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the Invention This invention relates to a nethod for
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nol ecul es that undergo an anal ysis procedure; and

allows the tracking of an individual nolecule during

an anal ysis procedure. The invention is useful

especi al IMPROVING POLYNUSLEOPOE LIGATIONREADTIONS
proteins. Background to the Invention Methods for
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nembnc@tsom@rq«;gsgpng get metacyde ingEame!
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8. bp copied more times

SQhE ir8KghtiT Rmheurts ¥ ities giffrehdiRing etcablepolestielt emre geesent in the

froma sanple onto particular solid phase sup ‘ports
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often ggpults in the
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have the sane tag attached, and substantially all
dnot addnesseditisyreblest. dif f erent sub- popul at i ons of
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p%ertﬁc;)ds for sorting sub-populations of identical polynucleotides from a sample

onto particular solid phase supports. This is achieved by attaching an

oligonucleotide tag from a repertoire of tags to each molecule in a population of

25

molecules so that substantially all of the same molecules or same sub-population

of molecules have the same tag attached, and substantially all different

molecules or different sub-populations of molecules have different

oligonucleotide tags attached. Furthermore, each oligonucleotide tag from the

repertoire comprises a plurality of sub-units and each sub-unit consists of an

30

oligonucleotide having a length from 3 to 6 nucleotides or from 3 to 6 base pairs;

the sub-units being selected to prevent cross-hybridisation. The molecules or

sub-populations of molecules may then be sorted by hybridising the
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t he sub-units being selected to prevent
cross- hybridi sation. The nol ecul es or sub-popul ati ons
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t heol i gonucl eotide tags with their respective
conpl enents found on the surfage of a solid support.
The net hods al l ow tracking and sorting of classes or

h’% éﬁaaig{ s WINESF resfp@ef@e bémmrﬁeﬁt@ feEHE ©nGhe surface of
sequenci ng t

ag on each | ecul e so that individual
nmalselidiseppodn be identified. Surmrary of the Invention
i s, based,an .t he | isatian

{ hat t néngybeinads Sl stk BRSs S8clrtt et §B5pS8 o Hipopulations.
t ﬁb%eﬂh@@%%&&@c%@u?@éﬁééﬂu&ﬁlr@“@'\etta@tod @sbin/meiedule so that

nol ecul €s wthin a popul ati on can be tracked
t ndivigbalumoteculesmtars be igentifeatur e, by using a nol ecul ar

t that is unique.to each specific nolecul e.
Aégﬁlm@ﬂg‘ﬁtla—gﬂg?—rﬁgﬁﬂaspect of the invention, a nethod
of g “a%bfdféggnttlhw‘?erﬁwglﬂa%ee on'tRb ?ééﬂé%tlBH'méf th@fabsolute and/or

uni que ["fecu resent 1n a sarrp e after carryi

ordlative agrabyatss opramadqueetarget inolecumipl @an mTpletezrm;nem @nd that
st s of: (i) attachin ecul a

YlQH?i @PI%PL&@?; wihin go%hagg[]|C@g1tﬁq1tr@q:}@d5é\w%y@0l{thrb analysis
n@f ecu O%# u%{@ é‘ﬂf&%{&@ ﬁlﬁ?%@rgﬂﬁ?ﬁg etglgﬁ SgecFlc rnolecule

ol ecu V\@Cotcﬁgg tdef firstiaspect d¢ffthe dbneantidne sometredchof qeantifying the
nunber of uni que nol ecul es present in the orltg [ nal
sahppwtmrcuelgqm@enwmert qirifue yaolecyiesdugseat inrpa sample after

>Barhd 40} 7 BEPF PRSIk ShmBie g 6 s o
Of bengihi t idttaEhamg m&mwanoﬂéeule&xmfgalte siibstantialye all of the
used for transcription analysis in order to neasure

th@lmaﬁﬂ@thﬂ s@MpPi&sr ent nMRNA cl asses. According to a

Sot o P o Carfing B M 2RIy KRR HiAE IO diBEUles of the

sggmpqae é?rqurprl ses the steps of: i) attaching a unique
nol ecul ar tag to substanti al | ?/ aIII tahes dgtle)érrr]llljr%e%clada%ssolute or
i n t he (dhnplas the basis of the molecular tag g
relative number of unique molecules present in the original sample which
underwent the analysis procedure.

The ability to determine the amounts of a unique molecule present in an
original sample after amplification is of benefit in many processes. For example,
it can be used for transcription analysis in order to measure the amounts of
different MRNA classes.

According to a second aspect of the present invention, a method for
determining the sequence of a polynucleotide in a sample, comprises the steps
of:

i) attaching a unique molecular tag to substantially all the
polynucleotides in the sample;

ii) fragmenting the amplified polynucleotides; and

iii) sequencing at least those fragmented polynucleotides that

comprise a molecular tag, wherein, on the basis of the molecular tags, the



ii) fragnmenting the anplified pol ynucl eotides; and
iii) sequencing at |east those fragnented

w@odognuaheot i des that conprise a nol ecul ar t agPCT/GB2005/000218
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wherein, on the basis of the nolecul ar tags,

t hesequence information for eadh individual

pol ynucl eoti de can be coll ated, for exanple using a
ceepubace fmfogmatior . fol kashiindividkfalipalynusieqiide gande bellated, for
reconstruction of se%uence data from i ndi vi dual

s EfEER UPINAERIMPUIRTCOERINE®% y i n ctenovo
Sequengiig g Qfs%?%ldlgn%g{p‘ﬁ d@?g i ‘F'e@o‘rﬁﬁlctl% 6#&@;&1}%%@ from

I nvent i on, cting t presence

primdieidual Qem@mmfragmntm hasticulaty trade inoyotdes usacirige
with two or nore protein bindi ?%rml ecul es each havin

af fi ni tACCPRAing; t & itd gspest of thePrespgdnyplin.na méthod for
V‘*ﬁ%‘i&tg}ig‘? 3%8&8?1& k&‘fréd'pfgeﬂpﬁr?% mﬁ%gfé’@rﬁﬁﬁs& .contacting the

yhu nol ecul ar and

Ofsaﬂ’iplé AT thDorpﬁmirelpTomlanln@nguinetadum bachhﬁavmg affinity for
the nol ecul ar tags can be ligated . in a

targe roteln
smy‘zérqngmarﬂa ghihetarges Protaia, Wh\@@lﬂg%&rotem binding molecules

A5 BB U Aottt o

pbidin-bRfdihg matbasies &f theaaget proteinetie raolbdular tags can be ligated
i ndi vidual protein. According to a fourth aspect

of
t hie pre@@ﬁquameh@atmm stepre@ndd the rligated cpelygueiestide detected,

D758 PL RGPl e ol L PENPLER e ot s o, goppance tht
C%éntmetshhé a8 betp8Ibriotein Grdi thbeneNidua pretedi ndi ng
nol ecul es, each proteéin-bindi ng nol ecul e conpri sing

pol ynuommrdlme tBetaurth asngclodf i inreseTciquention, & mpthod for

pé{eﬁ% ip&ggenc%]%f s(énqc,rf%ap%tgtei@? ;%r%&le'pﬂ@ﬁ ﬁ]eg%{at%g-%m‘face of acell,

Rotide(s) and determ ning the presence of the
outer surface proteins; wherein the polynucl eotide
mol ecul (§r tacgmtactmg the cellnwith eaatsadmlemm@ng teifferent protein-

e |f|esth of, outers surf rotel
| Rinding saeieh GepAch sedien-pidTE oS sPir i & plVhucteotide
'%Slﬁku%?té% ﬁaéﬁﬁé@:%@q%ﬁ&bfefefence to the
acconpanyi ng draw ngs,
(ii) carrying out a ligation reaction to ligate adjacent polynucleotides;
and
(i) detecting the ligated polynucleotide(s) and determining the
presence of the outer-surface proteins;
wherein the polynucleotide molecular tags comprise a nucleotide
sequence that identifies the class of outer-surface protein and the individual
protein.

