e3e&o&bbc4jfk 060T023 June 2003 SEQUENCI NG METHOD USI NG PR PRc TAcs
resent invention relates to new nmethods of sequencing in which the
|nfornat|o mwmmwm“@mmmw each base is effectively magnified, and nethods
whi ch are suitabl e for sequencing |ong nucleic acid nol ecul es
i n which sequencewi*nf ormation for portions of the sequence and details on
the portions' positions within the sequence is conbined, and kits for
perform ng such net hods. Ever since Watlson and Crick clarified the
S the DNA nol ecule in 1953, genetic researchers have wanted to
gmwﬂ‘w&ﬂmﬂ)@m cheaSEQEFN CENGIMETERN HEING MAGHIRY INSKAGS ecul es.
| and Maxam G | bert devel oped two new net hods for DNA
sequetfeifftg bet ween 1975 and 1977 which represented a najor breakthrough in
sequenci ng technal ogy. Al nethods in efonS|ve use todag?ﬁre based on the

Sanger/ Barrel | et d S50 L vISSYret NA RN AT RGPASt RE | ast 23
years have d'élflﬁarﬁflﬂgﬁs;ﬁl b&ﬁra:rrrmdaref i ioeftc ot iafn tehrirlﬁodﬁaé(ﬂIOHy £8ch988,

however, sequenc t.ec noIo red eI focus Led by
the US, ei &rﬁ eeﬂl cmﬁr#'?r%té’s di Ne oge.et T per apSs ‘%!*ﬁécﬁla
i ndi vi dual [:pHId;JezoilaIriL}t rseuma@l@r yEaof wwmt;el 4 hleorsequent g @tlﬁhe entire

human. genofg, (e B0% PYHIIHE iR NI EIOIGE e oAl SOrE3bhEUoHCP) . 1 1

addi tion to seve er small er genones t oday, jective is to
be fini shedhfurignpanee wast d26ed 19 Prsdite Rrtiqng addog haiorfe proj ect

ties up | anga il @d fdequiedr@UiiGeToMMl el | 1881 a3 I Pr hELFHAMinghe gains
of the project are considered sufficiently inportant to justify the cost.

An i npor t ariti@hartetdiodse project is to devel op new met hods of DNA

sequenci ng t hat Ei)’eaf laaﬂdeermraesbeammbjnaqwidje&:aﬂ’mbd asﬁerstha@tﬁyér ent

t echnol ogy. ip ese c d into based 23 June

2003 - 2 i %ﬁr@%e\%ﬁl an ﬁt h§e§'anger/r§asr‘3r cfh%? h&dY€and non

gel - based tvec‘rtrﬂcmtas f ifide frach g@ld-ba@@@ twegicdfuesqraobabhy have a greater

pot enti al Zl §ﬁ15151p‘?ﬁ$1\r q{gqtercy,,leflowwgcgge/tgra\gr@ﬂd dhe use of gene chips
i ze s

that hybri | ecul es are sonme of the approaches that are

bei ng testé@xwmﬁthéﬁvéﬂépﬁbé’t‘”a’nﬂea‘l mMedserfahdN2ur rent met hods
woul d reSU'éedJérﬁ:ﬂr&_}/QJeltMe@rm net7soring fier7 Yent dieseqidsdtedl 0 for nmodern
medi ci ne sr nce they I‘O\{I d%et r&eno Ol‘ttl,lel’(lzl AV for ext]effl ve patient
gene testi Ay !?WV)\% fuqr? Fp e % HaS RS 1 cdtTon and

devel oprrentmeo:fhcd:'rmgm eRensdyroMISe p@td@m izale dfassgtlometiods are naturally

very great.g ey rn%%bxa KRRMESRARIMIHG LGE TN UESqud b proved
difficult touﬁ‘iten he ngth of the sequences thlat can be Lrlea(él or each

sequenci ng freddid dr'r?‘Sta@ N@@trsnﬁal’{ﬁdg‘oﬁ-?ed’rt df8F S9N inmited to about 7-800
base pairs mReii SRGUERGHING T ekl arthar. is it possible to sequence nore

t han one sequen sequenci ng 1y ction wt.h t ds. wi dely used
today. To sequerﬁ[ed’e%r?y P Ioﬁg seéﬁence ST gecgrra %}/ynecessary to

per f or m mamcqenald eln saenpumdwngleweaﬁmms (Leid dy tthedftienedlat eépl oi d
hurman QGHO%xﬁIdpxgé@ 'e]'dﬁ%db%@e%'e&s mseéerrra dridyd on, pagad | el sequencing

reacti ons wou necessary) his is con5|derable bott| eneck because
the total riwfberidfalprsedssss int ﬁé‘eué‘éwré’nﬂﬁr&c%@ea@*e%ts t he nunber

of uni que dRILIRAYE @the @hEirdl uRldEydidReidy ProPoppi eaRk to the
nunber of sequencing reacti.ons tht have .to 3{9 erfornme (g Furt her nore,
resources SR [ERAOMS BEOIGST ot ?édl?éjn Gr‘fé ovidt 13t hEPReltiences. In
addi ti on, @édeﬁj’aantodne&esmﬂle&g@mnmtasan \mrk:ﬁmsidab,e pemé or med, such as
setting up orti ng, fll% %rh)é lduidiS cfho aelss%é{ to %pend

ge

r esour ces |n]ec G o |sc(ﬂ ate a possi Ie ta quence | Is found
anong ot herssidrpienc ashe Ifratr ddatt ¢hig Im-‘sltJr%?tte tiles fumderege aI probI ens

scientific resources and carries a large price tag, the
gains of the project are considered sufficiently
important to justify the cost.

An important part of the project is to develop new
methods of DNA sequencing that are both more reasonably
priced and faster than current technology. In

principle, these can be divided into gel-based



23 June 2003 - 3 that |imt the length of sequencing react?%r\‘é’]e‘%qo:}l S
appropriate to divide the sequenci ng nmethods currently used and under

devel opnment into two |arge groups (there are individual nethods that fall
outside this division, . but they represent a small mnority). In the first
group, we have nethods based on the size range of pol ynucl eotides. The
starting point is to nmake one or nore ?ol ynucl eoti de | adders in which all
nol ecul es have one common and one arbitrary end. For exanple, the classical
sequenci ng, et hods. of Sanger .and Maxam G | hbert aye based on four sequence

| adder s th%HrJr'%?)’Hals’én?e‘éagﬁrlfangﬁeO;%Otfpeba{aé‘sqeﬁfi%r’@“ad&eﬁho‘#%e limting
fact or wi tdnd especgel ebahed| Erghhigles .seflengioy geladtdsprd t hat can be read
is that o i st.ingui t nucl eoti des that only
vary wt hr%%(ge?rﬁn%%lgﬁse?&r%égﬁgng%&%t %egggll%%r?\gﬁﬁ%o%ql elr;au'f narf%emqssesquence

| adder, thepepeidmetryie iyt cVEoaetryreddes tihe dise detamen athips '

pol ynucl eotjigesnyhbssi & LhaiTebhadmchecudelLrdfdidihd hee sie of nol ecul es
thus quickly reach a limt where. it is not possible to distinguish between
two adj aceHRPIRAGARE| eeFdase PRPFe t68h&A gr MFFRAE dtdtodr@re based on a

di fferent pibhecipteal By bdentf yhag shaerent arahdds sesauencaessiiihat are
present in,a target.nolecule, the target sequence can be reconstructed by
Uti i i ng Phe? oVerHpEt B8t HEknOTRE S2augRIE. piroa CrTIY: 4 ek

sequenci ngnardhodsedde fee sbheeukbsyaweufldagmentiett ititeo aqumidtamipiyeces, the
conposi ti op. of g - ol o i ndi over| appi ng
sequences % %’??%?%g?gsggg%ﬁgg ggq%oﬁgtsr%ggltg};é&q:gg}g%alﬁﬁlﬁgn m croarrays
have been breereani rdlesis3ddantiddsas inme parde sy edddmesy: odnt ai ns uni que

oct aners. [ﬁld?&er Hh AL b OBRoW ENpOebAIERT BT/ s ¢ covered. If
the target nofecules then are tagged with fluorescence and hybridised with

t he oct aneR3LUXRELY nYRFHeBFBALabout what sequence pieces are present in the
target sequenceysgigbehebtairpedtby kegwst ekiqi@ddity 2EhHiRRe2003 ¢« 4

addresses that have. beep_.labelled with fluorescence. inmportant limting
factor withe§ e%’b%%‘?dt‘glgﬁéc}lgﬁg R Sf(ttgé’a‘ugg' i ﬁr&qﬁbtqﬁgﬁg‘?hat can be read
is the folseymagcesnbhaat oanabeprebbeforTeadhomgeudrie e queantiirg r eact i on
that is to,be pSLEoy ?ﬂghaslegngsaat,h%r%eqqﬁm%baﬁ'e&f%JH{Sty_%%d n order to

make reconstruction o e target sequence possi .. However, the nunber of
per mut at i dPRSE AR 1 hAVREe ¥ 0SBEUEESEBE FRAFEASEs elsBnértt iidl IBpswitH & he | engt h
of the sequenseqéreesmbhat thha baebeedenidef iRd: sHjuerddi¢igeases the need

For unique addresses; off LR MLERAL, BHAhT 3L (GRp]Ndi ng manner.
To sequence many or long sequences, it is generally

necessary to perform many parallel sequencing reactions
(e.g. to sequence a diploid human genome of 6 billion
base pairs, several million parallel sequencing
reactions would be necessary). This is a considerable
bottleneck because the total number of processes, the
use of enzymes and reagents, the number of unique
primers required, etc. are often directly proportional
to the number of sequencing reactions that have to be
performed. Furthermore, resources often have to be
devoted to sequencing overlapping sequences. In
addition, different types of organisation work must be
performed, such as setting up and sorting a DNA library.
It is also necessary to expend resources in order to
isolate a possible target sequence if it is found among
other sequences.

In order to illustrate the fundamental problems



An alternative use for mcroarrays is resequenci ng of knownasgGheraoss, €.dg.
by screening for gene nutations in a population. For this purpose,

ol i gonucl eoti des can be adjusted to the known sequence so that the nunber
of addresses required can be reduced and the | ength of the sequence pieces
that are identified can be increased. However, designing mcroarrays for
specific purposes is expensive and resource denmandi ng, and at present there
are only microarrays for a few DNA sequénces. Since the human genone

consi sts of sonewhere between 100=_140,000 genes, it would be very resource
denmandi ng tthataskideidudite kemahh gehoABIUPACLAY sTARAREPNS Anbl hig

di sadvant agpiddr Uik & &1 @ads aYBel SetilahciNg hbPhbali SRS &hc FYrrent
constructl0Q¥%ch§$lqgé%ée %. ggotollthograghy does not make it possible
to create piS&t £t 4 tHRRe LBBNE N0 BHCNT P ohRY 87 9T THRS , (Dheyea
fraction ofarteheindisolditabmeobedsi ahaof fahe dlitgidscente GCalwebn| S
utilised. I e.s rs. . abl e of, di stingui shing

pi xel s" of ga%yinkﬁgl%%%g%%g er? %ﬁ?gﬁ ﬁégéglgﬁgt n?%r%%?rgﬁgsgan contain
10, 000 ti msraaw myeh haveormet howds abaspdyonuthensiye raome adh. |t woul d
therefore he, dayantagenuss t 0 feyelPRrBeWg ML hRESLOr i gchplesef identifying
| ong sequerice pi eces where the conbinati on problens nentioned above coul d
be 23 JuepoPlymiclegbidedladdersula rhkeh 3kl probesateadedes to

devel op newnetddsdPran®i phesatbat ravieehll. POBsSE bk RakpLSeaUEHCE | ONg
target sequences, without having the IathP ﬁf t he sequence pieces that mnust
be identifiERITHTEasEE BIPEENY i BF FPORPt REt RanFehot A dfaXefe F Ltk
sequence. Anat hersesequentouny sedqhedcéf dbaddxaapt kaasrepbeasked eachJS pat ent
applicatio D, hat iLs has on identification of sequence

pi eces conééﬁﬁ?%ﬁé%ﬁﬁigggﬁérﬁg ?a%he% gd?farget DNA over a reading plate.
Thereafter, the The detmiDNmMg sfa¢earedith raapeat ftooreschynatisigha
representi NG ARG OIS NEAA 1 O R f LhAt bbasgapa) & schSe fdedni s hihe target
DNA. The fl uqrescence signals for each position is read before the
procedure Al EFEtiiife bekvepdseoprnrclerhider §alganlDNA. Wien the
DNA ng:ecMuﬁtﬁun&tﬁiOﬁﬁjmmmﬁméﬁns mnetﬁengeﬁdtm@ @éf&ﬁuciéomﬁﬁgﬂes

possi bl e tq _cqnstruct |on Leces With seqguence Information by running
sever al cy&neg.tmel'hseeqaﬁrf?‘%)e;{?(gé?%adt}é\%vg?%f Est:eh%a:f?gal]‘o]“e‘fe cycle is limted
because t halififiefpeanasfs um qiiez¢ | boreseantbe spghahgcléatidas. rétpditr ed

i ncrease exjpongy idddnodd tibt heedwWpReniRl PRSEsPALrSe ddn QL d&Is to read one
base pair, Four colaqurs are require two requires 16, three requires 64,

A d I
etc. It is ek hetersh cirt Rttt BRRARSI bhy! frekels FISHRIE HIR to
di sti ngui skiikatiwean 44 whddesentwd| aaf @seraceoTohtr Sot Regar dl ess, the

demands on readi t.i e t S Lncrease considerably with the
use of nultiple ll(q:rglto}her sc?égl}%e %g?'tjf?i %ﬁe%#go?%e%r%eb?%e%e?q or m many cycl es.
Thi s in tudiffearentarptintidabe: | BBy hédanhbéyind ehoyruriecet epls and

fluorescence RIS hAVelrd fpid sMRE €1 ROSSERESat OnbreAtid y ¢l atively |ong
pi eces of sequence with the above-nentioned sttategy, . |Inportant problens

woul d be efCFERtertRAYGIEIheCIRAIASEREERFBRUCERDI BYi Bat L BNAT Lheery
non- r andomcsed-lidpd iseto@rmost lié ofeqibate podcé®Ng sequences are often

repeated in Sevelrhatls,pliat*?err?ar?}l;] ge&tqggcr:g);gagethods target molecules
are fragmented into smaller pieces, the composition of
each fragment is deduced and by finding overlapping
sequences the original sequence is constructed. For
example, microarrays have been created with 65,536
addresses where each address contains unique octamers.
All permutations with octamers (44=65,536) are thus
covered. If the target molecules then are tagged with
fluorescence and hybridised with the octamers, the
information about what sequence pieces are present in

the target sequence can be obtained by registering the



23 June 2003 ~. - 6 "mcroscopic" level. Reconstruction is Ijune@0oar|y
difficult in areas with repetitive DNA sequences. These can often be of
biological interest; e.g. the length of trinucleotide "repeats”" A new
approach which allows the above nentioned problens to be overcone has now
been devel opPL~.. ' Surprisingly it has been found that if sequence
information is obtained which is linked to positional information (ie.
information of the position of that seduence within a target sequence),

| ong sequences can be identified accurately. Furthernore, the present

inventi on PAGFEEESShéRaAtetods RieTs daheidianh WiHite H bregreecesee it h or

Wi thout positi Oml iplodiRid andit Wy dddes: siianalragsost atgd et h one or
nore bases._i s aﬂ) fled referred to herein as nagnification. Thus

accordi ng LEngH Pl seYEncink THasEAnS r‘f\;‘@r’ftl‘iﬂ{‘ fovweRd asmebgod of
sequenci ng falloaﬁngabbnmflr@dcarlgﬂl predlenc acite Mrepsdt ecgenpri si ng at

| east the ste s of. a det r.m ni the seguence a rtion of said nucleic
acid nol ecffleg B 186 it tthT% posi ticor o Ocr"b%f't i BHE\M?Pﬁgﬁrsai d

nucl ei ¢ acnttierrsleglcueln@e Pica)s eordy rhengnt lwerdenf dramatdlon obt ai ned in steps
a) and b) %gcgnﬁmcm%nsw% RE el RfRAde g{osssal gol ecule. '

Conveni ent & sequence and position of e portions are deternined
and this i HPUleNﬁtfhorlihes ngolsmef bRyMdad iearseithathea g gee heacl ei ¢ acid

mol ecul e rekgksat Qn%'ﬂéa@%@”e@édo\he@ﬁqlgm'yngu@h DHY h%dgcﬂ%ynk'ﬁlaeot' de
nol ecul e, DNA, such as genom c or nRNA, PNA and their

anal ogs, \AﬁlegHe%ﬁgr B 185650 ikt é‘rr?a)}zooé’esﬂﬁlﬁlnélfd&ﬂal e BRigri pI e stranded.

The part tanbeeaeguerted neeef doabnicprpridses sakk ofn the=t arget nol ecul e,
but may for_. exan?I e be.less than thedelntl re rml ecul e, e_g. between 4 bases

and | kb, mécrg 5§60 haSe SOrresponding man

An alternative use for microarrays is resequencing
of known sequences, e.g. by screening for gene mutations
in a population. For this purpose, oligonucleotides can
be adjusted to the known sequence so that the number of
addresses required can be reduced and the length of the
sequence pieces that are identified can be increased.
However, designing microarrays for specific purposes is
expensive and resource demanding, and at present there
are only microarrays for a few DNA sequences. Since the
human genome consists of somewhere between 100-140,000
genes, it would be very resource demanding to mass-
sequence human genomes in this manner.

Another disadvantage with using microarrays is that
the limitations of current construction technology (e.g.
photolithography) does not make it possible to create
pixels of less than about 10x10 micrometers. Thus, only
a fraction of the resolution potential of the
fluorescence scanner is utilised. Current fluorescence
scanners are capable of distinguishing pixels of 0.1 x
0.1 micrometer, which means that microarrays can contain
10,000 times as much information as they currently
contain.

It would therefore be advantageous to develop new
methods/principles of identifying long sequence pieces

where the combination problems mentioned above could be



23 June 2003 Preferably the portion which is sequenced has 28 Jwne@BP@ bases
and/or the position of said portion within said target nolecule is

determ ned with an accuracy of less than 1 kb (ie. to a resolution of |ess
than I kb), particularly preferably | ess than 100 bases, especially
preferably | ess than 10 bases. At a resolution of a few kb or better, it is
usual |y not necessary to obtain sequen informati on on fragnents of | onger
t han 8-10 bases which is readily achieved by the nethods described herein.

Sequence i nf ormati.on y be.qgbtajned in_any.conveni ent panner and is
appropri at ef YO8t %lneggfﬂ?ueﬁeiekeW%?% %s%dvaﬁgﬁgg?ﬁﬁl§°p5§?§i8@ly 2 or
nor e bases, newgmehodsZprbaséplesontahi eakéyid poséﬂbbasee sAguwinlde be
appreci at ed; L le?fgperggax nb08t ' BRoSEIHEAEAS I hECTDLAY g%SEﬁlbed above

which relies o ment "of the sequence portTons wt e target
mol ecul e, aﬁﬁﬁuﬁn?ﬁeP%@F@ﬁtFBﬂtoWUﬁéspﬁlbﬁ%?t%ﬁ¥%@nﬁﬂF5ﬁaﬁﬁlch may be

assessed SIakbéﬁee@ueiyyowleapahateéMgtﬁ éhetﬁ@QQ§B§§t|Bé§h€ﬁEb0n A nunber
of appropriate techanues are descri Egﬂ€ W. P05|tional in ornatlon may

simlarly be obtanaeBF nS83HGHbEPI o eﬁ ht *¥RYR L andSt FBEEAAEhods are
al so descr|bedUbeb@menASappmicanednaboves T4 1 h3e) ashect ief bhbed Byenti on,

t he sequence Le |s obt ai pe e ornatlona ly Linked to its
position in ?ﬁe %a% l%%qagn%%&H$%CQ e Ac %%%%% |% a nunber of ways,

for exanpledbytSEQuEnngngragmeehddotarﬂeerm%A vegioa néadingcpéiateacid
mol ecube and, g QPLé SN Bflc! ESrBOBT BRN: DY LELELENGS EhaP RO OS'tlona'

i ndi cat or exanp be the size o | ength or
vol une) , thélpﬂ¥eﬁe¢vyeoﬁlengénéﬁareaeng%eJO%@ @heseverahce eha

positional pREkerpeteapsges. 1§eﬂﬂ§6aetbniwén@ét@@t”@NAbe @héalned by
conducti ng gge or nore c¥cles of _a squ§n0|qghreact|on nenti oned

previ ousl y, EONRToFCERGe dF FEN_LFt FRE FA Hetobparead befqtignci ng | ong
nol ecul es i shé hptoteédbeeoiresrepeacadi witly thé fnext tbdoe dpsiirngui sh t he

di fferent g*gt&g gg#zsﬁAof ﬂgéﬁcyﬂgsDM@'ﬁﬁhé@ﬁféonlngyg S|ngle base as
e 10

t hey bécome | onger n-one ment, the present inven n overcones this
particul ar p@@bteqn%yonne@ﬁlf??ﬂ@“gthea@¢ffe¢em%@0m©SqueSlbheehelty

I'ength or signal-het WeshyaP! geutes. wibusseqabﬁb@rfﬁeefﬁgt1oe8990t the
present invention provides a nethod of sequencing all or part of the

sequence of TAMRLRgeFeREEREI CYQEFTA nol ecul e wherein 2 or nore bases (e.g. 3
or nore, preferabhy 4bolivnpre) acedsseuenctedpet gytle pérsegueacing and/ or

the signal psgoCLAtEA- YLD EAEMBASE:! Se N LL SFhuorescence
signals that are required increase exponentially with
the number of base pairs. In order to read one base
pair, four colours are required, two requires 16, three
requires 64, etc. It is uncertain whether current
technology makes it possible to distinguish between 64
different fluorescence colours. Regardless, the demands
on reading time and the costs would increase
considerably with the use of multiple colours. The
solution would then be to perform many cycles. This in
turn means an increase in the number of enzymatic steps
and fluorescence readings.

