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e evident th In the present inventjon,
rever@e triENeree trmsp@mloa@ﬂthe mRNA species using 2 hecled 5™-amplification
primer (FAP-RAND) and a heeled 3'-amplification primer (TAP-RT),

wherein each primer sequence is unique and absent from the relevant

genome, and each heel sequence includes a RNA polymerase promoter
site, and the FAP-RAND includes a variable sequence, whereby the RNA
isreverse-transcribed to produce double-stranded cDNA and then multiple
¢DNAs according to the variable sequence; and
(iiy  amplification of the cDNA using primers sufficiently complementary to the
primers, i.e. FAP and TAP, within FAP-RAND and TAP-RT,
It will be evident that, in the present invention, reverse transcription and
production of multiple cDNAs are conducted in one step. While the present invention

shares with the known procedure the use of a randomer sequence, so that the use of
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production of nmultiple cDNAs are conducted in one
step. Wiile the present invention shares with the
known procedure the use of a randoner sequence, SO
that the use of WD 20 0 410 0 7 76 6 PCT/ GB2003/ 002989
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Fi gungitHout wishing to be bound by theory, MEX amplification occurs in two stages:
a PCR (Polymerase Chain Reaction) step followed, if required, by an IVT (in vitro
Transcription) step. A summary of the mechanics underlying MEX is shown in Figure 1.

Briefly, this drawing shows a first stage in which reverse transcription {RT) specific
sequences are incorporated at both 5° and 3” ends of the cellular ¢cDNA population. These

sequences are used as priming sites for MEX-PCR primers (respectively shown as
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In this way, a population of mRNAs is converted to double-stranded cDNAs that

are anchored at their 3'-termini to the TAP and at their 5'-termini to the FAP. The cDNA
population therefore contains the following species of MEX fragments (where Gene X

represents any gene that has been reverse transcribed);
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to doubl e-strarided CDNAs that are anchored at their
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subtracted PCR libraries. These have been compared to conventionally produced librasies
and shown to be extremely similar in composition. In this way, it is possible to amplify the
RNA contents from two small populations of cells, to subtract one population from the

other and produce paradigm-specific libraries with a high degree of enrichment for

differentially expressed genes.
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ATTAAC CCT CACTAA AGG GAG ATC GTAC (N),5, of which bases 1-25 constitute
the primer, base; 26-46 the T3 RNA polymerase promoter, bases 48-51 (GATC) a Sau3A
restriction site and bases 52-55 (GTAC) a Rsal restriction site. The TAP-RT sequence is
CAA GCA TTC AGT ATC TCG ACT GTA ATA CGA CTC ACT ATA GGG AGA
GAT CGT AC (T),,, of which bases 1-22 constitute the primer, bases 22-45 the T7 RNA

polymerase promoter, and bases 46-53 the same restriction sites. This was heated to 70°C

for 5 minutes before snap-cooling on ice for 2 minutes.
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restriction site. The TAP-RT sequence is 30 CAA GCA
TTC AGT ATC TCG ACT GTA ATA CGA CTC ACT ATA GGG AGA
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samples at concentrations as low as 0.5 pg after 9 cycles of MEX amplification and 50 fg
after 15 cycles of MEX amplification.

This experiment demonstrates that MEX amplification of cDNAs extendsthe range
of detection beyond that where detection is possible by conventional RT PCR alone.

Example3 MEX from Laser Capture Cells

G-1 cultured cells were grown on glass microscope slides and processed for Laser
Capture Microdissection (LCM). Defined numbers of cells were harvested, and RNA
extracted using the Stratagene mico-RNA exiraction kit. This RNA was reverse-
transcribed using MEX RT primers and then subjected to MEX amplification for either 15
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Stratagene mco-RNA extraction kit. This RNA was
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To demonstrate the utility of MEX, c-fibres were harvested using LCM from an
in vitro model of pain. This model was based on primary cultures of rat trigeminal
ganglion cells treated with pro-nociceptive agents such as Nerve Growth Factor (NGF),
50 neurons were harvested from trigeminal ganglion cultures and RNA extracted
and amplified using 24 cycles of MEX. Gene-specific PCR primers were used to identify

a mumber of housekeeper and pain-associated genes from these cells. More specifically,

et

the amplicon pool was assayed with primers for genes with known association with
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primers were used to identify a nunber of housekeeper
and pai n-associ ated genes frd&mthese cells. Mire
specifically, the annplicon pool was assayed with
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differential expression was identified.
Therefore, MEX can be used to analyse gene expression in small numbers of cells
and to identify genes that are differentially expressed between two or more cell types or

cell types with distinct phenotypes.