Description of the Drawings

The invention is described with reference to the accompanying drawings,

wherein:
Figure 1 illustrates how the molecular tags are used to identify both the

class of molecule and the individual molecule;



wherein: Figure 1 illustrates how the nol ecul ar tags
are used to identify both the class of nolecule and

wo b@siondie/i dual nol ecul e; Figure 2 illustrates POWGB2005/000218
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further part of the nolecular tag can be used to
provi de sequence information f4r each nolecule; and

Figure 3 illustrates how nol ecules that are attached
to subgidipbesigsteiteahdweadsithen parbbfdheonoleclils? tagoalbe used to
quantified; and Figure 4 illustrates how the nol ecul ar

tagslldmae@eemmfﬂwnafuvhquf%acbdﬂ@'ﬁ%ﬁeﬁ 888 pr ot ei ns,

:Jf]i,ggt gﬁé |Iglggr§%§f rt'nc!?\&n I?ﬁgl%'s t@%@%ﬁ%&{%{b 8liodtftes such

aQ?'tﬁé%% @fcropbsiee cans eanlrsquaitiedpbagul e may be any
ecul e present in a sanple which undergoes an

anal ys Fsgmedclﬂdsrhratesl hovathe mpmléﬁj' té% 6an werised uepgdentlfy outer-
cules .are mer.s. ..The t(ﬁrqws "pol yner nol ecul es”
or

aﬁH'?fa‘b%PmWs?i a4ggtina reqdt efer to biol ogical
”@e?%}éoe%eg% dl‘"PoP!‘heaIn%Hfé&'\' ty of nonomer units.

rsS rnciude proteins (including
pepti dd&p madenmlnlven’aoraas dsmbir‘ettlal amly%s @f upigpue malecules. The
and synt heti c anal ogues there

I e M R AU RLLe RIS eBL AR 150 UneRid i g analysi
E%c?e‘b‘ﬂ}ré‘r I} 8Prefedr Bﬁlh?érﬂ th@ nﬁcﬂ&éule%%ré PRt The terms

r series 0 ITD| ecu es t hat |rrparts i nf or nati‘on
abmlyrr@rtraomlewl andll“potwneaVBf @ne i ysads hateincteedeferrte biological

it RS R EAERR ot Mt fimrs
f
R Rt A RO 84 g ORA RNA and

ation

‘t ayatleticeinetod s tHeredfe uﬁ:ﬂxmhhg RN#pTheanost siefigired polymers are

class of nolecules, this additional structure is not
r @@NUSEAdis®St he tag nay conprise only the unique

por L1 OB AefdidlebAgRta ”'u&%*sb@%e?&h%?&féf‘?&f aﬂgaggprée or series

usedto ainin orrra n on the ori

{Tﬁif@ﬁé!b@ulgbr thidti inpeats iriformation bboma&atgeb moleoceteartcm which it is
e possi b

o@tt@pbe@dah@gagg%fﬁé uae RIBE Bk or SEUVAlnTog ovents the
Do Supligh ALl HEIRY oihd Y B0 GRATA &0 comec
”%Yrd@mréwﬁ@ﬂ repredenits fie tlags Yorsun-pppulation) éfitangetimateaule. If the
bi ol ogi cal sanple is taken. Accordingl
sample comprises a single class of molecules, t%ls addltlgnal structure is not
required and the tag may comprise only the unique portion.

A sample identification portion may also be used to retain information on
the origin of the target molecule. - In this way, it will be possible to retain the
possibility of tracking back, after several assays or procedures using the target
molecule, to identify the original sample from which the target molecule was
taken. For example, the sample identification portion may be specific for an
individual patient from whom a biological sample is taken. Accordingly, assays
may be performed at the same time on samples from numerous patients, andthe
results analysed with the knowledge of where each target molecule was
obtained. This is beneficial also in preventing erroneous analyses of a mis-

labelled sample.



may be perfornmed at the sanme tine on sanples from
numer ous patients, and the results anal ysed with the
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This is beneficial also in preventing erroneous

anal yses of a nislabelled sanpbe. The nolecular tag is

stated to be attached to "substantially” all of the

nol ecutRe mﬁletbmrs‘.agp!s estatet tosb@raétfaeheddm‘%ubhtantiag all of the
are attached reater th 80% of , t he nolgzcg

| e
t rmt@ pef Icis e r /&f the tags are cfﬁgsgreater than

P e | 0/ 0
é@%tﬁ%@gkéf@é s dngley Tnd R EDN, PO, 0,97 98% and
b@odeprreianidat Ibast 3% ot ey metboubes. Iathd evarttuaDigadtout step, the
the tags in the final sanple are determ ned,

pta@smﬂbtmateeuwlllw)@%tﬁanm Ihiseretestad that af legst 80% of the
qof%y'rt H?ﬁ f&%i F@@gh%% eac r%]t |F%Bﬁ§58§dapigaﬁitgﬁ%léhd most

SBFeIb @by af RRfSt 96%. RS duzreblelty carepsut twe tehait oatstep in a way
tag is identified at |east once. A statistical

aﬂrmtmsslr%thath%aﬂbéagrﬁd&e q’ﬁ@‘ﬂ%lséml%\ﬂs f%@d ghyjeast once. This

"D S8 BB ST 5B ATREA pIRSPBRGAT gon oo

ngéqﬁéwear tag is a polynmer nolecule that can be
desi gned to have a specific sequence which can
t her ef 3he rholagsitat tag may biecamy bialegicabmotgcule hat can impart the

* heCsecy (et pbOut 0% SR BhEE FisfereR, Fidlnplepuiar tag

n e d
THES Pl oesletet citte A6 guonans sspecif sednce which
acaauhmeforémausemgmrthg identiicatiopof te attacthedw@plem elnthe most

2 Ehéjsﬁgﬂfef[ﬁﬁgq@nh et the pgesqi@%ét@tgnggc Mnggglggtlde that comprises a
P %bbﬁ s atq§rﬂd|€1ué"%do§bé&ﬁé foitheTifGlividual target to
ynuc eot| any sul tabl e sequence. An

S wl'tldtnltlae snaleculfar nag ys u—:tttamedd e Thisytage m&yealsomynp%/la@ a further

\é\ﬁah;:}%qdegglggqgl gne Sét&/&%ﬂw rteggegeu T%gl%gg&éé%er e%gb%ﬂ%n5 of sample
sf

(ibGaPs) it gp| el dpvopeclinlnean porion The

almllyrfudaabtlcmg nhgy neansf @nya spdaplmerseqaeneactArtyn suitable size of

that the tags can be determ ned
P@b’n@ﬁqtl@%dm@){tbe HEeds a 8b’-en\|81t?|$ "éﬁﬂ rgg e%'a%% number of

gﬁﬂ)@é&gﬂg%g# polf)(aﬁt;er%gé %%E“é gﬁ/’“?% aatéﬂlqtha' s°eqé4ence is required for
S @@i¢A B substantially each) target.