Even if it were possible to identify relatively
long pieces of sequence with the above-mentioned
strategy, important problems would be encountered in the
reconstruction. Biological DNA is very non-randomised
in its composition. Short and long sequences are often

repeated in several places on a "macro" and



As used herein a "cycle" of sequencing refers'to execution of the series of
steps resulting in an end product which may be processed t @3dhaf0Fequence
, information, e.g. by generating or reading a signal therefrom Preferably
in magnification and sequencing reactions described herein nore than one
cycle is , perforned e.g. 2 or nore gycles especially preferably nore
than 4 cycl es, up to 10 cycles. "Magnification" of a signal associated
wth a baa@cgsgsg ik qecemaloghagealkeial vl g, g Agsagiated with, of
may be attribute a single base. hi's may pexarrp %e an increase in
si ze (wheéi&figulsi gﬂalarue@% el teh zéeléﬁttlhé"ﬁaé?&\ sleqdleveieoprrerﬂth@éea new

signal, gafl. ofbenagdi Uromi1 fssegl athearetca Eagel tPle c?pal l'ing
means with that base. | ncreasing the |ength of the sequen por I ons that

are i denFFAnegLeRk 186n)&eRaaE$'0r | ow precision in size deternination

Thereby, the P.Oh@ﬂrt b@ipz@i‘admsmﬁcplecal DBWE! Yhed8bo%@r hichd idHb$i m | ar
met hods can ge uti ane tine, as e ablln%ythe use of nethods of

at
si ze det BFffi gpﬁoﬁ %?t Wﬁ? ?T A7 " R¥t PEERT FEVER recise, e.g. flow
CytonEtryprDNAsshgdwCmUuMa&HMEemhgouﬁdcahaon1ﬁfsb@ﬁemdéewence bet ween

T0LSou Cincoffaldf 280 Bpedi A ‘pﬁléﬁhis%nke?at%ug%%&t%fo pays. Frstly.

sever al ases nay sequence t hat the
resultan%ﬂﬁQF@éGP@§ d@?feﬂﬂﬁ@#%%@%%nb9f2tb¢ posétbesesfanchadan hence be

di scri m gayAdn@edwithid %eq}!aﬁﬂfé@gsé@égﬁ%‘/‘h' ign?' @é'% QPRSI 3, provi des

positional “information (see for_ exa ternatlvely t he
|nfornatPSnl@ﬁBBGﬁé&db@QSﬁﬁ?Q%%% naktpeh ﬁﬁ@ﬁrﬁveﬁ ﬁaﬁﬂﬁfqmﬁxxln1natlon

easier. Eﬁ&éﬁte&nobrbhaa%gildéver:@éﬁhéegh@fqgeauéhelﬁgswlw
SequenC| nore bases 8ﬁi }é%le can be perforned by any

convenie Pgéﬁ ﬁ@ qr %ﬁ&ﬂﬁﬂﬁn?@ﬁﬁ%iﬂ §rRgtaRTpdst titdhed
i nf or mat tha, sagylatlearsmoqueltrmq/ wiet i sede podvindiragbhBessaeguence i nformati on

which s @B&@FQSQ c§%f%§1r§tq£§qugg§¥ntgsthe ﬁo§|t|§n of thpse bases within
0

the targé cul’ cases, Ttor exanp Mfi-zation to
conpl enent ar yTppsbescoadigg dar ra ebll bAt aaspecd Sprpmeﬁem&y be enpl oyed in

whi ch thgnveﬁe&bhyp%vtﬂa%soré)b@étﬁ&dv@fcge&nsn&%gegﬂ%ﬁec l.§% g bound

are indicative of the term nal sequence of "a targéet nolecu For exanpl e
sol i d suppbrtgetaniyited prshies molpFehentarpriginglas- B&?@tpé#ﬁUtatlons
ie. carrgtapsl6fdifferent probes may be used. Simlarly, probes to all
4- base psgnatgtl%Q%in th%§6 di fferent probes could_be attached to a solid

support Tor CSRRENrEIEE RS ACHETEC @5 Wi PRATEORDI 8ferfdf) "osdSdttes. In an

exenplargcpdomedacgleall target nol ecul es that do not end with AAAA (when
the probg)eadeeihi AThY twlgs%sra%@angfaggl&oy B8N & g%qq <33y larly at

ot her addresses, targét nol ecul es having part ar end sequences woul d
bi nd sel@EFFVéFyaC?ﬁempéﬁﬁﬁ1Qﬂﬂ%E%Ies may be double stranded (with single

st r andedcpvebhBRES hgOl hed ngiﬁ;ﬁﬁar@ﬂd@doﬁuﬁhnéhains6.%9&0@.5 @@id ¢h)be bound
PRA was 80P he SEnEngonBAURENFARy Brons. Bbeobueh Mol exerud®hre abie to
bind to doubleoavéaﬂéadlwormme|sﬁqﬂem¢esaqdepoestmbndambhﬁlih@anded 23
June 20080it38ns are determined and this information is

combined.

As used herein the target nucleic acid molecule

refers to any naturally occurring or synthetic

polynucleotide molecule, e.g. DNA, such as genomic or

cDNA, RNA, e.g. mRNA, PNA and their analogs, which where

appropriate may be single, double or triple stranded.

The part to be sequenced preferably comprises all of the

target molecule, but may for example be less than the

entire molecule, e.g. between 4 bases and 1kb, e.g. 4 to
100 bases.



forms could al so be bound_ In general terns this technique 23:ungrZPPed t o
herein as sorting based on one or several end base pairs and may be
performed in one or nore cycles. This technique may be coupl ed to other
techni ques as described herein. As a reverse of the above descri bed

techni que, sequencing may be perfornmed by fixing single stranded target DNA
to a solid substrate. The target DNA may then be m xed and hybridi zed, for
exanple with 16fragnent adapters. Adapteérs are described hereinafter, but
generally refer to cul es which adapt the target sequence to a

si gnal - enhanced dfeqf‘argaﬁ?]ﬁf ¢ a‘?%ﬁflgﬁqﬁaﬁﬁg 13JapHErECeHatafade Ofot been
hybri di zed & tﬁms/v&a’(te,tbzawelyefpomthenscfubaﬁ)d pdbtsoheavesnian! y
adapters vvlth vearrha S thaé ﬁ e; O tggﬁ% the single strand DNA
Wth the ai'f® gexa e 1he anal ysis ne?ﬁo‘c“f HegBr PESHTREYePH one can
est abl i sh wssh td'wptlerlso rerml ntdnat hesedhii ponoéindesensbguenkby , what
sequence pi,e6as; Q1o Pass AL 21 feL0Nt ALACH0bNbhBEDNBS LR g 1§ pauenci ng
technlque epresents referred Teature of the |nvent|on en performed in
conj unct i orPXA targdolsr thetfal thawk o} rebPRBRSer Hhed tSEdlBSignsefuanéieng

techni que alng: darddi s nethodusheli pf aprahkenssatyi ed Bycaisi ngl e base is
magni fi ed, e%gd ’_H%/ﬁrml | ication o% t hat base \(/)\/51 repl acenent or
enhancenentSesiug Hhé‘e{%rtho% FRghT rITRBEEagt PEﬁeEaﬁhBE Bséf to

gener at e a sl whidaging fzrézaﬂibyn ashtefzedr bg¢ thehmeehbdssdakseibBasone

i nstances ref erred to as "conversion".) Magnification of a target nucleic
aci d nol ecurfe y be achieved by multiplying, e.g. doubling a target

nol ecul e, or porﬁemnmrleoﬁomtaommgw he pbreioadt dnbengequenced, one or
nore tines %g;g edt e o bet ween
nmol ecul es o(i‘Ar{eVé,H éxb‘pqn P%@&SFISSQB”%?%EHS%ETE Egeﬁghggetﬁfggt |8?1)g t he

di ff erence Cﬁet‘%é@ﬁﬂ bagpt f i eP oot 2blY eBT8fe82bl¥nd 352MBESebapEBubl ed S
times). The pfincigh e@fbdaud) Imne@ﬂlenZBmeneOZQGBbasab thgsefone be
used, e.g. to | rove nost. DNA anal E%dg One appropriate techni que
for achi evifify AT @R bk ]r'ﬂp a CfH%rsﬁgg?B tPdt e techni ques
may al so be:ajﬂ&dlqdl'ehlcheszmtjtm:icalnovdaewbioherbélesedntplamamene aost net hods
based on det C C | e e g.

goi o mon-dS BaGTFE ary et R Reh PED HELPL CnBTL TR, S 80 e
anal yse nucq%ﬁ orelegnt it @ff PoTst hgnabchRfqueatinat whiehnBaysensiti ve

enough to disdd Rl S&hrﬁtﬁ&:aﬁé(ﬁ@é?ﬁc@rOﬁeﬁafrgbﬁéb?seop@hésseEQénééan e, an
i mproved Max | e stranded

G | bert nethod 0
nucl ei ¢ acﬁd"‘%"éac W e By “Wl?(ﬁrp Eb?B?Fﬁ[j’rféfg‘ét F%EHBbqﬁSS a®Efreptavidin
beari ng pl a:le&.‘.cﬁﬁmtbrtmhgﬂl s then conducted and the plates washed after

which the resul Lag; niahsl ci.ae0 il oRULSD 855 daUBL ol Bpgaih0al sfes,

resulting in steps base pairs_ These eterm ned by
one of the afWegs Ctfecﬂ'fﬁﬁ‘fﬁ}e?se‘él"es‘tf?Y%eﬂ“ﬁeFBﬁﬁeﬂﬁ%h?ﬁéw@éefF‘bﬁPa further
aspect the JQueseited YE¥W ON provi des a met hod of sequenm ng all or part of
a target nol ecul e as de%?r‘ﬁlé? herei n re| n the si associated wth
each base (or ndt® TN b %Yelslﬁa iLFl 8gPe§ti / rE §ing the nunber of

times that garehtbiose, appeasquansai dhsequeacebtAinuaeduher Ben the "signal"
attributed to.a IIC o han,_one r (to the
possi bi | i ty”bff ﬂ‘gﬁ ectih ﬂf ha]tr?]g%(g E?g? % %é{;?g’ﬁ (9) Egseg 32/ virtue of
its propertdepiaicder 'mxsadtldl‘)y e @@dl@eedl yn ?hnsmbhrSOéoulaMSnefer toits

properties af,fofq W@cﬁxéﬁéﬁn cbﬁégeneroepahtaknggn%guaat b@nawhi ch ni ght
be detected d| rectly or Indirec ggassom ation of "one or pore further

nol ecul es, TIGleigmRtid rl@P#ﬁ)‘F‘é%‘Fe‘%nw eRtakidshase LESPRELEARCER BYgnal may

be gener at e gl Faietd yt@ralgmkbieg@hal Thuscatsirgwhk chBlake £pi-ovi ded which
may be detected d| recurn% gn Ilng1 ans r(ay be rovhded t hr ough
whi ch a si gis™PlePy e ecu ngt

volume), the intensity of a generated signal or the
distance to a positional marker or anchor. Sequence
information may be obtained by conducting one or more
cycles of a sequencing reaction.

As mentioned previously, one of the difficulties in



- 12 my be generated. The signal may be unique to nore thaps o dooge, ie.
the signal nay be indicative or representative of a pair of bases, e.g. a
signal for AA nay be used which is different to the signal used for AT etc.
D fferent mechani sns for associating such nol ecul es and signals that may be
generated are described in nore detail below A further preferred

magni fi cation techni que involves the association of one or nore unique
signals (or neans for producing such sidnals) with one or nore bases in a
sequence. Wen said signals are associated with nore than one base, this
may be achi 8784°B§ 109 gﬁ“ﬁ aeliesigs sigghdiad (ddr bsiqpwds i ng neans) each
correspondi higcreasiagdy AVEEikANES 0 & HiMGEsH FHl dOFeS)-gRR! | i ng means)
uni que to t e, 9f ; or itz)a%es. Conveni entlé%.t hese signals are carried on
magni fying tags whi ch ARy BécOine SSttEchefich MegYs &fushdey tar sighlen

adapt er nol bagkeas" phsycbatipor’ lasmigesed her eine leaibid dendot fhEepl acenent .
of said bas 3 a.0n ] .sai d_si.gngl for signalling neans)
or additi onsjgfégér@ll?g‘igyéﬂg?o?o%‘%%?& \% tr?tgpur?egﬁg) ]‘t%(‘ﬁsadﬁ d”ﬁ%gge‘(‘o?ynor e than
one base) sUBAIRhAY1RGEytheedidfermeesiignali zor isitgmaliltiyng Ieagsh need not
necessari |l yobesaghachedt @eb/ChbY el 162 SRegil i Gal Ly . repl ace) . the base (or
nore than one bg%e%) Wth whichit is %sso??gfédqglng gér;%(%lcﬁra’f%%n may be
indirect, e2gPethr bRgHPTREENht dPYEHtAOR BrovAdesr ammes hiogt tdier ol ecul es.
Associ at i onseqyeeitdr sUYhoanpa@pPHEPLthat 8cglepbeab i At %@@t%tons, e.g.

hydr ophobi cnué?%{c,ago al eit eic. but .preferably is by coval ent
interaction wth ¢ha-1Ar§et ChteFeFRAELR AoPECTPECOPagESOdicated Irdecul e.

" Cor r espondnei, aprefedaihky et norefers)t artheegakatbanpbid RRLMEGSNE @ base
and a sign Vi y_a magnpfyin ag, which may be
read as i ng%%%'%%ce, of 1 Cg/%?egfel%cgggga?h%?sﬁﬁg#‘éél ‘é{gtba%icrwtﬁﬁehati vely
in the cont¥ktMdgnifhiedmppi ng procedure this refers to the relationship

bet ween a nucl eagse @& aherd3nJyne w- o 43 j ysed_as a marker

i ndi cative of cleavage with trﬁa% nﬁ%?ggse?éﬁeﬁggﬁg}gg e i E8 T Snddhi f yi ng
tag" is a STHYTE Y €Ul DrSebipf eRf of CRF cE@F bt indchncenpeinsk a t ag
portion whippfeduayivieiscla rﬁm)anlsefpfoggggé@tt@gopﬂgigrsgg{lgmgggnal s, e.g.
carrying ailr?é%ﬁlmaq{ic% siete tobvvhigrk]l a %abel maé b(g. bound. Means for °
generating one or nor€ sighal s may be’t heorPoratd % #nsigneds in which

i nf or mat i orFhRtRGTahan Refirmalel ¥ nior magi ofi ¢at i@ uhn@dsequencasigdn

| ndi cat or QfeddHiQBIEF8bAd |G- O thSrd AgRY JpL egyl e, of the cl eavage

protocol which is used. A magnifying tag my I nher ent y carli'sy a further
portion . S SPEEF &9y Ao T My wWeH crePeriable pueFeovtbdy bases,
€. g. when trogramadizd Wi rydlags | Se &g poby sl gptdeered N this case the tag is
considered to ad.gjatgf'n%aill t:icoonrr,pr(%tseathe adapt er as described herein.
Alternatively, the nmagnitying tag mayS Nagt t3tRg e d ortebntabAsgeans for
at t achnent 1edersn tad gpthemagwartt abf owss imedi mhich ai ¢ asgebesgguance. I n

general tegAgpaN of escri bed foll ows. Base
pairs in the tar é)g( n c%éai géaéﬁﬂ%%%ﬁbdr%r%%éseo%%ﬁ%d \?f?hsf?}ﬁ?’

di fferent t84sSEREPAE! ber adnlinar grsmifryisigea agdlenchathe epigsaht ieach of

the four basessAdeniFe they Rgid)e o CURNNS Pl BN U ere there
was an A-T baseﬁ?l?ai rddér{aqnl fying tag A" i s’,p associl atrgeg—?evb%y?rslaggsoci at ed
a ’

with "magnfyin e oSt atdwDs follédagleerretigener at ed wher e
the origi naigba3éiagderanis evigh AGGET basseaugnment ed by "magni fying tag A" -

"magni fying tag,;C' " ni fying.ta ", 2etc. Each magni fying tag provides a
means of pr odugllﬁﬁrggglgaﬁa%haen&eﬁ%}% r?fgtgﬂﬁefswqeeé%%‘él%satgat

pol ynucl eofr@eidshtdfiied kant lcampeasm tehddrengivh pifeding Jiouint aggemay vary

fromtwo baseepaihsti8nSeveial dr, r._nore if desired), according
to requi rements. Corregponﬁ?lnélee)%t ﬁg%Dﬁ%%F&g:dr?qutO? &P tontai n reporter

genes and BPREFTBIEFEYI caPli wPsitimd endos igdAsirs mestiodsofcaeduences wi t hout
a known blﬁt@@iﬁéﬂ, at the same time as enabling the use of

methods of size determination that currently are not
sufficiently precise, e.g. flow cytometry, DNA
stretching, etc.