of actin transcripts fromthe subtracted libraries. As
a -final check of the content of these |ibraries,
products were cloned and sized, A nunber of these
cl ones were sequenced and differential expression was
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exXpression in small numbers of cells
identify genes that are differentially expressed
between two or nore cell typges or cell types wth
di stinct phenot~Ws, WD 2004/ 007766 PCl'/ G B20031002989
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More specifically, Stage 1 MEX products were transcribed ix vitro using either T3

or T7 RNA polymerase and the RNA reverse transcribed and labeled with cy3(T7) or cy5
(T3) prior to‘hybridization to a strand-specific microarray. The hybridisation signal is
entirely "green” (cy 3) only or "red" (cy 5) only, with few if any "yellow" spots, which
would indicate inappropriate transcription of mixed, sense/amtisense transcripts.

In order to illustrate that strand-specific transcripts were produced from Stage 1
MEX products, T3 and T7 IVT run off targets were produced and each labeled with cy
3 and cy 5. These were hybridized together (T3 cy3 v T3 cyS and T7 cy3 v T7cy5) to
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of m xed, sense/antisense transcripts. In order to
iIIustrate that strand-specific transcripts were
produced from Stage 1 MEX products, T3 and T7 IVT run
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amplified for use as probes on an m—house constructed microarray. This microarray was

screened using paired MEX produced subtracted libraries. A substantially linear
relationship was seen in a graphical interpretation of the hybridization signal, where each
probe is depicted as a single data point with its intensity of cy3 fluorescence shown on the

y axis and cy 5 fluorescence on the x axis.

Example 11
Two independently reverse transcribed RNAs from the same RNA source were

amplified by MEX and labeled independently with either cy3 or cy5. These samples were
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in the 1VT). The straight-line relationships between
the sanples are indicative that representation has
been mai ntai ned even at extrenely | ow concentrations
of input RNA, WD 2004/ 007766 PCT/ GR2003/ 002989 12
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claim 2, M‘@ﬁaﬂ ODBIAC hindhérh metple vDNAsNadcotise & the variable
di fferent RNA p a[nﬁmar ase site. 4. A nethod according
to cl ai m $¢%F 4 He production of a strand-specific
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%ge%hocf accordmg to any preceding claim, for the production of a subtracted

library from two cell populations. ,
6. A method according to any preceding claim, which comprises cloning the

polynucleotide products and immobilising them in an array.

7. A method according to any preceding claim, wherein the sample is from laser
capture microdissection.
8. A method according to any preceding claim, wherein the sample is from patch

clamp harvesting.
9. A method according to any preceding claim, wherein the first and/or the second

hee! sequence includes the nucleotide sequence of a cleavage site.

10, A method according to claim 9, wherein the cleavage site is located at the 3’ end
of its heel sequence.

11.  Amethod according to claim 10, wherein the first and second heeled primers have

identical cleavage sites.



30 10, A method according to claim9, wherein the

cl eavage site is located at the 3 end of its heel
sequence. 11. A nethod according to claim 10, wherein
the first and second heel ed prinmers have identi cal

cl eavage sites. NV O 2004/007766 PG '/ GB2003, 002989

WO 2804097767 et hod according to claim 10, wheP&TEE03/002989

first and second heeled prinmers have different
cl eavage sites.. 1.3. A nethggd according to any of
claims 9 to 12, which conprises the additional step

10 U2 plettd abdtedifoto Y RiE | @ GlHetti:sthefifshand Becd@ @ hkelddprimers have

10

15

20

25

cl eaves at the cleavage site. 5 14. A method accor di ng
differemyFlqavessediPing claim wherein anplification
1SO1PA HfefhoH Qcco'i'cﬂn%ﬁg a.gfgil* dlztnh§ﬂd DN whith E&ﬁpns%s Bhe afMditional step

nethod accor di ng whérei n each
ofitrpatirfg tbapolanuoispbde vuﬂnq@ragsr@sthztt lgksaves mbihs c@ﬁvage site.