In the context of polynucleotide tags, these can be amplified, eg by means
of a polymerase reaction, so that the tags can be determined in a later read-out
step. On read-out, the tags do not therefore need to be attached to the target
molecule. In this embodiment, it may be necessary to add to the tag a sequence
that binds to an appropriate primer for use in the polymerase reaction. This
sequence may be present on the tag prior to addition to the target, or may be
added (eg via ligation) once the tag has been bound to the target.

In a further embodiment, the molecular tag is or comprises an aptamer

with affinity for the sample molecule. In a preferred embodiment, the molecular



that binds to an appropriate primer for use in the
pol ynerase reaction. This sequence nmay be present on
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added (eg via ligation) once the tag has been bound to

the target. In a further enbod6nent, the nol ecul ar tag

is or conprises an aptanmer with affinity for the
smloemmlsssuah eargem-saeplﬁ@‘ aptafderer(mmhmpeciﬁcaldy binds the target
m)IecuIarta rises at

(WPIgRUIE Tt Ack ﬂyemm@uaﬁgﬁé%iéﬁf ' hofafBicaig tg recoanise
“%‘:&Hﬁ egy@@%hg%tr@ﬁjotam %&.ohﬁw\m KRAROH Bfe ar, for

bi"ono es an dso elr ction are we

kiegeample it WYCRALQO/T ®75§,xﬁm3benﬂent Mﬁ@ﬁs? hébéhy iroerporated by
content of which is hereby incorporated by reference.
Alrﬁf@frﬁ%@ﬁvely the tag may be or may conprise a

pr ot ei j i :

conpr i 4 I’%’é3 HSﬁ\Zénl?b@é &ab\?ﬁa& ﬁgﬁggﬁn%\rﬁrﬂpﬁﬁ a Oc?ro?%n Preferably, the
saag i thiel el ie.orl dompnmaﬁaamrboupaﬁmnahtm affinitg fbethe sample
fornmed by conbining any of the above into a single

monelegulef or exanpl e an antibody |inked to a

o e P B e e svove

Unhiaue strfié nmidibty, fes@esrhpleoat mtlbal‘m|I|ﬂk€@|t@@;bﬁl§'nuélé©hde or an
that when attachment occurs it is statisticall y likely

t leptarmeb inked tapippluclectidst.e nol ecul es will be

Comr | SR e o ol SFes il e BB Bt Pspect to the

S WapiRa mdbbiles] sidrthat WheRiteerhRht beeursdi sfstatistically likely that
populations, i.e. there may be a single class or

s@mﬁmntallaﬁéle@r@wlermo@@uleé will hehatta to a piifferent, atnique tag.
in the sSs_are identi

attribu sqrgp%é;ggyrﬁp@pgssgb@pgyI%gﬁh%farg &l ﬁ(??rﬁfgq%l Bf\ﬁ\ubstantlally
i An4F, OF n?(ﬂ@bul%b bR YiffdrEnt SEpdatidredl epﬂﬂ#é%ﬁé)PBe @fsmgle class

mRNA transcripts which, although conprising different
saqsevers, cla&sjesmf\molenelecmrthersaample: iMolesules imkne\same class are
threfore el on Mol ecu

ci e B ) fr BR8 SRt Eite fofSXamels 4 Peuiigush et identical DNA
atrﬁél‘e@H% ! oﬁﬁfle‘ﬁ(ﬁxy‘ﬂ(ﬂ? %r‘@aneﬂJﬂSéﬁ\ﬂStl&ﬁéf AN A trefhstRpts which,

Figure tal ns’ protei ns, carbohydrates,
glajttmnnght edmprisingi diffeeard sndwancas;)laﬂd‘nam thepbemmass attributes of

égl e S@é/rgzggrlg Iargéj tégﬁ%uégnl{fﬁgc and &¢ IIe§ Rgélﬁerent classes
Y B s o
cdhlFigure 3) contains proteins, carbohydrates, glycoprotein, lipids and other
biological molecules which all have distinct structures and attributes. These may
be determined using the methods of the invention. Further examples of a
sample containing different classes of molecules may be DNA/RNA mixtures, cell

lysates, or samples containing different classes of proteins.
It will be apparent to one skilled in the art whether the sample comprises

a single class or multiple classes of molecule.

The method of the invention is to be used to “tag” target molecules in a

sample prior to analysing the target molecules.



| ysates, or sanples containing different classes of
proteins. It will be apparent to one skilled in the
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mul tiple classes of nolecule. The nmethod of the
invention is to be used to "tag' target nolecules in a
sanple prior to analysing the target nol ecul es. Taggi ng

my be T&idihgiapbe fmrr@ét}' oatiby ablsuitabkosietidt: linelubihg chemical
cheni cal or enzynic nmethods, for |inking the nolecul ar

t £ sizymie esthadgelor Mpkingthe. mpleculas tag Mithkiheotarget molecule. In

(e BafisRibf o AR BELa Rl BE! pAVPeE ARG R ole R e tagging

| irae8s LRy BScarfied duﬂ%y\ﬁdlﬂabl@h@édafemméﬁﬂ' e t@qw usually be

one of the'termnal ends of the target. For exa
ddigated m’c@rmej or_’)dhgri@cmm iends ahjhe dargedat Ear texample double

ded
s AT BP GBS s, OB i 5EHY TRYIC St d Sverhangs,
t 3gsichmthyPRyBrdIsé ﬁﬂh%’iﬂrﬁkﬂeﬁleﬁ%lﬂl%%édgbﬁ?t@ Ml?ﬁucleotlde tags

Any nmethod of generating the single stranded oéer hang
rmqndolee ligatid asmge&f etmtmje nigase enzymeh eAny enethodl Gfsgeneratlng the