Magnification of the difference between molecules



23 June 2003 - 14 function. Any conveni ent magnifying tag 2@unse2093ed, but
it is of course inperative for sequencing purposes that at |east 4 unique
tags exist, ie. for each base. O course the tag to be used depends on the
sequenci ng techni que and, where this is perfornmed, the nmethod used to
extract the positional information. Tags may be provided in a nunber of
alternative forns. The tag has neans for direct or indirect detection

t hrough the generation of unique signals; ie. the tag conprises one or nore
signal ling nmeans. F| uorescence, mglatlon magnet.i . sm _par anagneti sm

el ectric cRafrgke arbaevgfy 1poPuRBTREE 8§aWﬁV§s oF 1pEbprt iS€ya%iath which t he
magni f yi ngbhagspaalyi bkeseceaankedeqei.pped bk abges) b@rbﬁyéhbeshﬁﬁﬁeteCt t hem
and separagg gh fron1 ch ot%gg. hes ? erti ﬁ resent on one
or mor6 | abBPs BPBsERTUSH o e RAGKIAIEng EAES, PndoLRialY Pr 6 whi ch may
be detectedoderbaSéy endi gdinr éenky. bApﬁieprnaueatabeESgarenthose whi ch
directly o I C t ion of the
nagnlfylngg?gaggégﬁﬁexagﬁé?atﬂg%ﬁo%lgué?gﬂéﬁﬁsgg ﬁgﬁbgé%s i ncl ude for

exanpl e raﬁpelebehel ¢Réprear ipabdrse( 60, eRaMpleTEX@NPYOYO7And ot her

dyes), Chrﬂﬂ@@?ﬁ£@§v81yfkH@rQﬂh@&ﬁ&tﬁ@ngemg¥@§e§UBp éécﬁ'%@%%s%%&“ and
r hodam ne) rea?ents 0 g el ectron density such as ferritin,

haenocyanlheoWaQBF dfdama 6P8 AFFEFW&P?GePV e?ﬁéeFabeﬁxﬁﬁﬁlﬁé &% enzyne,
for exanpleheeeoa&dﬁeeeﬁt akkahiigaephasphdtaseibsliebeil bwt he presence of the
enzyme i s Vvisua |zed bX t%flgte a§tlgg mnthogesgltable entit for exanple
a substrate. The“Habel ng al o 'fo m p rf S|gﬁSFIPﬁ§ 5¥F mhereln t he
ot her nenbeanobetherparmedapybenynCDodanedntnterhoaeeproinnlty, for
exanpl e, a5bLtohEEhshe FABEBURALAAGALAUEHER: LHAT CEhPBLLbSH al e may be
used. Al aﬁ may afso be prOV|d d on a erent entify, such’as an

anti body, @RYchereebgHEzBaYabe| Bt RrPe§idndorhehserughrtying tag, e.g. a

peptide noigtyrphcibg whzahJuaeoBeaﬁnedléanntnkéyaegdtggcklEotbﬁe
magni f yi ng S a %nucl ot| ich a lab

er oducedppBrt bRanpletheSEobarRs 4illieaphe. DRRAFhg pAPCHOR -catPyi ng a

| abel ) e gsu&huoaessenfokabehhpﬂeprb9931dlz£hweb|ndlngmpnemennsryThus
alternativ e ta yO e | f.0e to which
1 abol megrBRhar bofeattsrehyof A pEEYaPabebEEE hafln8, BRLFEVLE 1D
attached asnsvhirh ﬁb?eed?§§1év Pﬁ Fhe Pé@hﬁéftﬁ1€heﬁbrtheléérget

nanODartlCheﬁéculegseﬂ33behnatbeé 2RRLORE i dbect af AL OfcfARRAEr. 1N a
preferred aspect, e nagnlféing iags are thenselvei nucl ei,.c aci d sequences
of at |east® u%%%%s fP5m 38 £5"1000 BAEeS*2PPLEeFabEY 6 to 100 bases,
espeC|aIIyspppéﬁtabbyrtglhg Bbobasesomplémwagt Ary Thesel $egqueases may have

one or or st el piBhLachEd La-LheMy 6daiPYeLbRe UspoBEoThuor Baci ng pr obes,

prote|ns a conplementary-to Bar~ Sequen From whi ch one or
more si gnavseday %emgeﬁéﬂﬁteBrOEP?eFﬁa§l%e?ybaﬁﬁoP@FWUﬁBFe@DFes1ﬁay

conpri se t596tagfpéréecabtaeagdcbalaheet@gcaadeaayobe gemeenlzed e.g. by
i nmunor eagents or ggranother ag grlate bi ndlggapart e.g. DNA:

DNAbi ndi ngSPPBPEF nECY FABFUSFoBer FREZShf MRUEHY ¥oFBcul es may al so be

exam ned, eo@pleheavage patihennss(by restriction enzynes, or proteinases),

char ge, size sPapgneggempmﬁ gagpbgggggetagf%ggégﬁegomggnggigslnfornatlon

by virtue of i ts"sBQuEhce can be use rate a signal. Thus
anot her aIthahad®v305teaﬁegythsAAbAcKeb@e thai psobhaendentai RTTEport er

genes, cisg ;sga'ﬁ%@rﬁlﬁheaﬁat§ou§adbéhee&b&ed Th§§ﬂlﬁaplyhse Beher
transfected/transfornmed into cel where the COﬂEOSItIOﬂ of e.g. reporter
F

genes or cRredFegEeat oFJrEPENBALECH}8S CBRAVERTBarhi6UbAE BRdseveral signals.
Whi | st thl§e&@@ﬁ6éguﬁoﬁﬁaubﬁﬁa geléaasbelpatl@Héttaﬂ§éechbmecanee, t he

hcl udi ng BRE BendaREr6nCEBRICHe ("t G SRR FoR: BrHIERnPPEFRG BRbS) . A huge
repertoireobfsingle stranded such that sequences could be bound to
and identified at the terminal ends or also internally,
respectively. If PNA was used as the complementary
probe, since such molecules are able to bind to double

stranded forms, internal sequences of double stranded



23 June 2003 - 16 signals nmay be generated, such as the use2®jueress
expressing fluorescence proteins or nenbrane-proteins that can be | abelled
wi th fluorescence, genes expressing antibiotic resistance etc. Signal
quality, quantity and position can be exploited in addition to changes with
time and other properties to indicate the presence of particular bases in a
sequence. Conveniently solitary cells are used in these nethods, although
mul ticel lular organisns or structures Ibul d al so be used. Non-living cel
equi val ents could al so be used for the generation of the |abels or signals,
e.g. usindHAHOIKXHDIDGL BhPeUBPpr ophi SeBerdilgherdsntitle are gener at ed

may be di necifdid did feseatré@cabi pRsefiar alsdepbicfinea- Qg &9 oy the use
of different onDters &%Fggles of how this technlgv~ m ght be perforned

is shomn|Q¥ tPRbhGeAMEnRY RenRERiE W%?t%@éNEbéﬁflc to
each of thuemwcd}eﬂtesie beises teyhbheéqueeaayademesuipoeed tab@ege pher e
approprlate nifying. t be used to generate signals unique to
nore t han ong%%a éynﬁgg(%gg mgbg#h§§¥For "exanpl e, for reading nethods where
e.g. 16 dlfferéﬁieilnﬂquﬁﬂHQ£ tha bbousedescirribey bechpprper,iate to use 16
di fferent ¥ HSeskL P gﬁggrg e f hat

deif ﬁeper R P b Gk o ke ei%idyf Genente et%ﬂfé "l may be

represent ati‘ons of two base pairs. In other conte
appr opr i att@ BRI difera 19 d o%l‘flbﬁFFPé?ent Thggsarget &%npiay;, only two

magni f yi Ng Hea Ve P hd Si}f'@fl@i;:eﬁh| Eert BRampher withf Qs -C/ G Anot her
alternative is to use | ess than_4 uni que signal events to create 4

magni f yi nd PAFEhiddRRi &% 11 SATBLATENREGe §Fﬁﬁép§d(Pﬁrﬁﬁ§@éﬁé§§ in which

i ndi vi dualbutasgmear-a haggehr yo inol @eudéspaht chuhatpeokibienatbis of those
si gnal events. For exanpl i

uencin |nfornat| be converted into a
bi nary sySEEMSITE (1 & %ﬁ%ﬁfq% efi'he gd 83986§v85?§&r98%a series of
S|gnal ev@@quéﬂrek()Adaguanﬁrmhab h®V$ mbt beani hgbtradized" @re and t hymi ne
o 14 Lindil) wactbd Wify? b dHe PEEDGERLE. '*rha &@see%n%q&to have one

or perhaps two colours or unique signhals to read e sequencin
|nfornatléﬁapﬂﬁ§§rﬂﬂFhrPWQFnﬁ?&%nt?ﬁétaF@s§°@E§?W9“FPHMré?céﬁ@e scanner s

can be usedrafld he sae oNAE wasch eaﬂenglasOtasberekaaﬁlbf caeveral signal s
had been use The a, si ngl.e ﬁnal means sg b ¥barranged to
provi de af*"% §P£h Eﬁﬁ%;ﬁﬁﬁﬁf e é 35%1“ §¢ t3"pFah inary type

r eadout fmhnchaqd&ﬁmm&edemamnnlmfthhesohuEmbnoandieonsaqdesmg@m

CONpr i Ses g fatdd %gﬂ:r@d R B Siﬁgﬁsé' gaﬂsexeet BALGEnEHEqLES a uni que

signal on sald gtag. Int cas signal event refers to a
measur abl &bsi gA&- e. g. the fluorescence froma single nolecule or other

such | abel . \Whemmildd @dﬁ_&@iﬁé’éM1<§@QSrepf§§§ﬁ@-Q|¥ pRetFerilq tags, are
used thesg are p refer y associ ated linea fragnent,

e.g._as a.Ion%.DNA
el | o SEACTBn o O £ the b BSEFUEBSHOAR BRI SPELAG r ed
Associatlwnum=gdniuuqmdkﬂﬂmﬁdrman1@ecessahehyudEdeasly,squenthm@ may

occur thrau u%d%ﬂto‘?{e) W 08 DRSERGE! ¢ HBrfn%BEHaQQSnb%r%lg My ch it

represents re | peci fi'c base recognition base- base
conplenenbyrﬁtﬁlﬂgimnhase(ﬂﬂﬂﬂ%ﬁﬁ#ﬁb@@tyeag rbYemﬁéﬁlpélﬁéﬁépﬂ iofcl udes

pai ring oknaycheQld dgs fébl\%@%@réﬁkeméﬁceﬁéﬁtnefl Phafdbhisen to pairing
of nucl eosi de anal ogs, e.g. deoxyi nosine which are capable of specific

hybri di zatiéh fo MA@ Hfyddd Fahe'RiFyetaRubPelEedcra ABPEEAEE and ot her

anal ogs whiighanesul (Madgh ifuctntsSipaci 44 crégbrirdizabi BareendisPAsoRIA DNA and
their analo . .Thus probesj%ould b used,which ate fo; exanpl e made up of

DNA, RNA & NA“feﬁﬂeﬁfe§e %rﬁﬁ&wlﬁsa?he?88yer§beﬂ as$ ol i gonucl eoti des of
for exanple 4 N@gﬁlﬂunaﬁloqnaﬁeﬁeﬂmygéttou¢2ebasas1dnmbéaguhamma@h bind to

rosent) Sha Taas et A0n IR ILRRN” o SohaF LS PIEREEY SP Baes in
whi ch eacRoillggudepr esemoy tdwn drhewref wonhélnyegebbedeomsee to

be sequenced, one or more times. It will be appreciated

that detecting the differences between molecules of e.qg.

10 and 11 bases is more difficult that detecting the

difference between magnified molecules of 320 and 352

bases (doubled 5 times). The principle of doubling can



23 June 2003 - 18 to which the probe binds. In this case t[28JoneB80&cts as
an adapter nolecule facilitating binding of the tag to the target sequence.
Al ternatively, m xes of degenerate probes may be used with only one or nore
specific invariant bases at a particular position, e.g. NNNNAA. Preferably
t he nunber of magnifying tags which are present correspond to the nunber of
specific bases of the probe to which they are attached, which beconme bound.
However, if unique tags are nmade for-. 3ijor- nore base pernutations
correspondingly less tags are required. This technique may be used to
identify dihereFerpobki @B8dOr epgl t 8o0fimprbaegabs BODREUARA DY i@ obtain the
sequence of gél or easentialgéragkeo%egﬁgitaéggt nol ecul e’ s sgguence. A
more el egalif t88dtencPRg aPPEPREIFVE RSRETEHUESIOF o3 FRaY BYIt RELSr oduct i on
of a conti geodssnagheflyingEkagpthailh -t hetbegnabsrépoiawhi ch can be read to
derive theté@ﬂH?éﬁSS @g%hgygg EQeﬁFeﬁfe ot her ways of achieving this effect
the nost conveni €ént technique Involves the insertion of the magnifying tags
into the target ThbFe®FBodEspackBrFGEpref beavpgdt e simerevieomoss perf or med

cyclical l ynakhewkngatba eanderskenngndikat 8irpegeenss peaghng of a series
of bases. In order to.insert %he nagnlfééﬂg tags into the target nolecule

in associ aPP6AeHFt ACEHe™BAEEBU LGP nBrd-t Ghe"pase5! th2Bednagnified it is
necessary techHfagqaespl emhbtastiytéqy alscemagastiompeésibbat rhase (or nore
t han one base) _ and surrounding h «_This.conplenentaril y be used to
directly iﬁ??% ﬁ%enﬁc%ﬁéﬁi??%%gmggé%é?fnﬁél%% u%%%ﬂ%%??%i¥pggea£eprocedure
whi ch ul ti netebgnshtivduensught bg dostéspohghnghe odifteréase 6sea Exanpl e
4) . Convenigpt his:i.s achjev reati pggg_ k a,region
that is siggpebé?%a%§é§§:inp%ﬁeggzﬁéég'n%%lgggﬁggg%qﬁnlecu?%fPﬁgf coul d be
li gated tomgthagnisyPagsikye {suthigh dveinahy seramded enuabeic 23 June
2003 - 15 a@@@eﬁéﬁét_ﬁul\@eﬂé.%:tv’iﬂtm)‘secbli6t9ﬁ) 118 dndgsmedi ghya €. 9. its
adapter, can reco?nlze gnd i nd Eo double stranded, forns, e.g. PNA). One
met hod i s PhTFPHAYEItRePEATL S PLAESt ar gRIVFDF AUl +° Wi R¥ short DNA

nol ecul es tbatuecobaliaandathéndliagesi veshed aftestwhidh arhenzyne that cl eaves
outside it eBMtQSEOQGbiéﬁQ §§9H%8?ec§}@s.§£§3§o+ oy 145 .ref{)“ ction
enzymes. These enzynes exhibift no specificity to the sequence that is cut
and they chhmefer 6¢ovnbt fadetat eteopar Ahnye2di bhsaldaiypes Bresase

conposi ti onengThe RhPpdbadast &emcrdabey | o6at &€ @l@etah\?élﬁié)ver hang is formed
inside the_actual target nolecule e.g. DNA when the nol ecul es are

i ncubat ed W€ “%ﬂ&e?eg??FE%Pﬁﬁ BALOWe in question. In practice, it is
probably preferabhse vbevbdofrownayfresthdnt agpner atlee phedase pair over hangs
(see Exanp | C t he p r i ch

over hangs %ﬁv%gFEQ% ﬁ%ﬁggu %sgwﬁggﬁgﬁg%g %%§%g§%%€%$¥%g(§%3§%€ga§ ed to a
sol i d supp®r E}raeyero¥gcelasaesdescried caere bn i e ksidonues eakg8ahave been

iden_t;fi _edagggawleé@ rienl aaeg y@é%at&ggﬁob@t@n%téhé aspect iﬁ substratg
specificity and_cl eaving pattern. addi tion, these enzynes ve proved to
be wel | su "6‘88lfbes%ﬁugﬁggﬁ%%b‘?%g“H%x'b‘é‘?‘i’%’én‘fg rs’d"‘?%a‘iq"% eS%h‘a create new
enzynes fobapar&ppehas ieqeaiénsatseltiang-B, et al.; J-Protein-Chem 1996,
15(5):481-9, Bigkle AL 1993 1N, se edn),., Kim YG et al.;pNAS
1994, 91:883- 8L f.u%%gyﬁﬁgﬁ%gcgh in%??%%g a%%ééigh%ﬁ1sF%ﬁathese enzymes can
t her ef or e bartsedlarcbadengotr onehe phanpcept dsagescre s hepethe Class 11S

restricti Opoggﬁ?faws?éﬁaéesd@@g@t?ﬁgnc%@dbs@é f&é’%@il%&éi&'& epE purposes.

For exanple, as_universal restriction endonucl eases that can cl eave a
si ngl e strhfgeslbBY ryittye af nbst BRYPPTEUR?® 2 hihryd di¥ectPodREj ska, A J.,

Szybal ski , iM@ir&eney 1989hu40c A7 S- d8d1d Pedhat ska, i s Jprofeht iSs Cof
Szybalski,fVV; thhgds iLn EnzMnDIoggf 199@i f16:3 3-309,.Szybglshi, W ;
Gene 1985, aﬁﬁégma %)glze, clnarge spa a con 1gurat10n whnic

might be detected directly or indirectly or by

association of one or more further molecules, e.g.
labelling moieties with said base from which a signal
may be generated directly or indirectly. Thus a signal
may be provided which may be detected directly or a

signalling means may be provided through which a signal



23 June 2003 - 20 In sequencing contexts they have been usS’ungr200h e
previously nmentioned nethod described in US patent application No.
5,714,330. In these cases however the introduction of nultiple magnifying
tags which remai ned associated with the target nol ecul e was not consi dered.
Cl eavage with I11S enzynes result in overhangs of various lengths, e.g. from
-5 to +6 bases in length_ Once an overhang has been created, magnifying
tags, which may be carried on adapter3?2 eorresponding to one or nore of the
bases in the overhang may be attached to the overhang. A nunber of

di f f er ent mamybei genkraliedhe Riynifidmyl teays bayubequacbopepatethasi ng t he

IS systeghgrb?ggllq@ s¥§kpqg€ﬂﬁg_q§§frggx¥kég%gwgvghgrflrst descri bed
0

t echni que 1 nvolves the use of adapters which carry one or nore magni fyi ng
tags and WAPERSREEEtaVEoMS emiitidr yioRaShhg ¢St he saspal foxl &Ac acid

nol ecul e whi,CRehascbean ipdiifd et fife ganerad e ke S 1ghg1 stikanded ' @gi on, ie.
an overhan% Theﬁg% ter itself also arries the reco n|t|on site for a
Ce

further nz¥ ot MRF T st VI°UATTFeIRAL “H6t he enzyne used to
gener at e mbeeoueehaagd Aﬁgﬂaﬁgﬂ&haﬁ wdy shd egdine tleed Sakkl ustrated in

Example 1, Briefl r get Sy s ligated into a vector which
itself ca???ggl% ﬁlé C%%bggﬁé %y: poi nt of insert or the target

sequence is englﬁ@@t@@rt@nﬁﬁﬁnﬁQﬂsﬂﬁgﬂxf%ﬁ&@ﬁOHheeeppiqpﬁiate 1S enzyne
is then U_SLﬁQOt_LQe%l eRKE AR dila® ®i & dbeR, R%ngh@tshgnphaced resul ts

in an over in the targef sequence. In one e east one end
of the cuﬁOVe@?éﬂsl§°ﬁa@§qﬂqﬂﬂﬂge§%f By gl Sk ew b h goR@r PRemOFeSt ri ct i on

enzynme sihgsadj agest ste Ui d . TSWHRPrapid al 8y 24ppt 858 ABY¥oLhspehe used to
bind to, and. thereb fIC tion of, one or nore bases of the

i
over hang. wFﬁhtW8r€a¥§aHfQQ%1gaquw gy iRatF ot evegeh¥r 4Fdngddapt er s

havi ng S|agkeestban@&@mmrﬁlmnﬁ;sﬁgndmﬂﬁngrme&ng) dacha four base overhang,
ANNN, TNNN 23 J une 2%

brrespon ihg oné %r more bases or a single signal
(or signalling means) unique to two or more bases.
Conveniently these signals are carried on magnifying
tags which may become attached to the sequence through
an adapter molecule. "Association" as used herein
refers to both replacement of said base (or wmore than
one base) with said signal (or signalling means) or
addition of said signal (or signalling means) to said
base (or more than one base) such that they coexist.
The signal (or signalling means) need not necessarily be
attached directly to (or specifically replace) the base
({or more than one base) with which it is associated and
association may be indirect, e.g. through the
intermediacy of one or more further molecules.
Association may be through any appropriate chemical
interactions, e.g. hydrophobic, ionic, covalent etc.,
but preferably is by covalent interaction with the
target nucleic acid molecule or associated molecule.
“Corresponding" as used herein refers to the
relationship between a base and a signal, for example as
provided by a magnifying tag, which may be read as
indicative of the presence of that particular base.
Alternatively in the context of the mapping procedure

this refers to the relationship between a nuclease and a



CNNN and GNNN and magnifying tags A, T, C and G respectivel 33 tmme 3093used.
Alternatively the adapters may carry nore than one magnifying tags
corresponding to nore than one of the overhang bases, e.g. having an
overhang of ATGC, with correspondi ng magni fying tags to one or nore of
t hose bases attached in |inear fashion where appropriate. Once the overhang
of the adapter and the cl eaved vector have been hybridi zed, these nol ecul es
may be ligated. This will only be achtevgd-where full conplenentary al ong
the full extent of the overhang is achieved and aids the specificity of the
reaction. BFUARaLndSedgasi anmerdien Havdise tdfviee cife & ltemvianjen wilte, atagr end of
t he adapt ernteléhgevector. By appropriate placenent of a further IS site
(or other approp&iate restriction enzynme site), which may be the same or
different to the ﬁr%@?%ué?§66§e&-eﬁfﬁﬁéfyéméa&a@é gy abe igfflect ed such t hat
an over hangmosecubated comphext afgeiolsequerc &hdewnsbiea el Lt hg sequence to
whi ch the f§5§ i@ga@ﬁféh“§§odk5%%t%d' In this way adjacent or ogérlapping
sequences may be consecutively convertéds APy gelGEREEEIcOMeyiPNg magni fyi ng
tags, the sTeffal sigradhs whect- canrsybsgqaedtbylberraadite det gngipe,t he
sequence byidher gl i be e erein. The sequenci ng of
over| appi ng se enégggifgégﬁ?Velgegﬁ%o§gg $§8 F?5589n8ﬂ8f°§e88§ﬁces whi ch
have been res'dif graxikrisiegereeratpdwingineraheat ionwhAcsl i ght
nodi fi cati oimGfrdidd Sort estéfUehhs sBQWARER Ln;whigch a blunt end
is not pro u%fdkibut i nst ead once thg vectorﬁﬁggllrl %gﬁhp%§gﬁggﬂlﬁﬁﬁ'cleavage
effected witte t He” 1975 G HFPar cEn2phermationt hetak brartot tba enzyne is
used whi ch torrgsite sncalre cvies hangt i ehehBay8i YESE3EL Y @Qﬂpﬂleggrﬁ%ég to the

|

term nal of [ are.inserted into the vector. S'simlarly
all ows i gapi iﬁi]'loajr?mgifk3_tihtf§r Scaé?"bt@%“f a% h?ﬁee?g‘%r‘éaﬁ%rﬁf‘g‘ilﬁ%h%g@on*m@t he
vector. A $ia# e Bl ardrley etaderbteirgavptie ose i bt UsbFat -1 o3 dune 2003
cor toaponding o S0 acontTs e R BRI Yad L S e fohih zed 1o

correspondi_ng Hﬁ_agJacent stretches of DNA_ These ar

adapt ers wHiclH& €256 &5 d 3 ptoproRs Hemrmhi fy iadd itigmalnt y one of the
adapters coomprriset iber estapteir ot efeyd®iséd end Q1,4 he next cycle so that
sequenci ng 5q¢¢ jdirectionally..Cearly to allow the binding of
adapters w th ?ﬁ%ggwgﬁ%e%%n "bar%%leﬁliré%,t%%é“aévé?%aarfg%acd?edadioac@m

stret ches 6PTERANTRSRNSe fdirs @tivrgtmenty d0.e.an dampmfedidiienent) lgrot h. This
can be achbewvadnby teskngadijdier&fud R ri ction enzymes which result in

di fferent overh?ng | engt hs.” The ends of the two different types of adapters
are intentional '} EGREFBIrefEEF &MY LRI oW id theb timdices saméymbe be | i gat ed
o fppropr Latel yophased sush-that the feavage criareoptlREIERe Ol Mher
into the target gequence go asﬁﬁﬁﬁﬁ§§3eﬁ %*b% ragfiidfemensi tegs Thus for
exanpl e if (BoEEAAREE oflbed megndfedmned taamd thetchepragensi kachs di splaced

