vari abl e nucl eot jhde fag WENSE nn% ﬁg&;qgﬁs%a trlére @ r%

nucl eoti de sel ected from 'Ip refera rst heeled priner
i ncl udes t he seqﬁfggﬁréb%fbeﬁ”eﬁrhﬁ% and§Q% anddp m&t@rqﬂ@r%mv Rhpbpdt T¥%at ed at
any position witThe hidmemebnteﬁﬂoﬁmﬁéeles nbé&*ff&héﬁirst RéelbBrimerend or

t the 3" end of q $a p P ferably,
the ofi go dT sedtidien ¥,go0f Eng, o b8, riler 38, é#r?%’@ g,
preferably b wéammgmaﬁ@%semmsematt her eediuap istringeney byleridization
nucl eotides in |Wti&ns&ﬁat\/@e0&é&5ﬁ%bﬁqﬂ EBPQﬁ 088thé pledent iRl eHNA

eo

variant, the var@ﬁﬁﬁequence of 2to nuc tides of the first heel ed
prinmer is select the fol | owi ng var| abl e nucl eoti de sequences:
-(Aor Gor O-N1-3-3'", wherein Nis a nucleotide selected fromA, T, C
or G 5 As already desgy éﬁtﬂﬁer adpRclbr FRNUARE ebodiffent SRt s2RONE Resiel
15 primer population consists of a population of nucleic acid sequences
each comprising, from 5end to 3’ end:

{i) a heel sequence of 25 to 75 nucleotides in length which is
not complementary to the mRNA molecules present in the sample or with
the first strand cDNA molecules synthesized at step a); and

26 (i) a first variable sequence of 15 to 25 nucleotides in length
selected such that substantially every possible sequence combination of
15 to 25 nucleotides is found in said second heeled primer population.

Preferably, the heel sequence of said second heeled primer

comprises the sequence of a rare restriction site, which may be located
25  at any location within the heel sequence, but is preferably located at the
3'end or at the §'end of the heel sequence of said second heeled primer.

In a specific embodiment, the heel sequence of the second
heeled primer ranges from 25 to 35 nucleotides in length.

in another specific variant, the heel sequence of the second

30  heeled primer ranges from 45 to 75 nucleotides in length and comprises
a RNA polymerase hinding site.

In a further specific variant, the heel sequence of the second
heeled primer ranges from 45 and 75 nucleotides in length and
comprises a RNA polymerase binding site located at the 3' end of the

35 heel sequence.
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the first heeled prinmer is conprised between 50 and 80% nore preferably
bet ween 60 and 80% and is nost preferably of about 75% . The high GC

content Qfo éfMRedace! sequence of the first heel ed pri nerpctatdoduésa good
annealing of said priner to the corresponding io conpl enentary sequence,

even at the nedium stringency hybridization conditions that are used
notably at step d) of the present third cDNA anplification. In another
aspect of the third enbodi ment, the second heeled 15 priner population
consi sts of a popul ati on of nucl eic aci d sequences each conprising, from
5'end to 3 end: (i)_a heel sequence of 25 to 75 nucleotides in |length
which is not conpl efbgt firsy variable saquanee)| efc dhe ssenoadc heeled PABEEanpl e or

}Nitht the flblrs opillatiMdha$d\reférablyu ’l@%o&ﬂnhl{?@éétidﬁé ihltleﬁgﬂioaﬁd isl mfstgo (i Ih) a
irst variable_s ot | e sel ected suc
that  subst ant | RETS/SEY e?ygsaéf’ b idReandgiatohe JrsiivigBle $82.E568

nucl eot i dess i soff thmdsecnn&dﬁ!alecbmmmpepldatlm iisrdongeip thentfirstn vafablé er abl vy,
ﬁngehreg!stfleggl ¥t SeIHE:% eséifdéﬂg ﬁﬁéd? nﬁférr@ed Wﬁﬁﬁbﬁﬁ%hékﬁsﬁﬁﬁmﬂ'fﬂfﬁ ?Lea
heel sequence,S4f9nd; eMmpp mgaés‘f'@@ Vﬁta"fjr%eg%%ﬁe‘/'tﬁb?%& ?‘ﬁg'"%nd of the
heel sequence efergasetondcbesletheprimer of i ther populatian dpeits faorrespbadingent , t he
heel l eotid
1l onhere gAY BT o SR S o g o
heel od priHer stapgidhe ftshand sesond sehief aptlifications ayeiesof stees EbARA| ses  a

RNA pol yner ased)pi nding site. In a further specific variant, the heel

Tenoth and compr: sob JoTRER fiSs &%ﬁ@ SaIGRS, B, B DR Lo
of the 35 hedbelangjngnta. thaosqeonsh mmmmu@ga?wa'shéewrest vari abl e
sequence of t hearfieaamg dmeetoed\epgtemér EﬁQtH of Itmﬂé%sseqaémeahhmﬂ&sto 20

Puct ot deg | Iheighe), Gifieba Bilee® 2 508140 niloBRELL in'brBh bRt 2 1"
most preferably of about 27 nucleotides in length.
in a first preferred embodiment of the second heeled primer
population, each nucleic acid sequence also comprises a second
variable nucleotide sequence preferably selected according to the criteria
20 set forth in the first embodiment.  Preferably, the second variable
sequence of the second heeled primer is chosen from the group of
sequences consisting of 5-CGAGA-3’, 5'-CGACA-3’, 5'-CGTAC-3’ and
5-ATGCG-3', such that each of second said variable sequence is found
in said second heeled primer population.
25 In a preferred variant, the heel sequence has 28 nucleotides in
length. .
in a preferred variant of the second heeled primer population for
performing the third embodiment, said second heeled primer population
comprises a heel sequence of 25 to 30 nucleotides in length, more
30 preferably about 28 nucleotides in length and having a GC content
comprised between 50 and 70%, more preferably between 60 and 70%
and is most preferably of about 68%.
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5 of the second heeled prinmer population is |longer the first variable
sequence of the second heeled primer used to performthe first and second

enbodi nment ed above and are thus suitable to sta ery
ﬁg ‘3%8{06 I Gor0ds

second hee r of the population to its corresponding ~conplenentary
DNA sequence during the annealing and the elongation io step of the first
and second set of anplifications cycles of steps ¢) and d). A longer first
vari abl e sequence for stabilizing the priners belonging to the second

heel ed prinmer popul ati gn was reguired, rticul a due to.the greater
length - of the heel stqOB%EPeck |V@H'3P§°Eg}‘%rsém‘gl%‘9"@§%rqfstgﬂ t8158\/\/een 25
and 30 nucl eot i eesbadimbringhe heel seguentest opitkd dirstbhgeled @imert ad the

nucl eotides in I %Egﬁty'heﬁ@d%n{ﬂéﬁl'e Bgﬁ{{&ﬂred enbodi nrent of the second heel ed
priner popul ation, sequence al so conprises a second

vari abl e nucl eoti de sefiRfnatively, dnehael %%‘éﬂ@%ﬁ elthadusl hpaled pemenandriteria
20 set forthsin thé%eémcﬁheaab(yﬁh@@har@ é@e@;ﬂéﬁéé’ of B RaSEGH tBnyektgl! e

sequence of the s | mthe up of sequences
consi sting of 5 ”%E%R?ﬁe% prefgra aﬁﬁ%'%ﬂﬁc@we%’e%g@ TGCG 3', such
t hat each of second saA@bOMngatml dhis e sproifie ersbddzmant ihn cBNA ssiodsl heel ed
primer popul ati %‘es&ﬁ ih thé rﬂ&ﬁf?@rob%in dcﬂra't% entd {c %ﬂ‘!@é‘&gee

nucl eotides in re erre prlner

ar.i sec
popul ation for %BB@W&S? Sgaienge %eﬁ’f’é)ogét 38@%#@8 pri ner
popul ati on monmhzeteareacdn@émemqemcaesedueaﬁehom@ﬁsewm tﬁelr Btend.iln thiengt h,

rore 30 pr of r Akeahcod JHAG SHERAE S I ShERIAA BB ebGrgont o

conpri sed between nDre eraf between and is

most pref er abl y regenasaige deﬂao}s siep %ayg/a)mbztemnczrb@@%eaeeal ang TBH%
speci fic vari antbeaio lo fﬁ@&@ﬁﬂe&éﬁtﬁé%&t{g Véf &h ftfi&ﬁtrémréaétu@ﬁ@aﬂstﬁp ). the

dent cal - ALt e P, ﬁg‘?%b@dse?éh@f‘@m@gg%#*@h@gf%%”%“H@iﬁﬂeﬁhf | mor and

identical. Alter na
15 canymg out step (d) of the present method are mainly large cDNA

molecules, including cDNA molecules comprising a sequence which is
identical or which is complementary to the full length mRNA species
initially present In the sample.

20 The heel sequences of the first and second heeled primers
preferably comprised the sequence of a rare restriction site located at
the 3'-end or at the 5'end of their respective heel sequence, as well as a
RNA polymerase binding site, preferably located downstream from the
restriction site.

25 In a first variant, the restriction site sequence of the first heeled
primer is identical to the restriction site sequence present in the heel of
the second heeled primer.

In a second variant, the restriction site sequence of the first
heeled primer is different from the restriction site sequence present in

30 the heel of the second heeled primer.

Advantageously, the restriction site sequence inciuded in the
heel sequence of the first heeled primer or the second heeled primer is
selected from the group of so-called ‘rare cutters’ which comprises for
example Not1, Bsshil, Narl, Miul, Nrul and Nael.

35
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5 the second heel ed priner share a sequence of at |east 15 consecutive
nucl eotides, preferably at |east 20 or 25 consecutive nucl eoti des.

Accor di ngyd f/dshiss speci fic enbodi nent, the cDNA strandspcipiragadssy i 0 t he

m xture obtained at the end of step (c) of the present nethod conprise a
sequence in their 5 end of at |east 15 nucleotides 1o which are
conplenentary to a sequence conprised in their 3 end. In this context,
second cDNA strands of a short nucleic acid length that are regenerated
during step c) nge a high tendency to self-anneal and thus be no | onger
avai l abl e for the set(s) of anplification reactions of ste

Accordingly, the fir$he presentiyentiomfuther relates tokits faw@eaamplgfp%w when . 15
carrying out séfethe(IARNA sbé@ie@r @serit iAed hﬁﬁhp?é esdidi kil beingr g

Gont i cal or ASENEE ﬁ%ﬁ‘&w@ﬁ”‘hﬁhf@”@ ?W?I'ﬁﬁai'ﬁﬁ“rﬁgmﬁ"ee% b

initially [ﬁremel n the sanple. 20 The heel sequences of the first and
second heel ed pri ner?hu@ra{aﬁ@fbbmewamfnesmeﬁm ESHHIOR S §fk.tafor e

restriction site loc end n el espective
ool Seuonce. araalRafion gt Bie mBNA BosdaRpReaRtin AISHGR Wierain Seit Kby
| ocat ed downstcomsprisesom the restriction site. 25 1In a first varlant t he

restriction site SquFEﬁF‘st%efeB rn‘lér%o#ﬂ%ﬁbﬁdan rimer is identical to the

restriction site seqiience E?‘ of the second heeled priner.
In a seconl variant, ('QﬁéeFEB PE'Ppcﬂﬁ'"&qrtP@F’E@E{BB'nce of the first heeled

ﬁ“ Imerf | shdl fftbeﬁ{jst re]:hclcser:qbrlmlsheeletirplnr;rtersrmpeolatnemsbeimgmieﬁnqam abové. in 30 the
eel of the secon e restriction site
sequence i ncl uded |n§§ke£"ﬂﬂggﬁé%k@gﬁggtfm I'r?ﬁlnsé heel ed BI‘I mer or the
second heel ed pri ner (if)sa fissy pamed mﬂﬂﬁilﬂméf@tdeﬂﬁtoﬁ pastien (of de “hegl e
cutters' whichyeg gﬁéégﬁﬁefﬂﬁgth ™Nahd, Bsshli, Narl Mul, Nrul and

Nael . 35 4 WO 01/ 06{)\% 5%%43?'8’5@ S%Xmst}ﬁlg-ro a‘lir]ga&r e% |on &V%Qtﬂe%'i‘ further

relates to k| ts for
seqguence of the second heeled primer.

In a specific embodiment of the kit above, the heel sequences
of the first heeled primer and of the second heeled primers are identical
or alternatively share a common sequence of at [east 15, preferably at

20 least 20, most preferably at least 25 consecutive nucleotides in length.

In a specific embodiment, said amplification kit may further
comprises a restriction enzyme that recognizes the rare restriction site
sequence present in the heeled sequence of the second heeled primer.

In another specific embodiment, said amplification kit may

25  further comprises a restriction enzyme that recognizes the rare restriction
site sequence present in the heeled sequence of the first heeled primer.

In yet another embodiment, the kit further comprises a suitable
RNA polymerase.

The three mRNA amplification methods of the invention make it

30 possible to amplify large numbers of samples easily and with high
sensitivity.

The ability to analyze subsequently the expression of many
genes of annealed sequences, both at high and low abundance, in
samples taken from as little as a single cell, potentially allows it to be

35 used in high throughput screening systems.
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of the nMRNA species present in a sanple, said kit being specifically
designed for performng the third cDNA anplification nethod described 5
above. Thugﬂogﬂ?%@pr obj ect of the invention consists of paykiebo/degss t he
anplification of the nRNA species present in a sanple, wherein said kit
conprises: (i) a first heeled primer population; and 10 (ii) a second
heel ed prinmer population, the first and second heel ed priner popul ati ons
bei ng defined above. Said anplification kits may further conprises: (iii)

a first primer consistji I | ' I ce of
the first heeled pri rre:‘,;aﬂa% k?@s(cﬁ\a}?ﬁgﬁsg%%@% ?érgpggoﬁ??stﬁ ?\Ig&g at | east
a portion of thestadiap malefale feepeffofmHag thecshNARmeplfigation ﬁﬁh°q§1°fath§peci fic
ethdJod:c ﬂfﬂt of tmgvésnttolnatwm,ast e heele %amtﬂeﬁﬂ%% ceff dytup!és;a? Sir &venl @d pri nmer
and o e secon e riper i .0 v are a
comon seguence %‘?'{}i‘? q?gggtceq&ﬁoﬁmﬁggﬁf ESH'QB éfe‘g&aé%ﬁ %ﬁ%&sﬁéf erably
at |east 25 consealisrndalsnmRiA molecules extragied fromha desiedtissue. enbodi ment
Fecogn 265 the rage r oSpNA Milecls, oRATBS o e Grlt S S bhe e Ang MRe e
sequgnce of the g@@%rﬁf“ﬂ'@@?&@ ﬂr‘?"h@&? dspﬁ&ﬂqggf%%&vegggﬂiqé 2’3 Brdfe“re?éﬁt, sai d
anplification kipurpeses idQuflimgt her conprises a restriction enzyne that

coquence of the 11 st RLEPAROEA FOARIRRMEDAR RIERE ok brhalaoihac,

sequence of the first n yet another e ment,
further conpid se@ftigsy@ii t abl e RNA pol ynerase. The three mRNA anplification

met hods of the inventi gy segkendig ariyes of ehet exprepsivhyinl smpd tiesueer s of

sanpl es easily ag}%} i.t.h high sensitivity. The ability to anal yze
subsequently the % ssion of many genes of anneal ed sequences, both at

hi gh and | ow abundanceg) subtrasting thes amplified pioghetiiomi two different samplgse cel |,
zgt entially all oy iahalySingCgerta HIRFeritAIN PrdsBed LEMEEN IREMEBUEH a8y St ens.

15 described by Diatchenko et al. (1996, Proc. Natl. Acad. Sci. USA, vol. 93:
6025-6030), and then by cloning and sequencing the sequences
expressed only in one or several tissues;

d) transcribing mRNA using labelled precursors for use on
hybridisation arrays, such as described by Duggan , D. J. et al., (1999,

20 Nature Genetics, vol.21: $10-814);

e) transcribing RNA and reverse transcribing in the presence of
labelled precursors for use on hybridising arrays;

f) labelling the cDNA obtained by anyone of the cDNA
amplification methods of the invention during the amplification for use on

25  hybridization arrays;

g) diagnosis of aberrant gene expression in small tissue
samples from humans, animals and plants.

h) analysis of the effects of drugs and other agents (e.g.
infectious agents, carcinogens) on gene expression in vivo and in vitro.

30 In the latter case, small tissue samples or cultured cells may be
used. In the former case, small tissue samples can be taken from living
organisms without any disadvantages since only very small samples are
needed;

i) analysis of gene expression in single cells using anyone of

35  the cDNA amplification methods described above.
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WO 01/ 06004 PCT/ EPOO/ 06887 Various kinds of nmRNA containing sanples may be
used as starting materials for performng the cDNA anplification nethods of
the invgitdiboesasuch as the whole content of a cell cytpRiE§iidedr even a
portion of the ceII cytoplasm such a portion of cytoplasmof neuronal 5
cells and al so nRNA nol ecul es extracted froma desired tissue. cDNA

nol ecul es obtained at the end of any one of the three cDNA anplification
nmet hods descri bed above can be used for many purposes i.ncluding: a)

cloning and producti ?’Qr@ﬂﬁ&ﬂﬂﬁ‘ driréi @n?ﬁ?RNAOéQrﬁglF%'froﬂﬁrgfﬁg(escell%%n‘&f ti Ssue

b) sequencing analy ene expresSion 1n
subtracting tﬁ@%ﬂnﬁﬁmﬂ’ P&df%lsHﬁﬁﬁ,q ent kfarynaking oF expression Iasswtahb anal ysi ng
genes dif fer ekt wsbmn@ysfeﬂ%Sed bet ween them such as 15 descri bed by

and then by o e ng % %@Re dts &F i‘ﬁeqwﬁ%hﬂ%"“%mﬁ@eﬁ@%mqggfnGSﬁ? or

sever al t|§sub§tndt)|lmlteﬂnf@c esented hereaftered precursors for use on
hybridi sation arrays, such as descrl bed by Duggan , D. J. et al., (1999,

20 Nature Gene : ' RNA and reverse
transcribing F&4 E ' : ‘ 3 fitst se on hybri di si ng
arrays; f) Iabaibommerﬂe cDNA obt ai ned by anyone of the cDNA arrpl I fication
nmet hods of the invention. during the anplification for use on

hybri di zati on arrays |s of aberrant ene expr essi on |n smal |
t?/ssue sdfpl es frgnmﬁﬁﬁ@?aq%ﬁ ToH W raf; ran, | aﬁ)’eﬂﬁgpy@%s‘:ﬂ bedne effects
of drugs anbl thwr dexivestd frorel 0. pg totbheRNAO{eguivgient o treaRNANcorttest) ofon gene
Expression | “ J?QQPP r10"deil§)qfvas éﬂghﬁio‘ Eﬁér&bg% tHe st er?nBB& L‘rﬁn‘t SSU€

sanmpl es or cu ture er. case, tissue
sanpl es can bAflerkeverse Hamrtpﬂﬁ@onlys gane specifie AR assays ‘G?@akﬂﬁéimeages si nce

only very smaWwhefdDNA defived frovheHér@;than 10 pg of total RNA was used in each
15 assay, as shown in figure 1A. After the first amplification step (c), the
majority of the genes were detected using 2.5% of the amplified product
in each gene specific assay (i.e. each sample contained material derived
from 2.5 pg of the original RNA), with some gene sequences detectable
at lower levels, as shown in figure 1B. After step (f) a further increase in
20 sensitivity was observed with all the genes assayed being positive using
as little as 0.1% of the amplified product (i.e. amplified cDNA derived
from 0.1 pg of the initial total mMRNA sample), as shown in figure 1C.
Therefore, using this approach, the expression of up to a 1000 genes
could be assayed using 0.1% of the final product in each gene specific
25 PCR reaction.
Reverse transcription

Total mMRNA was prepared from rat whole brain using the total

mRNA isolation system from Promega according to the manufacturer's

30 instructions. Reverse transcription was performed using thermoscript
reverse transcriptase or MMLV reverse transcriptase according to the
manufacturer's (GIBCO-BRL,Paisley, Scotland) instructions.  The
reverse transcription primers used were composed of an anchored oligo-

dT primer with a specific ' heel sequence absent from the mammalian

35 data bases. In some instances a RNA polymerase (T7) promoter site

45
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i) analysis of gene expression in single cells using anyone of 35 the cDNA
anplification nethods descri bed above. 44 WO 01/ 06004 PCT/ EPO0O/ 06887 |)

anplificat 'v%' {) Jul | length RNA sanples from single cel bgrapghosse! |
sanmpl es, for subsequent |ibrary making or expression in suitable

expression systens. Preferred enbodi nents of the invention will now be
illustrated, 5 but not limted to, the exanples presented hereafter.
EXAMPLE |- Rat brain nRNA anplification using the first enbodi nent.