G D 0 e b BT e A G of s
by SRSfIScdn ERgymEsCI fic target -aptaner/anti body

interaction. The nol ecular tag nmay al so be attached to
adif f dnéiné coplextof aptamters br astilbadids tthe bag s attadheel to the sample

bdngletelRohy Fiferis dbe hech R an BRI AAY intgraction.
( €.g. c%ular‘"q%gcrﬂaf/‘ %ﬁso‘%é Eﬂééﬁ/eé Ja alffé‘?‘%ltlft fdledule, which is

target. Ina form
ra,[saeisdmtlsmd o rtaey tergst emq:lemhm ei Roeaadamelg, itke tag may be a

r?é” R RIBRRHe SRERAI BTG aaleh o0 SRMAY), which has
Fnrt ﬂ{rgégﬁffég[%qg% For exanple, different

ati1on "1" may be fornmed to provide

un| que Bz neoleeslaptad Oﬁasarhxde ihia fbhatthaarepveselnstsob dfnary system,
uni que, tags. Preferably, the si gnal s Q"

and "1" are,
ré’ﬂi’%r%h?@ah@% ifi repseeRnted QYR SEERPE Afi Bes §E€1J s édlowing a large

A%W@W?{%Pezcﬂg ﬁga'o\ﬁitﬁiﬁ'a smgl_ R H@: of tag components. For

example, different combinations of “0” and “1” may be formed to provide unique
sequences of “0” and “1” that can be used as unique tags.
Preferably, the signals “0" and “1” are represented by different

oligonucleotide sequences, for example:

‘00 = ATTTTTAT
17 = GTTTTTGT
ATTTTTATGTTTTTGT = ‘0,1"
ATTTTTATATTTTTAT = “0,0”

The molecular tag is, or may comprise, repeating units of nucleotide
sequence, with the combination of units forming a unique sequence that can be

characterised to identify, for example, the class of target molecule associated



ATTTTTATATTTTTAT = "0,0" The nolecular tag is, or may
conprise, repeating units of nucleotide sequence, with

w0 b@soorod nati on of units form ng a uni que SeqRENG82005/000218
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that can be characterised to identify, for exanple,
the class of target nol ecul e askociatedwith the
nol ecul ar tag, the individual target nolecule, and if

desith 4bé enoleslasatmgl éhe riogividual Hargrt matepede, waisd tidesirable, the

B R g e B T At B -
by F' guTﬁlsls sv&ﬂnstétﬁ/atrﬁegé‘&@éméeﬁnanmhgq& &.ﬁéhgén ®e created

and "1™s according to this binary system
unuqlugoprdytwcmunm This isddusteatedfyririgura . herein as the

oyot am e BEdRG balPriseRdpniaie soies & ‘b ang i sdtebraing o this
Rnbtffggm é%%gén ”'trgé\’fl.?1 Jud ibhi &5 tHd ®ad N4 A&k i to_ hereln as the

, e 'sanpl e conprises” severa
of ‘umiduendss, nuanisercportiodéf Acedrding & meslerqaqnsyhsteny a preferred tag

represent the "nol ecul ar cl ass portion"

RaY st PeURSLERERS MuBRar Bedian. arhich jgeatifies 6 dividual
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TGRR ad T SRS SR B by D8S4EDY ol @ socond

W diéfirred Hsmacy esgudrice maglireprssent thentfmolecaks dlnsmrtron” defining

portion. This is illustrated by Figure 1. Attachin
t rRAGhFigse Porampip mow&ﬁjeﬁegé Gesper spawie Fipleryls; iscthersfore

bi tﬁgp&j Wﬁ'ﬁ %Feﬁ{?ﬁcﬂecﬁlfar EE%;@BH?&# IaﬁB e'é%ﬂ s"afhﬁlgﬁolecule within

occurs prior

IOrthee;tlhs"smasT&erﬁeeemlm:qw@rﬁsﬁnwﬁemr@m tTI@lS iglyistrated by Figure
attached to the sanple nol ecule at any point before,

duti ng or after the anal ysis procedure. The anal ysis

PrLIOZgSI é@aé@\ﬁ%kfﬁe %@Y%LHJ ng?ﬁ%w qu ggegsr @U@"bséf gagl}'thcﬁ'r" if the binary

Mdy&tath s used)ofthemnoieeurs t@gltb th@l sengﬂbe@@uedale oddues$ prior to any
are a great nunber_of analysis cedures present in
t renalysis pregedwel dlhrepample fd%\ﬁlglﬁ%f\wrh 906mfhm§drhﬂ attached to the

T iRE bR #tEhy Kot Bafte, NEHRESF <Rk the, Anghsisrocedure.

proper tTies difalysisprogstiarextayvbehamy PhgcsfifBeusdd to analyse the
"anal ysi s procedures”. Such techni ques are well known

t onelessies. n the art. Sequenc:| ng of bi ol ogi cal pol yners

may be n anal SIS
y Wﬁ e samp IeDcu?es are Blologrcal molecules such as proteins

and polynucleotides, there are a great number of analysis procedures present
in the art that would benefit from having each sample molecule individually
tagged. Methods of characterising the physical, chemical and functional
properties of a molecule are within the scope of “analysis procedures”. Such
techniques are well known to those in the art. Sequencing of biological polymers
may be such an analysis procedure.

In one embodiment, the molecular tags are polynucleotides and may be
used in a proximity ligation reaction, for example as disclosed in Gullberg et al,
PNAS, 2004; 101(22): 8420-8424, and WO-A-01/61037, the content of each
being incorporated herein by reference. In this embodiment, a target protein is

contacted with two or more protein-binding molecules each comprising a



In one enbodi nent, the nol ecular tags are
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GQul I berg et al, PNAS, 2004; 101(22): 8420-8424, and

WO A- 01/ 61037, the content of é&ach being incorporated

herein by reference. In this enbodi nent, a target

p patlwiuclectidombéecuéel @ntbinding tethetargetpriaiteile; tHewblygucleotides
nol ecul es each conpri si apol ynucl eqgti de nol ecule. On |
bS8 U9 INFRPFATBLY SRATEB SUbSeaHENHY bsrigted Usingsconventional
ar ' 44 | -

I il@g{ﬂéglﬂﬂ&e&%g ﬁ*h%xlidgté?f p?%u&?ébtﬂé@%a%ﬁtﬂ% Be Efl%gtlfled, on the

using conventional "I'I"gat’i on procedures.
| ibepesi s dbf pibley nucleetitie desquetet Hon example rthief Fe@nucmotibe can be
basi s _of the nucl eoti de sequence; for exanple the

panplifade 8t AgrolyRIeraee 4apFiien and they apspiate iskelative number of

r i | urher. of ; :
SR RIea e S 805 & of SN0 Tldpucigides witbe
palesigrdd @ iisespoidte derudesegnirgt provids afifepmatien on the class of
sequences t hat G’tﬁrow de Information on the class of

t dekgst melesuld, dnetindividual vneleglerandc ifl recasgary, fthe sample from

TR e ARl OB T AT sl Fpreore

t e thidibiadry” fdrf 88 aigcliseales6in. MpegrbteinMinding molecules may be,
pr ot ei n-bi ndi ng nol ecul es may be, for exanple

arfen examele, sntibedigser eptamersthatibing taidifereahepisppespr the target
og) &? target protein. The anal ysis procedure may al so
c ﬁ% "Ye the separation of a mxture of nol ecules, the

di vi si OfhedinaIPSi8 PrbGSdUrBlriafaRe cdhfhrivebaldpangtich of d'fixture of
anplification of nolecules,” in particular