4 bases ineg tﬂégﬁéul?eHH@@QeAd%qglet,_h%ﬁ'ra%tin% APSH 4Le gonverted to
Vi t

b
over hang d thereafter associate nagnlfylnanﬁgﬁs,ag of these bases
will have bR¥RASsocThied WhEKenk§RiteyWA§ Bagd-Inbake prévi ous cycle. This

al | ows verfhagat Fpingf  ahear dest by ool atBa, Prev ous \5.pasas )ﬁ’“&%@u@eadi ng

t he sequencfégggftpgs {QtrQQUceg a pr, of readi ng nechani sm O héf echni ques
using the | syst et i ncP ude’ t iECuse 'BFTRPENBENT PHRnBARLe6R1BRIARPSI yier ase
and rel i esTOrerded achethathaostiBilAalli basesoaderusabkegt oatigat gsover hang
of differefigsdd | Sl f exanpl ¢ in Exanple 5_In this

t echni que aﬁgovégﬁzdgyisméégg?ggﬂah?é ?S |on8%9“5ﬁ5g39h8a8v€rhang of the
adapter. THEIZ}GEInDHVerR%aRY: | StEeduBadhbpaghefpingntageppoesasseaof one

type of nusdzapd ise.piddyci hatg9ghayhi e opriately extended
. cing ?e? a%ﬁgmﬁn ?ﬁe%t???%% f%ﬁ of the base

by one basgeef? | | gi)nd toof he ailap : _

t hat was Y2 g Pelyruci get ddecealeguler t uBnothabecase res@ondi ng

magni fyi nglarag latdfadted fout haagadagyevary from two base pairs to
several hundred kbp (or more if desired), according to
requirements. Correspondingly, the DNA fragments can
contain reporter genes and other biological information

or consist only of sequences without a known biological



Ot her techniques illustrated in Exanples 4-7 involve the hyB3idned®ddn of
adapters carrying magnifying tags to a single stranded target which are
then ligated to that target. The adapter then is used as a prinmer for a

pol ynmer ase extension reaction to form doubl e stranded nol ecul es. A further
alternative uses sorting adapters (which in this case need not necessarily
be associated with magnifying tags and may sinply be used for sorting) i.n
whi ch the adapters are attached to a sali-d support which have an over hang
in excess of the overhang created on target nolecul es. Thus for exanple the
adapt ers nyndiaiienan over hang of 810 bases. If for exanple the DNA pieces
(in double strapded rm. . e o] han ese lecyles will only
ligate if the gg%%scégﬁg}éggﬁtm%ﬂéhgggﬁﬂeggét%?%ekgnﬁgFﬁgsgngéég% of the
over hang. | gheregesexiensrahive fpensparepripd. PThpopesr dduitsidte for a
successf uly poLyneraseqext €RgL0BxE 8ACL 5N Syl Qﬁ%‘ht Baskest oif dip-gdaptor’s:

overhang is conplenentary tQ the iece so that it can function as a

p1 € .
primer. | FReis29alye pbe yHERds8eRRPEASPBNEIFI FEBHEYCORIUE SicigBLg ar get
ol ecul &' sak@f Miéte SEALENES pereoFRkamenhar et Rolihasadapielex& raver hang.
Al ternativel quridiza ion_al one.may be used and magni fying tags which are
associ at ed W tRCSH T EPRALs I BECTRR  L8Buence which are adj acent may
conveni ently beraggahay begptbeided fiurbéhsumbkiepfahilvernaltiies on t he
specificity of nmetaboljic e far eiLr_recognitign sites. Such a
technique‘%%rT?luéf?%t% 9iﬁ§%2§%%P§ 6é?ngl¥%§§rggtﬁgﬁlgﬁ§§nes. A nunber of
al t er nat i vdeeegyhes phyohohetvbe aéserbeiosedfsushqas signspesases. etc. In
this meth C Soi-h re; . seq d are cleaved to
pr oduce bﬂ%ﬁ%h%ﬁ%gégf%ﬂﬂ?%ﬁrggff?grg%fés§§%§2?51§§s¥§?§§{on enzynmes and
| i gated i fiAresoangener2@pdtiony maghekient PRIAMABNEEHSES each ending
with a pordi&d:efctéRargs] rscid onasiit ol @he 0OALe Ok x4mgi bEenent restriction
enzynmes (which Produce,a@ overhanﬁ on cleggaﬁg). These ar? t hen |igated
onto the tREFRIINETRCUTER. el et PRe™MPAPEY 1A ERYI RATEAG LIRSt F3Bhses whi ch
provi de t hee regel pped basesdet thebeesblectoodeséete, themeatnitd ction
recognitiao I i e d . LS C d l b vage with
t hat restr%%ﬁ%%é?%ﬂé%%@. gé@yg§§gsggﬁ% écﬁfggg?hg%gég%g§gﬁaﬁaﬁtg%bnition
site in corfeert fon neRe | PrHBOEE chkels ToresengnPrethhosagpdifadmaes which

have been dgayeghe a88PheIS FRYmPOhUSERInAi B8 aLe608R! gipBtany, (g3 the
overhang. These adapters na

then carry. one or re appropriate ni fying
tags dependtiy-ontthe nﬁﬂ%ﬁ¥95¥aﬁﬁs §b%}%v?5%dtggs?h@ﬁgﬁﬁggﬁrﬁﬁFgggle to
conpl et e tde iedtréctlpnaksloe. ddbecnbbecahd/ornydéhenmbeatcivoubdri zed to
allow rep i ng. . Con et t s haye_w thin thelr seqguence
appropriate(3q§%%%%§¥%é?r¥§ L%ﬂ E??e@g?gfgg%§ﬁ %Fu%t?ggégghd %@g?hang
produci ng ¥aeeks cinohudnzieesexanehet hadiobabetat i veewyendslakplise
performed Qy @l |@vAg theol NtGREUShE OB REr N@PBET Vi BErbRAGENERERESRONdI Ng to
adj acent or. overl appi ng, target sequence regions. The present invention thus

r

rel ates irFOMFAAEES 1 62 I netfod BrCh dRfitFHYPRESSEBr#PBn of a target
nucl ei ¢ y dchdhaiDher Ul €r Wheageint anoadapiiere letecahedenspeiyssngha amwi ety

whi ch rec nizes.anqhbinds to.said goiiiﬂg fnd nnigig congnish&g one or
more magni 1Y g Tagst 2 PPRFEFAbT y°h CRarAtoT 8Pt aglt FEPPESANEI Y t he
bases in ddhal Jxorel angy i be adn acheyine o, for exaspleupedokpdassaiog porti on.
Thus vie S S i Nt o rQyi a met hod
of magn T ng A PP ShAEEEr RaRLR IR PREERLLANE ThE OEnE B
nucl eot i del s egirrekl 2ed aby at gt interareieri Wikbl acanétahdererRtddd or nore

magni fyi n%éﬁgéxéfﬁﬁlésé%ﬁ]@é@ﬂaﬂ‘ét h oRe Pébé’PrﬁaPa§§§oi Eoﬁrl‘i\epbfi*tg?t
sequence, erein sajd, tags corre5£ond to one or nore bases i n said target

sequence. Pr &t 3L LY RALHI YOP R T abRe t OGBeRePeBBRF eShohl<t o

pair may be introduced into close proximity, for
example, a fluorescent compound and a quench fluorescent
substrate may be used.

A label may also be provided on a different entity,
such as an antibody, which recognizes at least a region

of the magnifying tag, e.g. a peptide moiety of the



23 June 2003 z5 at least two, preferably at |east 4 bases_ RB8duee 2003 said
magni fying tags each correspond to at |least two, preferably at |east 4
bases. In an alternative -enbodi mrent each nagnifying tag corresponds to one
base and a chain of nagnifying tags together corresponding to at |east 4
bases, e g. 8 to 20 bases is enployed. This may for exanple be achieved by
performng nmultiple cycles adding a single nmagnifying tag in each cycle or
by using chains of tags which are assogiated in a single cycle. -
Preferably said nethod conprises at |east the steps ,of : (A) treating

said target gﬁg anQCtQ nnlg@ukgeSQa%ngkygﬁ l eastia %egion of said target
nucl ei c acid ule is converted info a"formsuitable for binding an
adapt er nDIE@&V@UGéGQEPQF bPREi WaYr éFi BR}Shwhetebalsapd keapter nol ecul e

conprises: (hioBEuEEdMRHE BREMPLYI A8 £80Bindra(bhlcapTBaBEnhQhgat t achi ng
one or nore of said ma n'fé'nQAeﬁgi to sai d. adapter b|nd|%g regi on wherein
i

sai d magni f PPAGPEEGSTTAY &1 Ehar sEr 8- 1 bHUCYEFCBAk bRP ﬂ@dnucleotlde
bases of thpradaptet bNadbmngdiegi pmobeifib) oneusr abternueheenydehgases

adj acent to, §9a§5§E§P5”ﬂbggch?8i89 QES%ES %ge of fgég gleotlde bases

whi ch overla he*a apt bi nding region |nd|ng sal apter nol ecul e
to at Leastwalgbrﬂléﬁb@i waydbadaptefrhefnde ng- rleyi vhreneavédiks step (A) to

forma nucl gbguankd . MLgpukLE: ﬁg?pﬁéraﬂ@ééﬁ@éea§0§?$§¥e &63e88}58” Ly,
i gating said'tar et nucl ei ¢ acid mpl ecul e to said adapter ecu e such

that at LeadP 59% ﬂﬁ@n?ffymartaaggylf%ﬁﬁ: n"%%%%?%%%ﬁe%\nthlg‘aﬁémtﬂarget

nucl ei ¢ aci drnetheyl gpphdptoatearbrgadbedecarel €k c acid nol eculLe: adapt er
nol ecul e conplex atln t he rgsu{th&% nﬁ%ex of step (B) or the

(D) _t
resul ti ng conmpl eX™ ?)Bfégefff sB°Phat thert2egi 83hCof said

t ar get nuclehemaendeavhecméee|acidnsequedcemt@faaﬁolaaSM|zabhgeﬁbr bi ndi ng

anot her adapt er m% &iC eto“@@B@'Baé@bd gﬁ@gﬂbifgéo()c rlses one or nore

nucl eoti de baseés are not associ ated magni ylng ?ags of step
b): and thegégﬁpep1ly2grgﬁﬁ§aQ@g3lO to 30 bases in length. These

sequences may have one or more labels attached to them,
e.g. by the use of fluorescing probes, proteins and the
like complementary to that sequences, from which one or
more signals may be generated. Alternatively, protein
molecules may comprise the tag or be attached to the tag
and may be recognized, e.g. by immunoreagents or by
another appropriate binding partner, e.g. DNA: DNA-
binding proteins. Other properties of such tag
molecules may also be examined, e.g. cleavage patterns
(by restriction enzymes, or proteinases), charge, size,
shape etc.

The magnifying tags may also contain information by
virtue of its sequence which can be used to generate a
signal. Thus, another a}ternative strategy is to create
chains that contain reporter genes, cis-requlatory
elements, and the like. These can then be
transfected/transformed into cells where the composition
of e.g. reporter genes or cis-regulatory elements are
converted into one or several signals. Whilst this
technique requires a transformation/transfection step,
the cells may be programmed to perform the complete
sequencing reaction including the conversion step (ie.

the addition of magnifying tags). A huge repertoire of



- asa (E) repeating steps (B) to (D), with the proviso that3tHeaez288bt er
nol ecul e in each cycle of steps (B) to (C) binds to a region adjacent_to a
region of said target nucleic acid nolecule to which Y 23 June 2003 - 26
ithe adapter nol ecule of a previous cycle bound, or the i .adapter nolecul e
in each of steps (B) to C) binds to a region which overlaps with a region
of said target nucleic acid nolecule to which the adapter nolecule of a
previ ous cycle bound, and wherein the mpgnifying tags of each cycle of
steps (A) to (C) are ligated together, to thereby magnify said signal. Step
(E) may be siided may Seegérehateades suehg.aswudree wweguehogages s achi eved by
coupling magnification.and sorting, that _only.one cycle of

magni fi cat i%x ]f%s%ler?? ofr%é%%res eh\%gr gl"srg)%'%l:n% af (Snré@%rua}'f%%?%o'f%?n%i ndi ng an
adapt er nol gatt ecas Ineckssal yednivy tibf £ voaegstenasi .egdrees sexpteatingdy in
an appropri . T, . .ad nol las, Si . doubl e
stranded ta%%g%_ e%u?%és’l%gaﬁgtg ﬁgggssaﬁg%gﬁmﬁ%?]q&s&i f%%{g)}%@ul eis

si ngl e strafAedPLOHVEPR| 9N BenBkPhedéssary reditieradapterang®sch are

ol i gonucl eofi Kest ithd) SRAECERS ESpROYRY-RN cCORVESIARITRY g Nedtssde €. 9. by
mel ting DL~A¥fr%gnent , to allow s%eci fic and sel ective binding of the
adapter. |t°F PHOIFLLRESBPFEF o BoRvEFEYERE entire nol ecule to a different
form and i n approgivét fegabgssonli yazypeetlilen asdd ludeel canvaidss. This

portion should conpri at ] east. the,l h of _the bindin ortion of the
adapter, tH0 gb?‘g?'er%i%oﬂg o"“é&)lf’ll;L §%é§‘?%t§. é)%@atnc}sgbg l?arse%’lp‘hcrr‘éﬂﬁ h.

Ref er ence im\;hisamt}e«tuats@dconuensﬂéwiﬂgomeddee‘animaﬂmrﬂxmtdrml@houl d not
be confused, yi§ A*};@S&sé) Ehe Mﬁédgggg%%rt%gno\@h e efhdik ;rcgﬁlat' on to

magni fi cation. used herein an apter nolecule” I's a ecule , ' which
adapt s t he $ignpls sequ@ncesipdananghsrhepiesved Sthahey Ao Tiayet
sequence. Agagi LY s P EEK| £6e ageHEedrbar flaly e iR Rl S Bfe Ant

conpl exes of nol ecul es which may.be the same or different in type. The
adapt f ~~ seiq%?’&’em&%né?Ys’e‘ge%tb?‘!ﬁﬁFﬁéoﬁbi & WY iP5 e < sair: target
sequence, edifferqinipronseengni zErgmalpar bifchlodwr this technique

might be performed is shown in Example 18.

Whilst conveniently 4 magnifying tags specific to
each of the nucleotide bases may be used, as mentioned
above, where appropriate magnifying tags which may be
used to generate signals unique to more than one base
may be used. Thus for example, for reading methods
where e.g. 16 different fluorophores can be used, it may
be appropriate to use 16 different tags which are used
to generate 16 different signals that represent all
permutations of two base pairs.

In other contexts, it may be appropriate to use
fewer than four different tags. For example, only two
magnifying tags where one is for A/T while the other is
for C/G. Another alternative is to use less than 4
unique signal events to create 4 magnifying tags which
give rise to 4 unique signals (in instances in which
individual bases are tagged) by virtue of particular
combinations of those signal events. For example,
sequencing information may be converted into a binary
system. In this system, adenine may be converted to a
series of signal events "0"+"0", cytosine to "O"+"1",

guanine to "1"+"0", and thymine to "1"+"1". In



23 June 2003 ._ ~~ ~~ _ base sequence or nore preferably a %*'Wtﬁﬂogoti de
sequence conplenentary to one or nore bases of the target sequence.
Preferably the binding sequence is 3 to 30 bases, preferably 4 to 10 bases
in length. Adapter nolecules additionally conprise one or nore magnifying
tags or neans for attaching such tags, e_g_sequences which are

conpl enentary or binding partners. 23 June 2003 - 27 Preferably adapters
contain one or nuclease recognition sites,- especially preferably a
restriction site (or at least recognition site) for a nucl ease which

cl eaves outpsiideiifle r etogie tt'tlmemse’aneugbspecha{réyoﬁée{:er pbkyiapestibction
sites of 11S.,enzyne or th a uLarly Fokl and other enzynes
descri bed hce%rleolunS Pr'e uenrla ?%%9?&8 E%gg !;gesgt%‘é? Fgﬁleﬁzymas are

excl uded f rigviciwe taicapt er’@ll@dﬁ@%ni@nthijnamapnethﬁbl tegbesomuyybe

excl usi vel ¥ 16 d SO s @ AWet 81 EaACHE H'QE@CHl:ethQ whieh i Rg yarious

properties of the adapter are provided by the different regions of the
adapt er. HERAEMI d et Uned PR et oBEY T kgt ¥9RMG PagsPRrEp vare-a

vari ety of 7fer ikse WH Gh sﬂ@wesi@hslslﬁgcheasspépéehw1yeheraﬁgédadapt er

th de t l e t f be bound,
[)nragw dgsagrow ?atlé%m%td%%asgar?ne? 'i"ﬁ 'Sgglf’#%ﬂg%’ gﬂg ég?gn ggp bi ﬁdigng
to the targetaddae st dprary ttypei neadatedfohas dapreéastédsasgeangni fyi ng
L o e o bR ddn | 514 NS FRVEPAHEE EBAbr BE2doPLEL 28 POt On

t her eof may be renove herei n magni fyi ng f‘ags refers
to tags whirgldehaye dfeen $inkkel eignel %téftmiewhlcbcteeeteﬁngnumqae| on and

attached 1 q;Qng 12dAPLEL PInddA f@?lﬁ@g€£§er @ﬁ thesendsof seaghngycle or a
conmbi nati on of both, The |inkage may appro r| ate neans however

at t achment W%\Féf@rﬁs rFearfs ‘I‘%E‘To‘rué?lé}?eﬂlgp? ferdbl YNehe above nethod is

used in sequeRiidigdmidofisowia theng hwenblesunbi 67 60RPFI s&chheaBhDVE St eps
in addltlon to deterninin the sequence of sajpd t ;ge& npl eg%e by
Pabt

i dent i fyi ngWe "W igrd s JHENREEHY 1 6AT T hePhRGAT F ched to said
target sequexgse. dne ormmi ttf@eas%iealmfkyr@ﬁerabgmiéyisqglaagé dineadhp) e si gnal

must be gene \%z:teaqsfiqrgr@qﬁ@g@f;é(‘k&gttagé Ebcer By iPeoRLesent inherently,

for exanple where the tags carry a | abel n properties (e. g. a
radi oact i ve-HEHEAL it trf%lyb‘? e%if’r‘?“’é“f%‘i%‘ﬁ’é?“sf’éb% forregdigederation, e.g.
the addition of Adyddiert ien estll €se (€agg(abbadt NGot necessarily

directly, e.g. this may occur through an édapter) with
the base (or more than one base) which it represents
relies on specific base recognition via for example
base-base complementarity. However, complementarity as
referred to herein includes pairing of nucleotides in
Watson-Crick base-pairing in addition to pairing of
nucleoside analogs, e.g. deoxyinosine which are capable
of specific hybridization to the base in the target
nucleic acid molecule and other analogs which result in
such specific hybridization, e.g. PNA, RNA, DNA and
their analags.