MRNA i sol ated from whol e rat ra| ri erlved
from 100 pg tot VAR fﬂﬁﬁ%ﬁeg qsﬂfrt%ﬁﬁl}g §8 % ﬁ%o%r 'gl\éﬁggand 10
cells) was anpl |Werecasasfmrrinrﬁfﬁdi3ma first enbodinent. After reverse
transcription ongyn 9fpe ﬁ:%EC|¢TéTB '

derived from rmre than é pﬁ total RNA was used in each is assay, as
shovvnlnflgure Cile first anplification step (c), the mjority
of the genes sere det ected using 2.5% of the anplified product in each

ene i fi ' I ' : ' ' 2.5
0g of “The or i gi nal SEPH ERE SR einfiaRs WAL il By inglibdting gonAT O
| evel s, as showndérivetiifepm 400 pg ohtat@lRNA sith (45 paaok & mixast primen Repsdation 20

sensitivity was Qimp ft?rfmsh ak! héé!%?%& FHsBAY ROMIAE Rtarivalidn ¥&tausi ng

as little as 0.1%of t t{"i‘}ﬁw %ssﬁﬁ{% &d $D§Ang i ved

fromO0.1 pg of tPRESSn
Therefore, ust ngnmd&ecﬂndap;iNbMN wmm'ed*pewesefﬁa AfC. S Qroﬂaarmawagah!es could

be assayed usi gty ﬁ%ﬁﬁdﬁ% CBAGAD GEREASPECTALS ands PCR

brain using the AB é %%%m%ﬁ% L e b BB BB B o (e

nﬁnUf acturer's @iitilestsitest ororthe sy estrandt clmcrandt ipimensscared fstramdd usi ng
to the. manuf act bEees R Sidh A0 stk A i**%ﬁ?ﬁf‘fﬁ@ﬁés?’% o The
reverse transcripimeneyensien wag peromesdior 819 6‘§eﬂi 73f ASING-RARBY 13"@ éﬁf‘go-
polymerase {0.35 units, Applied Blosystems Warrington, UK) in PCR-1
buffer containing 67 mM TrisHCI (pH 8.3) 4.5 mM MgClz, 6 mM beta-
mercaptoethanol, 0.16% bovine serum albumin and 0.5 mM dNTPs.
Subsequently 1 ng (each) of the reverse transcription primer heel
20 and second strand primer hee! were added in 5 pl of PCR-1 buffer and
the reaction subjected to 10 cycles of 92°C for 0.5 min, 60°C for 1.5 min
and 72°C extension of 1 min, followed by a final 0 min extension. A
further 10 ng of each heel primer were then added in 20 ui of PCR-1
buffer and subjected to a further 40 cycles (as before). The final product
25  was then diluted to 100 pi with water and samples (2.5 or § i) used for
subsequent gene specific PCR assays, or subjected to a further 40
cycles (of 920C for 0.5 min, 60°C for 1.5 min and 72°C for 1 min,
followed by a final 10 min extension) in the absence of added primers.
This was performed in a PCR-2 buffer containing 3.5 mM MgCl;, 45 mM
30 Tris HCI pH 8.8 and, 12.5% sucrose, 0.1 mM cresol red, 12 mM beta-
mercaptoethanol, 0.5 mM dNTPs (Pharmacia), with 0.6 U AmpliTag DNA
polymerase (Applied Biosystems). This product was electrophoresed in
a 2% agarose gel (E-gel, Invitrogen) and the high molecular weight
products isolated from the gel using the Qiagen Gel extraction kit
35  according to the manufacturer's instructions.
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dT prinmer with a specific 5 heel sequence absent fromthe mammualian 35
data bases. In sone instances a RNA pol ynerase (T7) pronoter site 45 WO

01/ 06004 WS hiokRP 06887 was incorporated at the 3' endcafepbissssree!
sequence. The prinmers used were as shown in SEQ ID N3: SEQ I D NO3:

CTCTCAAGGATCTTACCEC (A /GO (A GC T) 5 Second strand cDNA synt hesi s was
initiated by incubating cDNA derived from 100 pg of total RNA with 25 pg
of a m xed priner population consisting of (5'- 3 ): a 5 heel sequence

absent fromthe W} T@q[&g a stretch of
5 random Fo nuc r@tgﬁgg &Sﬁwﬁg represe ts 2% %)rfT) and a
vari able penf F‘éc thgenesresificpimess abdc and  ATGOG,
as shown in Shgireactigh, Fﬁ)lloﬁlngmh i?utlaTﬁemn denaturing step (928C))kaeh PCRII ti pl e

sites on the fyé{gtcoﬁg.sé%fm P BeR BT (G55 b Bfenfitensel,o 17 om sueh

primng sites ter anneal nsi on was

per formed for agd min %l?ngﬁ@nd 219 mmafm!;emnswpcfwﬁgmat (@Q&5 units,
Appl i ed Bi osy%ech;R%duotmwhHK)se Bratéed by elebtrbpifdresiem ai2sng 67 mM

Ser um &l burr n 268 ST M HRG A egu”%@ghérgm'{f?aﬁgﬁbé’“ iR Betyetng. 1 over o

transcri pti on Theigene-specific prithess usedweralas follaws: @ Tubulin, r(aettessmne added in 5

pl of PCR-1 by re\m'nzztshssbe@wa)an&gs) ettt (deddiofi Wahizrof 92C for 0.

mn, 60C for e t
mn extenéPon%’oizq](ﬁEﬁgg qés : Qzﬁ%@@? @F‘?%"é!o &hen added in 20
pl of PCR-1 MZ5687, 8EQ lﬁjﬂf‘ﬂ:am'm 3) Adehosiné &l réSeptyr; |(accessionbef ore) . The

final product ngmpsRsy {7899, SEQHERQ1Ladd S5 PAdshblndBoN retfghopampl es (25 or

5 pl) used for )sequent q_fne specl ays,. or subj'ected to a
further 40 cﬁqqs§s'(>6ﬂum€; 08108, SER IR Nteand,17); AdepesinaA®B7oC for 1 nin,
fol l owed by arédeptdr (A€cessionaumiser| M9)1466, SHQ IDINEBaMdof9)pAdenbgine mer s.

TE S ous, 35 B TRBebl: oistn Wi 194183 809 B 1o At ¥ 20 T
receptor (accession number, J05097, SEQ 1D N°22 and 23), NK2
receptor (accession number, M31838, SEQ ID N°24 and 25), trkA
receptor (accession number, M85214, SEQ ID N°26 and 27), trkB
receptor (accession number, M55291, SEQ ID N°28 and 29),

20 proenkephalin, (accession number, S49491, SEQ ID N°30 and 31),
synaptotagmin 1 (accession number, X52772, SEQ ID N°32 and 33),
synaptotagmin 5 (accession number, X84884, SEQ ID N° 34 and 35),
mammalian degenerin, (accession number, U53211, SEQ ID N°36 and
37), Glutamate decarboxylase (GAD67, accession number, X57573,

25 SEQ ID N°38 and 39), choline acetyltransferase (not in GenBank/EMBL
data bases, see Brice et al., (1989) J. Neursoci. Res., 23, 266-273, SEQ
ID N°40 and 41),

Without wishing to be bound by any particular theory, the inventors
30 believe that the increased sensitivity seen after step (e) is due to the
removal of products formed during step (¢) which compete in the gene
specific PCR amplification. These products contain repetitive primer
sequences which arecapable of priming on the amplified cDNA
molecules and thus reduce theefficiency of the gene specific reaction.
35 These products are removed
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mer capt oet hanol, 0.5 mM dNTPs (Pharnecia), with 0.6 U AnpliTag DNA
pol ynerase (Appli ed Bi osystems). This product was el ectrophoresed in a 2%

agar ose gel p I nvitrogen) and the high nol ecul ar wej fRegduct s
I sol at ed fr‘g&E{/ e gel using the Q agen CGel extraction kit g% accord| ng to

t he manufacturer's instructions. 46 WO 01/ 06004 PCT/ EPOO/ 06887 GCene _
specific PCR was performed on sanples (2.5 to 10 pl) of anplified cDNA in
PCR-2 buffer with gene specific priners at 100 ng/reaction. Fol | owi ng an

initial 2 mn de t ach PCR c isted of 0.5 mn
denat uri ng (92C)m&'%5§t%?ﬂf5ﬁﬁ§gﬁ? %’b enass Fesfﬁvﬁ’cg?@ﬁ%g??'&n (720) .
with a final extiseporatedintdthertigh molemtar welghd pRefcts dutingtstepé@)ere hen
separated by el eggtgiggioresis in a 2.5% agarose gel, stained with ethidium
brom de and the |mage rec rded. _.The gene eci fi rlrrers ed were as
follows: a Tubulin, oWEHN FighrBe anw%g é@? rog) 10P3- actin,
(accessi on nuberg of mtwmwpe&ﬁ@ tHe défectorn oik})ecaﬁmyeaaf‘sdqluencésﬁwessl on

nmb M25637, t i on
Earrbg: V12519, S %tDBK%%@gPi@ ﬁdgg‘?ﬁne d IR, {2 d""@ége si on
nunber. L08102, usamplified1cDPNAG Bl 7§ilutinge refs thee armiified ofstepa e & on
number, M1466, digfdbndofNirR: mghﬁe%) cDNAERY & The Rald W@Qtlﬁﬂlca@%éss' on

Tomoer Seo o Bl pryae: Kb, Fhywhich tné STRVA Deed TF 8535 oBNe MBERBE sco 1 b

N24 and 25), mtrmsaymwmhegaeddSs(BbanMﬁb&ne sodls hdicatastihel ano2d afnd 27),

br oenkephal i n. (et RN fom WMIREthe 4ot oo ‘é%s*" B! .ﬁ @'m (ie.

gynapt ofagrri n i ({?i(ﬁgeg%qrﬁﬁ %W@rthc’@'ﬁ%’? of f@*mﬁ jned after

synapt ot agm n 5 ameplifiestidrorofnabDNAr dem&bm SE@D | 6 Nof fotalaRNARS) Geneanmal | an
d ' r

decar boxyl aéZ‘C??E%@MLW@Ce’s%sﬁeéén&ﬁ%‘%%‘}a’ﬁ‘@??éwsf%g eherptid 8,

chol i ne acet¥l t daf 8?%&% first cembediment g Khenpyention: when wising aeplified ce at
al., (1989) J. MNeodundebntafiisy as fle 126Poth iniBAI@RNADARKOstep de)d Jurther

increase in sensitivity can be seen with detection at levels as low as 0.05
pg.

20 EXAMPLE lI: The effect of restriction digestion on the detection of

specific_sequences_after rat brain mRNA amplification using the
second and third embodiments.

25 L mRNA isolated from whole rat brain was reverse transcribed,
and the cDNA derived from 25 pg total mRNA (equivalent to the mRNA
content of between 2 and 5 cells) amplified according to Example 1, with
(A) or without (B) cutting with Mlu1 as described in step d), followed by
steps e) to g), figure 2. Each gene specific assay contained amplified

30 product derived from 0.6 pg of total RNA. Note the detection of the
adenosine A1 and A3 receptor after cutting (A) which were not detected
without cutting (B).
1L mRNA isolated from whole rat brain was reverse transcribed,
and the cDNA derived from 25 pg total mRNA (equivalent to the mRNA

35 content of between 2 and 5 cells) amplified according to Example 1], with
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W thout wishing to be bound by any particular theory, the inventors 30
believe that the increased sensitivity seen after step (e) is due to the

removal owopresucts formed during step (c) which conpet get/pdoligssgene
specific PCR anplification. These products contain repetitive priner
sequences whi ch arecapable of primng on the anplified cDNA nol ecul es and
t hus reduce theefficiency of the gene specific reaction. 35 These products
are renmoved 47 WO 01/ 06004 PCT/ EPO0O/ 06887 during.step (f), while the

D1 CoUl ar el it B e e T A s AR TR st NI BY O i gur e
nol ecul ar wei ryNg .

1, anplificat ?%‘%Psgf‘ ?%ﬁgg&l %/edE??"S&eﬁgépegﬁﬁgawyf&ngﬁm%"}ﬁ’gggﬁ ts the
detection of dpedustideriyed &rose06ngektotal RNARNote the incredseddrequisncy t hose of
unanpl i fied cwﬂdetéeﬁord{dfwhé)w%ud&a@'wm qﬁ!ﬁim a%ﬁ%hgﬁﬁ gf t?ﬁe
2l o MGG A2H serthl vl b0 SEmadli (SRR aemebn sea '
each gene speciecatboxyglasesayChAS, syahdiine aheabeﬁyltlra](lﬂ'brasayl (Ehdfthﬁgtscal e

i ndi cates the Wém i from whi ch the gene specific assay

!sarr;)I e was arré]g .egt@h'gﬁyhﬁﬂ%ef epresents one thousandth of the final
product obtained after anplification of cDNA derived from 100 pg of total
RNA). Gene sequecDNA (derieed ot 28 pgatotat RNATON irabbrait) was pepared bed in

t : ' | t . Of | hvent L on en using
zrrgloisfi(gél ltogrcj?zlgg?ﬁbé%cﬁéith%&Bgas%?rlaﬁg%&ﬂtﬂ%§ 8? 4‘%%25?#{'1 E&aéﬂ_’fmﬁ\fter step
(e) a further excopttoades af thensaoondstrand primsrs asewitSER R Ns2mhich at | evel s
as | ow as 0. Ozontns Gh&MMALElehvdge B8 mf bariculir Berdrei fdstiifiofi gifsti on on

ising the  sodBGPCREY ol e SHEITRE Aubifoatifh 1@ efes L3 aedibed it ol o rat
brai n was rev&xample sh{hr ob&xampiend (Ih) dONA dfthe adilutedb prafuchgvasot al  NRNA
e g o AR gt ok 37 vy e G AT Bl
gggg;i Ibgg i (r)] 5@‘@3%?: af:%qrpg\geta(tﬁé manu\%ﬁurer's il(lg}uc(iicns (BPomega). M‘ter
addition of EDTA to chelate the Mg“™ and incubation at 65°C for 5 mins
to inactivate the enzyme, 10 ul aliquots were reamplified in PCR-2 buffer
‘containing 0.625 units of AmpliTaq (and 0.05 units of pfu) DNA
20 polymerases for 40 cycles of 92°C for 0.5 min, 60°C for 1.5 min and
72°C extension of 1 min, followed by a final 10 min extension, in the
absence of added primers (l). In (ll), 10 ul aliquots were subjected to a
further 40 cycles at 92°C for 1.0 min, 95°C for 0.33 min, 72°C for 3 min,
followed by a final 15 min. extension. The product was diluted to a final
25  volume of 50 il or 100 pl and samples subjected to gene specific PCR
assays as described in Example 1.
In this second embodiment of the method of the invention, removal
of the heel sequence of the second strand primer was designed to
increase the sensitivity of the gene specific PCR by cutting of the
30 competitor products described in Example | (so that they no longer
compete in any of the subsequent PCR reactions), and also to promote
the detection of gene sequences upstream from the reverse transcription
primer site. The increased sensitivity due to removal of the primer
sequences, is apparent in the increased sensitivity of detection of the
35 gene sequences indicated. It is believed (but the applicants do not wish
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steps e) to g), figure 2. Each gene specific assay contained anplified 30
product derived fromO0.6 pg of total RNA. Note the detection of the

adenosi ne ﬁ’?ﬁ{g)&@@? rie]E:eptor after cutting (A) which V\erq{&%ogﬁgséct ed

wi t hout cu . MRNA isolated fromwhole rat brain was reverse
transcri bed, and the cDNA derived from25 pg total nRNA (equivalent to the
MRNA 35 content of between 2 and 5 cells) anplified according to Exanple
11, with 48 WD 01/06004 PCT/ EPO0O/ 06887 (A) or without (B) cutting with
M ul as described |n ste , fol]owed st eps to ), figure 2. Each
gene specific as"é’ag?ec ‘PH'% %&daﬁﬁﬁ“?‘?rﬁéﬁép?mW@@Pﬁv@@@%mﬁg.93“59 of

t ot al (RNA Nf)te sdipience gensrated digingesteyy (¢) atin defter strand sepatation kbB2Ehundance
nMRNAs (manmal i a e | . r o] of

rodl um (G067, (3 ceaaed’ dnor el do' KRl bompRoibiianCode 7
and high (SynapRemayief e sanondamtaed RN erlr pOdmpliieation wéhiibeal RNA
fromrat braifn) wasf ma@m%r BHA polyr8dse Phi eah adsibDthie prtdsst initds aept hesi s
as described i nv\ﬁx%rﬁwl e eﬁfcecﬁt fﬂh.e Qe% of the seconéj( strfmd t§r| ners as
with SEQ I D N2, WAPETOYRS Bf ampliiied,ajgrig] containhg seaupRee Hpsysam FeM P a rare
restriction siteevésedansyriptionttriones'site gan bafinareasedol i fication to step c) as
described in Exanple 1 (1) or Exanple 3 (I1)), 10 pl of the diluted
product was is ipcupated i.n a total of 20 pi for 60 mn wth 2 units
o Mul 1n 6 0 MaARENEIn kil g Rertd. ofte Reedic.BCR eRerStondby wihodns
(Promega). Aig er(B)aaidi witbr(Aof ctitifg with theerareecutiee réfifictiameénzymaddiuition at
65C for 5 mns lN i o, 1 SOy | t lified
in PCR-2 buffer é@yﬁt%i%ﬁ@ éﬁtgeunl tg%ofd%%r?g{)ri‘?%ﬁq anagmg.aé@(:éu s of pfu)

DNA 20 pol ymer astupgeessy ths agenesite Adand AP MicRPIOSHC for 1.5 nin and
72C extension of | mn, followed by a final 10 mn extension, in the

absence of added.{kiseF! | el | L. 0 to a
further 40 cycl e i FZ ')A .' Lo Fof—o- ™1T; S0 f i n,
fol l owed by ¥ figbodiments. extension. The product was diluted to a final

25 volune of 50 pl or 100 pl and sanples subjected to gene specific PCR
assays as described InlnExoar rl?o 1i'ncrease the sensitivity and specificity of the
amplification process, two heel primers were designed for use at high
stringency which were able to amplify single copies of lambda
20 bacteriophage DNA in the presence of a 1000-fold excess of rat genomic
DNA i.e. they were highly specific for the complementary sequences and
able to amplify single copies (data not shown). Using these primers in
the third embodiment of the method of the present invention, amplified
product derived from as little as 0.01 pg of the initial RNA were positive
25 in the gene specific PCR assays. This amount of RNA represents
approximately 0.1% of that contained in a single cell. '

Reverse transcription: Total mRNA prepared from rat whole brain using

the total mRNA isolation system from Promega according fo the
30  manufacturer's instructions. Reverse transcription was performed using

MMLV reverse tfranscriptase again according to the manufacturer's

(GIBCC-BRL, Paisley, Scotland) instructions. The reverse transcription

primers used were composed of an anchored oligo-dT primer with a

specific 5’ heel sequence absent from the mammalian data bases. The
35  primer used SEQ ID N°42 is indicated below:
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In this second embodi ment of the nmethod of the invention, renoval of the
heel sequence of the second strand prinmer was designed to increase the

sensi ti viwpopbsobhe gene specific PCR by cutting of the 3ergpiiReisst OF
products described in Exanple | (so that they no | onger conpete in any of
the subsequent PCR reactions), and also to prompote the detection of gene
sequences upstream fromthe reverse transcription primer site. The

i ncreased sensitivity due to renoval of the prinmer sequences, is apparent
in the increased sensitivity of detection of the 35 gene sequences

S, MR o R P, 4002

gene sequencel DENE, &, &) (ApCj GgTytep (c) can, after strand separation at
92C, be extended. after annealing to | onger conplenentary products.
Renoval of the second strand prinmer heel, and anplification with the 5
proof readi‘ng DNASSSP)d-strand synmeélamegwtsated ipysneuhatingcDNA derived way t he

anount of anplﬁdmemomaﬁ@bf%taPRWw&thD ﬁgwf%égrﬁ%\;\!ﬁbr\ﬁ FlrrgéerrGW@H?pa:SV(erl)se
t I N ,
gene speti 1o R SPrbosEd off (B} 151 3 ee] Secphin, pens o el ng
with the rare raamm,ahanedatgl QSn(EEI@ﬁEﬁNTlﬁCCGG)MGTGﬁGC)JHm Miut ncriiaseﬁd
ne a
A3 receptors. PoAmEOET) a‘m??'fmm“m '%'?“P‘Nﬁﬂﬂﬂﬁus. E& he third
15 enbodi nent ~"-] F%ﬁa? bftE?rY ch' é 9|- » ahghewe i BER I of the

anplificationNH43cess, two heel priners vvere deS| gned for use at high

stringency which WRbge phinerd Ref'B4d d’tosqg%%?p%fgblﬁﬁeo& éd"pp&al’&ge omic DNA

X
e T hey wer Sules PRI 8 EM Ug™ oo AeniFas DN Balewsse & abl e 10
anpl i fy singl @.0bpirdls 6figfa DNA pblgwerasd){Stratagbasy andi Eﬁll‘léaléd' ?ﬂ(i)d]dﬁcz hird
o e T+ ST E RGN Bl SorC RS, |
the gene speci4d 9@56{'%‘6(98'“0"% %ncb'ﬁ%&htoréfmmﬁpuowdmmal Apmiroxi mat el y
0.1 % of that extertsiomeThe repetitive @haealitg of these primers serves to increase
the probability that all the gene sequences present in the initial cDNA
population are copied into double stranded products.
20 Subsequently 300 ng of the reverse transcription and second strand
heel primers were added with a further 1.25 units of AmpliTaq DNA
polymerase in the presence of the Tagstart antibody (ClonTech) and
0.25 units of pfu DNA polymerase in 35 pl of buffer containing 1.5 mM
Mg?*, 67 mM Tris HCI (pH8.3) and 0.17 mM dNTPs. In some cases the
25 amplification products were then subjected to restriction digestion with
Mlu1 as described in Example 2, the low molecular weight products
(including the heel of the second strand primers) removed through a
Nanosep 10K column (double stranded DNA less than 100bp in length
pass through the filter of these Nanosep columns) and the larger
30  products either subjected to gene specific PCR, or subjected to a further
40 cycles of 92°C for 1.0 min, 95°C for 0.33 min, 72°C for 3 min,
followed by a final 15 min extension. Removal of the second strand heel
sequences was designed to both reduce the influence of any competing
products and primers in the gene specific PCR and to permit product
35  priming/repair as described in Embodiment 2.