pangiegelesothiediwsionad swlegiey tite discrrte popukations dyéhe amplification
o Vi Ber SRR PONBIrsPREiaSof TER hPbBpTocStures may be
L%ﬁgnbuw ¥y fRRhHRR@s! fbrté@ﬁ‘ﬁﬂé'd%hﬂf]/g]?@ Flr)é'ﬁnhélébftitdgs using the

or NRNA,” to determ ne the nunber scripts.
Mmeetbbdaf the presentagvardicmedry be dised ia trainsctiption ashlysis of cDNA

based on _anal ysis af gengm c fromdifferen
DR op eteting e BREr Pt Ras s, AMSTHRR floras may be
t RBHEEPIn B Sinhil#SrdsBlorfasds bRS isC i
veri i ed unsi ng tlags gs Ode’scr iegogg@b@ ?’tflé!?glngtﬂggegfjn’]tl%i[)sNA from
i ivfégrenbmicrQbhspégies i ippoysible te geneeatenmyquae Faneript profiles for
used, in ribosomal analysis based on rRNA taggi ng and .
4 BRERPERISS B R OF gt B B 0RrAs deserhstl By the Mmethod of this
th e I £d i L § i I :
g ot QOSTIG pdifucIBadce Bl i@ o eI EBschal analysis
| ibgaed orstRMAdaggingtariddetectiohohydrat es and | pi ds,
and may_al so be agpl ied. in the apal ysis of . )
Quantifying molecules that cannot themselves be amplified (as illustrated

in Figure 3) may be applied in the analysis of membrane-bound ligands such as
proteins, carbohydrates and lipids, and may also be applied in the analysis of
biological molecules cross-linked to a surface.

In a preferred embodiment, the analysis procedure comprises
amplification by Polymerase Chain Reaction (PCR). Depending on the nature
of the molecular tag, only the tag itself or the tag and sample molecule may be

amplified.



bi ol ogi cal nol ecul es cross-linked to a surface. In a
preferred enbodi nent, the analysis procedure conprises
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Dependi ng on the nature of the nolecular tag, only the

tag itself or the tag and sanpll@ nol ecul e may be

anplified. For exanple, if the tag conprises an

ant i bodyoraexampbs] if the tagi cprepniessy anchrtiiadye attableedita a unique

t%l?%%g&? reco%%k]svﬁﬁpan%oggi r? rr]%qee%ugnd binds a protem
| f

DSHHENRIARH B PO bl SROOAGTR oy Pkoge v 1 i

t aegabadlmemmmcémtamlmglme m:to e sampleSuoistilie non -bound tags

nmet hods of renoval] w il be apparent to the skille

ped€ofeMAYR f |’fqn%él‘?dﬁa9§‘°lacp3'¥s wiable smethadisoof | removal will be
M‘{ﬂﬁr@nﬂ%'t%e‘s?ﬂeﬂ%lewlt hhﬁ’t%tfoﬁ% ls?ﬂgﬂHeeIH %rleg%%t, wherein

mat'i on cont al tad(s

anmly fthe qiolyriucleotizlef ﬁ‘agcnseaimpﬁﬁedi eTrey rfoenatich edﬁtaﬁﬁrﬁed)f/vlthm the
different nolecul es present in the original sanp

Altegfsazitere pplification fis isificignhde Jrieeeinrethen @ngeraafe different

DA RIS E R e E. 1) St e, Rombound

tags Wﬂéllt@ﬁatl(ﬁel!?af bethiehe thrgef moRchlgand ﬂa@@é@@lydd&leotldes PCR
this enbodi nent, the sanple nol ecul es are anpl

antillragulbin amplifieaticmel hetbdhetag esd, attﬂ@heétsannwetraglecule Non-

R FLPBY el A BB TrBP el P T iflgho fthig embodiment, the
Presesie moletlies@re @hfp?lifleél%lﬁﬂ fay Eeeunﬁérfémalyéed BEused, whilst the

invention may also be used to identify nultiple

od@gs Mhllcbdlﬁvﬁraisfé baen (ampltileh‘lé rcontalret_h,q infgrmatireon thennumber of

nbodi |
SFifiptens pibiedues PRGN Me ohBRATRRERR Sl o i ch’ can
be br oupHY gty 6PHeAReMiibm nidyealss e us'Q&Pt%Qdéﬁﬂﬁ}/ rhbl@ible outer-

are bound to outer-surface proteins can be identified
i rSmeacatpsrotelrd@(nndtheranomm.mpremt arxaogll.eln this embodiment, the
an. be a

s dBeleGuriBaiP e Roakefaat dbon FipIPIa- g apSlecufe finich can be
d%f@h@ﬁl”iﬁfﬁ c8htalch Mﬁt%@cc%wr?hoé@{égsq'h% QE@ S{Juﬁélrt(fa ¥efer-surface

nol ecul es can be identified in one ass I gatl
t hrotsiiny oar beddéntéiadigsa labenidentificativarstempr Facexample if the tag is
nol e

es .S carried out asfolows
C&P%'é'ﬂvﬁ'&q'ﬂec*éﬁ & brraplliee & 2 Al @&ﬁwe@segeactwn
di f T er qRt a"Rlrfefey! Se\;?%ﬁﬁlbgf‘%fnﬁhg ;Pr%%edﬁﬁs?, NS SIE Youter surface
conprising a pol ynucl eot ecul ar
molecules can be identified in one assay by ligating the polynucleotide tags
bound to outer surface molecules. This is carried out as follows:

(i) contacting the cell or membrane with a sample comprising different
molecule-targeting moieties, each moiety comprising a polynucleotide molecular
tag of defined sequence;

(i)  carrying out a ligation reaction to ligate adjacent polynucleotides;
and

(iii)  detecting the ligated polynucleotide(s) and determining the

presence of the outer-surface or membrane molecules;



tag of defined sequence; (ii) carrying out a ligation

reaction to |igate adjacent polynucleotides; and (iii)
waeleawsotiing t he |igated pol ynucl eotide(s) and PCT/GB2005/000218

determ ning the presence of th? out er-surface or

menbr ane nol ecul es; wherein the 6olynucleotide

nmol ecul ar tags conprise a nucl eoti de sequence that
i dent i fwBgraiReths Rolyryicleetics -palechla g qarneprisri a haucleotide

ot ISR P RNES 1o RidsS TR P 0 Pacd el aridng dncivicual

armolaoiigg. ed |rmed| ately next to each other. Rather,
the termis intended to nean that ligation can take

pl ace i The refepIGaiacadiscent is agiintansdesidoimatydhat the outer-surface
5 B 1l B RESEH e ) Y b 920 iR, Rl e o

prieteriderttoanibad th@tigatiohecaeike I Scd AR el MeRidesSRYs can be
detecti on of the tagged-nol ecul e using a nano-pore

deplaeed qroxiral e eaeh Pthes hiei glewiligalioadtaveeaur.  This concept is
in el agh tagged nolecule is required.