gbt agg Iegglozal (%I(ﬁ&lgs an ng gdeelg n%gglsﬁﬁglﬂﬁ%x@r an %@WS%HP

 tor50 ecplificatian cibdsween 45C and 65C, and (iii) el ongatl ng

15e° A Refnd ot et 0§ e Fiebas h’é a5oh Piie Gifuiriges he

stepeof i rst heel ed primer popul ation conS| sts of a

- popul ati on of .nucleic acids _co from3 end t
3 efid | ARG swglrEreded FA nq?cafcé P 9é§d970

whi ¢y gl S Bitfeal TR SIERNS B ed ONIANBOIBRINA abBYrR6dH 43SC and 65°C;
initrally present in the sanple; and (ii} an oligo dT
awequence of 15 to 25 nucl eotides; wherein

SUDSEANT Abh By Bl RARS! §n¥cﬁ£au@bh@bem@uﬁ%ﬁe and 75°C .

conb i on oun n sai first heel pri mer
1qnopuAama1dmd apeprdinig to\ ame preseding claingi wieerein then firgsr heeled iprigner

p%alygastgh g\éﬂgléip oféjﬁ% QEH' Xuc&?{%ds%gﬁlpgﬁlg%fﬂoérg%’;@ldttgg’ end :

one nucleic ac
cont@) neda hael sdtqeence,amﬂ lisan 22 minkieotides,aflieh is not complementary to

ﬂ"m‘i&i cat | RN ‘1:’[‘1% Aneth d ac ord| ng to claim17,
lecale iy RTRET (D RS SREES 29 “one of (1)

glelt o1)| glnaémhlggglqueqmmbege mlﬂtbtzsrxﬁslbowehh specific

S e R eE SRR EaY Digs il veliabd s Fﬂacm%}oabs%emsmd

ﬁr&rﬁe,@ﬁﬂ%rmﬁﬁgolﬁjlﬁiahng of the DNA nol ecul es obtained in

are tlonad/or expr essj.on
X met od accor(ri]ing 1o anypprece ing claim, which additionally comprises

confirming the presence of at least one nucleic acid sequence contained in the reaction

mixture after amplification,
18. A method according to claim 17, wherein the confirming comprises any one of:
® detection of sequences of interest with specific oligonucleotide probes;

(i)  amplification of sequences of interest with specific oligonucleotide primers;

and
(iii)  cloning ofthe DNA molecules obtained in a replication and/or expression

vector.



vector. 94 2004/1117766 SEQUENCE LI STTING <110>
Canbri dge Bi otechnol ogy Ltd. <120> NUCLEIC ACI D
AVPLI FI CATI ON METHOD <130> REP07135W <140> not yet
knovm <141> 2003-0-10 <160> 2 <.170> Patentln Ver _
<210> 1 <211> 55 <212> DNA <213> Artificial uenc

\VOQQE%QTMQ223> Description of Artificial Seqﬁgﬁ§§$&3%0ﬂ§9
A i gonucl eoti de PCT/ GB2003/ 002989 <400> 1 actccgggaa

ccat agt ggc act cgiqaids aameet cact aaagggagat cgtac 55
<210> 2 <211> 53 <212> DNA <213> Artificial Sequence

~lu5220>¥i§%g§iﬁgg nggt&gg of Artificial Sequence: oi
< §Oﬁ%c goticlie < %d> ) Caagcattca gtatctcgac tgtaatacga

ctcact at a agagatcg tac 53 ‘
£120> NUCLEIC AgCIg%MgLJgEICA'Ig.LON METHOD
£13Q> REPO7135WO

<140> not yet known
<141> 2003-07-10

<160> 2

<170> PatentIn Ver. 2.1

<210> 1
<211> 55

<212> DNA

<213> Artificial Seguence B

<220>
<223> Description of Artificial Sequence:

Oligonuclecotide

<400> 1 - )
actcegggaa ccaﬁagtggc actcctaatt aaccctcact aaagggagat cgtac 55

€210> 2

<211> 53

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

oligonucleotide

<400> 2
caagecattea gtatctegac tgtaatacga ctecactatay ggagagateg tac 53