St




Reverse transcription: Total nRNA prepared fromrat whole brain using the
total nRNA isolation system from Pronmega according to the 30

manuf act ur g g1hdged FUcti ons. Reverse transcription was peichfphissdssi ng MLV
reverse transcriptase again according to the manufacturer's (G BCO BRL,

Pai sl ey, Scotland) instructions. The reverse transcription primers used
wer e conposed of an anchored oligo-dT prinmer with a specific 5 heel
sequence absent fromthe nmanmal i an data bases. The 35 priner used SEQ ID
N42 is indicated below 50 WO 01/06004 PCT/ EPOO/ 06887
ACTGCCAGACCGCCCECCTGAATTTTTTTTTIT _ TTTT(A, C G (A C G T). 5 Second strand
synthesi s was initi dhedoutgome &lfishisarecadore whs: thecability o detasd @epas oY t ot al

RNA with 20 ng %e:@%p@@lﬁ&tﬁmckaﬂrﬂéﬁi&e@hhcﬂxamgke1P@ﬂmmdn@fof(tﬁ'e to 3'):
( TOTaCoT T GacaGH TR e SN dhiivee PR (e ihd! P Pl NI P es

( NNNNNNNNNNNNNNNIgY) apoogingtalin 169,080 igene apgciﬁtaESiR #s3ay9 poyld sucpessfullya, C,

G, as shown in GEELIGmdWgiter AfSficRIdBY SONARIPEE 8dnt Ing b¥ otal RNAR

vol une of 20 pl of PCR-1 yffer containin .5 2+, .unit of Anpli Taq
DNA pol ynerase ahf- e oePnient: QF(ﬁppfﬁ’ﬂmﬁi%k g@ﬁyﬁﬁﬁg\iﬂsgqﬁs?ﬁ’ t‘%e?f@?u%ind
anneal ed and 15 mirhiagthestivet eepaiiOway shesn dodecurt with thed detectian obagieneons: 92C

o9 S ket 24T SR AR A A B )

final 30 mn sion. The T I've  anneal’ 's serves
to increase the probability that all the gene sequences present in the

isnibt i al CtDlNA Sggpul at }Atahﬁlkﬁvri?(mi Hgat.:ﬂenup rﬂgutétmgéﬁcﬁndmé!iﬁvaﬂd#%mﬂﬁ |
orimers wer & addisiveR SR oo f el FAUSHS Bl %@%ﬁ%%%f@%riie in
the presence of intreasedsietactionnfi gengy seqians®echyl) dhe scalesndinates & pfu DNA
pol ymerase in 3%mburdiofteial AN BBhRWRICAGhE cONIVIusbB 4t ealll géiMk THpesifitlC!
(pH8.3) and Q. 17 réM dNTPs. | ni sa ce}?ﬁg t he n%S ﬁmgl fol cabl BB grodgct S were
Lhen subj ect By (3F5RL 3 DMsHissABY o1 IS amaunt oF FNA Zomt whichide 98RSExanpl
2, the | ow nol espeaific\assaphsampledvast amplified (B).
Specific sequences were detected when product amplified from
as little as 0.01 pg of the initial RNA was used in the gene specific PCR.
(il Gene specific PCR using ¢cDNA amplified from 2.5 pg of total RNA
20 per gene specific assay. Inclusion of steps g) to i) of Amplification
Method 3 also resulted in the detection of NK2 receptor gene sequence
located 2350 bp upstream of the polyA splice site (A). This sequence
was not detected if step g) was omitted (B). I Amplification of cDNA
derived from 1 ng total whole brain RNA by Amplification Method 3
25 permits the detection of gene specific sequences in 0.006%of the
product (equivalent to ¢cDNA amplified from 0.08 pg of total RNA).
Control: no ampilification. |
Furthermore, as shown in (I} of Figure 2, including steps g) to i)
in embodiment 3 (A) increases the detection of low abundance
30  messages such as those encoding the adenosine A2B receptor and the
mammalian degenerin MDEG, when compared to an amplification which
omitted step g) (B). In addition the detection of abundant mRNA species
such as that encoding synaptotagmin 1 was also increased.
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(including the heel of the second strand priners) renoved through a
Nanosep 10K col um (double stranded DNA | ess than 100bp in I ength pass

t hrough tWe oi/bdober of these Nanosep colums) and the |ap &P@&G%oducts

ei ther subjected to gene specific PCR or subjected to a further 40 cycles
of 92C for 1.0 mn, 95C for 0.33 mn, 72C for 3 mn, followed by a final
15 mn extension. Renobval of the second strand heel sequences was designed
to both reduce the influence of any conpeting products and priners in the

gene specific EXRMPLE IV 1nr vitlo rangdes pfifigd" i bed in

Enbodi nent 2. aﬂg.umgiu’ Br ocedur e

was the abilit¥y pecific PCR (as described in
Exanple 1) at dilutions of the anplified cDNA derived fromas little as

. f | RNAjnd ; ' ' ene
gpggi 1? ?COPC}QOESWS (‘:%dﬂrﬁ&%éﬁbf% T ﬁﬁ%t&ﬁp et a kéeérﬁgﬁr%(?&ﬁ Pgat I on of

d full

CDNA derivet fRURET Nes o‘P’a%g'(P:C gr%qﬁ s\éi ?@tpﬁ%‘\oém @nbe oprogysedxiorat el y 100
cells). - In asiisequentpanalysis b)phybiidigétinmmeihodSs%pmrinmﬁcéw\ﬁblig@ occur

ith the det ' ' I S
Uranscri pt i on N8R, OThE iAot RRA F6fiShe aripifBd coRA Wi dofiBle py
stringency arrrflﬁ'-)’r'f‘lns FRaraiigidrangeniptiong, ene fariRNA $gthesia sndithenthens
descr ihbed i N ecomtalnimgn85S-URP rast & s“'“m@%i’jt"p?,\wﬁ g{réharpﬁrawggqﬁ%ﬁnﬁgzd

1) T ’ ~
112 S A B A e AR e
from whi ch t heA@amplification ptrat diver,c egver SornB00 pgeaf tot) RNBpbyi f i c
sfeqUﬁnc_es_ }[N_er lEA:dpﬁmtiﬁﬁl P@b@éﬂtﬁé?ﬁi&cﬁteﬁg@. 'ilfé'\/ﬂ& gﬁgﬁggpﬁén:rgéﬁli n@sasgégilf ng

t nitial, in PCR.

PCR Usi Ing cm&féi%f?@?%ﬁﬁ%?gms gf f U?@‘P%mmwt&e& RChhR i f i c
assay. " | ncl usiYield ®f RNA fromyliver sDNA (derixeq frofri 500 pgrof tdtal ROA)3vas 34 resul t ed
in the detgctifRrefraMNsAmeept & eﬂﬁé?ﬁne?ﬁﬁ?e@ﬁﬁilaﬁfggét ggtuaggé?? RipNgpSt r eam of

[ ste was
E)Pn'et Ito gljy'(A\B)SI.Ol :fqeﬂvsh;f?rg'f%s(ﬂq-rglﬂs‘ﬁ?sg en(':ce'ﬁy\gams?eg‘%?%rﬁfls ﬁpﬁﬁ'ﬂ"ﬁf'tswqo?)e brain
RNA by Anpl i filpelusion efestepdgh of Embodiment 3 prior to in vitro transcription
increased the yield of RNA 1.7-fold (mean of two experiments). in order
to examine-the sequence content of the RNA transcribed from cDNA
20 amplified according to Embodiment 3 (to step ¢) the RNA was reverse
transcribed using the heel of the second strand heeled primer. Figure 5
illustrates that the cDNA derived from the transcribed RNA contained
abundant gene sequence with actin tubulin and cyclophilin sequences
being detected in aliquots representing 0.0001% of the RNA so
25 produced. Therefore it appears that the expression of up to 1,000,000
genes may be assessed in amplified samples derived from 2500 pg of
total RNA i.e. RNA derived from approximately 250 cells.
Reverse transcription of liver RNA was performed essentially as
described in Examples 1 and 3, using primers containing a T7 RNA
30  polymerase promoter site. The primers usedwere, SEQ ID N°44,:

CTCTCAAGGATCTTACCGCTAATACGACTCACTATAGGCGCTTTTTT
TITTTITTITTITITITITITIT0T
(A,G,C)(A,G,C,T) and SEQ ID N°45

35
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25 permts the detection of gene specific sequences in 0.006%f the
product (equivalent to cDNA anplified fromO0.06 pg of total RNA). Control:

no anplifi ' Furthernore, as shown in (I11) of Figur di ng
steps Q) té’%w&?% enbodi ment 3 (A) increases the detect ?gﬁmg?dklfsgéx

abundance 30 nessages such as those encodi ng the adenosi ne A2B receptor
and the mammual i an degenerin MDEG when conpared to an anplification which
omtted step g) (B). In addition the detection of abundant nmRNA speci es
such as that encoding synaptotagm n | was al so increased. 52 WD 01/ 06004
PCT/ EPOO/ 06887 EXAMPLE IV In vitro transcription of RNA from cDNA
anplified according to enbodinents 1 and 3 Incorporation of the T7

promoter into t hgACTGUCAGACOBCECEUCYGASCOGTARTACBACTAAPKATABGed so
that RNA coul d bém ysis by hybridisation

nmet hods, for ins ays. The yield of RNA fromthe anplified
cDNA was estifat@d BhB) (AuBntnd)two parallel transcriptions, one for RNA
synthesis and the other containing 35S-UTP as a substrate, so that the

i ncorporation of the i adi oactivity i.nta RNA coul ed _as an
i ndex of RNA synt hesi s%”gﬁ??‘@“ aﬁﬂ?PP‘Xi%ﬁr\%oﬁ%e?gtgq‘fwlﬁgﬂﬁdgﬁ%ved from
500 pg of total ﬁxl:%dbput depbsdribedtn the Blevestexamples.oAfeeptepdy) ofieadhi tro
transcription re ' ' ) ) iekdst
Enbodi ment 3 to % 858 c%r‘?.@ﬁeﬁh@!f%f’gg%?g&ﬂﬁﬁgﬁqﬁfgu%gcﬁ?egd from
500 pg of toikl Mhra ki {Qiagem @ceRyringsto theamapk agf%gﬁp%ms%%{qg)s_to
S:c m5| arly the %’i@nﬁbvfalr pm%ndd@théwwwfTOMGéﬂmmt\/\pmdQ&smmadogrplm; (nean
o] experiments . i i | it
Cransor ption i et ATPERES e 8 iR rdisc/isAChaRT e TP iiasofiot 1 Vi tro
experi ments). | nkibfArsbion) ecesrdingrie.the mearyfagivier's ingriciars. o Aflen ONGIR
: L 2@&; i 322 f romréah%neqoaf@mcjgtei @Naqmiatienm, B? it ABWWNthe RINAD mgphc) |
revers ranscri | t c K eel ed
ori e P quie. cieopted (BIG e rasdy e (Biogdif, | Pne' BF SiF AR ViR, 100
RNA contai ned  atramstsbed gretie pregencrcef 358(/TRta determine theafirld &f ANhi 1 i n
sequences  bei ngrRet@RACHak Nsitlsbqustity EMBRES PRdISIEEY QPE% eBfanblesBNA SO
sodium acetate at -20°C for 30 mins), before reverse transcription with
MMLYV reverse transcriptase according to the manufacturer's instructions.
20 The reverse transcription primers used were part or the whole of the heel
sequences of the second strand primers, SEQ ID N°1 and 44

Subsequent gene specific PCR using this ¢cDNA as substrate

revealed that as little as 0.0001% of the product could be used in gene

25 specific PCR and result in the detection of gene sequence. The data

presented show that embodiment 3 with in vitro RNA transcription

generates sufficient RNA of good quality for application to cDNA and

oligonucleotide arrays. This will permit the analysis of the expression of

thousands of genes from tissue samples containing approximately 250

30 cells and with further improvements perhaps from samples as small as
single cells.

As shown in Figure 5, in vitro transcription of RNA from

amplified ¢cDNA contains large amounts of bona fide gene sequence.
35 cDNA derived from 125, 500 and 2500 pg of liver total RNA was
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25 produced. Therefore it appears that the expression of up to 1,000, 000
genes may be assessed in anplified sanples derived from 2500 pg of total
RNA i.e. wig\WvoefRki ved from approxi mately 250 cells. Revegggphdi@gscri ption of
liver RNA was perforned essentially as described in Exanples 1 and 3,
using prinmers containing a T7 RNA 30 pol ynerase pronoter site. The priners
usedwere, SEQ I D N44,: CTCTCAAGGATCTTACCGCTAATACGACTCACTATAGGCCCTTTTT |
(AGO(AGCT) and SEQ ID N45 35 53 WD 01/ 06004 PCT/ EP00106887

GAC'I'GCCAGAWG@W 1 17,5 , G (A C
G T) Subsequent secon t.rﬁﬁl_f%s;%? h%@ﬁ%ﬂpﬁ?f%&t; na'\(/\ﬁsRﬁcAarai((ed out
as described itianseribede| Gutting withhe restriction epzyme (ster g) was<mitedSebodi ment
the arm; i fi edtﬁd_?'%eWRNtN el p\bﬂdcétfimlqh dan@é]?limB F¥eR sequerite fofctie on Kit

agen) accordin ranu rer'.s instructi Q. renove priners
and ot her Iowsgﬁ?&%ﬁﬂ}wﬁﬂrﬁght E‘%J&?@PES‘% séH%{' "ggﬁﬁi‘é%&e QE&SFSS& ed to in
vitro RNA 6ratrapseriptioonolishenRNAe and theysesuting cONA analsednforatheor di ng to
t he manuf act Ukpdsehck HF1Y gé;é %ﬁi"e"‘&%gr”%@% gh Fgere Qéﬂﬁé'nde%m&% cDNA

DNa 1, 30 , . 3/C), L t Rn Kit
EQ’ azgn). Oweré‘GPe@F?fge‘%ﬁ’\ et1 @%{é\%ﬁ‘t“l"’j{héfz‘BP% Y SIt Rg prgsenggs)c/)f I358— uTP

to determine the yield of RNA. The RNA was subsequently et hanol

precipi tated EianmbRANGhplificdiatLot tHE SiRAPStdUDNA Herived 8™ 7y - Defore
reverse trans DUTOTT W UIT_“VIVLV T EVET SE 2 L aSE orarng to the
manuf act urler' total RNA (eauivalent torg slejgerdlaqe et ) 6 Is), using the thirg used were

part or the wepilsodilmenhhe heel sequences of the secod strand prinmers, SEQ
| D NI and 44 ~Subsequent gene specific PCR using this cDNA as substrate
revealed.that as little as 0.0001% of the product could be used in gene 25

speci fi ¢ PCR and r Bsexamplg IVHtwastsbewindhabantipense RNA could berire vita a
present ed shotrahbéribedPordli cINA ammplifiel by embbtindiiils, tthisPNRNAI §dul@be gener at es
sufficient,, RNA Bfied B Gerfl' hibd behifihg 3BRE Bl of fovel¥ trifittribed and

applied to microarrays bearing antisense probes. However many

microarrays bear sense probes (i.e. they recognise antisense DNA), but

are not suitable for the hybridization of labelled RNA samples. In order

to maximise the utility of embodiment 3, sense RNA was also transcribed

20 from the amplified cDNA in vitro, reverse transcribed and the gene
sequence content assessed by gene specific PCR.

Reverse transcription
Reverse transcription (RT) was performed in 10 pl containing;

25  1x first-strand buffer, 200 Units MMLV reverse transcriptase (BRL), and

0.5 ng first strand primer for 60 min at 37°C. The first strand primer

(SEQ iD N°46),ACTGCCAGACCGCGCGCCTGAACGCG

TAATACGACTCACTATAGGGTTTTTITTTITTITTITTITITIT(A, C,

G) (A, C, G, T), contained (5' to 3') a 26 base sequence absent from the
30 mammalian data bases capable of hybridising to its complement at 72°C

in the presence of 2mM Mg®* with an Miul site at its 3' end, the T7 RNA

polymerase promoter sequence, and an anchored stretch of oligodTs for

hybridising to the 5' end of the polyA sequence of mRNA.
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ol i gonucl eotide arrays. This will permt the analysis of the expression of
t housands of genes fromtissue sanpl es containing approximtely 250 30

celI's and Wlobyfokth her i nprovenents perhaps from sanpl es ﬁ;sr/ﬁ%
single cells. As in Figure 5, in vitro transcription of from

anplified cDNA cont a| ns | arge anpbunts of bona fide gene sequence. 35 cDNA
derived from 125, 500 and 2500 pg of liver total -RNA was 54 WO 01/ 06004
PCT/ EPOQ' 06887 anplified using Anplification Method 3 as far step e) and

s that the %ﬁii”?"é’““‘&”‘“”""‘?ﬁséﬁﬁi o the heel e Steﬁf:’egéf “’f‘ﬁe"mSEE:ﬁﬁd
strand priner. This h 'wawh%%waés‘?f%egﬂy R, 8P C8
transcription of sebmd:&wanthptdnem(a ngs{ie inonepselitanaes by aadedling toheverpr esence

of 3 gene sequeng st%e?éélﬁéncé ‘"%%@xﬁggf@ﬂ@ﬁﬁgﬁﬁ ge ifatt Wg}rzeven

after 106 fol d di tlono duc 1 On r at
spinal cord CE)NACBB‘PEW@HO'FPBWW g lo total RNA (equival ent to

approxi mately 100 cel Afdr W@l ?\?ttbes@‘m 8 Rt naqt%plpne@xaim Seind, i t was
ag %!

shown that antis n m applified
by enbodi nent 3, W%?Egiﬂﬂmﬁgg e@lvg{ &%5 liﬂﬁétog(ié% ggocffﬁaﬁpgo%%y"h%psense
probes, or rever i {Bhatagendled P&H@Qarﬂ!ﬁ 8b highe tempemfigren€het startht i sense
probes. Houser PRt o GYPRARLS e Phock %‘t*“@y”‘"m??'eéem
sanples. In d?’deﬁuc'fo E’r‘ﬁ%%'of’hge'ﬂff" { “énﬁ{ufﬁ ?ﬁw {"e "8NA was
al so transcri bedeﬁeodntemdwmenaeﬁlngfumtﬂecrm;onn vitro, reverse transcri bed
and the gene | sequenchfenbARkalRs it Eigbae SPLEBE ek RindRyoIge

transcripti on Reverse ranscr| petformed 1n
25 1x first- st r aR@CHRATYEE) Em)e’gﬁP?‘Qn %’¢§V@'@B‘”§f a'ﬁgéﬁmae%w(m) and

0.5 ng first streysdledbeteenSorc add RACAD tidés. The first strand priner (SEQ
| D N46) , ACTCLAGACCCCCHHETGHMAGERR hird B BB by HESF s fhe fiventors
believe that under these conditions each first strand cDNA will be
annealed in multiple positions by the second strand primer. Each cycle
permits further annealing by the primer. However, unlike normal PCR,
the second strands are not dissociated from the first strand by melting in
20  each cycle, consequently each primer has an equal chance of being
extended to the 5' end of the first strand {(which bears one of the heels),
thus increasing the efficiency of sdbsequent PCR. it is envisaged that
extension of primers at the 3' end of the first strand will displace those
nearer the &' end producing muitiple copies of each second strand. The
25 second sirand primer contained (from 5' to 3'): a sequence absent from
the mammalian data bases which is capable of hybridising to its
complement and 720C in the presence of 2mM Mg®* and standard PCR
buffers, an Miul site (ACGCG), the T3 RNA polymerase promoter and a
random sequence of 15 bases, SEQ ID N°47:
30 AAAACTGCCAGACCGCGCGCCTGAACGCGTCGTATTAACCCTCACT
AAAGGGN15

Amplification reactions

Subsequent PCR was performed by adding 4 microliters in
35 AmpliTag buffer (Applied Biosystems, Warrington, UK) containing1.25
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G (A C G T), contained (5 to 3') a 26 base sequence absent fromthe
30 mammmal i an data bases capabl e of hybridising to its conplenent at 72C in

t he pres@rf@ogdos2M™ M2+ with an Mul site at its 3' edrpbiossss RNA
pol ynerase pronoter sequence, and an anchored stretch of oligodTs for

hybridising to the 5 end of the pol yA sequence of nRNA. 55 WD 01106004
PCT/ EP00106887 Second strand synthesis Second strand synthesis was
performed by addi ng an excess of second strand priner (1 ng) (to increase

gh?]pces pf_anrrm:c bNJlP%OaﬁgeBgngféfr §Firtn‘éi'stf E()"S %féqgemaﬂsgpﬂ frarﬁrgl!ei trtes gl(‘) c
uffer giving in caqncent r n : Mfter heating to ,
Sun ts of  Tad A o basps T R daBhb BTt HyhriaBRY ol SaleRet h o°2e
units of the @nddi2°Gadithe peesence of PmM My avithgam Mlul site)itogivena fillaly at  hi gh
t enperature ('W'céﬁ@éﬁﬁ'a}ion%rf?%m t he enzyne copying m shybridi sed
sequences in the mxture, 10 such m.shybridization tending to occur at the
| ow t enper dt ur es n]!hélﬁﬁrﬁx@m-vxﬁl?npg@ﬁkli"fﬂ? gemmaen %EQ&\Q’W ¥ITﬁti*"W\S’r

anneal i ng occwsecent strand Erimers). Afles hdating ¢ iB0GCPE uriits ofeTaq [(Rppliedc! e) ang
ext ensi on at . §H e a e e 50C an
720 40 t1 mos. SHSVRfmS Waftnotol CLKG T WekddkBd iin, /25 2Enf “r TS 2
inventors belPfeafeeading enzymea pfurStastagsnel.- t i ons each first strand cDNA wil |

be a?ne?I eflhi n nun‘héfmieacmsb iWa':Oﬂfénbwﬁjéaedel@Oﬂd Gyclesndf ﬂehm?tiogaCth c%/ﬁl e
ermts fur n . Lo U £ , e
gecond st ﬁé{ndzéﬁ; g@t é%f%g's%@?a?gﬁéélﬁgm‘%’tﬁg%ﬁﬂo%ﬁ%ﬁ g@"ﬁ'l t1i9ng in 20
each cycle, coticrolitiesof Ynapldirqhiufies were thearaddgadfat 8a%C)eontdinibgiang ext ended
| nor casi ng. e e T eNTES: 0B g OFpAMEtsfing Going, #nfalfg, Xenbgftsion {hus

ext ensi on of ﬁffinia.”%’{"aﬁ ¥W§ SFH%HO(%BPE?‘*@'%W %tﬁf\%ﬁrﬂ‘sﬁﬁ"ﬁl 855 Hface those
nearer the 5' tfaﬁmaqtdeﬂjwitlh 092&mmits' ofl the popifeemdiig enrymes pfin(@iradageme). The 25
second str@and ypgi l‘éﬁétidipﬂgg;g@qcﬁélétglmeﬁi'r?ééﬁa?dbécﬁaeﬂemy, SithLs &RAl from the

%

manmal i an data pases S, apa of hybridising to its conplenent and
720C in the pfeééé'ﬁ@@%?} r@éqﬁ’hnd standard PCR

After amplification small MW primers and products were removed
by passage through a Qiaquick PCR purification kit (Qiagen). The
amplified cDNA was then cut with Mlul and recleaned using the same kit

20 same prior to subsequent gene specific PCR assays or in vitro
transcription. Gene specific PCR was performed as previously described.
In vitro transcription of RNA was performed using the Ambion Megascript

Kit according to the manufacturers instructions.
After DNase treatment, some of the resulting RNA was reverse
25 transcribed for gene specific PCR. Figure 6 shows the size distribution
of the RNA produced from both the T3 and T7 RNA polymerase
‘promoters (i.e. most between 200 and 600 bp with detectable higher
molecular weight material). 10% of the product obtained after
amplification of ¢cDNA derived from 1 ng of total RNA was in vitro
30 transcribed with T7 polymerase or T3 polymerase and 30% of each RNA
applied to a gel. The estimated yields from the two RNA polymerases
were 0.5 and 1.5 micrograms respectively. Figure 7A shows that the
amplified ¢cDNA contained both rare (A2A receptor) and abundant (e.g.
tubulin) gene sequences detectable by gene specific PCR. I
35 amplification with a second strand primer lacking the T3 promoter, I