Na'ﬁg%)tg%éd @‘(’f?%f detection are well known in the

art, ang éffartﬁléﬁﬁféf@ﬁ‘éd' 8mboaieentBitieé eranAis p%@@&d&@r comprises

eé4 147-51 , e content of which is incorporated
10 h @teﬁtlm of ¢he tagged-mRieculsl @Immpam@@q‘rerdetectlon system. This
ucl eoti de (get ectl ot ei n .chann

L8l 15 SR irtgrmatiof i 2aBh e SoRemelikie is required.
St Néﬁoﬁ@r@h’hé%ds%f%‘e?éétmﬂaﬁehﬁeﬂ‘ RHS\WH i§ tﬁ@%rtaaﬁd aéi‘sto%%crlbed in

not much greater than that of a polynucleoti de,

ex'Enqmlde Bmtelchaolr 2006 Apir; B8(Mew4id b tiee cestentef Whm:h |s incorporated
ucleotlde enters a nanopore in an

ﬂg% B ﬁé‘?ﬂﬁeane the electrical properties of the

15 pore al t§ iitatdl Beﬁﬁné‘bér‘%@a?drogé yﬁh@le%%@é“&&@cﬂﬂﬂ ARl a protein

t agged pol ynucl eot1'de passe rou he pore,
si ghvaginel svitfinea dipéd tﬁllayeeamhan‘thdleé’otn dEthlf‘ﬁhSDh’CEtétmé nfembrane.

oA b i, B "o e, gt of
| BAUATRI LGS Hof BRafbldi 108 ¢ 184 HeforflifediNAk the tagged

ei ng Able to Geterni ne enu eren
npaynlcsotde satersi a rtdrmpmrég‘hrm’l irssuigtirey nadrhbrane, the electrical
20 nagrg 8Ft?esao tkg ?)Io?é alter. These alterations are measured and as the tagged
polynucleotide passes through the pore, a signal is generated for each
nucleotide.

The method of the present invention allows an entire sample of polymers
to undergo nanopore analysis without losing information on the origin of each

25 molecule, and whilst still being able to determine the number of different
molecules present in the original sample, after nanopore analysis.

Once the analysis procedure has been carried out, the molecular tags are
determined. The method of determination will differ depending on the tag used.
When the tag is a polynucleotide, it can be characterised by sequencing.

30 Methods of sequencing are well known to those skilled in the art and suitable

techniques will be apparent.



Once the anal ysis procedure has been carried out, the
nol ecul ar tags are determ ned. The net hod of

waledosomimat i on wil |l di ffer depending on the tapCT/Ie80005/000218
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When the tag is a polynucleotide, it can be

characterised by sequenci ng. M2hods of sequencing are

well known to those skilled in the art and suitable

t echni dDese thd Samplealpambeem tagged, ithie psamblleetmmadmme method, if

ta e .to repeat the nethod, if

e%ﬁw@e b e iBR rERGtNG Shp B AN ERRY Unterining e molecular
g{ ni ng the nol ecul ar tag(s) The met hod may be

car d out in solution or where the sanple nol ecul es

ar e at tHuhmethiad may befcarsed Sutih selutionae whareltid éample molecules
bi ol 0 menbr anes, peads or living cells. For

@ﬁp‘ﬁ ﬁ?ﬁéo Awbiaceo SUsT susfases infledebirogicahmasnbranes, beads

Sy f b [ t
%Hﬁrﬁfgaggﬂfsof F‘OFS%(%P%H ﬁuﬁ@eﬁﬁd& i ﬁg?%&%ﬁhsg&?ﬁe@ell surface
nundebe cetelbtéd etli)eaﬂtamrring seurtiqes tagtbesachiasesPbrdteins, amplifying
nmol ecul e i.s attached to a surface, the nol ecular tag

N SBFting thanemben sliglifesertigvaUe trgs. gihersthe sample molecule

ST T T T —
eribﬁqgure 3} altthsugredtheemaidcdar ta?s SuciPds éptfamé}%%rfd‘bda‘ynucleotldes

support surface at the stage of the read-out analysis.
Tﬁaaxsaﬂﬁﬂ penwatt ulle nﬁ@n‘efrﬁélr@mbpdmwtctbm aarnehe molacule is not

USRS BB M 4 BB L0 B0RR. e campe

deﬁ@ew@gcﬂnéy BRA o aefobﬁtauﬁé@ rrf@he@aogéﬁécﬁﬁ S8p R 8tion with other
uter to track the nolecule and it

iehiferentsansplegsolecuips: dHe tags @ﬁmdan@salamwecum daprbe determined
23@%¢%§“®3gn feaBR e o Gonii-teria E5ck s Mefsnste and its

MRhabsotessed 0 quantify nol ecul es such as proteins
bound to a cell nenbrane as follows: i) The cell is

m xed \Highrendlikustrates tagieteed fonguantifyingctargei seieaules that are

T AHEEGHE0 P RtrafR o0 AE A tierBEa 27 el Tbeadefing may be
f%@@%”éué‘rﬁhf?hﬁo[%%fég sGch %fsgﬁFotQi%%hr?d 0% 2efidiBiBrane as

identification portion. In order to reach saturation
offollawsid target there is a |large surplus of nolecul ar

a0 Ve i S B et el BASRS o comprises
moiety (antibody or aptamer) with the ability to bind to a specific target molecule,
aunique polynucleotide representing the specific target molecule and a sample
identification portion. In order to reach saturation of bound target there is a large
surplus of molecular tags versus target molecules.

ii) Any unattached molecular tags are removed from the reaction mix
after the binding reaction has reached saturation.

iii) The polynucleotide part of the molecular tag is amplified and
analysed. The number of unique molecular tags that can be associated with a
specific target label gives the original number of target molecules.

When the sample molecule is in solution, for example when measuring

the number of different MRNA classes in an analysis of transcription, the



after the binding reaction has reached saturation.
iii) The polynucl eotide part of the nolecular tag is

waopkiofiled and anal ysed. The nunber of uni que POl/6eB08/000218
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tags that can be associated with a specific target

| abel gives the original nunberl3of target nolecul es.

When the sanple nolecule is in solution, for exanple
whenoleoedentag megy temprisdan aptamef &ed/ont pdRfucbatidealthough other

comBIRT AR08 stsher AHIRSISB s JrRCRaRete. alt hough
ot her 1p! eculgod3ReBE 4t MBI B37RY rihsg. Oe

used. 1. Tar es and ecul ar tags are

m' xed. A sol Atscrbtmtlmmnbaianmng thadarget gmleotwlbqul snacromolecules
1':‘lg%hmalcrorml cules uch as proteins) is mxed with a
| &