Thus probes could be used which are for example
made up of DNA, RNA or PNA sequences, or hybrids
thereof, such as oligonucleotides of for example 4 to 20
bases, preferably 6 to 12 bases in length which bind to
specific regions of a target molecule (where the
complementary sequence is present) and have attached
thereto a magnifying tag, or series of tags, in which

each tag represents one or more of the nucleotide bases



23 June 2003 - 28 partners thenselves carrying |labels) or PBolieg2PRy of
the magnifying tags into a readable form(e. g. conversion to a readable
signal such as by expression of a reporter gene in which the signal which
is read is the expressed protein). Thus in a preferred aspect the present

i nvention provides a nethod of sequencing all or a part of a target nucleic
acid nolecule in which at |least a portion of the sequence of said target
nucl eic acid nolecule is magnified, préBerably by the use of one or nore
magni fyi ng tags associated with one or_nore bases in the target sequence,
wherei n sakF@ HHASH it SERREINDAS opt IDMHNS iR dritePTeke ackeadabl e
signal andagahfl S@APRRGE rcldaiey ider hya tisELISIRMnP ot hensi @9gl s which
are gener at ed. "Assessit\r,:%' as used kkgfeei n refers to both quantitative and
qual i t at i vECasbEs &REFE WRSTNSRES be HET T MTE I dHSH Ut or rel ati ve
terms. Ligdaegenerayhpratideved dremeal witdtr dnlwsmefoppsepri at e

natural |y Qggur. i i.ng .l iv%z%slesn orbavsaerg aar}{ st haerr eiogulaV}hi lc?éiéj ation represents
only a pre?grréglfeétnure S5 RS S en o, this % donvent® 11y 9sed to )
i ncrease sPYYNRACI t Pre@emsdrled the hybmbel 2t iregn ishecid ittddy wisichcer eased
by a factog,@f tendf ldgatd Qds tasesk bk DN 1dgaser; JhhSsds 1 mportant
since the sequgnm ng nethods that are based on hybridization in many-cases
are associ 8@fedhgi Prohs FactEstatiiehi Yie artdchest e wibFh Heeere, by usi ng
L hermstabgg%h};as%@w ) as Efm,quT@q;adg?mcbrtE_Thﬁda‘éA” ﬂdﬂﬁ?ﬁ?ﬁgféid Lytwill
e inprove ile efficiency increases dramatica so tha e incubation
time is reBﬁé@dPe?ﬁﬁ”stWﬂﬂ% G TERAKG I YU diSTF r%@iﬁf%ﬁeng tags offers a
nunber of adyantages over known nethods of sequencing. Mre than one base
may be convertegd,ar. magnif.ied in_each C t hus r.educi hg the nunber of
cycl es necessar 3*&1& ts?%ghnelr%ulené"aa}’ %’ae? tllg%eu gtro Iléflegq%ld%? 4]1%%%‘%%I ecul e.
Dependi ng pprthensheirc @asfc sragnid yWanget 2@ 1AmE 2003 to 2®ptdin agse and t he
signal s t hey RelUCEe ShiTPldd I diRatply ANORA IR [,y oduced, e g. the
signal s may Be in the formof a bi nary read-out, i1e. unique signals are
gener at ed FOlegHdedrs meBIEes by appropriate conbination, e.g. linear or
pogi ti onalh | ayout moqa;e @lsg'gwice_scgi(ﬁﬁﬂdiﬂ;g aa\t%&tnv?htg.v% Hdv&@fe&spiaﬂge. T-fll_hi s
reduces the nunher uni que s al ling events .which are reguired. us

i nst ead of pﬁ@é’gtf)lﬁ& 2’& t&?arﬁﬂoéi"%%ld?rf f(%fr eanth":tbléi%o‘\‘sor’"a@éblﬁq'zub%se

conbi nat i ohagorhé4 ndititfeersarmnalab dlron orhiege lvad s geaghbicnatdwinye i n t he
presert | NRR! LA LA, SAIRLIIRAE tifk i ) Pl NBY, P& @ener at ed by

provi di ng on eaclt magni fyin g a pattern of.a nmeans for producing a
singl e si gRghipNdnsvémis effect e S1PofcdVEss amdr UsIGidlisiea f | uor escent

probe. Thejgkenabks rher Mideat iRy dre thghtdgn immaked.cathe 1mRg@s @e not

limted to onlg I abiltel ed nucl eotei desllal I orvx,ifne%di%reatt o fl exi tLi.I ity.in the

types of nkGhPRYi MPLELTS Shi EFBRS) Bt B¢ tarddiVo il e Wit il b

gener at ed. perfsomede myadi imaitly, advieyw vie ey clanmprissiomotarperfagramed, | ar ge

portions o e e J chai ns of magnifying tags
LeBuRRAUCREa 1R g)&n;e\ i g@sd.onpcfty A

to those portions thus | ex reactions involved in repeat
cycling and al sént perdegeda dns@rdt &hehanaRfidnimd dds dftteadiheycl e to a

particul a_rtEli’*F;_g%F rSARURNGE i rf as S A1 drihiieth PHLBELS (dXabid a reading
plate, which N'mts how the signal nay be read (e. g. m cro/nanopores or

f1 ow cyt onkhepsopsubdsedt e Res SRIN et dite e PSSR df° t47€ | nvent i on,
conver si oncBpl BRehdagalt yrlgcwe tecainitgasi of patdtaldasesi @t e stranded

over hang. B5e BYoRSITE S AIpro IS e NI KL a Whkavage site
separ at e f compilesentaagruyt itary $iet eyselicip abiddcS lgnziyttiesnduce a
magnifying tag or may be used to initiate a procedure
which ultimately introduces a tag corresponding to that
base (see Example 4).
Conveniently this is achieved by creating an
overhang (ie. a region that is single stranded) in the
target nucleic acid molecule that could be ligated to a

magnifying tag. (Such an overhang is however not



Preferably when the reaction is perfornmed cyclically, the 8,‘#?%. ng tags
of each cycle are joined, e.g. by association or ligation, together, e.g by
t he production of a single chain containing them 23 June 2003 - 30
Furthernore, after ligation of said target nolecule to said adapter

nol ecul e, said resultant nolecule is preferably circul arized. Conveniently
this is achieved by introducing the target nolecule into a vector (or by
attaching a portion of the target m)l“eégl e to a support allowi ng free
interaction after cle‘@_r evvithintf | ecul e, see Exanpl e 22) and using
appr opri at ' €{EHR 0! ee‘gﬁ/abet%&d“? %%1‘[‘ QP afitsr 19kes af bi%cul e has
been i nt r odiucedhdtenr, naiarvakeyccb@elmaam ifndragnidoyion @ tagsanddgh are
generated rna betran red to di.stant site onthetarget
nol ecul e Wll{] “ e nee 1\?{ for (g i v%d ci'y gtu AreasEi % IHopri ate

pr ot ocol fdrhepetrahcgah rep kel g swwlh ushoelt diNA molbeaniles &ha/tnot her

conveni ent d&GEMNAUE BYHEMARLAS EHE NGOl XREITLYRLCYG] N9~ nvol ves

t he hybridization of snaller converted fragnents, ie. leic acid

nol ecul es ViR ef&%fe“dl%g’rﬁf’r VWY TaeRINHheue SeaNgRest s avdy tHemsel ves

have been subj&eteds tlcegtrteuaflcsmr@@aﬁwfer Sit0e &Y ehesmard g iy, be | inked
by conpl ementarjg%c L{i&cotggerted seqee ces or information carried in the

nmagni f yi ng TE it i HeTSE L df e 2ags the¥e Banpl e 10)

To effect cynéraﬂig)m‘ geheeraaaa:tcbmrlhdnegs:onttrmlaldf tp@ébl @lfl dasenzynmes used in
the reactiq ry.Jhi i eve rent s dependi ng
on the enzyér%)lenllsgvﬁ(}f‘t ﬁﬁsgve }é%néhsedng‘l%ﬂ%,] @ %el af)l on %afobet\g%ed to
prevent bi mdi myexchanw/icr khaesdgaatde ddte |8c§tt|U@r1 shrget miodatcudre ,may be
prevented o Ilm%@h%rmwm&mw%%@qmb%tea %%%et%f the

term nal bases e. by approprjate use of kinases or phosphatases.

Appr opri at éq‘iﬁ'i‘ra’r%e‘%lww AL B ysed 't BraGEige niér 4§l ecul ar

| i gati ons. gﬁf&ﬁdmepﬂmﬁeI&Ikﬁleprtﬁf ezfl&hiasye UG s Itﬂgtt Q@n&%&'&:lél gtiqon
reactions Lo dncrease effla{I esnc€ fen( albl y | n gl E\éc magni fi cation
(or sequendHy & e Fer & H ef H'ea a8 5r§ 5’onverted
preferably gﬁa‘teweeln Braareiuio, fcelsgem@#crylg SZ@h] @neraeﬁgs- oB1 taggefcer abl y

from4 to SOQJhl(EMplr?avé:%E/@rp'&ﬁEllyﬁle'@ L6ial Qaeaensdnﬁgm fying tag is
associ at ed WI one or rmre bases in each cycle. For exanple, in a
preferred &ifbokf meiPo%lcol I ection (e. g, a linear series or chain) of

tags, each correspandinglasone of I8 erdasastieal kaabhuehgagesr espondi ng
to a portiqn _of salds arel troduced,,_e.qg. nultiple t

more than 415y br rcgeglpltor%‘ fng 10 ft(’l}}ere ami éaigfqoviﬁléég £ gu%g’?hbases
Conveni ent [wi thirsespecthe € ayiisaratie et ittdgy shdnsékugdnbei ng direct ed

to nore thay, Qne-Pasen &dli Uifue Hags écrp&ryn%%dﬂapél hr8lecRasgspers Wi ll be
noted in Exanple 1 in a preferred enbodi ment, a nucl ease having the

properti es “esk ritbe@ B & W) | HARP ¥ ‘g &oeaiBepRE §0efRaligonen
addi ti on saah «atdte atd tdronaldsy mmaﬁ&ﬁa@$bqumtemane@zym site to

produce a b nt end cl Layage t.one of the e re rem nucl ease
cl eavage toIFBr""&H;Urcl3 e abve’r h‘ﬁn%rorE & é(ft vgﬁ 6. ?Eéig gE‘ll %n enzyme
di stinct t®idielenZy.fe usidP3 mmrwmbam i (rRingd aldndeeKtnaﬁgGmyL be used

whi ch prodyges, ﬂfh@‘fﬁl@”% ""*Hha%h 49 pr%!x%ze APPLEMBILAEY ohQ QRg term nal
of all adapter’s enplo ed in e reactio
variants o these enzymes can ‘therefore be used

according to the principles described herein.

Class I1IS restriction endonucleases have been used
for several different purposes. For example, as
universal restriction endonucleases that can cleave a
single strand substrate at almost any predetermined site
(Podhajska, A.J., Szybalski, W.; Gene 1985, 40:175-182,
Podhajska, A.J., Kim, S.C., Szybalski, W.; Methods in
Enzymology; 1992, 216:303-309, Szybalski, W.; Gene 1985,
40:169-173) .



To performthe nethod of Exanple 3, conveniently nucl ease sP8 dunegPh
produce adj acent or overl appi ng regions of overhang are used. These sites
are preferably located in the adapters which are enployed. In each cycle
two adapters are used which are conveniently allowed to |igate together by
the use of conplenentary overhangs at the ends terminal to the regions

bi nding to the single stranded portions of the target sequence. Thus in
preferred aspects of the invention par3Gcularly to all ow proof-reading
adapters which are used conprise recognition sites for 2 or nore nucl eases
with cl eavage sinesegeparang £PovexiEs Cheycdqvia ikpeitesd Farwhheh

cl eavage \Np&lmahgwuagﬁé%ﬁeer a@u%a ate%lrelb%td aflesk regL gpe which are
adj acent or overlap aﬁ - used herein "overlapping"” refers to 23 June
rC

2003 _ 32 apgéqaéﬁegg Hade3B8ses In LR FBICHHIRKE ¥R E EbBApPl enent ary

to such SeﬁlHEEﬁéﬁctlén en ﬂu@Qﬁb&&pﬁl@@hﬁgyihrgart%gsThbﬁlchnr@lﬁgﬁﬁeho achi eve
over |l appin Lons, strand of a dougle stranded

g use, may be na%g of eacg

target and 5§8 t bRy EBut MEoBFEFEN Ry CHe G SR MSF beCREYdRREed.
Conveni ently tocaehvaye whth éﬁseehzymee team lane radaps eiangs beand to the
Largel ol eyl gl SAGPnEYCLey Thisnshod ald qun progl-feaging if

over | appi ng reg|ons are séqueﬁce 85 o &t hian Tohe MEgNi g tag
corresponanget@naOparbﬁnglhﬂsbégénoﬁr@@FBécumagnﬁEXEm@st@g$l becone

at tached aluh?%nﬂa%hﬁe989§£§EBOBnOBd%ﬁ>'E%B%at Hradpd i a{obS‘RS It wil
be appreciated th I'n accordance with the |nvent|on one per base is

not requir€d BABetpfisthethgsesxin 5§Pr°UFrB&ﬂ%;WﬁX:bQHﬂﬁ%EFh%@eéPed I'n
per f or m ngchheopabpdhgent involving the use of KIenOM/fragnent said single
stranded region_which is ga%gd in steg is.on nore bases | onger
than a single serﬁﬂﬂgﬂrrﬁg hESETRUEI ¥P¥Sadig Y rﬁ gl Syipder

Furt her mor eaganmagdbéi dnabrpbepties nedugr etieaflliey sstspe)ol nsivitirt he

| engt h of the S|ngle s&rgndeg eg | E LOf the target nolecule is shortened by
polynerlza?Voﬁe@xtengloﬁ reac |on or perform ng techniques involving
singl e strandedTharQershnﬁeegrebedcyépthQ@@n¢@MQ%ﬂé%/ﬁhﬂmwQQSOEhe

generati on gt ,doubl @h%ﬁaegggymh@ca&eﬁ.orer RSB ALY ddigs Usggof the
adapter as a. prinmer in rase exten5|8n réactions. The nethod in which

recogni ti ot %FPe@aﬁ?eacﬁﬂﬁPgegﬁnFBrVd8HFF IR LR S W%EQ%@ the terninal
bases neceasalyitoacodphelectihat whiith paevbde&amdﬂﬂﬂﬂédytdifferent
technique 1o Lhat dgsgihg‘fg EErQV\ESdaE”g%HB ghove,, sip zehéujﬂe adgpt er binds
to an overHang but carti 6t necéssarily <ot respond to one
or nore baséspbérthesslﬁgabsgtEaﬁaéésrébﬁoﬁeFQQMmuﬂvﬂPﬁaﬁﬁkﬁm%rannlecule

bi nds. Thefﬁk@ﬂé? ﬁ:éa@f#@gméegh@ehl s.agagg HReOfsameerdiang; £f eaded Ly
cl eavage of the 3 June triction site which conprises sone

of the bas&keo F“FH@etaﬁﬁgttgeaﬁgﬁEéteHﬁ veVeIg&shdi iy dirdtRl el ehvage
site, thosehbaseécnﬁyqoé BEY1mmhsbeathSnﬂgE&a$dp‘laal’ldLed form for exanple,

t he over hang nag ec ntlé ony gsed ognggnlﬁa]gpt gng e bases | nst ead
the addition of “thE appr % g?e ag ral 85 ®on 5t he FHG® that® ddapters wil |
only bind mheterthhlchsitscifoqasrueShaSIﬁéeﬁunﬂnﬂknaﬁithnhestep b)

 nel udes TBLERENSE §RsLAOSOLNLAD PALLERPRAGLAAN e @ﬁe@@é&scef sai d
single str region or in proxim region, adj acent to
sai d regi ofonFaiphenabra th?hlsThﬁtHBBrBPFéﬁQQ)EﬁﬁﬂﬁQﬁYm%.bﬁe%%e%f | i nker

DNA conpri §kBg goPaita®t enfetabokieceRhYih WRegRghMpsidteely attached to
said target _nol ecule, followed bx ﬁe of - sali en . hucl ease to
produce t hBlaFad| EeshlbAden PBr AVEFNEpgpin) b ESQ%%QQQNEEH$)%ﬁ$oust,
sequenci NngIABYn&CeNBOHADMERE, oattmeahaSDseobn@obﬂluhe'&us vetthed imy be
used i ndependen f,~or ip c i i e above descr ed
nagnlflcatW8§ %iﬁﬂ?qu% gFoEYegggppgg gﬁe seaﬁg'C|nd“%rd¥%co} ﬁay be

ef fected bynspmelagteaagEaCﬂGCIepctaeldlﬁnlecules on the basis of four base
pairs, and Subssgg BbkYatbCaadpRELa! nBgSenBal e MG S OYEL€d, L O
determine their nce xanp e, 'a sorting strategy can consist of
creating oaeﬂhahggemyt aliowrmpgeasirAtiRE O&rgema Ry dier achase®l @Eul es as
descri bed phrevHEPEShing!t A ERencHisst bwbuaﬁgl@%@%gﬂfﬁcw%nare all
covered by short DNA Ml ecul es sortlng gapters se ada ggers do not
necessari | §e8areyahagARRRFRESt BR¥ENITRENGHP U%ﬁf%ﬂéﬁé:ﬁ%?%& $i2Ed to the
wel I wal | stpadrbame evgr hapgsawebhrf busebasesHdaiaf, caNNiconpinesent t he

over hangs that have been created on the target DNA. In addition, the
sorting adapters may contain a binding site for an I1S enzyne or other
appropriate nuclease. The binding site is located in such a way that the

respective IS enzyne can create an overhang with the base pairs that are
| ocat ed beside the



23 June 2003 - 3~ first overhang that was created in the t%%{ﬂ@?%ﬁﬁ%. In
order to increase the surface area with sorting adapters, an alternative is
to fix themto a solid support such as paranagnetic beads or simlar. The
DNA nol ecules in well 1 have AAAA overhangs, while the DNA nol ecules in
wel | 2 have AAAC overhangs, etc. The 256 wells thereby cover all
permut ati ons of overhangs on four bases. Wen the target DNA are added to
the wells together with ligase, the DN#tot ecules with TTTT overhangs wil |
attach thenselves to well 1, the t%r get DNA wiith TTTG overhangs to well 2,
t

etc. After RWNngnaaSHYY 6PF MaOHHL YR feosc S t Rattki® not |igated to

t he sortlngréégabeESelylﬁagnb¢nasea ad@ade&@amha@1@hQrka&ﬁﬁkmEN% nol ecul es
are freed at _t he i

S i e as E&an% |% created that represents the
next four bZ&& SSIFg Wﬁ th FgrgeF Le§iénddIThrds. IR da” then be
used as thewstrar tharg poenpff gheaonewhaogndask ssoet.ignghasrirgnanmay proceed

Wi th conver ghaBhIRGNDE AFHCON W BAN Lol LR KM, (T Iequl es are

washed away invo arelatively large SS 0 FowSer, nost

sequenci ng PRt 8o TEr BposE@SEnPRRES patasthesdpin ddriestr deshiased on the

anal ysi s ofwh@vabgggbngbQ@ules and this nmeans that very few DNA

nol ecul es are required, Thus, even % k&glp f 99.9 %or nore seldom presents
t

a probl em | nst e9HCEf ChEI RYCHPAPEr 8 apkgrapig f4E Fd SRy be to use
di fferent p@ﬁbtb@nEaOB beeni hybaidayed Atha@@rﬁﬁaebuukms&mqnbﬁ DNA

nmol ecul es t TTTT h r f|x at, addres is DNA

nol ecul es mﬁtﬁ $?$G en 5a3519,§gd éveéth FT glﬁga&atlves axe to let
DNA nDIeculesmmHENEUtﬁthe&pnendbeaivééhﬁzoﬁv@rpfathdlbWem@ahgtumes, t he
use of gel gehagogd §ha- aEag @ﬁaneb@c1@aglg?y8%5%h@ %%ggk%%% where there

are 256 dif er ent sorting adapters distrib squares on a
“microarray®Bluph spdatégRtirReP@YaFBeBoPEi f§ §6§B@eﬁ§ WeR ABRA over hangs,

in square 20thbeyend28fJun@ aaﬁﬁtaaveoAAA@ Queltbangs pyehppréprsackhe target
DNA nnleculei will ﬁortgg th TTTT overﬁ are attached

gg hz# t hose g
to square 1P @ﬁ?$e85eP afgd UEEEHuAlME S1T&t dOF ?tQF§oaPPfPH§ fh& ot her end
of the DNA meeceltolbheesmb&Eraueg)e.ghlwhthablbblnhstsambamrdln one can

then conti nys cka, LRP DEXLuEORYRLShABAIRARLIY AL AN, SLRWELAOHE, ! e DA

nmol ecul es | eavin osition on the reading er ¥trategy for
preventing ?ﬁéeEﬁﬁdnﬁpééuFéétfﬁBnPV@ﬁVPﬁg ﬂﬁeFFeE6§ﬁtF6n§hﬁstﬁ§99§e a

readi ng pl akeqhbatei 8odthktgedm BE0LR86sw8LEEBLEPREEFGhich the first
adapter was directed. In this way adjacent or
overlapping sequences may be consecutively converted
into sequences carrying magnifying tags, the signals
from which can subsequently be read to determine the
sequence by the methods described later herein. The
sequencing of overlapping sequences effectively allows
proof-reading of sequences which have been read in
previous cycles allowing verification.