57



buffers, an Mul site (ACGCG, the T3 RNA pol ynerase pronoter and a random
sequence of 15 bases, SEQ ID N7: 30

AAAACT GCCAGACCCCGECGCCTGAACGCGTCGTATTAACCCTCACT  AAAGGGN cation
reactions MBYMNt PCR was perfornmed by adding 4 nicr onP?tT}e%rg@/dF%d"

Anpl i Taq buffer (Applied Biosystens, Warrington, UK) containingl. 25 56 WO
01/ 06004 PCT/ EPOO/ 06887 nM dNTPs and 33ng of priners (the sequence absent
fromthe nmanmmalian data bases which is capabl e of hybridising to its

conplenent and 72C in the presence of 2mv My th to give
a final M 2+ campliipatiani with & szc@dﬁwraadlwmw §%S&%3F%Mffrﬂf9m8g Ter \?vas
common to both - ghgplds wereaditlted apaodi/s00anioptd gens spesific HCR.eBigureg t o

0.25 uni 1 of ?Lﬁ%hé@??ﬁé&ﬁﬁ%@%ﬁiy%é%@&d}é%béé F?Aéﬁeg)é@?h ac??'?n“méi‘

then subj ected t RNAO polycterssef(afirsneaverset trenscripgon QXPCC )con

anneal ing with e? ?eﬁe?gééue'?ﬁbns) 19 mcrolitres of AnpliTaq buffer:
were then added (at 80C) containing and 0.2 nmM dNTPS, 100 ng of priners

and giving a final M2+ concentration of 2.1 mM 5 units of Taq Applled

Bi osyst ens, Warr Erginple VIKSintgies cell expressivapnalysisQusifigunicreanss 7
proof readi ng enzyARPhihdificfihA %51 StriatdiPcHORndrBR nehfol' 4 :hhm mem d 40
s describ Af t er

anplification snﬂm.mnaﬂlﬁzers and products were renpved by passage
through a Q gguick PCR purification kit (Q agen) The anplified cDNA was

then cut with Mul anﬁ 8?%@23@3&& gg]giweceﬁa g?&sﬁﬂ-{mmP{N,@éveééJ

subsequent gene speci S Or 9 n Vlt Ption
speci fi c PCR was ampfifiest wdhasthﬂﬂeﬂmmwnﬁeﬂ‘é‘ﬂg BBQ Pﬂmwsv@ft‘q GORGiPRS 1 i pti on

SR i i it siarrdivk et
se trea ti n
RNA was reverse 585§ c‘?’hlﬁ d”‘]’% L IEVEER ﬁ?&(@%@f&n&?ﬁ%ur e ebgcgﬁ g
si ze distribusi otabelled dCTP (Cy3 or Cy5) for application to glass microarrays bearing
sense DNA probes

Harvesting of single cell mRNA
Striatal cholinergic neurons were identified on the basis of their
20 size and electrophysiological characteristics in 300 pm coronal slices
from 14-28 day-old male Sprague Dawley rats containing the striatum
were viewed with a Zeiss Axioskop microscope (Carl Zeiss Ltd., Weiwyn
Garden City, U.K.) fitted with a x64 water-immersion objective lens.
Light in the infrared range (>740nm) was used in conjunction with
25  a contrast-enhancing Newvicon camera (Hamamatsu, Hamamatsu City,
Japan) to resolve individual neurones within slices (Lee et al., 1898).
The physiological saline bathing the slices contained (mM) 125
NaCl, 25 NaHCO3, 10 glucose, 2.5 KCI, 1.25 NaH2PO4, 2 CaCl2, 1
MgCl, and was bubbled with 85%/5% 02/CO,. The electrode buffer
30 contained 120 K gluconate, 10 NaCl, 2 MgCly, 0.5 EGTA, 10 HEPES, 1-
4 mM Na2ATP, 0.3 Na,GTP, pH adjusted to 7.2 with KOH. 0.5 ug/mi
glycogen (Boehringer) and RNase inhibitor (Pharmacia, 0.1 units/ul)
were included to facilitate harvesting of RNA from the cells. This buffer
also contained 10 fg each of bacterial sequences derived from the trp,
35 thr and lys codons of E. coli. These mRNAs had polyA sequences

58



of the RNA produced fromboth the T3 and T7 RNA pol ynerase pronoters (i.e
nost between 200 and 600 bp with detectabl e higher nolecular weight

mat eri al yyo hR%eerf the product obtained after anplifi caicraipoféssgONA derived
from1l ng of total RNA was in vitro 30 transcribed with T7 pol ynerase or T3

pol ymerase and 30% of each RNA applied to a gel. The estimated yields from
the two RNA pol ynerases were 0.5 and 1.5 mcrograns respectively. Figure
7A shows that the arrplified cDNA contai ned both rare (A2A receptor) and

35 2ol | 11 ot PURCHRY 10 Bhe 3 B SBNET Y, Sl Hes e §¥4 HEPEs Al o T
57 WO 01/ oeoowutmemeoamupamlethvlannocerquate] (BEBE} treateask wates. prl rrer

bearing the T%oﬁaéﬂre&@rrecor%aml@ard@w&'el b&l@a tzsoié bEfdfe Meirtf LO gene
specific PCR F

at th d
gener at ed usi r?c}fh‘?‘i':é%% reﬂ%ﬂ?‘\égl"&% e n VI %“%@B g‘i‘?%&@?ﬁn
cDNA) al so scosigalalss wede atietedtedt ugmgeaae&mmeh 1DE>pm;H-e!aMp ampiifier ceI |

expression an I f striatal
cholinergic n on %WGA %Agﬁ@d gJéi-@ ’?"‘g%{?ﬁwg&ﬁ q'&gggsess
single cell ggﬁﬂmﬁ%ﬁr@%?‘&ﬁ‘ of rﬂ’glﬂ ‘BP\'ﬁéﬂ’“b?e’!%eﬁﬁ?Weéﬁ’ﬂﬁ)dl ment

using the pri lpsartlallgncbmpmhdted)msmgiels@rarhaliﬁer.n andagpllutarV coriduditeepol yer ase

dt h, hgp b i
{1 vor escent | 3%?@'?% sy BRI Vel 10k "6E | @@P%@*ﬁ""ﬁf@éﬁt ?ﬁss“s' "
i croarrayid byatagsy Nm#yanmnplso\ue@ ﬂﬁﬂ@@ﬁtl n banguwg;e@llwbze

Striatal choi |5RHEthbugﬁL§ Difidata 12004 icohvgterolsing pChihip ©.0koftWate 20 si ze

1928 day-of A ﬁ%bﬁ%&uﬁs“%aiﬁé%éﬁ's°io'n{‘a.‘°"n’?n5”‘t he striatum vere viewed
Wi th a Zeiss Axi oskop m croscope (Carl Zeiss Ltd., Wlwn Garden City,
UK) fitted N&&WN@&%al&%ﬁ@Bn&Wﬁé@ldrﬁns Light in the
i nfrared ghae (>74'Re@yt$%}asmsfrom Iargceocr:]élf”sm&éo;xm in orrlle dimension) was
aspirated under visual control into a patch-clamp recording electrode
until approximately 40% of the somatic cytoplasm had been collected.
Usually the nucleus was sucked onto the end of the electrode until an
electrical seal (>0.5G}) was formed prior to withdrawal of the electrode
20 to prevent contamination from the slice. Since withdrawal of the nucleus
from the cells caused structural damage, outside-out patches were used
to seal the electrodes if the cells were to be subsequently examined
immunohistochemically. The contents of the electrode were forced into
a microtube and reverse transcribed, amplified, low molecular weight
25 components removed and all of the product in vitro transcribed as
described for Example V. After Dnase treatment the RNA was reverse
transcribed using Cy3 or Cy5 labelled dCTP prior to application to the
microarrays.

30 Microarray Synthesis
Custom synthesised amine-modified oligonucleotide probes
(probes) were purified in desalting columns to remove amine
contaminants. The probes were prepared to a final concentration of 10-
25 nmole/ml in 1X Surmodics Printing Buffer, containing 150 mM sodium
35 phosphate, pH 8.5 (SurModics Inc, USA). The probe solution was printed
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25 a contrast-enhanci ng Newicon canmera (Hamamatsu, Hamamatsu Cty, Japan)
to resolve individual neurones within slices (Lee et al., 1998). The
physi ol ogi oPfob€ bathing the slices contained (MV) 13&r/dvadasssr2S
NaHCO3, 10 glucose, 2.5 KCl, 1.25 NaH2PO4, 2 CaCl2, 1 MCl2 and was
bubbl ed with 95% 5% 02/ C02. The el ectrode buffer 30 contained 120 K
gl uconate, 10 NaCl, 2 MyCl2, 0.5 EGTA, 10 HEPES, 1- 4 mM Na2ATP, 0.3
Na2GTP, pH adj usted to 7. 2. wth KOH 0.5 lag/m gl ycogen (Boehringer) and

RNa hi bi t 1, upads f t
har\slgsltlnnlg :)f Okhéﬁ?ﬁmﬁﬁ%twﬂ?%s‘ﬂ@%@tﬁ% cwqr,@ ngg ‘cont t?%ddﬁggg:gtaegch of

bacterial sequenfed 8aWraied N?G‘m"f‘ﬂ'@b??p "@Sdtﬁl‘de&na’r ss E. coll.
These mRNAs had geet mmuammrommo@wsmﬁmbemﬁﬂmeaﬁmbgmaingached to
the 3' end so th I wer e
made up in diet hgtg 5@%%%%&%{9%3%%'4 Wiele Motdedin fibipatth) f%:t%
recording el ettr wethespareyed 29, epswe) thads W@eﬁéfuh@mﬁfupﬂf&i‘ tgda

resistance of bepugemRd3 &Padémbﬁs ﬁ&@brmhnﬁeom@m@bm geatvak Sweker e
detected using an nts,

CA, USA) and mer'@cééegr%&egﬁ"ﬂ‘@ H?’Stfqi%l aﬁﬁl%{%ﬂﬁ co"t‘?—‘ﬂé? cﬁmt?mtjp?’gr tion of
the whol e cel | coligdngoleatideorprobes,i escogeising aide diffierenpdransafiply, ceagbensat ed

using the anmpliff, scri?f‘g?iﬁ§ dbhﬁ{se&%pent hdiete paPftb ipRitas! v noni tored via

the injection of y e g cur or i0 voltage Menbr ane signal s
were filtere#d®at 1 kHz and were digitized at 5kHz through a Digidata
1200A/ D convert eigrvanayitsibaidis4tich sof tware (Axon Instrunments Inc, CA,

USA). Extraction of kﬁegr\%re 9)3)%@9& Yo airfnﬁ@urMBHfé@télB dﬂ% SolfionY ' asm

fromlarge ceIIsﬁé\t | rate er. Vi
control into a p Iﬁhﬁ"@lﬁiﬂlﬂ@cgﬂdhﬁwﬁﬂ%li@étg&dﬂg‘ t'?’ ISR &@ FrefOE | 40% of
t h;e s ?H&t i cdcylg ORMAER. Blided WRNe ﬁtﬁ!_aeltcem;@éiw:thw hndtmhaucwgmuss WAZXS u]cc:ked |
onto the end_ o G unt.i r : s forme
prior to witMir a&gﬁ @* d %@f’%e@ﬁr’?{m%@gb@f@} 493%”%%84 éns %‘;ﬁé;; fom t he
slice. Since witwereawaished withewater| and centrifuged @t 00 o fios & minytgst ur al
darrag;a g“t Si ge Eéﬁellﬁlatc@m(t% HybAdisafich mBRiretvites KeRed ferdemiriuted ime cel | s
nere to be su seg% rIilﬂgywa er g‘aﬁ'} spun briefly to cool, and 2.5 | of target added per

cm? of coverslip. Slides were placed in a humidified incubator overnight.

20 Slides were removed from the incubation chamber and successively
washed with 4X SSC for 30 seconds, 2X 8SC /0.1 % SDS for 56 minutes,
0.2X SSC for 1 minute and 0.1X SSC for 1 minute. Slides were spun to

dry and scanned.

25 (Gene expression analysis of single cells after cDNA amplification
using microarrays.
c¢DNA amplification by embodiment 3 was used to assess the
expression of a large number of genes in 4 striatal cholinergic neurons,
the aim being the detection of both low and high abundance transcripts.
30 In any analysis of gene expression at the single cell level problems are
encountered with low abundance transcripts and with the non detection
of some mRNAs in subpopulations of cells. This has been discussed in
Surmeier et al (1996) J. Neurosci. 18, 6579-6591 and Richardson et al.
{2000} J. Neurochem 74, 839-846.
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I mmunohi stochem cally. The contents of the electrode were forced into a
m crotube and reverse transcribed, anplified, |ow nolecular weight 25
conponeniy® gr@édayed and all of the product in vitro trarstEpbadssrs
described for Exanple V. After Dnase treatnment the RNA was reverse
transcri bed using Cy3 or Cy5 labelled dCTP prior to application to the
m croarrays. 30 Mcroarray Synthesis Custom synt hesi sed am ne-nodified

ol i gonucl eotide probes (probes) were purified in desalting colunns to

remove amne cont r% St |sThé’cc8 e&éﬁ’%‘é ﬁﬁlBéFQﬂ I:éllsam‘c
i At

concentration of 1 npl e/ CS
cont ai ni ng 1587AREFERSd§ ?ﬁeﬁgdﬂﬁ(ﬁ'ﬁ I frl\’hﬁt‘ g‘F’l’Pﬂ'eU%. The

probe sol uti omnmesnmnlaltradscrﬁw is\@etettcdcioGrididudiEce)s/thé 3hote abundbrii nk

Activated Sl o r t ted
Nac: Vchanberl q%l’l nt egwl thUé\;\gn é@) q’fséﬁ) a%%afé/rﬁ%ebgﬁageh@qﬁsesa rene
nicroarrayd c@epHlatien of celiss someniowsaku W"P@é"@@ﬁﬂéﬂtﬁ@‘a}t be detasted jna|

sequences Wwhi @l rmb;mphlalned ofceie RIrcBxathgie! malyy SABAL eeceptirese served

e o A A, M Wl I 1, A3, O
arrays cont ai medrenst tested by ¥ao and iSymeisre(3i99dh puggesting rthebdhess ng 141

di fferent ”a'ﬁ%%b t§’wé?écé3( résfséaséifHePtattP&N%uhGSH&!‘iriS%ﬁ the calgr ,m)re
separate pr obes 1

L ti es Wer e expose 5m
Pl s 8y BRI 3y FReiE, SpEBORUIRRL R el (e Ihe) faTmiar$4: THPry it h
0.1 % SDS at Sefsitive tebﬁmquesunlbeavealah@nempmportmwcbeﬂlwasmomtwa fomt er, and

washed with 15en fahstipisSahbfbat ifRDAKRE 04A6 Wirbs fuBQahgs (¢t es on a

shaker. Slide re Wwas waer and centri geda rpomfor 3

mnutes. LabOf FRUP ROSeTonLA givep t Fﬂﬂ?P\" sation nixture was heated for 2
mnutes in a boil rrlbleMthov&memespﬁmé)rgeaé‘sydétectedale those Qwhose of target

e it 1550 xplesEBNTA Mool el LR FaRbaF SraoRrBid dhd gl c 0t
successi vel y bactenal posmve controls were detected but not the viral negative

controls. All the housekeeping mRNAs are expected to be expressed in

ali cholinergic neurons. The neuronal markers dynorphin, enkephalin

and PPTA are markers for non ‘cholinergic neurons in the striatum, and

20 lipoprotein lipase for endothelial celis.

Table 1 also shows that the use of embodiment 3 increased the
number of cells (compared to previous estimates) in which the Voltage
sensitive Na channel a6, trkC and NK3R mRNAs were detected,
showing the ability of this method to detect low abundance transcripts in

25  single cells.

In addition a number of mMRNAs not previously suspected to be
expressed in these cells were detected including somatostatin (SST),
mAChR3 and 5, SUR2 and the D3 and D4 receptors, again showing the
high sensitivity of this method.

30 In contrast, many of the GABA receptor subunit mRNAs were only
detected in a proportion of the cells, suggesting that'subpopulations of
these cells may exist which express different complements of GABA
receptor subunits, as suggested by Yan and Surmeier (1997). Other
references in table 1 are: Yan & Surmeier (1996), Yan et al., (1997) and

35 Tallaksen-Greene et al (1998).
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washed with 4X SSC for 30 seconds, 2X SSC 10.1 % SDS for 5 m nutes, 0.2X
SSC for 1 mnute and 0.1X SSC for 1 mnute. Slides were spun to dry and
scanned. 2 pression analysis of single cells aft 7
anplificatﬁ%ﬁﬁnﬁgﬁﬁg m croarrays. cDNA anplification by ggggg?ﬁgﬁ? 3 was
used to assess the expression of a |large nunber of genes in 4 striatal
cholinergic neurons, the aimbeing the detection of both | ow and high
abundance transcripts. 30 In any anal ysis of gene expression at the single
cell level problens are encountered with | ow abundance transcripts and
with the non detection of some nMRNAs in subpopul ations of cells. This has
been di scussed in Sur ifabler1:diistaf nRNAS Hetectelldn Mozingle chelinedgiznesBB and

Ri chardson et al : u : 60

CTI EPo0y 060a7 E) STpapient 3 SRR, £ n@?gﬂzﬁé@naﬁgﬁ%@% ST i ch
a transcript is Beregege qf§eﬂ%leéﬁ%"de£ 8-BnBoYsRikgaRIE &N ﬁptsh%ret?’%ﬂ%di pt i.e.
the nore often g béFxpRIskEd in ll dlischegravivusiydshowhuby otieer methodsnisr e

abundant is the o TRUS o . r YRy us 5
popul ati on of ce?@%é%rf@lél mﬁaﬁgﬁlﬂﬁlﬁytﬁg@gr ?%F’Z ﬁrr@?/ %_8 gg?%?ﬁé% in

only a subpopul ateferencs incthel sscord cobianpiTee pesesntagspaichadiveptio celisifouni t
MRNAs wer e det eciydhithe b88Esponamg ARKARIwdrBietdttdd BRECEMBbodIRIENP Baridest ed by

Yan and Surneier (1997 suggest.ing, t hat. t hese trapscripi.s ressed
either at |ow abmgﬁfﬁ?f i"?{‘aggfs t"ﬁeg%@’f"i‘ s c5’i°ﬁi"@" o%l gﬁ’i ﬁogﬁigﬁ\gﬁlﬁ %P
subpopul at i ong of embbtignent hl)t he forner case, nore sensitive techniques will
reveal a higher proportion of cells as positive for given transcripts,
whereas in the latter there will be little change in the % of cells
positive for a given transcript. Table | shows sone of the genes detected
i.e. those whose 15 expression in these cells had been previously
characterised, and that the bacterial positive controls were detected but
not the viral negative controls. Al the housekeeping nRNAs are expected
to be expressed in all cholinergic neurons. The neuronal markers

dynor phi n, enkephalin and PPTA are markers for non 'cholinergic neurons in
the striatum and
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20 lipoprotein lipase for endothelial cells. Table 1 also shows that the
use of enbodinent 3 increased the nunber of cells (conpared to previous
esti mat egp diigsaodi ch the Voltage sensitive Na channel @6y/Epodgsssand NK3R
NMRNAs wer e detected, showing the ability of this nmethod to detect | ow
abundance transcripts in 25 single cells. In addition a nunber of nRNAs
not previously suspected to be expressed in these cells were detected
i ncluding somatostatin (SST), mMAChR3 and 5, SUR2 and the D3 and D4
receptors, again showing the high sensitivity of this nethod. 30 In
contrast, many of the GABA receptor subunit nRNAs were only detected in a
proportion of the cells, suggesting that subpopul ations of these cells may
exi st which express different conplenents of GABA receptor subunits, as
suggested by Yan and Surneier (1997). O her references in table 1 are: Yan
& Surneier (1996), Yan et al., (1997) and 35 Tallaksen-Geene et a
(1998). 61 WD 01/ 06004 PCT/ EPOO/ 06887 Table 1: List of nRNAs detected in 4
si ngl e chol i nergi c neurons using enbodi mrent 3 followed by hybridization to
m croarrays. The percentage of cells expected (e.g. housekeepi ng nRNAs are
expected 5 to be expressed in all cells) or previously shown by ot her
nmet hods, is shown in the third colum (% positive cells) with the
appropriate reference in the second colum. The percentage of cholinergic
cells in which the corresponding nRNAs were detected after enbodi nent 3
and mcroarray analysis is shown in colum 4 (% positive cells by is
enbodi nent 1ii). §2 WO 01/06004 PCT/ EP00/06887 O .0 to Lati O
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d&d& G NC 4) co AWCD (
"a NNtotl) d) ) d) tl) tUQ Q iCcCcOottl tO ( t4t4 n3 ONN
t

a
CC Cogny bt 1 ¢ o w tlﬂﬂlUUm L EH PR PPPERRYR TR rYLEEC T

PCT/ EP00/ 06887 M'S What is claiméd i's:"1.5A hethod to increase the number
of nucl eotide sequences corresponding to the nRNA species present in a
sanple, said nmethod 5 conprising the steps of : a) reverse transcribing
sai d nTRNA specWimt issclainetd i8i r st heel ed priner population to provide first
strand cDNA sequences; b) synthesizing second cDNA strands fromsaid first

strand cDNA sequences .usi n&cg second heel ed gri rrﬁr 80 ylation; 10 c)

anpl i fying said firstl- &heliRe iR ncrpasestenmberefny 'ﬁgﬂqq BRAUCED. b) over
? nunber of anpdrrésponatingrtoctiel mMERNAI sﬁeciefs( br)rt]ase?f in atsr]amg?le,gsaiammhbdi ng ?t )
east a porfio . e quence of the first heeled priner; an i
a second pr% mébrﬁ%rﬁépﬁgﬁénsgggﬁaﬁea_st a portion of the heel _15 sequence of
the second heel ed pr i@nEgverse &raseribing spidsnRYA spadefusing pfirstBeelede st eps

of : d) dilutipgméhgopulaibicto prbviaé fifst efrafd®cDNdeyuandes;ut ed cDNA  sol ution
containing a cDNA copcentral A WatSH 'DNIC'WEREs P! s4id®hidt strand
cDNA sequences using a second heeled primer population;

10 ¢) amplifying said first and second cDNA strands resulting from
step b) over a number of amplification cycles with :

(i) a first primer comprising at least a portion of the heel
sequence of the first heeled primer; and
(i) a second primer comprising at least a portion of the heel

15 sequence of the second heeled primer,
wherein said method further comprises the steps of :

d) diluting the product of step c) to obtain a diluted cDNA
solution containing a cDNA concentration which is between about 2 and
100 times inferior to the cDNA concentration of the product of step c);

20 e) adding a thermoresistant DNA polymerase to the diluted
cDNA solution of step d) and performing a further set of ampiification
reaction cycles without adding further nucleic acid primers;

f) separating the high molecular weight cDNA species,
preferably those having a length of at least 4.5 kb, from the product

25 obtained at step e); and

g) confirming the presence of at least one nucleotide acid
sequence contained in the high molecular weight cDNA species
separated at step f).