P PHIRNSHAS MR Withra {aégg SEEREE |°£|n'r'@e§ut%|t@@§/compn8|ng a

(emgletﬁ‘g%@g%ﬁ:égﬂmé{)ﬁﬁg{)ﬁécslﬁ% @wgggm ﬁmg né @gfecmes with

a spedfigtyranid whidhrecdmpraseo atunigue BolyMotiatiderpdréies. ar e
al lowed_ to bind target nol ecules. 3., Unbound nol ecul ar

tags aré renWé%Pmafh'iaQScﬁiﬁ allewesHipdiad targst molaawies,
using gel el Bﬁhf)gﬂa%(ﬂébﬁlaﬁ?%)qgar%o cﬁ) ot her

separation Known i A | ecul ar tags

bound to tar ks camlzcadrieve, %mmﬁleaﬁblﬁggetdﬂécﬂdﬁh@ﬁes:s spin
of unique tags is determ ned. The uni (iue tags may t
f

beCHHHNSar ines sergratien sethads kppwedn aeuavte nunber of

whon t h san o iels LU R frrb Pl PR S Bmiied and the

pqmbéleoﬁmqa@ {886 i H8RAMMRY. pol ynucl eotide tag in
order to increase the specificity of the tagagi

ng
reaction. T@hauwmlgu@ntag%gﬁayetﬁ@n benpmplifiegd by PCR before a

S dan G e GV RURBER o e, apllied BiiPbuah it ihher analysed.

conpr i S\Wlffbnuiﬁe%@mfa@rrﬁﬁé’étﬁ@@%?e pEYniRGebidsd, dt I%eﬂoés‘?ble to use
the sanpl e pol ynucl eoti de. These two tags are

I |rgat%aﬂam@@ehpelyuuqle@hﬂmtageln Orabr do shorglase the specnflcﬂy of the

P eSOl ety of T (afrent dbPonsagt PG  seauences
t miomertaito aﬁ“fér@nmféo?é@eﬁt e Sampidiincleotice

tag nor mal used. Only correctly hybridi sed
t eapd each d@mprisgag adiquedtagrgsigueneds, may be hybridised to the sample

polynucleotide. These two tags are then ligated together and ampilified, as a

single polynucleotide, by PCR. The ligation step increases the specificity of the
quantification, as two specific tags are required to hybridise compared to the
single tag normally used. Only correctly hybridised, adjacent tags will be ligated
and amplified.
1. Sample polynucleotides and polynucleotide tags are mixed:

Single stranded sample polynuclectides are contacted with two
polynucleotide tags each comprising a sequence that can hybridize with specific
adjacent parts of the sample sequence. Successful hybridization of the two
different polynucleotide tags will bring them into contact with each other, allowing

ligation to take place.



1. Sanpl e pol ynucl eoti des and pol ynucl eotide tags are
m xed: Single stranded sanple polynucl eotides are

weomwsactied with two pol ynucl eoti de tags each cPOPGBI08H00218
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a sequence that can hybridize with specific adjacent
parts of the sanple sequence. $dccessful hybridization
of the two different | ynucl eotide tags will bring
them i nEo coﬁ’toamumqtﬁieetagh aog hybridiaed tavsamgple pelynodeotides and
at g pl ace. 2. Pol ynucl eotide tags are hybridised to
Hé) P& pol ynucl eoti des and ligated: Only the

hyb“ di sed ap &' taat ﬁ9bﬁ8||séauéh§°ﬁgéi§dt|§& nG@I@;oﬁae tags can be

anplified by P he”ligation steplncre ses t
spanipfified by PER. tﬁee bgatian stepindreases thespeciicity of the quantification
PoI e/nucl eotide tags boundto sanple polynucleotides are

tF-and the nunber of unique tags determ ned.

F' gure 3 illpgjy mfc?e%t%er[ﬁgé‘ana to%B g @8Qnﬁﬁl%%%egfareamphfled

this invention ereln ysi s
anphd the atintver of bimiduer t=gs qmermrrpdj fication sanple
| ecul es, one "

A g g S S
ST SR OBi 0864 98 AnRIBRMhS! RO, LAEBERITAUEN sample

comntamsfoumar}get lpowmer Botequied, iare 14" DNA aietsie and three “B”
[S tificati on portion which identifies the target
&ﬁermf? lpgeles, n PRPS tox i amplificatisne eaction & roelesuler tag is

b' 'ﬁ%ﬂﬁf?ﬁté’{%@ﬁﬁ%ﬁﬁm%d rﬁgﬁ%@g@eﬁjhg ?\ﬁg@w& ¥R comprises

polwoesrtibbig.eOhB portionidthe saaiplé Risntificatisn ;H@r*t@ﬁlﬁ/mbh identifies the
ta t he "uni queness nunber portion", identifies the

in %tdl%ym?'éfryeét “btﬂ'%ﬁié@mpl%th%ﬂp‘ﬁémﬁébﬁg usesa hinasy system and

el 4 o Boshih BEbIRY BB AC N ER 1B, T 3 reprserts

Thiarget! peetyrner t)lpw'fB”afﬁmdthépprﬁtcﬂdh@ ﬁldl@@lbﬁfég?ttﬁe BYniqueness
ligation. Once each targ (%/Lgler nol ecul e has been
t dodeler padianagidemtifiestt adﬁ@wl dnget olyraen| iNs eah be seen in

B e B S DA B R, 8 g comaning
PCah WifferemtUrf§Ué fesEUMBEr BErtiBAP TR rBdldeliay téé’@a@‘iﬁ@orporated on
nunber of tines as other target polyner nol ecul es.

the targets by ligation.

Once each target polymer molecule has been tagged, the tags and
attached targets are amplified using the polymerase reaction. The amplification
reaction is random and in any given sample one target polymer molecule may
not be copied exactly the same number of times as other target polymer
molecules.

After amplification, if a given number of the amplified molecular tags are
read, ensuring that each unique molecular tag is read at least once with a high
statistical probability, it is possible to deduce the absolute and/or relative amount
of “A” and “B” molecules by counting how many unique tags are associated with
molecules “A” and “B” respectively.

In this way information is gained about the composition of the first, pre-

amplification sample and about the amplification step itself.



After anplification, if a given nunber of the
anplified nolecular tags are read, ensuring that each

wanioguelinol ecul ar tag is read at | east once wi p&T/&BR10§/000218
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statistical probability, it is possible to deduce the

absol ute and/or rel ative amounttbof "A" and "B"

mol ecul es by counting how many uni que tags are

associ aA &utthvértémbodiewant eﬁtﬁbﬂiﬁ\éalﬂig)ﬁ' éﬁr{lﬁﬂ%@é hiét_ﬁ{)d of frcking the
this way informtion is gained about e conposition

of PFERRNGS PQ?,OF&*@&%&H indvidyal malapyeeandiar sppias andfor fragments
a L ficCaty ' i ment. of .the .

T eldron h8 S8 oRELIe il bO HoRAL, MEdlpiccegiwhich are
antdgged giith oligoanclievddeintsletulaplagedspratidlely d&r®ed A preferred
and/ or fragments thereof. The sanple nol ecul es may be
pARENSS Procrdwiecisamakficationcof thedagapgbattached sample molecule,

i ' . ' descri bed. ..
A 'GP b facfefRliE S He.60PIACA BAGHISHE ok exieie o Heed ince
t apvehdequbncihgimeaiadse TRbaESLIE of tHak InAMRseM4tion is a selection of
fragnmentation of the anplified polyners;” for exanple
adabeliad palynyeleotiges of %@ﬁtlamgthmwwmu nMdleculesdidm the same

oot ZoarsP el ot BirEng T RptnitiaBl @loBing the origin of each
nohsledlestof bedtratg. sane origin (parent nol ecul e)
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now be a collection of tagged polynucleotide fragments that, collectively,

represent the entire sequence of the original sample molecules, and the origin
of each fragment is known due to the tag, re-assembly of the sequence data is
simplified.