A slight modification of this technique is shown in
Example 2 in which a blunt end is not produced, but
instead once the vector has been produced and cleavage
effected with the IIS or similar enzyme, a further
restriction enzyme is used which creates an overhang
which is universally complementary to the terminal of
all adapters which are inserted into the vector. This
similarly allows ligation of the adapter and therefore
magnifying tags into the vector.

A similar but more elaborate example is illustrated



It nmust al so be pointed out that sorting can, of course, be2dQnge200h fewer
or nore pernutations than 256. Sorting can al so be perfornmed in several
rounds. For exanple, if one uses a "mcroarray” with 65, S36 different
squares, it would be possible to identify eight by by sorting through
hybridi zati on al one. This would be sufficient for many applications in
order to perform a successful reconstrgf ion. Sorting can therefore
function as a sequencing nmethod by itself, wthout having to use conversion

or magnifigafi t4 ng £an- SO-R8ePELFOL ' - i ased
strategiesgllg%%wéig e, one can_ﬁseeany ne?ﬁgégbﬁgfggg ghgta%n % or
recogni zi NG MSasE gadiad, CoTRe IRPPELiad 1t PhadidERbYSs skarticbrsd ofn DA@nnect i on

Wi th magni fineald Qe IBosos s 2 $0eherBOLARBH Ut whidh HAgeSpeci Ficity of a
sorting nethod can_be adjusied to nos urposes by repeating the sane

d t

sorting pr6%%%&%@?4ﬁ%?&ﬁ$@£%%?%1m??ﬂﬁgyePﬂ haJSal sEnB¥ SPFr &pr it&Ee to use
conpeti ng prceiesyerdiangbns ntioe deest pitncorasazymeckhicel fyr Thds in a
preferred aspect the present. invention provides a nmethod of sequencing a
t ar get nucﬂg%izﬁﬁ%}%nﬁ%xf%%Fa%e %é%?%BQdOHEPEFn” n@?@?ﬁtégpaﬁgéquence i's
det er m ned Ayeaasisesst rl tde clhepbendhbgr pfyadaphepsr wiich ohesei d nol ecul e
by a proce i HQQ: t t . AF i sai d target
nucl ei c acid no eéhf sdﬁ%ﬂgggii #Qgs? §9§%§ ?o%fo%hgg%gggarget nucl ei c
aci d nol ec@lteatshashval (NP trougt floe ndsarramvieatablbi ngi-ag hecofipl enent ary

23 June 20Q3 rreren3fedfoe affpshedn whenehiesadpgogrlagentary probe is
bound to a salid support or said co robe carriés a neans for

| ementary p : :
att achi ng 63 Hedanty ottt 1) %WEEWﬁﬁ §5F8X06ﬁﬁPéﬁehPa?9fﬁ?BEétto at
| east a poivieathanig Saihtilegi onriseli éabkeof oehbi bdbngi@feespteappbary probe;
c)optional ly repeating steps a) .and b), with the oviso _th sai d
conplenent5%&E?#%é%?ﬁ#ﬁﬁﬁ?t%P%éP%ﬁﬁ%%%%y 8?m8&8WF§EBFHgaP89EbHSOf sai d
target nucheiuddadiybmiolicoel and ehay i be Logabedr egi 6nrtothhi ehcthe.
conpl enent g RARG-Qlk 141e B @Y1 OHSe AYCLEaPPURTyL 2R dbflEkehat aEngthe
sequence o saléaparget nucleic acid nolecule by identifying the
conpl enent &PPHsIebiede ko Rbiesd sardh t aRget thacréravagprdsibeeiél e bound. As

used herei @i'gpiched refalise # Ol apRE opatrgbe BYgheheeachdambacul e, e.g.
an_ ol igonucl eoti de O%HFL~ A nnlgcule. Addi ti onal steps nmay al so be
i ncl uded, ESFUSIEED eﬁégﬁ%ﬁ? p?bb&%may act as a primer and in which

case pol yner ase Teectficonsexayp bt sof bevpehhogaedfasS+negessargated,
and the cleavage site is displaced 4 bases into target
sequence, when the next 9 bases are converted to

 overhang and thereafter associated with magnifying tags,

5 of these bases will have been associated with
magnifying tags in the previous cycle. This allows
verification of the identity of the previous 5 bases
when reading the sequence and thus introduces a proof-
reading mechanism.

Other techniques using the IIS system include the
use of Klenow fragment of DNA polymerase and relies on
the fact that most DNA ligases are unable to ligate
overhang of different sizes. This is shown for example
in Example 5. In this technique an overhang is created
which is longer than the overhang of the adapter. The
target overhang is reduced by Klenow in the presence of
one type of nucleotide. Only the target which has been
appropriately extended by one base will bind to the

adapter allowing identification of the base that was



As nentioned above, this sorting technique~is preferably pr2famne@08y the
use of nultiple conplenentary probes and preferably between 2 and 8,
especially preferably 4 bases are identifiable per cycle although this
information may only be collected at the conpletion of the sequencing
reaction. Particularly preferably conpl enentary probes with between 2 and
8, preferably 4 unique invariant bases gfke_attached to different discrete
sites on said solid support. In the second and subsequent cycles, target
nmol ecul es 0 Prohkes r

further sowgggﬁahgﬁtgs&%gaﬁrl?r?% orrpl errentcgﬁx%égoggggﬁt (I;:)n% gt&géﬂr}% cHdagggent or
overlapplngaFéﬁpgﬁé &P $&rd &€ Yol ecul es. I n order to achieve thls

step a) nmay be OZ&eiumacE&Q&ueSSElumyﬁnHU§aiunnE&ﬁm@aégogous manner to
t hat descri bed g% nIfI%aEIOH process, e t he probes may thensel ves
contain a r&8¥P; HFl TGy 28 ﬁuéﬁease éiﬁrs “PEEYERFyme, which cl eaves

out si dé it smagoadgriihigot aglist &0 @u@hﬂgtﬁ siraapipdoprirgee ewichargd S
gener at ed. Ingnagﬁﬁgtgﬁo%%d%%§}”§¥ﬁ§§“ﬁouQhﬁg8W5§Q6Eh@h qlf%!n pr ocedur e

such that sequen y a conbi hation o s6r Uiy and
magni fi cati 88, aepglm&ﬁtéprsﬁe@oﬁymeéﬁéﬁhéﬁﬁxﬁﬁvobergéﬁéﬂ@@edcaikdmscr|bed

about and agdaphges sﬁ%me@gn@@%@me@teprmﬁgmtfwrngﬂt@%a%&web%slé%ed to bind
to said overhangs. The sequence .nay .then be determ ned by a conbination of

r eadi ng thesﬁﬁﬁﬁpﬂyﬁﬁ@PF§§§ éﬁ@lcﬁy|Wﬂ£h%%ﬂ%%ﬁlﬁﬁeéf“9ﬁe probe to which

the tanget nelkeewlesihave b@@ﬁ&aafmdsWHtﬁhmmﬁﬁeyﬁﬂg tagbukad kg yPresent
i nvention prOV| es,a net gpg of se uenglr}gl ﬁa i bed herein wherein a
g g

portion of Sal'H ge&&eﬁg defermt °f PEAPI 6N SmétFod

e m
descri bed het9anhaddt@naaapa@dnSU@pOGWewﬂapﬁlMvaoahlonerhadgt&mnlned by

the use of CORBLEMRA L BLAREANES HRSGdPefh RELELR: nbicARIb cases the

t echni que adopte positioning of sequence portions W- épend on how
the target BRNAS| §ogesepapdd toe sSEgRéSEshdavehgvei fnj pverhang fom-a common

poi nt, or IﬁolbabésgeneEaE@@ akah@a@n&nkaun@mpwabgg neaubhbaphi target
nol ecul es startl fron1 b er ent ints. eic acid nolecules for

p
sequenci ng ﬁﬁ§a8 Geker avh &lﬁf F@ﬁichéy'anﬁy FESt MRGCEUdREI | anount
of DNA mﬁtthNAsenlsoﬂugateonf vhet briseg eompilenkar baehanguasrnael ei ¢ acid

nol ecul es nmpy bgngggﬂgﬁgtﬁgsegt%gpk%%e%we§%ggggec@ghgm are wel |l known in

the art, see for exa nal . chem ou Sook/
prot ocol _pafKEENBLAR Wﬁléﬁe&e§@Fﬁﬁé§mﬁ¥ot6@@l@r?§EQPaﬁd§ﬁl§9§cPone

gener ation. sB&caégm&ulaglyﬁ@ra@@a@&t@mglaﬁl&aa&elbachalauaa,ch@ i's possible
to adjust the avera 5 g t he taé%ﬁt DNA frag nts as a rug t he
optimumis F5ShaPé g 5r3§3p CZe§ SVCITPET HEnGPBHIHRERT r§3t9uﬁ €2003 -

pai rs). TheDNBt padsesboukdasl s¢ kbarnr dhatdtueiny asonspedcinbirc wihhthéspect to

where t hey &g&ép&&gﬂt}geeDH&tgﬂgqeﬂl%&1&0cmh§to%%a&'§%lEﬁg'XanAtpieces are

obt ai ned t ha roken in nost places i'n the origlnal sedquence.
St udi es showelgavlene éﬁé@l@ﬁltﬁéqvﬁagﬁeﬁﬁe&omnAementary to the

adapter's overhang.

Alternatively hybridization alone may be used and
magnifying tags which are associated with stretches of
the sequence which are adjacent may conveniently be
ligated together.

A further alternative relies on the specificity of
metabolic enzymes for their recognition sites. Such a
technique is illustrated in Example using restriction
enzymes. A number of alternative enzymes may however
also be used such as transposases etc. In this method
the target molecules that are to be sequenced are
cleaved to produce blunt ends with four different

standard restriction enzymes and ligated into 4



mol ecul es consi st both of blunt ends and short overhangs 0f2%J3n?§§@§- | f
desirable, the overhangs can be treated in such a way that they becone

bl unt ends (Kl enow filling-in, etc.). Conveniently for perform ng preferred
met hods of the present invention, which relies on the production single
stranded over hangs, nucleic acid nol ecul es may be fragnented by procedures
whi ch produce such overhangs. As nentjpned before, sonication, vortexing,
and DNasei create short overhangs. One can al so use restriction enzynmes
that cl eavs rFerenRediNhi Gallkyu1Seyeradh dadlip hove shegypciBat okl S enzynes

are particularly well .suite domain s p ests where_ the DNA binding
domai n cafPSe rFéﬁIréEEGO“Tﬁé?'é:f% g, %?qul%o C"fz'gﬁr%ge'&'énrﬁﬁtﬁ‘éﬁﬂéﬂ wher e the

cutting demaiymeiss (tvhedht pradiié immdveytdompion tdibeéabagds . DNBhese
non- spect Ll Gachly, 1REPUE" ARRGS GRS AR wolk@cgrmeé,' > BREYIPEMarY from-5
over

to +6 bas8$® ans of nore th es are desir it my be
appr opr i at@m@tuwlgpnéﬁssmmté’t KK e@l@replp@‘ssﬁﬁr Fhey is to use

ni cking enzyiIes ihiahbaReadwge et kse dut A ayisd de; of e bhel ke @WR bi ndi ng.
site. Two bindi n% sites for ch a nr%clq ng, enzyne, t hat  have an i nternal

di stance &ECROPdTiRAN SIS "“ s@DHTEUGFH t hatP it e“PMab8d on either side
of the dodklte righied §)|9r0&|l@al§)lia@@J&&tﬂﬂ thear hangwicDs® &hapmsi X base pairs.
I n additign xrstln kln z i\t _may al so.pe possible to create
new ni cki g’é‘lé(nf?/‘f?@ él% >ihut at |rha'gt ’ge%?ﬁf’}'tr)%ogeg‘ﬁ?ctlf‘on

enzynes. Asuplealet ébmart mdlt dnef rcdgamrﬁda.tr oy récognibtesochossi bl e to choose
a strateg fragnent s .o sequenc r od ced wi.th the aid
of PCR or¥"°\¥nf§u§ ngdgg‘ z‘rﬁ té)?,’eer{ al{r%%v.ei’o%%x’gtn%%g ‘ﬁegcan Efiart with )a
known sequdvich ewet compdegentby 4 tlireroughatg s dfleasasadapeapkbate for “a

pri mer 'nnagpfa'mé@@ra%% H@N0hordd Agridodhds m@;&l w%%g ggglsnat es the

pol ymerase _éxtension réaction at arbitrary sites r°is created,
in which de@eading prRAtRS sumbss st W%lﬁ’?‘é‘f’éﬁ@‘éﬁgfﬁ% EREEel11 havi ng

one end i mAEAR td empdicteelthe Skt iranidairi Zege pri TRE SméB8clgeUsed SO
that all possr | e onbr nat i.ons of fr ts are%roduc d fromthe target

sequence. § R T e B O n PUSTHY Dol FHet 488 ext ension is the
ext ensi on doem@m&nmﬂyt Iuhevaldamrm)llwm asigshivigne £ T caeqreantechni ques nmay

be coupl e % ?;Q&%'c'%gB,ZQQc% ”%@s’%ﬁ%&?ﬁh@%&? @&E%é@ﬁdbbﬁﬁ@' 8ngFor

exanpl e a used as primers whe nding to single stranded
targets. P@@Wﬁéé@@e%%ﬁs‘%%eﬁfrlﬂﬁrw éafp%GW%e FeahstBRrtest abl i shi ng

t he exi st %ﬂi&e@fatq%pk%%tsamatyy e tp@erb adapisy sa Blskviaggehesequences. I n
one pref erredg%rrbocir nment of t o nverEtr on, tar et I ecu]ées are fixed to

solid sup uRGONRS Bi@ UKL 5395 TR ?p%'? Hi'¥fePent ways. The
t ar get mlaelglalc@nnay)rbevdeéra@mq & stgq@oheck toe@hensr nore noi eti es

whi ch al | ow bi ggj n A tn]r,}atmr\nél etclr.grp ébe provrdd&déuﬂp%ﬁe gggrg§aggl e the

ends (or several Cern srtes one partner of a
bi ndi ng pa& rmetéwgi ofj tlldemtdternﬂmrétrP%thérﬁb% LRAYgeheduebe C

streptavi g1 HI1IEARG S WheG-eSHPRAT tadadetndRl &1 eéoagylgengng: neer eg C}? 0
or exanp e, a

carry such a binding noiety in a (r%gggr r’(J)i%;known ways
reaction MY ety MoHdhc reFATH izRs s giddiabd ePEEYOre28d By using an-
appropri atrr@ﬂét'yall@rdpﬁdsﬂrdgﬁ@’ne( Sﬁe e ea@egmi@yﬁx@n@i\gs;L?) Al ter nat ively,
the target mfgg g_tacrd ma.%l % a%Dcfedto brendénlg {_‘g a%
cl eaving &€ Y fu&haid & el ViRHEELY %’??l'& oR38 ?yne and
then |i gatiimgalitd tp@mrioadapisera/dummd whos eoensulbsisi beead| fbelled with a
bi ndi ng myj sty po§ ych a strategy would be particularly
Thus viewed from a preferred aspect the present

invention provides a method of magnifying a signal

associated with one or more nucleotide bases of a

nucleotide sequence in a target nucleic acid molecule

wherein one or more magnifying tags are associated with

one or more bases in the target sequence, wherein said

tags correspond to one or more bases in said target

sequence. Preferably said magnifying tags together

correspond to



23 June 2003 - 4U suitable if an 1S restriction enzynme i Ss3sg@ d0odt forns
a non-palindrom c overhang. Another alternative is to clone the target

nol ecule into a vector which already carries a binding noiety, or that

cont ai ns sequences that facilitate tRg introduction of such a noiety. Such
met hods could simlarly be used to introduce position markers as descri bed
in nore dej@iledial ewo,Aptefaatblel ¥t nleh et ca asick 40| aotd @sakY be attached
to solid su ris Wi hout i ndin |nsofar as

t he nucl ei cap%gl gmf&ﬁ%ﬁ tg? epggﬁsgghg&%&{?%gtr(?o tlheq‘lsm n&‘oyng pair. Thus,
for exanplrerstmablpNatrdeastl dsbaRgas - aréna%ftla%lfretrltattlaf%ol id support may be

used. PNA gttt Bave khgnabilingycd® bybréshdtaandRidd gh@edoubl e strand
DNA and t he !;ndl‘ii] sql ved nuc Ec aci d rraterl al. can therefore be attached to

asolids At Phi RagpEYERY . CF YTV h | SYFRTARGingethr obes may
be used t athilrdhstonpberest arygseguencas lt)@sessxﬁleah@siup@mrt Thish a
techni quec.t%y E%jrs%xgﬁ\plﬂgeget QcREELBd SIBAUSHLE NGa iy & iBe cparticular

nucleic a nol ecul es to particul ar_locations on as support as
descri bed BEHSE 2AddPgpei §tl§9§6I PIILBHHIY Laqii kmisashasyicdrodr | i zi ng
noi eti es figy la;ttt:@CEhagntsheft asgst wibtiecat@sa s wRldd kRownsingibe art and
w del y deSé:rl bed in the literature and generally speaking, the solid
support mayy(i)e ‘any of the well-knownsupports or matrices which are
currently wi delBrefszdbdy paddouethédrcommpisids At ilemstseparatepn etc. in
chem cal qg¢ bi ochemical procedures. Thus for exanple, the inmmobilizing
noi eties nay tak hef rmof heads reic she e filters,
menbr anes, m croﬁ\i) Satldg%ar pe f‘a?ielcfl%res (%regcgﬁl Pfari es,
for exanpl etbﬁtaabol%ﬁsfr |<3t: negtion Qif éagd byBgels ucdaticupedd. al gi nat e,
teflon, |ateslecupelistodreratedainitouhatermasertialls, fergbibdadsg,amre
general |y pé@f}ﬁEé?%om%m(%@ale:ert BQnﬂffﬂ?btédl?drﬂg noi ety nay conprise
ne

magneti c parglc es, such as su er paramagnet articles. In a further
preferred 3E9hhe’ ‘32’(5%? PP BRpSGHent "B EIES or sheets are used to

al | ow fixation ofilgftecn @?ﬁen"'laiqﬁééh’léﬁr'é‘h‘g%né?ﬂ The plates may al so
conprise wal |l s peéipendicdar floe blieaphite ome whi cdorepDbécabhéd nay be

até achedl > A& taﬁ n;tﬁﬁtr@ ttla.e;ssebl Qaiapgagtmé@blgelher fegymed dlh rect Ihy or
indirectly and t ﬁat ecl rlqaclu ma oﬁgyflo?u%gﬁ%” dre gcgery\h‘fet er the

nmol ecul e to be altached i's the %ol ecul es or

the target mol ecfPes ‘t"ﬁer?é’@l \?és‘“OFSr “‘a\t:t%t‘éh’r‘ilfg ttarfést 2fgkhe ni‘)qi%((’:‘iﬁ‘es
conveni ent |y attltddient oegyiope operbdr med ¢ndiomciiuglbptide beeenf an

attachnment noi etydfa?éédted;oomhtehedapetae' 6idgidy m@gq%ul 8% @Bﬂ/&re ss¢id
support. Thus for exar’{pzle,éktm@arb nglﬁm“ﬁ (;ye dltg %g,rs may be used,

such as avidin, s(t'reprt avidi.n or protein (e. g.
either the |ac IPI¥PrEELEIiS Gt ein or the Iac oper at or sequence to which it
bi nds), anti bodi é8) (lvimidilmgmey ible aftapber omo patwyilel dowabk), Llaast body fragnments

or the epit eeél&t SRRIARE 20k eatrl BQQ&Eﬁ tét;ttcn\es;eeg@éssm%\ee;partner of
t he bi ndi ng [ ‘T: attacheg nhe en %tga g %, {he solid
suppor t and(gﬁe Bt HE Sa G e s 5tlf‘a[3(h i fiReFentTy part of) the

nucl ei ¢ aci gomplexul es. Ot her techni ques of d| rect attachnment nmay be used
such as for exanmpte ddtimdalliyer ligaused, said acimgett noeyebe feid or med by
UV-i nduced C S,et