D'-rs-rcCcccccccC vr.+vvO't3'O'v
N N
f

30

2. The method according to claim 1, wherein the amplification

reaction of step ¢) is performed under low stringency hybridization
conditions.
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100 times inferior to the cDNA concentration of the product of step c); 20
e) adding a thernoresistant DNA pol ynerase to the diluted cDNA solution of

step d) andygeidsessm Ng a furt“ 1 li fication reRgldraeesdC! €s
wi t hout addi ng further nucl eH T“Hlfmllﬂumm f) separating Fhe@%l gh
nol ecul ar wei ght cDNA species* cprefefably *those having a | ength of at

least 4.5 kb, fromthe product 25 obtained at step e); and g) confirmng
the presence of at |east one nucleotide acid sequence contained in the

ncaording Lo cl i ma. el 18 TS o FRRRELE Pord. Whein dhe amainegiey s
perfornmed under Feagtionof atepre} jndidesite stepsofi: conditions. 67 WO 01/ 06004
LA 111111111 b 6 SEARASS A dediSh 3t o RN O

| ai I 2, wh . cat reaction step udes the
gt Z:Ogsof ?r(i) oﬁg'éfe’hg%g%w%ﬁ@%%?aﬁéggcm nmol ecul es at a tenperature
conprised betfeen 85C diild Bir€alig (thee) s&lylwaét?alﬂieﬂhQ)?ﬁAnﬁéﬁe@ﬂé?Eﬂech DNAnce
I I t [ e ol S e .prese
of & concent  at (aPaair cBrSEY bafeer S Bnd B I A prestnty afhc | ng
the anneal ed DNACRRSiEEEgl@Eotmagnesiyp sanding BomcbAdmbed between 70C and 75C
i torari v erene CQiﬂPe@tgﬂﬁﬂg)the?énnéd?eéD’ﬂﬁunber O]?tlgltglﬁ‘lp\sé}aturf The
[ ti t X | sie .
ot hod of "any. ongBpratehafbesn 7% ahizerE i Ina prBkefiE o estiealratin gh o
first and seddnd4SDRM Magresiemcarried out in step c) 15 conprises be]E ween
30 and 50 lification i : 0
claims | to i wherei n " LoRefeling steps 10 1 L TETRATEY Biniber BFYCLE

conprises the follow ng steps of:
4. The method of any one of claims 1 to 3, wherein the

amplification of said first and second cDNA strands carried out in step ¢)
15 comprises between 30 and 50 amplification cycles.

5. The method according to any one of claims 1 to 4, wherein
each amplification reaction cycle of step e) comprises the following steps
of:

20 (i) obtaining single stranded DNA molecules by incubating the
sample at a temperature comprised between 85°C and 95°C ;

(i) annealing the single stranded DNA molecules obtained at
step (i) at a temperature comprised between 55°C and 75°C;

(i) elongating the annealed DNA molecules using a

25 thermoresistant DNA polymerase at a temperature comprised between
85°C and 75 °C;

(iv) reiterating steps (i) through {iii} for the desired number of
cycles desired.

8. The method of any one of claims 1 to 5, wherein the further

30 set of amplification reaction cycles carried out in step e) comprises
between 10 and 40 cycles. '

7. The method of claim 5 or 8, wherein the amplification

reaction of step e) is performed in the presence of magnesium
35 concentration rangiing from 1,5 to 4,5 mM.
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20 (i) obtaining single stranded DNA nol ecul es by incubating the sanple at
a tenperature conprised between 85C and 95C ; (ii) annealing the single
st randed wdld1m@becul es obtained at  step (i) at a tenpepeimpoessapri sed

bet ween 55C and 75C;, (iii) el ' t eal ed DNA nol ecul es using a
25 thernoresi stant DNA poly gwﬂiw EMature conpri sed between 65C
and 75 C, (iv) reiterating st ) (ii1) for the desired nunber

of cycles desired. 6. The nethod of any one of clainms | to 5, wherein the
further 30 set of anplification reaction cycles carried out in step e)
conprises between 1Q and 40 cycles. 7. The nethod of claim5 or 6, wherein
the anplification rd&adhednethpdacsprding taapy oneroferiaims 1 e 7pwhegite of

P P00/ O6a8 7y [ od coRfprse ah: ttitionauhpiniatioh Wi B 200

any one of cl a\{vhjgll\ fQ{'km?,es\ﬁ‘I'hmj:\lﬁﬂg aﬁqa&k ﬁe‘ﬁfgﬁ# M‘gps@gﬁﬁﬁaé&’ﬂqﬁ\?onal

anpl i fi cati®on BNApmolsculesi sepasated at)stepuf) bt acfuriiner smsplificétiont téaetoat | east a

part of the hiaindiet BaM &poitish & theorithHedlBbAGLEaP BRI paHlioh FP ) 10 2
I on at | east

further anplifjica ée ction usi a portion o he tfi1rst heel
sequence and af*€|Sg5eRd e%cﬁeﬂf‘ﬁﬂc%?“ M@Eond heel sequence as the
primers. 9. The nethod of any one of clains 1 to 8, wherein step g) 1io0

conpri ses any one of gt f | il t 8CLJ Of sequences
of interest with s ecgzl' p?'g B%#r@g‘oﬁﬁgﬁztgﬂggpg %?i(g)‘l\os)'eg%( ?1 %Jhg%')'?ﬁt%‘g ion of
the sequentbes MRIResANY oG Afthe fllewing-methodgonucl eoti de priners; 15 (iii)
cloning of the DNA m) edetiettiorpbbfaithed sequéndesp!ofc ditbrist MR/ Qpedifi®r €SSi on
vector; or (i Valighﬂugl.b{)tri& ﬁlgg«eg.r anscription, either for hybridization assays
or ’

(i) amplification of the sequences of interest with specific -

oligonucleotide primers;
15 (iii) cloning of the DNA molecules obtained in a replication
and/or expression vector; or
(iv) in vitro RNA transcription, either for hybridization assays or
for further reverse transcription optionally using unlabelled or labeled
substrate followed by gene specific PCR or hybridization.
20
10. The method according to any one of claims 1 to 9, wherein
the first heeled primer population consists of a population of nucleic acid
sequences each comprising, from 5'end to 3'end :
(1) a heel sequence of 15 to 22 nucleotides in length which is
25 not complementary to the mRNA molecules initially present in the:
sample or to the first strand cDNA molecules obtained at step a);
(ii) an oligo dT sequence of 15 to 25 nucleotides in length; and
(iii) a variable sequence of 2-4 nucleotides in length that can
hybridize to a mMRNA molecule at the 5'end of the poly-A tail thereof,
30 wherein substantially every possible variable sequence combination is
found in said first heeled primer population.

11. The method according to claim 10, wherein said first
heeled primer comprises a RNA polymerase binding site such as the T7
35 promoter. '
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for further reverse transcription optionally using unlabelled or |abeled
substrate fol | owed by gene specific PCR or hybridization. 20 10. The method
accordi ng t9odsene of claims 1 to 9, wherein the firstpha@hfshsdr i Ner

O
popul ation consists of a popul cid sequences each
conprising, fromFend to Tend 4uﬂﬂmmmﬂﬂﬁnce of 15 to 22 nucl eoti des
in length which is 25 not conpl'eméntary"tc the nRNA nol ecules initially
present in the sanple or to the first strand cDNA nol ecul es obtai ned at
step a); (ii) an oligo dT sequence of 15 to 25 nucleotides in length; and
(ii1i1) a variable sequence of 2-4 nucleotides in length that can hybridize
to a mMRNA nol ecul e at tlReThe srathast acdordipg ty any one bf claimsebdto 180owhereinei n
substantially ev [ Vi
Said first heel egoprine: ebled %’ﬁ’%ﬁwﬂfﬁ“’féﬁ%&%ﬁm PepLoh Of el 1 10,
wherein said fir8¢ Sﬁ%‘éﬁ”@ﬁsﬁﬁpwmﬁﬁ‘ﬁgq <8 38N rerase binding site
such as the T¥ 35 profiipachee! 68qWEA0R10AEQ4 2P hliddotides/ ikMEYtH aitich isl2. The

et hod accor df nnchibfeflRtaR totha A ridleddes WIBLA! R tidiExgRARdfce!

pri ner populatlo el c_ aci equences each

conpri sing, fronhs thdwh&nmoiecgle@synﬁlea@eﬂ atslgbdtice of 15 to 22

nucl eozldestlh n Ienglth V\{l;o@f”tss vaﬁ%!ecﬁﬁt@nbﬂgw@faﬂbt?on@é!@otmlgﬁnmh geul es g
presen In e s e.,or S Stran ecul.es s esl| ze
D Catep (11 oaBEo Sholf il subdSatil e ho¥biS SoudfRe BRI o | engt b
sel ected sucho t hto ZunbsleahdesasIfqunwersgiqﬁmshbheelgdmnmar@wuiahonaandn of 10

4 to 7 nucleotides is f(ﬁi‘)'%dsécané%ﬁaﬁé?x%ﬂo é‘tﬂxéﬁ"cé Hété&!hfé‘a and
(iii) a second varjabl.e nucl eotid qiuence z.e;l
hybr 1 di 26 on avePUBBTGREL AVERGE RS > gprton wﬁi ERTE TR

nmol ecul es under ¢Wsmm!emgmm)déty®nsmngenc)ohybndtzdtmm omditidss. 13. The net hod
according to claim 11, wherein the heel ~sequence consists of the nucleic

aci d sequence 5 - CTGCATCTATCTAATGCTCC- 3 )
15 13. The method accordmg fo claim 11, wherein the heel

sequence consists of the nucleic acid sequence §-
CTGCATCTATCTAATGCTCC-3'.

14. The method according to claim 12 or 13, wherein said
20  second heeled primer comprises a RNA polymerase binding site such as
the T7 promoter.

15. A method to increase the number of nucleotide sequences

corresponding to the mRNA species present in a sample, wherein said
~25 method comprises the steps of :

a) reverse transcribing said mRNA species using a first heeled
primer population to provide first strand cDNA sequences;

b) synthesizing second cDNA strands from said first strand
cDNA sequences using a second heeled primer population, wherein

30  each of the primers of said second heeled primer population contains a

rare cleavage site in particular a rare restriction site located at or close o
the 3’'end of its heel sequence;

c) amplifying the first and second cDNA strands resulting from
step b) over a number of amplification cycles with :
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14. The met hod according to claim12 or 13, wherein said 20 second heel ed
primer conprises a RNA pol ynerase binding site such as the T7 pronoter.

15. A newwwek/dstosl NCr ease theil uﬂmg‘lmuwmﬂ ti de sequertaaEPo0/66387 €spondi ng

to the nMRNA speci es present ein said 25 nethod conprises
the steps of : a) reverse trarscfibing" sai d*nRNA species using a first
heel ed prinmer population to provide first strand cDNA sequences; b)

synt hesi zi ng second cDNA strands fromsaid first strand cDNA sequences

usi 39 a segogd |h99| eq) R ifistr pﬁ?é?!o@?ﬂﬂi&inﬁgf\’ﬁﬂléé’aﬁ a390|¢i|6ﬁhopfthé h_iietelpr! ners of
sai d secon ee I ins a rare cleavage site in
particul ar a rar‘%g‘lugg %ﬂq‘ggﬁ%%ﬂ?%ﬁﬂﬁﬁ?’egn& or close to the 3 end of its
heel sequence; c) anfil)id geeend pemer compaisingsat-ieast amportion rafrthe hasbul ti ng
] e prire¥echg RSB ORG 1 808 %8 1 s (1) Atiret
primer conprising at di H&é’baé"% pl@ﬂuégigtﬁ@eﬂe% sm@é’gdﬂ%ﬂc@t lghst ere i r st
heel ed pri ner ;reatnidti¢n i gnzymee toatd spedifically crevoghizesgthet cleasage asifgorin i on of
the heel seq : t | , [ ' e product
Lﬁ?ﬁ%lﬁwa t %‘?% fréﬁggtgotmﬁﬁé SCIREd™S the Hbkl s@ﬁ@@ﬁc&d Be hde P

obt ai ned at step { one restriction enzyre that specifically
recogni zes t hes&ePBAhegledRringen n  particular a rare restriction site

inc|OI udted } n Ehe heelt e;emum_rg:eh@gr?m cfestepdd) ee| aitaipr & ndilutede)cDNA Ut i ng Dme
Poncent r at 1%n Soiftior s EoRi ereEnfizthin whign e petweth SRS Bhe'D, 2 ol
concent r at i on Y0 times inferinrde the cINA gopgentratioaniithe peodusteiater €)ist ant  DNA

pol ymerase to the di huhgdingSarRbnstesistanl BNA2PElyRRIASY 6 MHeadifutéd her set
of anplificatignr

or i mor: and 1SA)PE B £ BN BT pFLE,  urBier et of AP Rl tsREfier oo o
sequence cont ayctes withouhaddiog furthen nucleioacid pimer;rardl at step f).
15 g) confirming the presence of at least one nucleic acid
sequence contained in the reaction mixture obtained at step f).

16. The method according to claim 15, wherein the amplification
reaction of step c) is performed under low stringency hybridization
conditions.

20

17. The method of claim 15 or 18, wherein the amplification
reaction of step ¢) includes the following steps of :

(i) obtaining single stranded DNA molecules at a temperature
comprised between 85°C and 97°C;

25 (i) annealing the single stranded DNA molecules at a
temperature comprised between 45°C and 65°C ;

(iii} elongating the annealed DNA molecules at a temperature
comprised between 70°C and 75°C in the presence of a concentration of
4.5 mM Magnesium;

30 (iv) reiterating steps (i) to (i) for the desired number of cycles.

18. The method of any one of claims 15 to 17, wherein the
amplification of said first and second ¢cDNA strands carried out in step c)
comprises between 30 and 50 amplification cycles.
35
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16. The met hod according to claim 15, wherein the anplification reaction
of step c) is perforned under | ow stringency hybridization conditions. 20

17. The netygdysboc! ai m 15 orylﬂlumimlnmum{ anpl i fi cat iggephPRgss on of
step c¢) includes the foll ow rct obtai ning single stranded DNA

C.

nol ecul es at a tenperature conpri séd betiween 85C and 97C. ; 25 (1)
anneal ing the single stranded DNA nol ecules at a tenperature conprised
bet ween 45C and 65C ; . (iii) elongating the anneal ed DNA nol ecul es at a

terrper?t u;_e co][rpri4sed1b.et1meme_?rﬁ>@ ag%bra‘ai@ iohah eorg;%sejm?xsoﬁsem 1?, Gii)
concentration o . es . iv), Lelterating steps,(.i o (ifli
for the desired %‘?FB&%P{%%EQLE%%Q %ﬁ@a’ﬁ{é‘?'}] Bn%?tsaﬂﬂlao?fg’u!ﬂ(mélgi nms 15
to 17, wherein tmleiaapids comarisiog, fiemdend tbi¥and and second cDNA strands
carried out in step c) gy aOHHY | t £l ggpm ycl es.
35 71 WO 01/ 06004 1111l %ll%iféﬁ%ﬁlyﬁii%ﬁml%?%%% ' C % Ms 19.
The method actorftngPBlemgntany ctoothe |Im molgcuiess initigyye pegsent Ha ey st

heel ed priner pogampigj on consists of a popul ation of nucleic acids

conprising, fromVend er(d nucl eoti des

in length whichis 5 hgf"-@gﬁ%f’gn&e"ﬁ%‘%ﬁeﬁéfﬁ%‘“’%ﬁé%f‘*@aﬁm tially

present in the sanpl efii) @ ivpriable saggenesr of &t sheleotides i lepgiisthatcaBot i des

in length; (iii )rrﬂxﬁrmelt@alrﬁamqﬂ@:eeme% the Feid 6f PRIJIIRA thilthepdsft h that can
W

hybridizetoua -A tail t.he%reo.f, e}

nol ecul e. at the Vend .of t.he pol
wher ei n substént '\%Arpg;z %@:@?@%@ﬁggvg{yep%ﬁ%lgmaga@g R HRBIRALENS|
found in said fifound nessticdfirsp healed prioyenpapuletion.20. The net hod according to
claim19, wherein the variable sequence of 2 to 4 nucleotides is selected

he fol |l owi '
among the Tollow ng Va&b.abi'hee method according to claim 18, wherein the variable

sequence of 2 to 4 nucleotides is selected among the following variable
15 nuclectide sequence : 5-(A or G or C)-N-1.3, wherein N is a nuclectide
selected from A, T, C or G.

21. The method according to any one of claims 15 to 20,

wherein the second heeled primer population consists of a population of
20 nucleic acid sequences each comprising, from 5’end fo 3’ end :

(i) a heel sequence of 15 to 22 nucleotides in length which is
not complementary to the mRNA molecules present in the sample or with
the first strand ¢cDNA molecules synthesized at step a) and wherein the
heel sequence includes the nuclectide sequence of a rare cleavage site

25 in particular a rare restriction site located at its 3’end;
(i} a first variable sequence of 4 to 7 nucleotides in iength
selected such that substantially every possible sequence combination of
4 to 7 nucleotides is found in said second heeled primer population ; and
(iii) a second variable nucleotide sequence that was calculated
30 to hybridize on average once in every 1 kb portion of said first strand
cDNA molecules under low stringency hybridization conditions.

23. The method according to claim 21, wherein the hesl

sequence consists of the nucleic acld sequence 5-
35  CTGCATCTATCTAGTACGCGT-3'.
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1s nucl eotide sequence : 5 -(Aor Gor O-N1.3, wherein Nis a nucleotide
selected fromA, T, Cor G 21. The nethod according to any one of clains
15 to 20,wowkvesoei N t he second heel ed priner popul ati on eospslosssdf a

D" heet soauence | IMIBMHIEIMRNIESY G2cf . ooc b en'Ts ot

conpl ementary to the mRNA nol ecutes"present in the sanple or wWith the
first. strand cDNA nol ecul es synthesized at step a) and wherein the heel
sequence i ncludes the nucl eoti de sequence of a rare cleavage site 25 in

articular arare re et d ' 4 3, » lherhi i St
\F/)ari abl e sequence of 521?’ {'@ﬁ%ﬁnﬁjﬁ?gacﬁcggogﬁgfgolaﬂﬁlm ?121 gg:%eiét"gpc'ié%llﬁﬁgitdhat

substantial |y 86eand yadablg| sequengeniscchesan fam Jhe 9rour of seauengesot i des i s
found in said sewsistihghefeb'sCCAGAYB! SHQBACAIINNS';CBMACLI'iand 8'-ATGQGI vari abl e

nucl eot i de-seayengniiial e4ab of UafthlsBGH viflalie JMRBRCL 3 Gl YPLaRE once in
? %@If n C no &8’] ﬁ'f"OW

every 1 kb portion of Sard first stra ecul'es” undaer
stringency hybpeepndheeled pamer PORIatioR3. The net hod according to claim 21,
wherein the heel sequence consists of the nucleic acid sequence 5 - 35

CTGCATCTATCTAGTA + 3 72 P 0Q/ 7 WO 01/06004 11 1 1111 1111
XL M S 25 Tre f& e &%@é%gf‘ﬁ’%ﬁai % Pg, ggf%'%ei%i]tﬂlé%i d

second var i abl wheeajmthecfirst beeled pamerr inoludescthgrsequente obguanecslgavagensi st i ng
of 5'-CGAGYy 3" site'in paftielta? a rare festifior sittMdcated HtHE §'eﬁa1of5iltécheélh?t each

of said second variable sequence is found in said second heeled priner
popul ation. 245€4Yff'Ret hod according to any one of clains 15 to 23,

wherein the first heeled priner includes the sequence of a rare cl eavage

o site in particul ar ' | L5 Icrféqie-t Lnd of its
heel sequence.  25. 'ﬁ?gﬂ%{ﬁ'g‘ acégr Pn t?oélgﬂizgh’g\;, V\I,ﬂetpérkﬁeﬂ . Ccl eavage

site in parti citern Particylan asiare Jeskictiar isiteqpf said, first ‘haeleg drimerpisi ner i s
15 identical to the cleavage site in particular a rare restriction site of the

second heeled primer.

26. The method according to claim 24, wherein the cleavage

site in particular a rare restriction site of said first heeled primer is

20 different from the cleavage site in particular a rare restriction site of the
second heeled primer.

27. The method according to claim 26, wherein in step d) the

DNA molecules amplified at step ¢) are incubated with two restriction

25 enzymes recognizing respectively the rare cleavage site in particular a
rare restriction site of the first and the second heeled primer.

28. The method according to any one of claims 15 to 27,
wherein each amplification reaction cycle of step f) comprises the
30 following steps of :
(i) obtaining single stranded DNA molecules by incubating the
sample at a temperature comprised between 85°C and 95°C ;
(i) annealing the single stranded DNA molecules obtained at
step (i} at a temperature comprised between 55°C and 75°C;
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Is identical to the cleavage site in particular a rare restriction site of
the second heeled prinmer. 26. The nethod according to claim24, wherein

t he cl eava \Le in particul a ction site peh/ypadsésds r st

heel ed pri %?0?%&&20 differ enﬂmmgm‘m“gﬁmmge site i npgart icular a rare
restriction site of the seco ed pritrer’. 27. The nethod according to
claim 26, wherein in step d) the DNA nolecules anplified at step c) are

i ncubated with two restriction 25 enzynes recogni zing respectively the
rare cleavage site in ticular a ,rare restrigtjon site of the first and
the second heel ed pri r’r@'l‘%i 9@."9%{\9 n@?ho%f’"rf@iec#d Né\tﬁ‘ogﬁﬂr”%ne”%?g cfains 15
to 27, wherein thechomstantiRNA ipplymerase iabm teygeratufe sbmpriéed betwmeinses t he
30 foll ow ng St eggecObng 7 k. Obt @i ning single stranded DNA nol ecul es by
incubating the Sanple af a tenperature conprised between 85C and 95C ;
(ii) annealing the singVkrejieratingesteput) tnough () forbthai drsiredtnumbanof i) at a
tenperature conpeycksd between 55C and 75C;, 73 PcTl Eroat 06887 WO 01106004
(il'l) elongating the anneal ed DNA nol ecul es using a thernoresistant DNA

polynerise at a tenperature conprised between 65C and 75 C; (iv)
reiterating steps (i) ©Brdoghmethpd)ofiany one afcaiaimsd1hiois, wWiere® thecl es.