In a preferred embodiment, the magnifying tag method of sequencing is
used, as disclosed in WO-A-00/39333 the content of which is incorporated by
reference. This describes a method for sequencing polynucleotides by
converting the sequence of a target polynucleotide into a second polynucleotide
having a defined sequence and positional information contained therein. The
sequence information of the target is said to be "magnified” in the second
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used, as disclosed in WO A-00/39333 the content of
which is incorporated by referthce. This describes a
met hod for sequenci ng pol ynucl eoti des by converting
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using the target molecule can be carried out and the further results determined

and associated with the molecular tag. This information may also be stored,

resulting in the collation of various reaction results for a specific target molecuie.
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target nolecule. CLAIMS 1. A nethod of quantifying the

absol ute or relative nunber of 1ol ecul es present in a

sanpl e after carrying out an anal Sis procedure on the
sanpl e, conprising the steps ) attaching a

uni que nol ecular tag to substantlally all of the

nol ecules in the sanple; (ii) carrying out the
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before or after analysis, the s ncor pora

i rrﬂ@leph@amltbeuﬁample,ag a sanpl e | dent i fication

portlo:l net hod atgcordln to claiml or claim2,

wher ei I'%te ?WW qut thgranalysi LRr°59dlr"&eH§'ﬂ9ythﬁgmt3|$§U|eS of the
t%mmeaaﬁgad out step. :4. A method according to claim

, wherein the read-out step is carried out in a

manner (iihat @mshe dmasidaf treaoioleagar nnagmetymgmﬁgl the absolute or
le is read at | east once. 5. A nethod accor

2 {51V e cluTtey o MiglegulapErasant infoe psicioal sesmmie whig yndarwent the
W@@%.%\Em&dﬁemt hod according to any preceding

clam ereln the sanple conprises different
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PHeFESH Ny claim wherein the nolecular tag is or
grrprl ses a polynucl eotide nol ecul e of defined

séquenaﬁem%od\anmmimb rcelaing i ng digint? aviein %(ﬂi)ﬁs carried out
tgbma y:Jan:;I t%%ttlagem Iasre%chlJ\Llﬁ sr{le)éecm e of defined
A method according to claim 3, wherein the read-out step is carried out
in a manner that ensures that each tag in the original sample is read at least
once.
5. A method according to any preceding claim, wherein the molecules are
polymer molecules.
6. A method according to any preceding claim, wherein the sample
comprises different molecules.
7. A method according to any preceding claim, wherein the sample
comprises multiple molecules of the same type.
8. A method according to any preceding claim, wherein the molecular tag
is or comprises a polynucleotide molecule of defined sequence.
9. A method according to claim 8, wherein the polynucleotide is a DNA
molecule of defined sequence.
10. A method according to any of claims 1 to 7, wherein the molecular tag is
or comprises an antibody.



10. A nmethod according to any of clains 1 to 7,
wherein the nolecular tag is or conprises an
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7 or claim 10, wherein the nolecular tag is or

conprises an aptamer. 12. A meflod according to any of

clains 1 to 7, wherein the nolecular tags are

pol ynuch daeihnsk aaearding: tamay yofi clains d etdu¥ eori ¢leirh vies vatferein the
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+ OF £ Pt o peiofityfey. Meyr Eates Undr 6B apigin of the tagged
| rpéaule.
18. A method according to any preceding claim, wherein the results of step
(iif) are collated in a computer programme.
19. A method according to any preceding claim, wherein the molecules are
proteins.
20. A method according to claim 18, wherein the molecules are antibodies.
21. A method for detecting the presence of a molecule in a sample,
comprising contacting the sample with two or more molecule-binding moieties
each having affinity for different parts of the target molecule, wherein the
moieties comprise a polynucleotide molecular tag and wherein, on binding of at
least two moieties to the target molecule, two or more molecular tags are ligated
in a subsequent ligation step, and the ligated polynucleotide detected,
characterised in that the ligated polynucleotide comprises a sequence that
identifies the class of target molecule and the individual molecule.
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identifies the class of target nolecule and the

i ndi vi dual nol ecul e. 22. A methd® according to claim,

wherein the |igated polynucl eotide further conprises a

sadpl e AdBathad acaardinggordlaion, whsreintheligatedfpmlynucleotide further
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angholddule-t i ' ; |
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i dent i fi'ds t AAMHINGQUt ligatioareagiien i ligaipadiacent molynucleotides;
opsn@nal Iy the individual nolecule. 24. A nethod

according to claim23, wherein the polynucleotide

mol ecul @if) t adefestingethec digatéd epolgnaeleptide(s) and determining the
identifi caHon Borti ?P' 25. A npethod according to

c| RIERPRSE 8F e QHigrSyrTagR&ar aNeMPFRRNGMOECUSS:f ace

nmol ecul\Rhb&i ' . i i _ _
pr ot ej n\ﬁg?%éﬁng{e?rﬁy@lﬂczé‘a%&qﬂ%ﬁ L%d@%s?o"r"&ﬁ%s% # nucleotide
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pal ynucl eoti de nol ecul ar tag conpri ses a seqguence 0
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7 g A8 el PSR Boluera
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, ShoRECITSS BRieh, BFAThe RIS 54 BRBRh ncingyalepute.
| @&t i fAimetHdte agbbreiny a6 drdof claims 8, 9 or 21 to 25, wherein the
polynucleotide molecular tag comprises a sequence of nucleotides representing
distinct units of binary code.
27. A method for determining the sequence of a polynucleotide in a sample,
comprising the steps of:
i) attaching a unique molecular tag to polynucleotides in the sample;
i) amplifying the polynucleotides;
iii) fragmenting the amplified polynucleotides; and
iv) sequencing at least those fragmented polynucleotides that
comprise a molecular tag and identifying the molecular tag.
wherein, on the basis of the molecular tags, the sequence information for each
individual polynucleotide is collated.
28. A method according to claim 27, wherein the molecular tag is as defined
in any of claims 9 to 12 and 17.



wherein, on the basis of the nolecular tags, the
sequence information for each individual

weolgnualieoti de is collated. 28. A nethod accordi/og2405/000218
claim 27, wherein the nolecular tag is as defined in
any of claims 9 to 12 and 17.280 A method according to
claim22 or claim23, wherein the sequencing step
cotpri sésneibﬁd@ccm@ng teecleivn 0210t eldimf2d, mktereim thetsequencmg step
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oy et eo Aing s B0aREF LERER ottt Mgy ging tagS, each tag
C| reprEseiinorid bab¥ i HelpfueRBHLES of step (iv) are
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nol ecul ags as d of ~clarns
10 182. A method according to claim 31, wherein the molecular tag is as defined

in any of claims 9to 12 and 17.
33. A kit comprising a discrete compartment comprising one or more
molecular tags as defined in any of claims 9to 12 and 17.