ﬁ??%té‘kﬂd“ al\(ih%ﬁaﬁftfs? b5 08c .Wfssfbl[%g@ﬁa% at Dé’aé‘ﬁnem of

propen5| ty used. Att

appropri at em?%?\tFY’dh?alta@r(&&p§ef“gLf‘hé5§%¥’r%lt%‘h oSt SAE§ BREFRY f or med by
net hods wel hukhein dqid e laculenwhndhtonel adeidasrederampbes attdchnent

t hrough hydﬁem&ut&aarda@eélr mdlLdenydeconp pak N0 groups which may be provided
by treating the i ppar ro sui t bI e surface oatl ngs.
Attachnent of apé‘?)optrrleéatli nr‘gutrtlclr:l |5§a ﬂlmﬂ 510 etxhe)%nu[é?%l ggacr d nol ecul es
of the invehReoFeTiEht iv@ ﬁé’t“?é??feél%?“?ﬁ’g ¥ oif dthaitneFol®e®d during
synt hesi s oanaufpti fieRflononf taidexanpée mst g PhiciEr aotacuye nigs an

appropri at e JRi&tded SHER @S Bt b0 PhbPe PASE ithidahgSEAYERSE for capture.
23 June 2003

adapter molecule, wherein said another region comprises

made

one or more nucleotide bases which are not associated
with the magnifying tags of step b); and thereafter



- 42 As described herein target nol ecules are conveniently attached to
conpl enentary probes which are attached to the solid suppor23June 2088hni ques
using multiple but discrete conplenentary probes the solid supports to

whi ch these different probes are attached are conveniently physically
associ ated al t hough the signals geaépated by attachnment of a target

nol ecul e to each probe nust be separately determ nable. Thus for exanple,
plates with nmultiple wells nay be used as the solid support with different
probes in the different wells, or regions~of a solid support may conprise

the different addrq$§e§ep%%&ig§aggﬁﬁsthg)dkgfgbgptwg&gbgﬁegB%OQgsgound to a

filter at discrete sites. Attach to,a sol|d Support na e perforned
before or afté aﬁu&l@iEQQﬁpﬁrnHngﬁPéefF&gﬁéﬁbscﬁﬁ BéeﬁtﬁPéddgédFOFor
exanpl e t ar get(Cludblieids &oi @ melgéonl esljeaenyi ig bi ndongnnoifetihed tray ged
attached to aps@ied cSWRAG moakeuliRereatihgcht reated with DNasel or simlar.
Alternatively cleavage may be effected and then the fragnents may be
attached to the support. In many contexts, the object is to sequence one or
several sequences that are present inside or together with other sequences.
For exanple, only 5-10% of human genonme sequences are assuned to be of
direct biological inportance. For nass screeni ngs of human genones, it
woul d therefore be useful to be able to avoid sequencing areas that are of
m nor biol ogical inportance. Thus one strategy which nay be used is to fix
pol ynucl eoti des that conplenent the target sequences that are to be
isolated to a solid support (the inside of a well, nono-di spersed spheres,
m croarrays, etc.). By hybridizing the polynucleotides in the sequence pool
with polynmers on the solid support, undesirable polynucl eotides can be
washed away before proceeding to the sequencing stage. |f desired,
specificity can be increased by perform ng several cycles of hybridization
23 June 2003 - 43 and washing. Even if it may be advant ageous for

i ndi vidual applications, there is no dependence on whet her the

conpl ementary pol ynucl eotides are fixed in a regular pattern. Simlar
strategi es based on ligation, PNA hybridization, etc. are al so possible.
For exanple, to isolate specific nRNA/ cDNA nol ecul es, conpl enentary

cDNAj mRNA nol ecul es can be fixed to paramagnetic spheres or the like_ The
spheres can then be mxed in a tube together with the solution that
contains the target sequences. Wien the nRNA/ cDNA nol ecul es have been
hybridi zed with the nRNA/cDNA that are fixed to the spheres, undesirable
nol ecul es can be washed away at the sane tinme as the spheres are kept in
the tube with a magnet or simlar. The desired target nol ecul es can then be
rel eased by increasing the tenperature, changing the pH, or by using

anot her nethod that dissolves the hybridized nolecules. A simlar strategy
that can be used for sequencing protocols done on a reading plate is to fix
specific target sequences to determ ned addresses. For exanple, single
strand target DNA can be hybridized to prinmers that are fixed to different
addresses. |If desired, the priners can then be used as tenplates for a

pol ymer extension. By adjusting the prinmers to the target’ sequence, it can
be addressed as desired. A corresponding strategy can be to fix PNA

nol ecules to the different addresses. PNA nol ecul es are known to have the
ability to recogni ze specific sequences in dsDNA and such a strategy can
therefore be used to address dsDNA by using PNA nol ecul es that recognize

t he sequences that one wants to fix. As nmentioned above, nol ecul es which
are sequenced which may be divided into two categories. Those which have
one common end and one arbitrary end and those which have two arbitrary
ends. Positional information nmay be obtained fromthese different types of
nmol ecul es in different ways.



23 June 2003 - 44 |If all the target nol ecul es have a common end, the

| ength of each target nolecule will be proportional to the 23ilsna20@3 bet ween
the conmmon end and the other arbitrary end. Simlarly, sequence information
that is attributed to a particular portion of that target nolecule nay be
positioned by cal culating the distance fromthe common end to the site of
t he sequence information. Convenientl4f where that sequence information
relates to the end of the target nolecule, its position may be determ ned
fron1the€tﬁéghhé§tée wblébalendbitre ppeetals. cyE€laubbend, ackdtheagnents do
not start_fr n jtjion i of 1.0 tained in

di f f er ent 2#& g%%cﬁgﬂgpgégng iggébsb ogé?égtgég?£?dghgﬁ¥§8§hg$a§teristic
fingerpri negichavhighyoveshrpequéhteat begéquenéesaTusarght position of a
sequence Rpj,e¢eican-hg feNb¥BUebYor fHlshethBJavhpteli ROCERNILBL okt ais tied
to, and pOSSIb|§ wher n thg fin ergrlnt it is Iocaged. V%ré many

t echni queBT8¥hOBE E¥RLPARPEAYS ofNHsBNEEF IRy EBEI RIBHAY 4BFeFPEPI Bl pat t er ns.
The cl eavagenhpatteéeno6f stepkri(Bti on éaryaes LingatBlAtegqtikace tan be

regi stere , Lt h.:the_ai . _"gptical mapping” or simlar nmethods. One
disadvantgaggggykﬁ%gnlkgpfs%gl9%§B§?hg"_nethods is that the cutting sites
for the restricii®n emgymeg bhadmbteedised avee notclahayss cut. gli kewi se,

i ncorrect cleavage can occur and. there nmay be some uncertainty associated
with t heWhex§t FeRHRAT NS JFNLRECBNAY f rayRbhbe. mHBLEL6REION s
necessar ynldo YQAULE, aucleflfge Phtyudre ofy€ehoFBRagheeechases on an
anal ysi s .of ma i dentical DNA nol ecul es. The problemis that it can be

di fficul &5t &9 t DNA nol ecules are identical. Another problemwith
current nethodsafveapical tappi hgrnssthedbleefbnehindihy aastriction

enzymes e |ike f t cul es hgve been
sIraight%ﬁ%ﬁq%ﬁ W%?%é%ﬁﬁ %%Kﬁagg %gr?06§£§e?gegrﬁ%g8g53Hﬁgﬁ u§6b3 - 45
i nt er nal il acgnentrexddy hien DNA 4pRYARKLate Thoxmr edlibes thebawdi [P | ity of

the DNA ﬁah%garg%ﬁcgoﬁ»g¥g£@ﬁn9§_aéuspéygﬁ%éﬁd@aeQQEQELOD- The present
i nvention which provides end term nal sequencing in addition to >

posi t i onEPlgicAd&fents dIPovRESRRFAPY obl eHBLEBT b¥. oV Er doMelesudef dis exanpl e

the techeiiga cdeacrd e i colxarplen23s fhe GaBeabsapyuss hlinarescing
probes/tags that create charagcteristic ggéterns This is the principle

behi nd t REARESA 1Y SIbi B P 1R GRE A9 si i PaP 8B GR8GF is to use
atom ¢ f bweevidrcrascays {di-May nber oequnanegoresy . obyohhet ingt boms f or

regl ;tcteregfi@glg}ng%pt;{,tz gtré;yl 1853588: PLcPLRE CbEBe bRl AL EnlPHR ol
the adapter. It is not necessary to convert the entire
molecule to a different form and in appropriate cases
only a portion will be converted. This portion should
comprise at least the length of the binding portion of
the adapter, thus preferably 4 to 500 bases, e.g 6 to 30
bases in length. Reference in this context to
conversion from one form to another should not be
confused with use of the word conversion when used in
relation to magnification. .

As used herein an "adapter molecule" is a molecule
which adapts the target sequence to a signal-enhanced or
magnified target sequence. Adapter molecules as used
herein are single molecules or complexes of molecules
which may be the same or different in type. The adaptex
sequence comprises a binding moiety which binds to said

target sequence, e.g. a protein recognizing a particular



One can al so use cellular adapters as di scussed previously. For exanple, if
one transforns/transfects magnified target DNA into cells, 23rened003 ake
advant age of the fact that the transcription frequency of a reporter gene .
varies with the distance to cis-regulatory elenents. If there is an
enhancer at one end and one or nore magnifying tags at the other consisting
of reporter genes, the relative du@ntity of reporter proteins can be used
to calculate the position value. It is also possible to | abel or

i ncorporate the target sequences with elenents that are used to derive the
posi t i onb¥akueequidtites tdmntngdtee eafe beb b vanbagausledtfdei f it 1S
difficult to distingui.sh betwe h ingerprints of t ery simlar
sequencegfqﬁbarncéaxacr?%lpel,e“ﬁnetoanlivr\%(gs h(g%é t%‘gs%%ﬁ%gl&%sgfss?ﬁftiéﬁr onosones, one
can i nt ejpageta seapgmaruinbdireferaisky tilon el edingsségnansposens or the
|1ke) thabh 300 aidud | fidd el dBRATALEH 14 T Q0Es L IgMm gLkl i es the .
chronosones and use the I nsertion el enents as_position markers, there wl|
be one oRdapteramdiesHaeraddiionaly ronRyisqchnsi remotr omosone. An

al t er nat i gns iERALROE dtato e it USSH 1 £bh£Rg LAEROdHGE, bat i a positional
mar ker and allows 1, . 23 June 2003 - 46 identification of a sequence at
that sit8SAHEHCRSs WHE SF HICARPTRTU LY R nfR+edEBg BapERerSacti on. The
result of each PCR reaction will be two adapters that are connected, where
t he di stance between the two adapters corresponds to the distance of the
adapter sequences on the target DNA and sinul taneously provides positional
information. The target nol ecule's sequence may provi de the necessary neans
for producing a position marker without nodification. For exanple, if sone
sequence information is known, a probe may be used to hybridize to that
sequence which then provides a position marker. Alternatively, appropriate
position markers may be placed into a target nolecule, e.g. different
position nmarkers may be placed at regular intervals in a genone. To all ow
di scrim nation between the different position nmarkers different signals are
provi ded by those markers, e.g. they have different sequences or |engths
whi ch may be probed. Exanple 21 describes one nethod in which position

mar kers are used. Thus viewed in a preferred aspect the present invention
provi des a nmethod of sequencing (conpletely or partially) a nucleic acid
nol ecul e conprising at |least the steps of: a) determ ning the sequence of a
portion of said nucleic acid nolecule; b) determning the position of said
portion within said nucleic acid nolecule by reference to a positional

i ndi cator, preferably a position marker; and c) conbining the information
obtained in steps a) and b) to obtain the sequence of said nolecule. As
ment i oned previously, multiple sequences and their positions are preferably
det er m ned.



As used herein the positional indicator may as nentioned pr eﬁ/'%g‘selaéloolge t he
size of the nolecule, the intensity of a generated signal or I'stance
to a positional marker, anchor or fingerprint. 23 June 2003 A nunber of
different techniques for performng these nmethods will now be described to
illustrate the invention. Every nethod for determning the size of polyners
can be used, in principle. The length of the sequence pieces that are
identified must, however, be adjusted t®’the precision of the size

determ nati @ I r e _precisiagn, the |longer the sequence pieces mnust
be. A nunbe?%gffte%gtbf%g\é\%d?é?esﬂgzgogglatli”nQ“@xi0§t g legsef ireladbgrgeligprti ng,

m cro- capi | Fat¢Ssorspagiakduspriefigrabliha resgt-hs9bnpQliyizer s, that are
stretched oukagh @ek8aHS | at surin f the fluorescence“inmtensity
(or other) of pol gmarg tgg?ﬂaggﬁéﬁgﬁegi P?‘Egﬁﬁet yhded chiemieshe aid of a
fl ow cyt onePBFS18FubF8sEeReanit épnsedpe, etpefialBySpspeetkpiptry, the time
a pol ymer usestrocbioaksataicsp pfgn €orlfsiPUSh procedures may be
conduct ed bg%gEﬁcggaa{teé t he signalé?gpﬁéaart%ﬁaéfe?ﬁ?EBQFhe sequence,

e.g. when gel el &ct7bphot 85t s21d okkar eeadimg @eycbebpdr hareed on sanpl es
separ at ed oRrafgeabby eiwtedfdr ovthde g@éui@@i&ﬁ”&ﬁ%‘gﬁ% a_nucleic acid

mol ecul e mayyx@l g@-der A&} &yl nedl based on the princip fiaf"The chance that
a DNA nol ecule will be cleave E(pe. Igﬁf‘by DNasel, sonication etc) is
proportional to tFYRmRM lf adrpDNA molecul s doy %%BP&PH%%, ¢ nol ecul e
with 200 bas@mpei gsq e |5 . | Ce ft as one wth 1 asSe pairs
in a solution Eflh\ﬁajf halim ?ﬁln(gl%aln(%)\lljgn(‘tcl%ﬁ%ﬁ%cs ¢ Hhivhih thee achi eved for
exanpl e by ‘Ehd TEDTIRGYG diFT erferitherndant s, asubjestidg thenp o cl eavage
and t hen nohififoriary they@muds ¢fheSi d bl e | abel | ed npl ecul es

rel ative tcl%xsé\?i’b rds of known Iengta{\kg%sfi&n%n'ar Iq{;o Abd1 & Mshtoieradt o
determni ne the leng W &agé‘%\\ﬁ&%lt@&ﬂ &Yt e di steamicet @ ffdppeg, poi nt,
the DNA nol*geidle imml usienemiednt lsndie extanded o, st etched oui . One nethod
of stretchimg, tthﬁlp%omqld%cgl S 1§90 mx themwith a |arge®s of
smal | gl ass beads (they bin %NE oISt &€ Whishymeeridodng 4ggmat ural | y)
so that thé‘&?ybi%t’?d -Bpl ecgvasle mpprbpt inat @.inﬁh%gDFJérmle les will
have | ess resiasiddrdent kanchbe rghass Feads ih;the Liquid flow so that they
tend to nove awgy from e?ch ot hg? unti | t%ﬁgﬁbhﬂ 7ol gz‘ﬁl &3Fge&t-r et ched out .
If the liquid flow i sPsffon§ &F tRE1GRASE bbads "atelkasge saithat the

di f f er ence™PANEEYisgahegshetneen abeoamécaral.ecmhegsaequghgng% gée eads is
great, thetbBAA ppke y.te However, this probl em can be avoi ded by

| owering the flow sggégt@ B} gélrﬁgggﬁagF‘gfeafa§§yb€8d§¢m¢ﬁédr-ret hod becomnes
particularly ef fPcleRe herena ONAchelietubésmageiayiaggedgknraskegul ar

manner so thataghewhdBHNha®é SEENENSRKELAT Lop ks, Lncreased per unit
i tﬁgg% ﬁ% athl %sc%i:fﬁ Bfotin and

area. One .doing this is to | abel

then fix tﬁ%%n?%lgg%f‘g?ea%itﬂt%a?]éﬁ‘al 5P SPeepdapteinopatieked Alternatively
fixing mayt@geblar evedthisi agd ot asethbepsl e S9r Rl L& ASET o4 T8PPI NY-

I nst ead of pyshNg ﬂléigm,gaééqﬁ%o?stgai ht en out the nol ecul es, one can
use a positive charge that” pu fe %e%é}t'i?/%ﬂ’?o%]aﬁ“@%dnw nol ecul es in
one directTOVReadft Mg nilncsoval énkehyan® 1665 ease-Hyqusi ng this
strategy. The emsé@stapmfhads 4 i NG ,.dis.to.place a posjtive or
negative gpéxéh&i'narqqtﬁ imng}f_ront o%b%]eﬂ(?%tgél nlgé P HL. TARIEHGIED Coul onb' s
law, the force o et ah eV It mestreritd 5 titee | alvere ed teghs 0por ti onal
to the di strarsdlithien DNA dad il e | Bsesde rgg;wll_then be
stretched ,Nglt&@egrbgat%e farge tha cj:t hose t%%ﬁ%eﬁ%ﬁg’h%%ebreq%% I n order
for all DNA nol ecul €s 10 be i 1Y At eids genarateshdntomftireadi ng, it

wi ||t her &isie fyd nie dexgsamy tew ool - d b ispata vitdr 9 it Wi h the

readi ng umidderThe ; c |.sq .be placed far” bel ow the reading
plate so that the %ﬂéﬁﬁ%@reeﬁ{é olflt%'tll‘ﬁeg e § Fexsiaided simnadn

al t er nat i V&'=5 £ gepsasitiede firomathen gedrid yihay gagan amare B8R, that the
force vecipaesearte igdédleny 1har ¢e @x%n%tlreaivg@;rel itr}]:tee t the centre of the

arc. Then charge needs only to be noved when thed&afdtdu@t is noved
15%%1 Qltg cer%aln pr%perties (e.g. a radioactive 6

+ Or may require further steps for its generation,
€.g. the addition of further molecules (e.q. binding

label)



23 June 2003 9 _ sideways. Alternatively, to reduce the for‘é@ﬁﬂeb?ﬁS
nol ecul e's anchor a different technique may be used. Two electrically
charged plates may be placed under the reading plate on which the target

nol ecul es are to be stretched out. The top plate has a weak negative charge
while the bottomplate has a relatively strong positive charge. If a
negatively charged particle (e.g. DNA) is placed right above the negative
plate, the repulsion forces fromit w48 be greater than the attraction
forces fromthe positiveﬁgl ate. The art':tc{)e wi |l then be foxced upwards.
However, nRATTPERYRES }H%SpFé’f'éygBﬂd' fPBHE) WPK| PEECEEFANge@f The
attraction iy eeapii tPengosaysvenpbatereadgbtat €brinhaa . ghe repul sion force
of the negative Iate.tByaagggatgilg jtsgle glfasr; es of éhe QI ates,. equilibrium
will occur 958t F¢epur sfon“and att raction for'c88 ¥ S*Pr&f R& Qft above
t he readi ng plegice-t dhegeme get wbiebubbs wighabewhishedsi meadt hiss tpleane of -

equilibriu i thog. the net force on the DNA nolecules is equal to
zero as | orrlggxda%stf%e§ érgna(lgnnl} n the plane of equilibrium This reduces the

chance of rupturldug ninddi Preherbedhaspaet chhegpdepratedngepsdioni ve char ge

to the |eft,ofyidss reandfgod! 8f es88NeAb8AghE1 USEE. aTRL tWhkl sproduce a net
force in this direction, The sane can_ be_achjeved by tilting the two
char ged pl &899t teFlelieomeidclehecther ianyhiGhr aktalraftt 8 PREtAEadi ng

plate. If tom gate lrgé@wﬂxd €8 @fES&DdbEaﬁglldednﬁbléEgséégach@!ﬂeghl@Ug% a flow
cytoneter or_siymlar devige negatjve chapged tube may be used. By
usi ng such "E?gtrb]gt]rﬁﬁ%'ueﬁ’r‘?g‘?g‘%ﬁlﬁnel?\éc‘ﬁr%sxﬁfI?%bgnﬁugﬁeﬂofé t owar ds t he

m ddl e of tegyrtivheivherags hasseplhseédnwibhceseare nhheewbakest inAthert her
alternativ ' hnj ' oy : dgchani stretching. In
this metho %¥§ee%)%r%ﬁ%§8§m%g%}?%%§nt9£p a‘?% %ﬁﬁegﬁg{é%g%ﬁ ! ich

ol i gonucl esmtdexnaclohp| evyeBF§dt nePt heFeadrbbe shgnal 23nduseid003 - 50

target nol e & AtdAChedinQNCEy t A5 865 sHBheCYE esnbayeqRgen hybridi zed
to these probes, the plates rT(?y be separated until the m)?ecul es are
stretched BRYAEERPENSIR"GFRESFgnal generated in the above described nethods

may be read in axnpdesigg” daffesedt heaysn dependi ag Bschhe signal which is
generated and how positional infor ion_is to be obtained. For exanple to
locate fl ué’rueasn}(}el\r,lgt C pt'd e%u%ijf%c Ee\(ﬁgt%é;ée?%r?%% ?ﬂt'ﬁ%yDRﬁ may be
stretched aetdascimidddimbdveclFor exanplet tveretdodsdevel oped by Weier et

al. (Hum Mol . %@atﬁ&??ﬁ?y%e é&ﬁ@éve@%ﬂ%?i%k@PV\Byaﬁsé%ECm ar

conmbi ng may be used. in S thod a splutjon with target DNA was pl aced
on a flat GIPRESRUEFHE Prapat el LOCTRE Y hel TRARE FoPECrEL2REFached
t henmsel ves thiddeacane aftdi 16 t hbgat bsis pépteserdbhe ENAy nBl peafesragare t hen

strai ght ened_gut, by ising & QUi 1 o WIh-thec gl ool a fLyor gscence
m croscope tehey could rl‘*len. observe the relative pogl?i ong of T he pr obes
whi ch wer e iatcrzetsesd speehlcitet cheemparedot@clylesidization,

specificity is increased by a factor of ten if ligation
is based on T4 DNA ligase. This is important since the
sequencing methods that are based on hybridization in
many cases are associated with an unacceptably high
error rate. Furthermore, by using thermostable ligases,
such as Pfu, Taq, and TTH DNA ligase specificity will be
improved while efficiency increases dramatically so that
the incubation time is reduced.