29. The method ofyriagy $¥tColaniiftlédionl PedcioR Scydier@inled ot fn!”sié;?r(f)set of
anplification reaction | es rrls OLF In step (f) conprises between 20
and 40 cycles. | Sprapyisephetysan 2and 40 cxsis g or 29, wherein the
anplificatiom reaction of step f) is perfornmed in the presence of a 3.5 nM

12%00 30, whorein cai B0 hememed 1 RH98 G20, hadil b AeRn, o,

15 to 30, wherein sai I rrses a )
reaction of step f) is performed in the presence of a 3.5 mM Magnesium
concentration.

15 31. The method according to any one of claims 15 to 30,

‘wherein said- method comprises a further stép wherein the DNA
molecules obtained at step f) having a length of less than 50 base pairs
are separated from the reaction mixture.

20 32. The method of any one of claims 15 to 31, wherein step g)
comprises any one of the following methods :
(i} detection of sequences of interest with specific
oligonucleotide probes;
(i) amplification of sequences of interest with specific
25  oligonucleotide primers;
(i} cloning of the DNA molecules obfained in a replication
and/or expression vector; or
(iv) in vitro RNA transcription, either for hybridization assays or
for further reverse transcription using unlabeled or labeled primers or
30 substrates followed by gene specific PCR or hybridization.

33. A heeled primer population comprising :
(i) a heel sequence of 15 to 22 nucleotides in length which is
not complementary to the mRNA molecules initially present in the
35 sample;
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nol ecul es obtained at step f) having a length of |ess than 50 base pairs
are separated fromthe rezg 32. The nethod of any one of
cl ai s 1Wwoto/06sbs Wherein m"H m‘"mr:mﬂ " any one of prirEpioaetswi ng
nmethods @ (i) detection of Seduemce8 ot interest with specific

ol i gonucl eoti-de probes; (ii) anplification of sequences of interest with
specific 25 oligonucleotide priners; (ill) cloning of the DNA nol ecul es

obtained in a replication and/or expression vector; or (iv) in vitro RNA

transeription, eit ;?'%?‘9 o4 BT bt Br 572 nleotids gy T over e

transcri ption using 3‘%4 r'ates followed
by gene specific PCRiEra H‘?ﬂ?b'&l sagquepre of ¥34 nuciaatides indength thabeamt i on

conprising : (Hybridizeask mRMAanokcake atihé 6'eRd oftitd peliiAlEil therebfngt h Whl chis

Campl o1 74 vo BiseBoaiPatlEN Aehs b, Brab ol BebBaliof n7 wi

(ii) an ol i5go faund ipsaich fest beeled prinerpopylatient i des in length; (iii) a
vari abl e sequence of 2-4 nucleotides in Iength t hat can hybridize to a

MRNA nol ecul e at the,%' e o) t her eof erein
substantially every Bg'ssiqﬂ"le ﬁlFﬁaBT"@%E iﬂt'@"caﬁ‘fﬂrﬂ@gl @Q glams 380,nd in
sai d first heevhatejyr theevaripbleusaquence 0342 toT#h muicleotides s sefectedagmorg i on
according to Ghai fidwing % thHEBtIHér éﬁ}eﬁ‘:?gg!??gg ro6 ort@)- ﬁ gucl eoti des

Is sel ect ed arm the var | sequence (A or
or O-N1.9 ﬁh’l‘é\’éﬁ?\”ﬂF'ﬁgt' ?ﬁl@?tsagmﬂb Asti€X & fromA T, Cor G 35

The heel ed pri rrer popul ation of claim 33 or 34, wherein the heel sequence

compri ses the sequense. fl fledigl byfes BuBARSh bFolliy B 194C WhBreif e ©

restriction site |oc mer popul ation
of claim 35, Wee Sequenge comprises the sequence of a rare cleavage site |n

particular a rare restriction site located at its 3’ end.
15

36. The heeled primer population of claim 35, wherein the
cleavage site in particular a rare restriction site is selected from the rare
cutter group of enzymes which comprises Not1, Bsshll, Narl, Miul, Nrul
and Nael.

20

37. A heeled primer population comprising :

() a heel sequence of 15 to 22 nucleotides in length which is
not complementary to the mRNA molecules present in the sample or with
the first strand cDNA molecules synthesized at step a) and wherein the

25 heel sequence includes the nucleotide sequence of a rare cleavage site
in particular a rare restriction site located within or close to its 3’end;
(ii) a first variable sequence of 4 to 7 nucleotides in length
selected such that substantially every possible sequence combination of
4 to 7 nucleotides is found in said second heeled primer population ; and
30 (iif) a second variable nucleotide sequence.

38. The heeled primer population of claim 37, wherein the
cleavage site in particular a rare restriction site is selected from Not1,
Bsshil, Narl, Mlul, Nrul and Nael.

35
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cl eavage site in particular a rare restriction site is selected fromthe
rare cutter group of enzymes which conprises Notl, Bsshll, Narl, Mul,

Nrul and 37. A he atlon conpri Sickpno/dekgy @ heel
sequence OWEI/?%&ZZ nucl eo l!ﬁ% i‘ HW ich is not ccgrrpperrent ary to
t he mMRNA nol ecul es present of Wwith the first strand cDNA

nol ecul es synthesi zed at step a) and wherein the 25 heel sequence incl udes

the nucl eotide sequence of a rare cleavage site in particular a rare
restriction site Iocate wi.thin or ¢close to its 3 end; (ii) a first

vari abl e sequence of 43%o H‘%ﬂ%@'%i’f"@l‘@éPPW’?M@%GFQEQ&@&W&RW $hat
substantial | y evwhsgrefrotini hbel sefenos coneisty bRt hubkic écxH%eﬁ)uéH@é gotides is

found in said s ation ; and 30 (iii) a second
EHBR AR AL PASTRE B _

vari abl e nucl eot 1 dé "sequence éel ed prinmer popul ation of claim
37, wherein the cleavage site in particular a rare restriction site is

sel ect ed from Not1l, Bgghl theNeddied Mrither lat@Rdadiard / 06004 1
(0 e B e I B %111#)%‘& 3T§I it . P Fl‘OOI (fwgd @ mg:iﬁ g’ﬁ’ee eg;fprl mer
' I

popul ati on accor S5 CORERE A %HX H@We'éaéad@%‘@ &onsi st's
of the nucleic a&ﬂed sequence 5 - CTGCATCTATCTAGTACGCGT-3'. 5 40. The heel ed
primer popul ation according to any one of clains 37 to 39 whi ch further
conprises a RNA pol ynerase pronpt er ite. 41. A kit for the anplification
of the nRNA species présehiitifer e ﬁ"@"@ﬁ?ﬁﬂ@f R saRNA speciesiaresarsipai ses
(i) a first heelsngle] wtsrelnoguid kit compeesar ding to any one of clainms 33 to

claims 37 1o a0, 15 40 Brfi Heelest AR Bl Rlof ERORING b arE s R co
claims 33 to 36; and
(ii) a second heeled primer population according to any one of claims 37
to 40.
15
42. The kit of claim 41, which further comprises :
(iiiy a first primer consisting of the heel sequence of the first
heeled primer;
{(iv} a second primer consisting of the heel sequence of the
20  second heeled primer.

43. The kit according to claim 41 or 42, which further comprises
one or several restriction enzymes that recognize the rare cleavage site
in particular a rare restriction site sequence present in the heel sequence

25 of the second heeled primer.

44, The kit according fo any one of claims 41 o 43 which
further comprises a RNA polymerase.

30 45. A method to increase the number of sequences
corresponding to the mRNA species present in a sample, wherein said
method comprises the steps of :

a) reverse transcribing the mRNA species using a first heeled
primer population to provide first strand cDNA species;
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(iii) a first primer consisting of the heel sequence of the first heeled
primer; (iv) a second priner consisting of the heel sequence of the 20

second h@®) @Meddli mer . g to clai m 4kce/EPdidosssyhi ch
further conprises one or ’Imw "DQWIBWI on enzymes that recognize the
rare cl eavage site in particular estriction site sequence present

i n the heel sequence 25 of the second heeled prinmer. 44. The kit according

to any one of clainms 41 to 43 which further conprises a RNA pol ynerase: 30

45, A TeLhod t0 | NCT g ek EORATNERRES ys T4 SBEGHS R0t e A

species present in a erein sard I'Ses” the steps of
a) reverse tr&ﬁglﬁfipspﬂlgtl@lhe MRNA species using a first heel ed pr| mer

popul ation to provi th;a‘m;ﬁlﬁ)ﬁni baidTitsiCatd sactird SDNA §trans Pddultirig o
X111111111111 %’1& 111111 X11l. PCL/ EPO0/ 0
n

% :
second cDNA sf OYRY; A JUMBEL of ARfifigation < %&gﬂﬂ’thﬁ%ﬂqjls&f’%’ﬁ ? alrr;: |n19y| ng
said firstSangrisecahd wDBHntEatloarraBgmgsbGtweergODEdm209tngop¢r)reaOMn m nunber of

anpl i ficati onyy/fdewi fiohg : second heeled 5 pri nmer at a concentration
rangi ng between 0.0 Znyédgg

r.re in f ol n onditions :
(i) obtaining singl ‘)s‘(P)t?tﬁ'l’? g&'ﬁ r@g @QAa‘F @lﬁp@r%t EgraEWﬁpri sed
be]t vveeln 78C apdmpfised béiwe)enCYp&"Ccmm!IQS?Ca;nneal ing said si ggl e st rand;ad DNA
mol ecules at o0 a't dde%CD
el ongati ng the annea @YQ%‘%‘P s a? ﬁ@éﬂ@{? ratur RA'm corrprl se bet ween
65C and 73¢ i A temPemtueLamprised :Peﬁ\ﬁ%@rhﬂ?&? 4AtC) DNA pol ynerase; d)
armpl i fying the DNA ngii) estorigating ¢5e!ldnnegletir DNASeecalesates témpéfatumerber of

further ampli gwhggqgﬁbgfgqeggs%t;hd 7690 rftnk gralertel JFY fshBrsiiedh e hee!

sequence of t
DNA polymerase;

d) amplifying the DNA molecules resulting from step c) over a

15 number of further amplification cycles with :

(i) a first primer comprising the heel sequence of the first heeled
primer; and

(i) a second primer comprising the heel sequence of the
second heeled primer,

20 wherein the respective concentration of each primer ranges between 10
and 500 ng per reaction, whereby a population of amplified DNA
molecules is obtained; and

e) recovering the population of DNA molecules obtained at step

d).
25
46. The method of claim 45, wherein the amplification of said
first and second cDNA strands carried out in step ¢) comprises between
30 and 50 amplification cycles.
30 47 The method of claim 45 or 46, wherein the amplification

reaction of step c) is performed in the presence of both a thermoresistant
DNA polymerase and a thermoresistant proof reading enzyme.
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primer; and (ii) a second priner conprising the heel sequence of the
second heel ed priner, 20 wherein the respective concentration of each

primer ran%ﬁgop&qj en 10 an h tion, wherely-rappoRusAt i on of
anplified nol ecul es is rma!mﬁgjgmfr ecovering the popul ati on of
DNA nol ecul es obtained at step d). 25 e nmet hod of claim45, wherein
the anplification of said first and second cDNA strands carried out in

step c) conprises between 30 and 50 anplification cycles. 30 47 The net hod
of claim45 or 46, wherein. the lification reaction of_ step c).is
performed in the preseﬁge%‘ﬁ 'ES%Ba"ftW %F@i‘ﬂ?‘ﬁ?ﬁ"@ﬁﬂl&%d’f’@&ﬁﬁa@@ and a

t her nor esi st ant ampliificatieadieagtioonsy rstep €] M\ péHdrd@A0Hh the presence of a

111111111111111%&%%%%4gmﬁ%géﬁ?? 48. The net hod of any one of

clainms 45 to 47 anpli On reaction of. step c) is
performed in the presence of a concentration of 4.5 nM Magnesium 5 49.

TheI ,m]ge,t ho?, ofs any one @b, %éilﬁéthéa_éfgarﬁsonwrc?éimsé bs tofMtWreﬁgﬁeOf 20
anplification r ion cycles carried out.in _ste ._conprises between
and 50 cycl es. E@ﬁ}"%eseﬁe?‘!h@@@ﬁcﬁw 6‘?\%&'89 EY%‘?&ECEPE%E#&@Q’P ébn each
1o anplifi cati oncorsprisesdetwsen 80 and §0eycldy. conpri ses the fol l owi ng steps of

(i) obtaining single stranded DNA nol ecul es by incubating the sanple at

a tenperature conprised between 78C and 95C;, (ij) elaongating the anneal ed
DNA gl ecul es usinﬁg a gphﬁ"%’f‘%@? 4R (908 %ﬂw@ 43 do 49, whespipaashur e
conpri sed betoweeamplifieatiSCreantion bydle of step di eomnprisdd the fsltowisg §tepsiofit ough

of o ai me 45 to 50, wnl} Soinfl, singEPGharieaHin Riesies W17 nERhAIRE B Y "¢
perforned in thesamrie ahadeperature gamprised between 78°C and 95°C;
(i) elongating the annealed DNA molecules using a
thermoresistant DNA polymerase at a temperature comprised between
15 85°C and 75 °C;
(iv) reiterating steps (i) through (i) for the desired number of
reaction cycles.

51. The method of any one of claims 45 to 50, wherein the
20 amplification reaction of step d) is performed in the presence of 2.5 mM
Magnesium concentration.

52. The method of any one of claims 45 to 51, wherein said
method comprises the additional step of :
25 f) confirming the presence of at least one nucleic acid sequence
contained in the population of DNA molecules obtained at step e).

53. The method according to claim 52, wherein said method

comprises a further step wherein the DNA molecules obtained at step f)

30  having length of less than 50 base pairs are discarded from the reaction
mixture.

54. The method of claim §2 or 53, wherein step f) comprises
any one of the following methods :
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Magnesi um concentration. 52. The nethod of any one of clainms 45 to 51,
wherein said nethod conprises the additional step of : 25 f) confirmng

t he presemoeroedooat | east o equence conpei/Rpsbokskrt he
popul ati on of DNA nol ecul egmﬂr ,ﬂm”ﬁm !Ep e). 53. The nethod according
to claim52, wherein said nethodt cenpsi's a further step wherein the DNA
nol ecul es obt ained at step f) 30 having length of |ess than 50 base pairs

are discarded fromthe reaction mxture. 54. The nethod of cl ai m52 or 53,

wherein step f) corrprise eamhorgﬁog Acdd! | th
01/ 06004 1120 ﬁﬂ fl;l}l:gLiiL ce’\ﬁaletl l1111X11! /EP%O/%%@%’%Q( mget e%t I on of
i

sequences of %@l fic oI I gonucl eot i de probes (i)
anplification of sequihcamplification erofs sequercespesfi finterest! ivthnuspezific de
priners; s (iip} (ﬁ.{&mdﬁge?’h DNA nol ecul es obtained in a replication
and/ or expressi on vects)r %_ﬁl n.vitro RNA transcription, either for
hybri di sati®n assays CkP"éiFg for ePNfeveolseules abfainedinoa eplicationn| abel ed
or | abel ed pri erdfer expressibateetogsorf ol | owed by gene specific PCR or

hybri di ion. 10 55. clains 45 to 54,
o et o 10 S8 T O e o R 2
nucl ei ¢ aci ds tqsriw|esnrﬁgerseItransqrmﬁlentt@mgeumabeledpr lablem prieeserce of 15 to

22 nucl eot i dessibsstiaapfolowsd o gbﬁe siécnﬂ@PcR)HPh to the mRNA
nol ecul es |g|t|ally present in the sanple; an ollgo dT sequence of 15

to 35 nucl édtides in |en th; and (iii) a varlable sequence of 2-4
nucl eoti des in | engt 95 hne dfmthodmmcmdmga to cany wRblAofolaims| 45 ab 541 5' end

of the poly-A {fibteit hﬁ’é indt, hé’éi’ed’"‘bﬁhﬁrrb&ﬂﬁﬁo"f‘ln&éﬂléﬁ! G1V& pbplRtiSh Pdre
vari abl e sequencqelc aclds compnr.lslng, from 5'end to 3'end :
() a heel sequence of 15 to 22 nucleotides in length which is
15 not complementary to the mRNA molecules initially present in the
sample;
(i) an oligo dT sequence of 15 to 35 nucleotides in length; and
(iii) a variable sequence of 2-4 nucleotides in length that can
hybridize to a mRNA molecule at the 5'end of the poly-A tail thereof,
20 wherein substantially every possible variable sequence combination is
found in said first heeled primer population.

56. The method according to claim 55, wherein the variable

sequence of 2 to 4 nucleotides is selected among the following variable

25  nucleotide sequence : 5-(A or G or C)-N-1.3, wherein N is a nucleotide
selected from A, T, C or G.

57. The method according to any one of claims 45 to 56,

wherein the first heeled primer includes the sequence of a rare cleavage

30 site in particular a rare restriction site located at the 3'end of its heel
sequence.

58. The method according to any one of claims 45 to 57,

wherein the second heeled primer population consists of a population of
35 nucleic acid sequences each comprising, from 5'end to 3’ end :
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found in said first heeled priner population. 56. The nethod according to
claimb55, wherein the variable sequence of 2 to 4 nucleotides is selected

anong t he fghl.oMm vari abl e ' equence : 5'; r
C)-N1_3i vﬁte)rog]wr?& is a nuclummlwﬂﬂgﬂwﬁm fromA, T, T?}P(B@ﬁ%g The
met hod according to any one of cfai'ms ™55t 0*56, wherein the first heel ed
primer includes the sequence of a rare cleavage 30 site in particular a
rare restriction site located at the 3" end of its heel sequence. 58. The
met hod according to any, ong qf clainms 45 to 57, wherein the second heel ed
pri mer popul ati on consi@@es! seapeRsR af i29ntosI0 nugetidascindengthgviieh ifences
each conpri si ng, nbr eomplementarptcthe enRNA mSleRHALBEADIA the sample or with

s R g, o © 7

to 30 nucleotidesin %1 g ) €
nol ecul es present in théi) Gafifst vargblesequencaefi 15 tor 28 muglestidenin leogicul es

synlt hetsi éed as ls*saent:téa ?sgéh E?at%ubﬁfaﬁiialﬁﬁﬁb@ssﬁ&@%éaﬁé}? c@%ipsts&ggfs bl e
nucl eotides in el.ected. su substanti a

sequence conbi naﬁlg(hagf"”c%?ﬂg stf°HU§|'%3?§oP@§°n§thP8[ﬁ¢cm e ReRy! nd
heel ed prinmer popudation ; and (iii) a second variable nucleotide

sequence. 10 59. The moiaketbnd Uandhéntileblod) sdubcd © 58, wherein the heel

sequence of the second prinmer conprises the Sequence of a rare
cl eavage site in particular a rare restriction site located at the 3" end of

its heel sequence. 155030he fiethotkohamty arecsiralimg 45toctBiwherdin thbeeel n sai d

second heel ed | i | pdi ' ed .
downstream f rompés%"{‘r’%h%‘?gg%g%%_??%%@wﬁl{}@ﬁs% @r%&bt&%’tgﬁ% site.
61. The method otleavagesite ipPagicilara ram testristion sitelasated aldha &and ofits
sequences of thehddl s8§uatre. second heeled prinmers conprise the sequence of
a rare cleavage site in particular a rare restriction site |ocated at the

3'end of their respective heel seguence.
15 60. The method according to claim 59, wherein said second

heeled primer comprises a RNA polymerase binding site located
downstream from said cleavage site in particular a rare restriction site.

81. The method of any one of claims 45 to 60, wherein the heel

20 sequences of the first and second heeled primers comprise the

sequence of a rare cleavage site in particular a rare restriction site
located at the 3'end of their respective heel sequence.

62. The method according to claim 58, wherein the cleavage

25  site in particular a rare restriction site sequence of the first heeled primer

is identical to the cleavage site in particular a rare restriction site
sequence present in the heel of the second heeled primer.

63. The method according to claim 61, wherein the cleavage

30  site in particular a rare restriction site sequence of the first heeled primer

is different from the cleavage site in particular a rare restriction site
sequence present in the heel of the second heeled primer.

84. The method of any one of claims 60 to 63, whersin step e)
35 s followed by the additional steps of :
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62. The nmethod according to claimb58, wherein the cleavage 25 site in
particular a rare restriction site sequence of the first heeled priner is

i dent i calwboi/tbdoes cl eavage g ' m%ﬂmr a rare respet/Rbdobsssi t e
sequence present in the heg“\wm‘“‘nﬂ 8heel ed priner. 63. The nethod
according to claim61, whereincthe cledvage 30 site in particular a rare

restriction site sequence of the first heeled prinmer is different fromthe
cl eavage site in particular a rare restriction site sequence present in

t he heel of the secogsj iﬁf‘@agﬁig Rﬁé?%nﬁ,l\Oﬁgc@ggtﬁé@ggié}fstgﬂye)cwﬁ%ft cl ai ns

60 to 63, whereintst b . .30 IS ) tional “steps of : so
WO 01706004 118354 978 | reshiiqtion, gnzyine {hef specicaliyorscoaniaes the Clpavags
i ncubat i ng t hesifeNA partiesart &8 Tacbtestrivtion aitedhelnded intieheél sdqgiahte ofe

restriction e it cally recogni zes the cleavage site in
%lé@'éc&s fra?glglag:h er

particular a rare re “ctron site included in the heel sequence of the
second heel®d pri ner h) dilktingjithetaraduathef stepdd) o grbtainep dijuted dliNAi n a

dibl u: eg cDgA wmht{qd ﬁht@iﬁ}hbaa BDNA, éﬁrﬁ:@hﬁaﬁ&ﬂﬁﬁi&hrié\?b%é@ﬂl%fut'tzsaﬁ@t Wgent f
abou an | nes i of eri.or e c concentration e product o
step d); i) aéﬁ&nﬁ“ﬁs Pﬁ%’#‘?{ﬁ?&? g@@ﬁﬁ%ﬁﬂ‘%%rﬁ&%@@‘@c&%&ﬁp F’Slt ed sanple
of step h) and perfoinadding a thetmoresistandfDNAppolymesaseoto rthacdiluted i o

cycl es wi t houtsaaisle o9 sBp hdhl ?défoﬁﬁinﬁséé'fdrfﬁ‘érr’se?’b‘i' a"'ﬁa"."ﬁe fdrl f8aidfion Ne

presence of_ at cleic aclrsfl uence cont n the popul ation

| east.. on
of DNA nol Jé’cm%@%&tﬂ'i"ﬁ\%gag ganypucigic agiyprimeg and 15 65, The et hod
according to clai m 6§ confieniag the\pmsenteohatdeast orfe nuuleié acidtsegaensecond

rastricti on s oned MG REpdaid B GAPEKRICouISS ofieic 3t Mepl iy T { 1o

mol ecul es are @4 ihcubated with restriction enzynes recogni zi ng
respectively the rare cleavage site in particular a rare 20 restriction

orimer 22_%“%'6“WLPESS-E‘E%%Eff‘egﬁ*ﬁdéﬁﬁce‘?@réﬁﬁn%ﬁ?-%@*f’er%-ﬂﬁwie‘?ﬁ&%%'#?see' °
of the first and second heeled primers each comprise a rare cleavage
site in particular a rare restriction site, the method is characterized in that
in step g), the DNA molecules are incubated with restriction enzymes
recognizing respectively the rare cleavage site ‘in particular a rare
20 restriction sites present in the heel sequence of the first and the second
heeled primer.

66. The method according to claim 64 or 65, wherein said

method comprises a further step wherein the DNA molecules obtained at

25  step g) having length of less than 50 base pairs are separated from the
reaction mixture.

67. The method according to any one of claims 64 to 66,
wherein the number of amplification reaction cycles performed in step i)
30 is comprised between 20 and 40.

68. The method of any one of claims 61 to 64, wherein step j)
comprises any one of the following methods :
(i) detection of sequences of interest with specific
35 oligonucleotide probes;
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met hod conprises a further step wherein the DNA nol ecul es obtained at 25
step g) having length of |ess than 50 base pairs are separated fromthe

reacti on myhWigseed’- The matgm! i any one of geyaipdBoRsy to 66,
wherein the nunber of anplifi Ema ﬂ(ﬂmt:ycl es performed in step i)
30 is conprised between 20 and-4C . wThe met hod of any one of clains 61
to 64, wherein step j) conprises any one of the followi ng nethods : (i)

detection of sequences of interest with specific 35 oligonucleotide
probes; 81 WO 01/06004 11 1141 1 6 £ L Ms
(ii) anplification of s@éu%’ﬁéﬂgécg‘%ﬁi éﬁe%%#%h%pg‘g@ﬁ%& g@%ﬂ@? eoti de
priners; and (ii Plgenusiaolige erimerss abMA nol ecul es obtained in a replication

and/ or expression vect qfiy dorfy of thBtDRA hivlédifidsS abRirdie imaTasilicBfion
sequences corresBa}‘udl Q,?r tq the MRNA species present in a sanple, wherein
said method conBPPOLEXNTRESIEN ¥BAOL - 3) reverse transcribing the mRNA
species usingsa first heeled 14 prinmer population to provide first strand

CDNA speci es; b) syntheg zi ngmg%gnqac%eﬁ%ié 2@%1 HShhg 3o Wnhee! ed

primer population; c¢) anplifyin i d secon \ strands resulting from
step b) over a ﬁﬁﬁﬁ%f?""gg‘gatﬁﬁhﬁ%’égﬁi theciscpresen) inf saPBIed WiessiB $al i mer s
15 d) anplifyi ngmdiieod tomprisssdheeeps@dfstrands resulting fromstep c¢) using
priners selected fromt .St r . ner LSt ng a
portion of the heel seqéggﬁgéégéoj?mﬁ%@ﬁﬁé &ﬁywﬁﬁéﬁgﬁﬁﬁéf?%.ﬂiﬁ"ﬁ%ﬁ# on is
of a nucl eot iléle PEmMGr RoRURTaCtoPrevide fits) Biraad e@NRispeciess  conpl ement ary
sequence under the hybr)dyaiesRmgCestdnt SRASRRMAE | 1Rthg dGsdodhd ehddliddTer
conprising a porti.on of the heel "sequence of the second heeled priner
whi ch portion i sPBFCLPRRHIBIAS i de 1 ength sufficient to

¢) amplifying said second ¢DNA strands resulting from step b)

over a number of amplification cycles with second heeled primers
15 d) amplifying the first and second strands resulting from step c)
using primers selected from the group consisting of (1) a primer
comprising a portion of the heel sequence of the first heeled primer
which portion is of a nucleotide length sufficient to hybridize with its
complementary sequence under the hybridization conditions specified,
20 (2) a primer comprising a portion of the heel sequence of the second
heeled primer which portion is of a nucleotide length sufficient to
hybridize with its complementary sequence under the hybridization
conditions specified, and (3) a mixture of the primers (1) and (2), wherein
the total concentration of primers ranges between 0.02 and 500 ng per
25  reaction in the following conditions :
(i) adding the primers to the cDNA product obtained at step c);
(iiy obtaining single stranded DNA molecules at a temperature
comprised between 80°C and 85°C;
(i} adding a thermoresistant DNA polymerase;
30 (iv) maintaining the temperature at a range from 80°C to 95°C
for a period of time comprised between § sec to 15 min;
(v) annealing said single stranded DNA and elongating the
annealed DNA molecules at a temperature comprised between 65°C and
75 °C; '
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hybridize wth its conpl enmentary sequence under the hybridization
conditions specified, and (3) a mxture of the priners (1) and (2), wherein

t he t ot alygcqafeg@t rati on of tween 0. 02 pamkpbédsssyy per 25
reaction |nthefollovv|ng ﬂmm gl“ﬂ ﬂi il ddlngthe priners to the cDNA
product obtained at st ta ni=ng single stranded DNA nol ecul es

at a tenperature corrprl sed bet ween 80C and 95C; (iii) adding a
t her noresi stant' DNA pol yrrerase 30 (iv) maintaining the tenperature at a

:nazge(I/; O?ngggl fgggg@)dé SI n gﬁfslt ?%ngg\é)t Bﬁg Qggaéiagﬁgg?dn é éarﬁ(r:\egloeéS

DNA nol ecul es C¥¢les tenperature conpri sed between 65C and 75 C 82 WO
01/06004 11111111111111111111111 PCT/ EPOO/ 06887 C L M S (vi) carrying out

opul ali oh of DNA molidEaPisngfE pRkdRTin 8f DR Gofitusg otk R BERBR 1% i

69, whereih sﬂép d) further conprises the steps of anplifying the DNA
nol ecul es obtained at step d) (V|) over a nunber of anplification cycl es

ith [ | ect f t t f
Conpr Lsi ng. & por L1 o by e B o br &kl e cisre #B8 ) rutPer BrBPesR! ;i ch
portion is of the sbpS@bam]defyir@rtgelDMi‘rialeclﬂes obfaineldydirstep dp(wiiaver iat s
conpl enent arynﬁﬁﬁ)‘é‘?rﬁfear'r\ %ﬁ‘f‘cx@l\éﬁ Zﬁi'fn'\&g séle& Btm&ﬂsthépﬁﬁilﬁ ed, (b) a

i mor whiiBh GOREIFUN Péfaafa RTHGE CUPSIES FLPPAR.G! tBh MePLSEHHENSS onr | di ze

wi th its conptlefirst hegled gojimeznadhichpisrtion iscof anbcledtidelength sufficlent tons

speci 11 ed, - anfiybfidizd Wi Soffidrféual SBATeAde) urdp he) h%l‘.‘l‘ib‘?ia*ﬁ p the total

concentration gI‘IITEI‘S rang e er reaction in
the fol | owi ngceoditions mcfefé,v(b)) aoeﬂlapﬁ.qvgnmw @ smﬂmj thriheel ecul es at
a tenper at ur e seglertedf thecsécbad WeeledStimendhithGortion is of a nucleotide -

15 length sufficient to hybridize with its complementary sequence under the
hybridization conditions specified, and (c) a mixture of the primers (a)
and (b), wherein the total concentration of primers ranges between 0.02
and 200 ng per reaction in the following conditions :
(vii) obtaining single stranded DNA molecules at a temperature
20 comprised between 80°C and 95°C;
(viii) adding a thermoresistant DNA polymerase to the single
stranded DNA molecules obtained at step (vii);
(ix) annealing and elongating the single stranded DNA
molecules at a temperature comprised between 65°C and 75°C.
25 (x) carrying out steps (vii) and (ix) for a desired number of
cycles.

71. The method of claim 69, wherein step ¢) (vi) comprises
between 10 and 50 amplification cycles.
30
72. The method of claim 69, wherein the amplification reaction
of step c) is performed in the presence of both a thermoresistant DNA
polymerase and a thermoresistant proof reading enzyme.
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(viii) adding a thernoresistant DNA polynerase to the single stranded DNA
nol ecul es obtained at step (vii); (ix) annealing and el ongating the single

st randed DNAg ules at at ture conprised betwe 75C. 25
(x) carrying gﬁ?&@feps (vii) &ﬁﬁ!@ wfmm sired nurrb?r&@%/@géél o 71
The net hod of claim69, whereinr mgorrpri ses between 10 and 50
anplification cycles. 30 72. The net hod of ctaim 69, wherein the

anplification reaction of step c) is performed in the presence of both a

t her noresi stant DNA pqlynerase, and_a t hernoresi stant proof, readi ng enzyne.
83 WO 01/ 06004 1/ 11/ 11%%%&1‘194’?‘# of clgin £8, phergitthe-pig/itinaion steps bithe

met hod of cl ai m &8d cyary perfortriee iarthé iprésontce @f ssterentatiendf Magaesiumer f or ned

in the presence 'sfegﬂﬁﬁm [ gnhesium conprised between 2 and 5
mM s 74. The rre?%na@"o clal %ﬁggﬂﬂﬁi\%n the anplification step d).is
performed in the presence of a concentration of Magnesi um conpri sed

bet ween 2t ands 3f MM 7574TiRe ﬁg&ﬂmgfgﬁlaiﬁids&rw&%inwﬁé%ﬁiﬁlgéég%n[éfé@g}(;fsi ve '78
concentration o | ners. st eps and ¢ nge m 0., 0 ng. :
The method of C|%$ rggd 'Rﬁé?@lr?ﬁoel"ﬁ@ ﬁ&%&ﬂﬁ@*@bﬂ@éﬁ%@ﬁ%‘%ﬁ%ﬁpw Mer s
ranges from 0. 02between 2and 3 mM.7. The nethod of claim69, wherein the

respective concentration of prinmers at step d) ranges from 100 to 500 ng.

78. The nmethod of claiqg.70,, wherejn step d) (x) copprises between 20 and
60 anplification cycl e?.‘:'- 25“99.’"‘9?{9@ rrBFh%laP"bf séi aVRereln e wspedtive

anpl i ficati om r ecariceninatiost efiysinttrs @Y sieps by and &) raage fioer 0 O2rted00mgt he
presence of both a thernoresistant DNA pol ynerase and a thernoresistant

proof reading enzyne._25 .
76. The method of claim 69, wherein the respective

concentration of primers ranges from 0.02 to 80 ng.

15 77. The method of claim 69, wherein the respective
concentration of primers at step d) ranges from 100 to 500 ng.

78. The method of claim 70, wherein step d) (x) comprises
betwean 20 and 60 ampilification cycles.
20
78. The method of claim 70, wherein the ampilification reaction
steps d) (viii) to (x} are performed in the presence of both a
thermoresistant DNA polymerase and a thermoresistant proof reading
enzyme.
25
80. The method of claim 70, wherein the amplification reaction
steps d) (viii) to (x) are performed in the presence of a concentration of
Magnesium comprised between 1.5 and 4 mM.

30 81. The method of claim 80, wherein the amplification reaction

steps d) (viii) to (x) are performed in the presence of a concentration of
Magnesium comprised between 1.6 and 2.5 mM.
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80. The nethod of claim 70, wherein the anplification reaction steps d)
(viii) to (x) are perfornmed in the presence of a concentration of

Magnesi Uo%eets sed bet we 0 81. The nethedoomkssyl ai m 80,
wherein the anplification M“ma |EEW4“3) (viii) to (x) are perforned in
| af n

the presence of a concentr gnesi um conpri sed between 1.6 and 2.5
mM 84 WD 01/06004 |11 PCT/EPOO/06887 | [11LLLL LEELEL LI 1T1HEEL 11 CL M
S 82. The nmethod of claim 80, wherein the anplification reaction steps d)

(viii) to (x) are p \ n A i

Vagnesi um of ) 2.0 ni%. B mptiod 8FeBfy® 36 Gfieftin e Slplflieh Ble®h i e
concent r at i on stepspd)i (vill) o ) are pesformed \in the presenrse phagencentsaionook o 500 ng.
84. The net hoqusdnesium BFf2D nNfherei n the respective concentration of pri-ners
at steps d) (vii) to (x) ranges from30 to 300 ng. 10 85. The nethod of
claim 69, wherein step b) of synthesizing second cDNA strands is perforned
in the presence of aB¥agrhesi methasbnofenclaim i 30, r wheteiny theonmedpedive nM  86.

e T, ] e i oS oy pespntog ey L

87. The netho erein ste synt hesi zi'ng second
CcDNA strands conprises the steps of : (i) adding the priners to the cDNA
product obtained at 84.effh® ; methdd ofbtclaim n83si wherirst thedrspBbtivenol ecul es

ol yrer abe. andofperaiER B pHifs SFLUECH) Ao ratibe o 8085808 ! 7P T,
(ii); (iv)®maintaining the tenperature of the mixture at approximtely 94C
during a period of t851ETIe Mthed of rdimeed, wheredt stap b) o syRthesizinganneal i ng
said single stLandednNXsihnds i€ PRFbAME S the Brbded BFtaV\ﬁﬁBnéggmand 2 G
concentration ranging from 3 to 5 nM.
86. The method of claim 85 wherein the Magnesium
15 concentration is of 4.5mM.
87. The method of claim 69 or 70, wherein step b) of
synthesizing second cDNA strands comprises the steps of :
(i) adding the primers to the cDNA product obtained at step a);
(i) obtaining single stranded DNA molecules at a temperature
20 comprised between 80°C and 95°C
(iii) adding the DNA polymerase and the proof reading enzyme
to the mixture obtained at step (ii);
(iv) maintaining the temperature of the mixture at approximately
94°C during a period of time comprised between 30 sec to 5 min
25 ~ (v) annealing said single stranded DNA at a temperature
comprised between 40°C and 72 °C;
(vi) elongating the annealed DNA molecules at a temperature
comprised between 60°C and 75 °C;

30 88. The method of claim 69 or 70, wherein step c) of
synthesizing second cDNA strands comprises the steps of :
(i) optionally obtaining single stranded DNA molecules at a
temperature comprised between 80°C and 95°C in the presence of a
thermoresistant DNA polymerase;
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(vi) elongating the anneal ed DNA nol ecul es at a tenperature conprised.
bet ween 60C and 75 C, 30 88. The nethod of claim®69 or 70, wherein step c)

f t hesi,zZi d cDNA ' h podsd
opti onal Iy SEOURTE ° G gl e sﬂﬁﬂﬁﬂggn !ﬂgﬂmgﬁuf oS ot h RImmisde
I L

conprised between 80C and 95C of a thernoresistant DNA
pol ymerase; 85 WD 01/06004 Rift 11111111211211111111N PCT/ EPQ0/ 06887 ¢ L Ms
(ii) annealing the single stranded DNA nol ecul es obtained at step (i) with

t he second heel ed priner popul ation at a tenperature conprised between 40C
and 60C; (iii) elongat i(maﬂwhaadé@lwlwam%&%@@?cﬁgﬁ QE}?@?% gte 5
SOWPFI Zed ﬁgt Met@ﬁl@ﬂm gﬁac:s_tla_édm& héel@daba;imﬁlr mnggbhm hotefriperatufeor ?_ )
esired nunber o e : of cl ai m 88, ereinin step (iv),
steps (i1) to (icpqbr %ﬂ_@__b?%%sat?@??ﬁb%?gcm 60 cycles. 10 90. The method of
claim 69 or 70, wher ei i} glangatiogthe avoegled JINA taelecides of antempsratgrent @ f)
confirm ng the presBRss BéwaknleseSan@y8 oucl eic aci d sequence contained in
t he popul ati on of ecul es optained at, step e 15,91., The et hod
according to claim 90, M@F@aﬁ%a e&“"r@@ﬁﬂé@ fOEBr?%Piréégug'bF[ﬁftW@%Sst ep
wherein the DNA nol ecul es obtained at step e) having a length of |ess than
50 base pairs are disc f ty ) xt = A2 T =ret hod
of claim®69 or 70, V\he?dég?ﬁﬂgtré&% Bﬁ%%?lgg’edgﬁé}g{rﬁymoﬂnéé& 8¥) tglf?ggfﬂgﬁ?gm ng
nethods : (1) defetEpgategifosdg, B¥Clef interest with specific
ol i gonucl eotiyge probes; 25 (I1) anplification of sequences of interest with

specific 80. The method of claim 69 or 70, wherein said method
comprises the additional step of :
f) confirming the presence of at least one nucleic acid sequence
contained in the population of DNA molecules obtained at step o).
15
81. The method according to claim 90, wherein said method
comprises a further step wherein the DNA molecules obtained at step e)
having a length of less than 50 base pairs are discarded from the
reaction mixture.
20
92. The method of claim 69 or 70, wherein step f) comprises
any one of the following methods :
iy detection of sequences of interest with specific
cligonucleotide probes;
25 (i) amplification of sequences of interest with specific
oligonucleotide primers;
(i) cloning of the DNA molecules obtained in a replication
and/or expression vector; or
(iv) in vitro RNA transcription, either for hybridisation assays or
30 for further reverse transcription using unlabeled or labeled primers or
substrates followed by gene specific PCR or hybridisation.

93. The method according fc any one of claims 69 to 92,

wherein the first heeled primer population consists of a population of
35 nucleic acids comprising, from §'end to 3’ end :
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ol i gonucl eotide prinmers; (lii) cloning of the DNA nol ecul es obtained in a
replication and/or expression vector; or (iv) in vitro RNA transcription,

ei t her f@o dipbookdi sation assays or 30 for ““rt her revecsapbo/@mBsCri ption

usi ng unl abel ed or | abel ed pm“ﬂm‘m‘ ates foll owed by gene specific
PCR or hybridisation. 93. Th ¢

el g to any one of clainms 69 to
92, wherein the first heeled prinmer popul ation consists of a popul ati on of
35 nucleic acids conprising, from5 end to 3 end : 86 WO 01/06004 I1111

0 T I I P 0 I . ' .

of 15 to 22 nucl eot i eé rH?’ Eggﬁ%v\éf?ﬁggb #%%%Aéﬁ%ﬁg%%ﬂtgr@ﬂ%ﬁsﬁgum
nol ecul es i ni tho&l ¢gmpleaestaryite thee mBNApmolequles iaitially injesent” Wetience of 15
to 35 nucl eot isdg@splé;n 1 ength; and 5 (iii) a variable sequence of 2-4

nucl eotides in length that. ¢ hybr i di .ol.ecul e at the 5 end

of the poly-A tail gt&'@?@ '9°%3/ﬁ89§?%°%ﬂﬁf§{2ﬁ%§am%r'9? idde variabl e

sequence conbi nat i onfiil)sa vadable sequeace of i2-4 nuklestides i ilength thatutart i on. 10

94. The met hog, ﬁ&iﬁé@éPQnRﬂA%éleﬂl@%tH!"?Pﬁﬂ of fH’éeQ/M?JA %Fltﬁeregpquence of 2
cte follo a

to 4 nucleotidés IS s ed anong t n I abl e ~nuc¢l eotide
sequence : 5 WNReN aﬂé)a-ne!?w,gpaﬁ@?"éi%ﬂﬂmesg%wﬁwemm%aﬂ%v%ct ed from
A T, Cor G fésndin saldfirstthedled primerpdpualgtiom any one of clains 69 to 94,
wherein the first heeled prinmer includes the sequence of a rare cl eavage
site in particular a_rare restriction site. 96. The nethod according to

clai m 95, Wherein Bfe The Methed,\aggerding ta; ¢laim B3 awherein dhe avariable
][est [ i ﬁt i FndSistUEmé ot2ted miclétdlideﬁ'is selectet atdtwn@ehé_ followitigeveiable fﬁl d

irs eel e | . 0 [ I e rare
cl cavage oi t SucliRide Seauphie T80 Hr BEGELINThherell (84 plPBHAY | 11c
end of the hed&electad EamudBNGL 6FCGsai d first heeled primer. 98. The met hod
according to any one of clains 69 to 97, wherein

15 95. The method according to any one of claims 69 to 94, wherein
the first heeled primer includes the sequence of a rare cleavage site in
particular a rare restriction site.

96. The method according to claim 95, wherein the rare cleavage
20 site in particular a rare restriction site is located at the §' end of the heel
sequence of said first heeled primer.

97. The method according to claim 95, wherein the rare cleavage
site in particular a rare restriction site is located at the 3' end of the heel
25 sequence of said first heeled primer.

98. The method according to any one of claims 69 to 97, wherein
the second heeled primer population consists of a population of nucleic
acid sequences each comprising, from §'end to 3’ end :

30 (i) a heel sequence of 25 to 75 nucleotides in length which is
not complementary to the mRNA molecules present in the sample or with
the first strand cDNA molecules synthesized at step a); and

(i) a variable sequence of 15 to 25 nucleotides in length
selected such that substantially every possible sequence combination of

35 15 to 25 nucleotides is found in said second heeled primer population;
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t he second heel ed prinmer population consists of a popul ation of nucleic
aci d sequences each conprising, from5 end to 3 end : 30 (i) a heel

sequence of 25 to 75 nucleotides in length which is not W&{@@t ary to
rst strand cDNA

the mRNA noV@AUPEY present g, sanple or with the fi

nol ecul es synt hesi zed at stgw@mj‘mﬂumuﬁ vari abl e sequence of 15 to 25
nucl eotides in length select " Hubstantially every possible
sequence conbination of 35 15 to 25 nucleotides is found in said second
heel ed prinmer popul ation; 87 WO 01/06004 PCT/EPO0/06887 | 1111111 111111
11111 11111 111111 M S R 99. The nethod of claim 98, wherein the heel
sequence of said secogndahlehbaef BB SBIWhbAAT tﬁé‘ﬁeéﬁﬁtgéﬁee%ff said ar e

cl eavage site in artic r.arare r_estkl ction site. 5 1D0. The, nmet hod of
clai m 99, wher ei RE$%HY prirger,gomprisgsdhe SpQURNGELTE fale £ieayags PRIy 4
rare restricti onpasticelar a rarecesteidtiont sitthe 5' end of the heel sequence. 10
101. The nethpd of claim 100, wherein the sequence of a rare cleavage site
in particular”a rare restriction site is |located at the 3' end of the heel
sequence. 102. The nel@bodhsr methad,pbglaimy, avhereinethgestquesgcica 8 the 15
second heel pri neleavageosite ihpanicdartaradd raditidtion sitd @slobatetien dhd 5° dftBof The

nmet hod of claim rein. the heel sequence of the second heel ed priner
ranges from 45 aﬁ% %?ﬁgé&qb&??i des in length and conprises a RNA pol ynerase

binding site. 20 104. The nethod of claim99, wherein the heel sequence of
the second hgel ed prigErrHeamatiod sOSRHP 1enﬂwﬂ5réwmeeeé%ls@ﬁ:elaéea@th and

' RNA pol bi_nd | d. he 3'_.end.of fhe heel
equence. 25 105CRABGRTIRR PARYAATa treion At by ERe At n3terdely

the heel sequence.

102. The method of claim 99, wherein the heel sequence of the
15 second heel primer ranges from 25 to 35 nucleotides in length.

103. The method of claim 88 wherein the heel sequence of the
second heeled primer ranges from 45 and 75 nucleotides in length and
comprises a RNA polymerase binding site.

20
104. The method of claim 99, wherein the heel sequence of the
second heeled primer ranges from 45 and 75 nucleotides in length and
comprises a RNA polymerase binding site located at the 3' end of the
heel sequence.
25

105.The method according to any one of claims 89 to 104,
wherein step e) is followed by the additional steps of :

g) incubating the DNA molecules obtained at step e) with at
least one restriction enzyme that specifically recognizes the cleavage

30 site in particular a rare restriction site included in the heel sequence of
the second heeled primer;

h} diluting the product obtained at the end of steps d) and g) to
obtain a diluted cDNA solution containing a ¢cDNA concentration which is
between 2 and 100 times infericr to the ¢cDNA concentration of the

35  product of step d) org);
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wherein step e) is followed by the additional steps of : g) incubating the
DNA nol ecul es obtained at step e) with at |east one restriction enzyne

t hat spewiofgieédody recogniz ﬂmﬁmﬁ 30 site in perigroideddy a rare
restriction site included ﬂg\“m“ #ence of the second heel ed
priner; h) diluting the product obtdinédd at the end of steps d) and g) to

obtain a diluted cDNA solution containing a cDNA concentration which is
between 2 and 100 tines inferior to the cDNA concentration of the 35

product of step d) Oi; atidind3@ WMeriibredisiaft DINA gdiymbfdse! td the |dildted | t

PCT/ EPOO/ 06887 CL .M addl ng, a_t.her.nore t ant rase to the

i1 uted . samplSE e of St At PalprRa,firkter 3et b ARRICHBNIRARIN cati on
reaction cycloyslesiithout adding agy augleic.agicptimeriapdpri mer; and j) confirm ng
the presence of at 'fg;é:ﬁf?rﬂm?g t%r‘éké GEOIhtIELE BReS cféi&ﬂga_ Hﬁgnéé1 the

opul ati on of DNA,noD es obt.al ne st eps .. .N an . 106. The
ﬁeltoﬁod l)f &1 aiContanse Wn&'leefP?P Qlﬁ' P Qﬁ%m‘@)@f&ﬂ@a '\eldr§tt5t|§ ﬂéegbnd heel ed

prinmers each amdp).i se a rare cleavage site in io particular a rare
restriction site, the nmethod is characterized in that in step g), the DNA

mol ecul es are incubated with restriction enzynes recognizing respectively
the rare cleavage si1@.iTthepmethad, phelaim 19pewhewin when;the heealesf fieesent in

t htehhgel squm&anﬁ s?dv_i‘ldf hégléd prichers @agh woRtprisees rard ?éé\?ﬁye sit¢ inl07. The
met hod accgqr di na. cl aj . : | . ses a
further stk p \ﬁ%&‘c&‘?&ﬁ ?ﬁ%@ﬂégﬁwﬁ{’@gg}geé%ﬁ%bﬁ%?&ﬁarﬁ%gggéﬁqﬁﬁgli"g) havi ng
| ength of |esstemha) 8& BNA paleculesr ares nubatedd withr tatrigtionr eazymesm ni xt ure.
20 108. The meédughiAsg desperdively &Y rare ciavabel sie 199paficdidr .a raherein the
nunber of anplifi.cati an reacti.Qn CA/%I &F éaerfor ”?ﬂ, e §t ep ﬁg LS fonpri sed
bet ween 20 an&e%?t'on sites present in the heel sequence of the first and the secon

heeled primer.

15
107. The method according to claim 105 or 106, wherein said
method comprises a further step wherein the DNA molecules obtained at
steps €) and g) having length of less than 50 base pairs are separated

from the reaction mixture.

20
108. The method according to any one of claims 105 to 107,
wherein the number of amplification reaction cycles performed in step i)
is comprised between 20 and 40.
25 109. The method of any one of claims 105 to 108, wherein step j)

comprises any one of the following methods :
() detection of sequences of interest with specific
oligonucleotide probes;
(i) amplification of sequences of interest with specific
30 oligonucleotide primers; and
(iii} cloning of the DNA molecules obtained in a replication
and/or expression vector.

89
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25 109. The nethod of any one of clains 105 to 108, wherein step j)
conprises any one of the follow ng methods : (i) detection of sequences of

i nt er est V"iﬁvt}o%é?xﬁi fic oligon m - (i1) anplgdinsrabiharsy of
sequences of interest with speg Eigl]u Wﬂﬂ EE“CI eotide prinmers; and (iii)
cloning of the DNA nol ecules o e 4 I cation and/or expression
vector. 89 WD 01/06004 Uft 11211l 111 2liii 111111 PCT/ EPOQ 06887 C L M

110. The nethod according to any one of clains 69 to 109, wherein the heel

sequences of the fir | :gﬂﬁh C h ri are
identical. 5 111. A E{eileq']g@#eg??%éé%pul a qt ?)tﬁ az'gn%ﬁ?sc{fngsﬂzrﬁdisg ?ﬁg%
sequence of 15 twhereimthe beel sravences ehhenfisgh herledsprimen and Mn ReIdry to

t he nmRNA nol ecul Rgeled iptim@l bye BeRBeaNt in the sanple; (ii) an oligo dT
sequence of 15 to 35 nucleotides in length; and io (iii) a variable

sequence of 2-4 nucleotides in Iength that can hybridize to a nRNA
mol ecul e at the 5' end dfi1t Adepledprimargiopulation somprisiier ei n substantial ly

every possi bl e vari abl ?i ;aeg#ﬁ%aug,%g)bp%itngi Sucléstided ih rpeﬁ;ﬁﬁ QyHitH & heel ed

primer popul ation.. 15 e heel ed I.mer popul atj.on according,to claim
™ wherei n t hBOY SPmIsraertE khdie JrRbA Grolciles dptiflle SresrE dhotiend anong
the foll ow ng vasaraplee di nucl eotide sequence : 5 -(A or Gor C-N1. 3
wherein Nis a nucleoti 20 . heel ed
pri mer popul ation of cl(gf\arﬁ@i@%f&f%%ﬁ&mﬁeﬁe}onﬁ ﬁﬂc‘é!%ﬂe%g iégﬁg&%r@dcomri ses
the sequenceldf a rar e (§) a\asighlesseasienge of 2-¢iruiglestidas in jength dhat; &N on
site. 114. The hagritiizepioianmRNAOMols2llec tigd S'ehdioftiel Solytialt theretfie 25

o of Cthe heel WHSTIL SHibGaofif b RRLSLE" VR SadchcePiBhifiafy I'C T
V\,herﬁi n5lt he dcl)fe&ua dn saiddirsthegledrimarqopdiatigne restriction site is |ocated
at the en

15 112. The heeled primer population according to claim 111,
wherein the variable sequence of 2 to 4 nucleotides is selected among
the following variable dinucleotide sequence : 5'-(A or G or C)-N-13,
wherein N is a nucleotide selected from A, T, Cor G.

20 113. The heeled primer population of claim 111 or 112, wherein
the heel sequence comprises the sequence of a rare cleavage site in
particular a rare restriction site.

114. The heeled primer population of claim 113, wherein the
25 cleavage site in particular a rare restriction site is located at the 3' end of
the heel sequence.

115. The heeled primer population of claim 113, wherein the
cleavage site in particular a rare restriction site is located at the 5’ end of
30 the heel sequence.

116. The heeled primer population of claim 113, wherein the
cleavage site in particular a rare restriction site is selected from the rare
cutter group of enzymes which comprises Not1, Bsshil, Narl, Miul, Nrul

35  and Nasl.
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30 the heel sequence. 116. The heel ed priner popul ation of claim 113,
wherein the cleavage site in particular a rare restriction site is

sel ect edwiyrg@asdolpe rare cutterﬁimaumf enzynmes whi ch egrmro@ss7Not 1,
n
iy

Bsshll, Narl, Mul, Nrul 35 a lmwl iﬂmesom 110, 11111, 1111,

1111, 11 PCT/EPQO/ 06887 C L M d prinmer population of any

one of clains 111 to 116, wherein the heel sequence has a GC content

conprised between 50 and 80% 5 118. A heel ed prinmer popul ation conprising
(i) a heel sequence of 25 to 75 nucleotides in length which is not

corrplerrentarytothe{lIﬁHlA | ecules or with fi trand, ¢ | ecul es
present in a sanpl e;‘I 0 ae{Weeiecfpﬁgtﬁngpylaﬁ?réogéhngﬁg ?&fau%lﬂ'léln&)

nucl eot i des i n16ewhetein the beelsequiente hiaata b sontent aomprisad:betwaensi bl e
sequence conbisparqgpoef 15 to 25 nucleotides is found in said second
heel ed priner popul ation. 119. The heel ed prinmer popul ation of claim118,
wherein eaédh 1s primer further conprises : (iii) a second variable

nucl eoti de sequence 11&iA heeled piimel populatisrocdmyprising ze on average once in

| kb ti ' ' P .
S hganty Py 00 B Broh 12 SR PR PH ) o
according to ®phicempiementapyeiothe MBNA Jeelsrdles a7 with dirstsitandceDNA chosen
from the groupmdiculéspressntan assamplei i ng of 5' - CGAGA-3', 5'-CGACA-3',

5' - CGTAC 3! d 5 -AT . ' d. Labl
sequence ﬁg 1? gund i %@g%n@%!\éﬁ%@@ﬁp&?f?ﬁ% %bﬂ?’%ﬁf@%f%@%@l. eThe
heel ed pri mer splegtedasychrihaf subistantialiy gvenipassibie seayense combinatipnedle of a

rare cl eavage 15itb 25| fucltides I8l fBindiin’ i@ seGrid hédleéd Prifer Populdfign. The heel ed
primer popul ation of claim 1201, wherein the 30 sequence of a rare cleavage

site in particular a rare restriction site is
119. The heeled primer population of claim 118, wherein each

15  primer further comprises :
(iii) a second variable nucleotide sequence that was calculated
to hybridize on average once in every 1 kb portion of said first strand
cDNA molecules under low stringency hybridization conditions.

20 120. The heeled primer population according to claim 119,
wherein said second variable sequence is chosen from the group of
sequences consisting of 5-CGAGA-3', 5-CGACA-3', 5’-CGTAC-3' and
5-ATGCG-3', such that each of said second variable sequence is found
in said second heeled primer population.

25

121. The heeled primer population of claim 118, which contains
the sequence of a rare cleavage site in particular a rare restriction site.

122. The heeled primer population of claim 1201, wherein the
30 sequence of a rare cleavage site in particular a rare restriction site is
located at the 3' end of the heel sequence.

123. The heeled primer population of claim 121, wherein the

sequence of a rare cleavage site in particular a rare restriction site is
35 located at the 5' end of the heel sequence.
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| ocated at the 3' end of the heel sequence. 123. The heel ed priner
popul ation of claim121, wherein the sequence of a rare cleavage site in

particul ar golhdh&ed €Striction site is 35 |ocated at the gy aggldess t he heel
sequence. 91 MD 01/06004 PCT/EPOCO 06887 | II1111J 11hli 111JI 11111 111111

L 124. The heel ed pri ner poﬂ“lﬂﬂ“ﬁm ‘f“ Inﬁ 121, wherein the cleavage site
in particular a rare restri & ectedfromNotl Bsshl |, Narl,
Mul, Nrul and Nael. 5 124. The heel ed pri nmer popul ati on of any one of
claims 111 to 124, wherein the heel sequence has a GC content corrprl sed

between 50 and 70% 10 126. The heel ed prinmer. popul ation of claim 115
wherein the heel sequét?de Thenbraled pemeppopyiatign i Glaimt |1aé»swhﬁ'ﬁ*’é h. 127.

fThe higl ed % | MelcRoAge 8ite M pafticolaniarakd Teytietion Bitd E%Sﬁhgﬁz mql udstde ranges
rom to nu conpri ses a pol yner ase

bi nding site. ? &%ﬁ: h@d“ﬁﬂgha%gpul ation of claim 127 wherein the
RNA pol yner asé b| nding site is |l ocated at the 3 end of the heel sequence.
20 129. A kit for the arpal irhbG@bledprither pisp &ﬁe@f@ﬁﬁfgﬂm@

I wh I d di
any ot of cl ol miz4qwhtrein i hes] senpsécs? Q%%Brféérﬁ?é‘ Fai CopthisPa bERtedt | on

according to cl ab0mn#iZ0%.to 127. 130. The kit of claim 126 whi ch further
conprises (iii) a first primer selected formthe group consi sting of (a)

the 30 heel sequence of the first heeled priner and é;rl\) a priner
conprising atl® |east 1528orfdechrelod Hﬁ'mﬁfé&ﬁuﬁ’é@no‘?f ¢sladn Hidel Wgﬁﬁﬂbmfé of the

first heeled prhg@rsequence ranges from 25 to 35 nucleotides in length.

127. The heeled primer population of claim 115 wherein the
heel sequence ranges from 45 to 75 nucleoctides in length and comprises
15 a RNA polymerase binding site.

128. The heeled primer population of claim 127 wherein the
RNA polymerase binding site is located at the 3’ end of the heel

seqguence.
20
129. A kit for the amplification of the mRNA species presentin a
sample, wherein said kit comprises :
(i) a first heeled primer according to any one of claims 11 to
116; .
25 (i} a second heeled primer population according to claims 117
to 127.

130. The kit of claim 128, which further comprises :
(iii) a first primer selected form the group consisting of (a) the
30 heel sequence of the first heeled primer and (b) a primer comprising at
least 15 consecutive nuclectides of the heel sequence of the first heeled
primer.;
(iv) a second primer selected form the group consisting of (a)
the heel sequence of the second heeled primer and {b) a primer
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(iv) a second priner selected formthe group consisting of (a) the heel
sequence of the second heelﬁﬂmmmﬂ ﬂ ( a prinmer 92 WO 01/06004
11111111 wobfidebdal 111 11011 mﬂﬂ (”(l 6887 C L M fcoprigloksgy Ng at

| east 15 consecutive nucl eotldés éf f'heSheel sequence of the second heel ed
primer.; 131. The kit of claim 129, wherein the heel sequences of the 5

first heeled prinmer and of the second heeled prinmer are identical. 132. The
kit of claim 130, wherein the sequences of the first - and second priners

are identical .cokfprishy aflle@ski’ conssputive utRobite® B tHY hédlajeitierdd of0 132,

whi ch furtherhfg% é‘ﬁﬁ% ? rﬁlitekicti on enzyme that recognizes the rare

cl eavage si tet gg %] %P ‘are restriction site sequence present in
the heel sequence of the second heeled priner. 15 134. The kit according

to any one' of clai m34.2Phd Rit Pl 50, WHEENE the” ABRY dtfitiended F thé Ction
enzynme that recogni zes the rfiefnfﬂ eavalﬁi site In part@?@l a\r arare
restriction si primenand affhe;sgcord heelef primer ace, fali he first heel ed
prinmer. 20 135. The kit according to any one of clainms 129 to 134, which
further conprises a d ; iddgLld e f1 1111 WO
0108004 C 1 M 5 PCT/ EPoR0REEy Cen S5, Mhfdd 10 seddcnces ol R st Tper o
nucl eoti de sediEhRacoONd primessaiidRBtical.o t he nRNA species present in a | ow

quantity in a sanple, conprising: a) reverse transcribing said mRNA species
S ntnes, 5" cnee) o880 kit bl 3 bkt oP BB 28 ¥ozm e, o
cDNA sequencdUrten ¢aprises coiestriction ehzyme fbat respanizes the rarecleavagml i f yi ng
o7 Sl |1 oo AecROBBONN € gnat oy 1 foalere pesinbl, Y vl e
gol yggri se(s) i%qf‘ﬁﬁg?ﬁsthﬁSFF?'i‘{]ﬁf)é?&n?P"@&rpri sing at |least a portion of the
heel sequence of the '
15 134. The kit according to any one of claims 129 to 133 which

further comprises a restriction enzyme that recognizes the rare cleavage

site in particular a rare restriction site sequence present in the heel

sequence of the first heeled primer.

20 135. The kit according to any one of claims 129 to 134, which
further comprises a RNA polymerase.
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first heeled prinmer; and is ](!Hi“
)

_ | mer conprising at |east a
portion of the heel sequence lg”;[@g"gﬂ@}ueel ed pri me][, wherein said
met hod is r ized in thaldl the steps o pho/dasr easi ng
t he propor 'f‘llbgl’(l}ﬁg @ i gh nol ecul ar wei ght. DNA. nol ecul es, Pfaﬂzep}u} usi ng or

anal yzi ng specific nucleic acid sequences present in the high nolecular
wei ght DNA1%6| Acoethod todncreaseriietmuantier of mucleatide séwquemced eoredpomdirigei ¢ aci d
sequences G HERRNAM I iast iARYAw : § wquantity in a
sanpl e, wher eieﬁ!ﬁsai d ﬂ%%esr‘g?%}o‘g 'corrpr ?@ggﬁﬁﬁ%aggegéi'SP&pgif‘Jngever se
transcribing said mRNA species using a first heeled primer population to
provide first seymeverssDidnsoibingnsaid mRIA spsolesesdiag 2ofrst eesidd daferst r ands

from saicd fy : d’a\;gl,g % S ' a second heel ed primer

popul at Fon,pbaﬁlgpgr?{n ea‘é’ﬁj o) ttsﬁgﬂ&ggﬁgrﬁe;@#@%ﬁ said first, and/or second
heel ed primer population optionally contains a rare cleavage site in.
Sequence:  choagee ura [he el s o Seerd L 1 (4GS TR G 1 rom
sequence; I second .cDNA strands _ _
step b) 0\%9 a Er‘%’é’ggaottf&gﬂéﬂeﬁegﬁﬁmpgwgg‘%"wth:. 35 (1) a first priner
conprising at |east a portion of the heel sequence of the first heeled

primer,jpand (iig) é’mﬁ!ﬂ‘ﬁﬁg%aﬂfﬁﬂ@?én&%Hﬂéﬁc?hﬁﬂAaéi?n‘a@%s@tmé?%H S8 f the

heel sequenc of .the.Secqnd heel e ri, 9 )
1111111?11%!%’1?%?1@@%?&"%@9%8’65%@ qid of @ thermerssistani ANA g )
cutting anpolymemse(mwitiol ecul es and preventing bridge formation in .
subsequent ste | ; i y sai
first qor e @ﬁ%’gf&ﬁﬁ%%@%ﬂé gF‘r?%rgfea%EPﬁ%Etcﬁg% aﬁ%ﬂ%qggﬁ%)?gﬂgoubl e

st rand proﬁﬁgﬁg‘?e pwer,@o quences more 5 fromthe original nRNA. 138. A
net hod 180 i ncr efiisa sebenchprirmer confiprising atdbastea pertioe of the el seguedisfy to an
MRNA speci %ﬁ@ﬁ&ﬂbekﬂpﬁn@?ml ein alowaquantity conprising the steps o

wherein said method is characterized in that it comprises the steps of:
d'} increasing the proportion of high molecular weight DNA molecules,
20 ') using or analyzing specific nucleic acid sequences present in the high
molecular weight DNA molecules,

137. A method fo increase the number of nucleic acid sequences corresponding
to the mRNA species present in a low quantity in a sample, wherein said
25  method comprises the steps of:
a) reverse transcribing said mRNA species using a first heeled primer
population to provide first strand cDNA sequences;
b) synthesizing second cDNA strands from said first strand cDNA
sequences using a second heeled primer population, wherein each of the
36 primers of said first, andfor second heeled primer population optionally contains
a rare cleavage site in particular a rare restriction site located at the 3’ end of its
heel sequence;
¢} amplifying the first and second cDNA strands resulting from step b)
over a number of amplification cycles with:
35 () a first primer comprising at least a portion of the hesl sequence of the
first heeled primer; and
(ii) a second primer comprising at least a portion of the heel sequence. of
the second heeled primer;
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10 a) reverse transcribing ' using first heeled priner
popul ation to. provide fi r}s{mmﬂmmlﬂmgm peci es; b) synthesizing second
CDNA st r amd91/069041g a second*heel ed pri x popul ati on; pQT/BPgelobdsyi ng sai d
second cDNA strands resulting fromstep b) over a 15 nunber of,

lificati ' rate second... c trands ., conpri sing
heel s &t both cahedting Bny 4né oNA RBRELRS reivBrenie Aoe dretion iands
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138. A method to increase the number of nucleotide sequences comresponding
- to an mRNA species present in a sample in a low quantity comprising the steps
of: :
10 a) reverse transcribing the mRNA species using first heeled primer
population to. provide first strand cDNA species;
b) synthesizing second cDNA strands using a second heeled primer
population;
c) -amplifying said second cDNA strands resulting from step b) over a
15 number of amplification cycles in order to generate second cDNA. strands
comprising heels at both ends and increasing the number of second cDNA
strands corresponding to long mRNA species present initially in the sample to
be assayed;
d) amplifying the DNA molecules resulting from step c¢) under
20 hybridization conditions which are of a higher stringency. than those of step c)
and which enable reduction of the synthesis of high molecular weight cDNA
molecules; and
- e) recovering the population of DNA molecules obtained at step d).
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