This method of sequencing using magnifying tags
offers a number of advantages over known methods of
sequencing. More than one base may be converted or
magnified in each cycle thus reducing the number of
cycles necessary for sequencing a particular length of

target molecule. Depending on the choice of magnifying



In the present invention, by for exanple using four probes23 adyed 2608 Wit h
different fluorophores and magni fyi ng tags which are uni que stretches of
DNA, the probes may be directed to those tags such that they hybridize to
the four magni fying tags that represent A/ C, G and T, ie. using the

DI RVI SH t echni ques descri bed previously. The sequence order may then be
read directly with a fluorescence mcrggcope. As nentioned previously, nore
or fewer probes nmay be used dependi ng on how t he magni fying tags are

_cong_t r gct edage. @ndd tsuieng;!i@rmlcgoem@é e dised isﬁmmiiffhear&\eﬁan@ﬁrchi n which
it binds to.each magnifying t oduces uni.que.signal , e.g. e

devel opnen?lgf‘agsbi"%% %cc?g(é’.ﬂ%e{%r natd \/eﬁqﬂﬁ Sﬁgpgltghg'ﬁ‘mbﬁr c}g‘eélﬁay be used
where the magn bfi rg biagrgorreespands, tie 2 wriguer eibasds. aBy devel opi ng
software that c the mcr Qpe. t I |late while at the
sanme time du ce)ﬁgtéi%?zlflog é)nqqéel fgﬁs?\“g t eﬁ%ass:egsagcgﬁp%pg%iﬁﬁg 2003 - 51 order,
it ow bl peCpm@éinI@Iteqno cedd Pagearaian peaif loagildlpyons  aofurt her

al ternative;nfak fAghanqadie \add 0w &t aRigeskayche uggdsto read the
fluorescent probes. A prerequisite for this iis that the DNA nol ecul es pass
the readi ngeGHcesofthe USRSy Tt e A4S SRRl idFe§VESER ¥ichagTehe

magni fyi ngreagsredat mepsesenitedd Gf Qeaatithgl foirl kxpagdel ncorder. This may
be perforned usi n he techni ques scribed.aboye. Alternatively for
this partir%‘idlfg%r&%ogfak&ﬁﬁ Etgor{ e%ecc rzld(;%adsre FRIRENRE 1P el 8rng§ be used

i nst ead of diifderenftl dabed spuldr terelpar thadeesophinathienf | uar ekeence
detector. i n . iev ilq,zi the. t .t he _gl ass beads
have a pos% F\%g%ghal?‘%gﬂ%/ﬁﬂ%e_el%h?g A réo e"{(g%jleets}%ell%ggngégﬁ%\]i%l ?aghg'?ged, or
to use supSeparaveghéyi ©rievdds Ncnsre KRV THdaddyinke tbgadspabbiednt hen pul |
the DNA nobgcyl aeabehiced Premddikry |0nG ddieadgna§hit beahepagageter in
this strategy is the | ower fl orei)c.enc.e etetc[tl on limts of the flow

cyt onet er . 2SBFELSIT g PEuFS HRsy & Fradgitt 1D At uererRanti BEiaPes | uor ophor e
nol ecul es by reduel rgghladw isyfeatha tHowe ey, beo tighttonpaakednal Theow
cytometer s with analysi § spqeds of 20+39.000,08r Li.ches,Rar second. | onger
probes nust be used so that many fl uorophores can be Ixed to each probe.
The fast estlflopvwngy goeweters fdigridnitliyE yhave thige tyapscpfymagnafdlipae about

200, 000 f1 wag@SeRRlPRal Bt 5RL YWidnld!l whiehemhl,0peCytoneters are not
commercially available. In addition, it 1s not certain what the high-speed

tol erance GFEUBNALRS-ecdPeSIE PSSy £EFM BBEBr eYFhEPIbLEak. However,
it is real neti petr@camsdne lidigle phe tRivhameifeaulseguenktk mhalebat e speeds t hat
will allow_extrenely.rapid. reading. t her ernat.i I fix the DNA
nol ecul es f%qge?‘g&?lyg?' asgﬁll?o%%ggg‘as ?’oflf wﬁ‘ggﬁéb’gk‘? E‘é‘g%. ¥§ tRob8 _

strept avi dPRrédvesed hpisape o ittiads égerreaplexg repreighgnangodendr dbed by a
series of pRYRLLYIAGILAGS hridS al 523 N0 o raZarkedfeby having snall
detectors inserted’in the readi n%éf)l ate. These (et ict ors are deactivated or
activated BPIPEPGEiOn A8 fAEd TYFe &P Ph@arkdRPf¢Fn§2FEg65, fixed to the
fragment s, seqgenky ,breaki ug iog eshaelt shilegudleectikedl toi acuetdiby bi ndi ng
to sensors_on,a soli.d,syppant., \F anpl st rong bon y _be forned

bet ween thggragﬁ’(jr twélrlcrl?bllié‘%thtegs héf% t“'El;n%%du ggia(%nhta&egreeéfﬁgﬁgqgl'gfe. In the
latter casaitre/moduipes esaybd lohapad dnetsush cauldy nohabet hegdéan be torn

| oose fromthe rx%aq;&fteeir%trdg eﬁf,fpet&% YA ViR qs\wleﬂ,%tiem LBRYe2WaYn When the

nodul es cone | oose; the the current circuit 1n_a way that registers

what modul 8§ kB¢e tie@str B nsd ey §9 e Teesdi AgPpr&iellynsSdndér to increase

t he chances@framasudc 5% Uls kididisved 38V arding epefihgt emekeauies may be fixed
in the sane EOSi i on o%the fragnent. One,coul d eithgjgl use four different
"gﬁ’e T

reporter nBPeEGMES ©Pdr Padt5* P BERAG, &-IanFYTUSIPIUER the sane
reporter napeewperipos nualechsen Wicdr didlfesvegie plideesecparthe ftragnents.

Wth nmulti gkgxrep:%r l;l8l, CUUt er, JPULS ﬁéde%E%E nodern el ectronics, it
is believed to be possible to register several i'on signal s per second
al | owi ng rapi d Segfencibdy when the reaction is performed

cyclically, the magnifying tags of each cycle are
joined, e.g. by association or ligation, together, e.g

by the production of a single chain containing them.



In a preferred enbodi nent these nethods are appropriately us®dune2003
conjunction with the magnifying techni ques described herein, ie. a portion
of said target nucleic acid nolecule is determined by the presence of one
or nore, preferably a chain of magnifying tags. These net hods nmay however
al so be used when no magnification is perforned. Instead of magnifying the
DNA nol ecul es, one cvuid incorporate_dggferent attachnments to the bases
that the sensors can register. Once the “signal information has been
accumnul at e comput er 0 11.s. U o.assenbl e the sequence pieces
into the f%ﬁlgl%hs?erglgoer?c’e.%%r ;a)lrrqc%a;rbll(%?%ﬁt%% e?r%?%éwm?ls‘egb@ﬁr %Ioh this
step depend9igk iadantiar owldad d, 'sajhreasuliant theléenyehief the DNA
nol ecul e t i ; : 0035 ; n w, ] ized the
e 419 P i r A3 i ! %on\ﬁéjléﬁgiﬁfe fﬁgs Ego?ﬁﬁﬁg%

base pair conposition of the DNA sequence Is, t engt pi eces

that are t&YéteRAudiy dilbdrie DN IRnEEke 1nEe AreeBbPhg (Praby and the

error rat e aicht sldie it QUERGHNIGH &ACTd ISt arkier | MYEREQTe hes al Eapgytreated a
conput er pra(igramto nal yze the inportance of the above-menttgoned

parameters. é’é"éﬂ’%nﬁa"}ﬁﬁrdﬁ“gee]?%% Y92ty BeRnt88quenced, the
anal yses sholeichdte widde ExENplp exx) |andts inlg ppragntats, scepdi og of
6x108 DNA pi and er.r.or i £, seqguencin eactiopn of 10 O
(consi deri %gl%s%glo I néfiqol E)t,loar{ ﬂ%}frtaenpgéea{r}odneacga&ﬁ%r b'gOiree% i? ngﬁssi ngl e
sequence r dsem amtarmlhwdady vyt efrava sl ymitta | orsinie| ef | vagni Hgiager, one

EXCOpLi ON ic5géChoh AN A S AULA GRSy (SAUGddd £ NN 300 OLPPEST ERELi i ve

areas) wherethe DNA piece | engths nust be increased. ogi cal

i nformati of 94 SUfede HteaLn HdeFEIgts wrlagibly df Hereut npbet aged conpar ed
to codi ng FRAURATIRStARE: Wis-dagH Blaribre! emantfppRes A #ral yse6oabgo show

t hat even %vg&r&i h error rate i, thet1 sequencing reaction i s conpensated
for when tHh&7 i e N H&rﬂ)"% rr%ga Fdt ?,%by reading ten
times as nmany basstiair s driedengidhmfqud avisiachenesi d Soshe deéegi ons and
spot nutations wll_ be el|mnate ith a.hi,gh. error.rate_in the
sequenci ng TF&aé )ﬁcc?rﬁs%péjﬁglnqg‘%%qwhog&egc htmequtéyk\g\ﬁcghz?gl?@e‘aff or

sequenci ng smalilen waerdiad diragnettahcds pavsi s i tac pérfiotecskgaenci ng on

a heteragepgeys SaRd & itrQ iRRY frddn par@ld £ | DgaaFr ocedur es
which allow this form pr efagjrnrlefgllgﬁj,ectc“{sB of the invention. Sua(% t echni ques

requires thBESEYAS VGBS eqLEY° L@ dRTRYCHRVHFSEPI i nat ed.
This may beyadkisevedi ithe maybére Afinkayds bye.dpmpleni@asidatrtty oot 0 parti cul ar
| ocati ons, | i Qr. .| ificati f . whi ch i tify
particul ar u%‘g%g'g't%frm decgtﬁdé%%ge(g o%grmg%én%telfa{sgﬁe%%%p%tgﬁ%hi ch

conpl enent magnaddivomdbft agst.arcgest- mydlaat gty damlanage aaytibe @2ed to

i sol ate anqsee2FTxHiR 2003 - 54

To effect cycling of the reaction the control of
particular enzymes used in the reaction is necessary.
This may be achieved in different ways depending on the
enzymes which have been used. Thus, methylation may be
used to prevent binding to and/or cleavage at
restriction sites. Ligation may be prevented or allowed
by controlling the phosphorylation state of the terminal
bases e.g. by appropriate use of kinases or
phosphatases. Appropriately large volumes may also be
used to avoid intermolecular ligations. Small volumes
are preferably used during the restriction reactions to
increase efficiency.

Preferably in each cycle of magnification (or
sequencing as described herein), at least two bases are

converted, preferably between 3 and 100, especially



retain a particular nolecule. This may be performed with k2®uwneRfd30f at

| east a part of a sequence, ie. to bind particular nolecules to a
particular site, or without such know edge using essentially random bi ndi ng
probes on which different nolecules will bind and which may then be
sequenced in parallel, by making use of one or nore techniques to relate
the sequence to that nol ecule, e.g. -byjaddress or positional marker. The

t echni ques descri bed herein are particul arly advantageous since they all ow
individuaIF&aEeeubgy EPotes SequeocBdstbupetusybee . ai doagehientagi | itation

of parallel sequencing reactions. nunber _of the techni ques deScri bed
EBan T Se CBRGRAET RBTORFY & f

herei n may™B&CusBa™f BPC sBYIARA Spareest2heHaldét’ Potelil e or far
fingerprinhoirg, bpreti ie aaahysesler nBppi agampee, i danti pyerfgradiesicr et e and
di stinctiv [t ] o] ule, 8. g. fox, ysLs:Qf, R XPressi on
(whi ch naygpggg mggéto%vg?ggégggggpﬁﬁ'gérga%éﬁ§§%s%%§#§5 gggﬁp é?sas
descritbed P Erafpl eagl carrgspendingpre aay o Wpgesbadewi.th a restriction
enzyme whi ¢B1pEOdYUGESyacRrLEpHhatngveshangoteivhi 6 8armgni fying tag
(preferably a chain o¥ magni fyi ng .tags) may.be attached. In addition to
carrying sé&ﬁ@ﬁeéerePﬁ?eHnFﬁ?éPﬁg??o : su@%lﬁéﬁ enb§ISddft BonBPEE carry

i nf or mat i oahaal at tagst ocbheegpaydenghtohfoesakaeglen4ckeavage, ie. as a

mar ker of fragments resulting Lﬁoghﬁhﬁ% clgﬁyggea Ngre thag ne.restriction
enzymes nmayOBE HERESsPREFT aneGORI Y FEhbs s pr odidedi FPEPERE Méfbt n

over hangs sochhtefsdihémsehveadbpibgsdiagcbedbbandordl teenabineel y di ff er ent
restrictio zy . u i o] uf, | C The resultant
fragments %gégfhgﬁﬁbgaéfﬁgﬁeggggrEgga%% g %§¥$i§¥u%§§?3fhe anplifying tags
attached to conpFenithiaby BokrfAahfsExampglepl imneaypsedprrgds which refl ect

this conpl egeBhfkbhY, § HucYB858i Havihg ERESpLHEABEL¥ESgaLeriRdg up of
nucl eoti de bases. Fromthi restriction nasvgﬁxégg built up.as described
ur

a .
i n Exanpl e 2Pf lszgmghﬂgeéoﬁg gergrabg thy, t h8r 2d8pEdent he
present i ngeaiti oacpoovadaést aonel hpdcohpplisdacangeatmptabnaehayget nucl eic
aci d ol ecll;g conpLLshilde OBt 81 DhPI-AAINPAGE. D" O TBHEOROPfl SEKE! ©
portions of “sai tgrge RuCl eic acrd nolecule as descrrbed herern in
addi ti on tzepodttinonéronnfvehapafenchnasagd porProefvcasthescri bed herein. In
a preferredteahHge SaldefRRcisepyodHcedsby;iobiahnkAgymeIUgBESHiRf Or Mati on
on discrete portions of sai target nucleic.acid gDIecuge whereip said
portions c&RpfP€ecRTT™Sr UpgHt C8f CFRATEI G alBIEI REsO¥RT BABIOPANDPE
nucl eases as@dowhakh profacésoént beerbhshyi ehioh Batepretisai d nucl eases and
the positign f i eqgue S . er pi ri t he
sequences %fﬁpﬁgm§§%%f a Heﬁgg 8?£§%g§%e%?232? gé?éegg?ggﬁggﬁ gic acid
mol ecul e afinethdi gesckdANwi th sai d nucl eases. Preferably sequence
information i s @bt gkpedrRyrhkea¥arsdobtSakdnpaeget aBhoeulienbyyone or nore
nucl eases as descri bed hereinh greferablé_to ggoduce coqglenentary single
stranded rBYFdfgseafidtBrndthghoPr8HUCS AdAREEPC nBF eRUFE1EBPA Yegi on of said
target nol eedliencpoéf evabhyngt arer uadfacefthese theesl eaeage site) wherein
sai d adapt | e LS. QN r oni, vi,n a scri bed
ner ei n whePEeReeapaY: ACaERE: 1BaEng" ATaRERFRRRh Eh ol L RREASYEREC onds 1o
one or noré@nbaseb ofciai tiwpeaiantesswarehusaiddwhdgpt erenol ecul e bi nds and

addi tional |y, 9@%&@5%@2 g118%EAeFoS198aEET POgAPHELY LYNERB GQEr egponds to the
nucl ease useg for cleavage. In instances in which sufficient nucl eases are

enpl oyed, CRM®lgReRbaragveEhasgs a6 AhAetREd beredyaéntrngheror exanple, a
bact eri um rayibasi 8entii hijedoi ahtheihghkout BgnaBanpbrtBacketitatmay be | ysed
and the DNA i sol ated. The nn%gcules naéfthen be cut mﬁtg ? cl ass |

BEE - or '8P Ref"sRE c

restricti o 2&q85nGEANS ROEFEa88ReSESy8sc F'Sed herein. The
DNA nol eculieyvemayonhparbéchdandyt boadapber proofi-dentlihy tkdapbeershangs. The

DINA ”DleCuh%ic%a%rghggegecghéﬁgSEOrQCESﬂgkggnpE?E%sa@@r 2 or more
nucleases with cleavage sites separate from their
recognition sites, in which cleavage with said nucleases
produces single stranded regions which are adjacent or

overlapping. As used herein "overlapping" refers to



23 June 2003 - 56 stretched. Hy scanning the readi ng pl at 23whd2@03
fluorescence scanner information or characteristic pattern nay be obtai ned
on restriction lengths and sequence information derived fromthe ends of

t hose nol ecul es. Techni ques in which such nmagnification is involved allows
the discrimnation of nolecules of the sane size by virtue of their end
sequences. Thus in a further feature ofgsthe invention, the present

i nvention provides a nethod of obtaining a fingerprint of a target DNA

nol ecul e CYRpjeSids Lhei Msengle OBRSBE WRI BofifiohNBrSeflYeRCLRE techni ques
described herein in addition to obtaining positional information

as~descr i b&PWIEGNEFTY h Rt EPFBISPEUERFES  of et hOY AvEREFERPOPESNGI onal

i nf or mat i onsdxsarabt aiTieds pyinebedenceot achiehar a@“e@&b?bﬁﬁgr eshhbali,on map of
said target nol ecul.e. Fu theE ggeLeg gd fea%urea i ﬁ ude thg ﬁse of
restricti o fagBihd s "identt  §2oReS6F *AGr 8 ni OPg'ﬁgsFﬁag 8Ad the use of
t ags whi ch temygeaf faand i et yldgppivgd bskbngohpbdameyitampt eegionsnaag/ BeCr o pore
anal ysis. URIfddicy PriaGhPLEP-ART,PEB! 06R1 8 ENBE 8N &ckOLLOgYeRd 10 this
patent application error rates can”be reduced by using proo regdlng

t echni ques Wwrh ane t3dapeeiehei AGLBEr £Pngheebargehsmahdcubhenineadichg t he
signals. |f-®ord i ngri Ss L&ﬁ@@hoatanon@s%wbe-t:eaa% Ueeosé%aﬁbﬁg of
sequence several tinmes. For exanple, all target t hat begli h™w Ch AAAA
are sorted H§#IPHRIITY. STEFNERE 29nBOPRoEBATr NPsMREPAY 2HIWREBE

i ncorrect | yeardasbddndgot €cal parthatlde Bateesd whiheAAMMOnase Washed avay.
The procedyre can jﬂggginciﬁge Pe geaea%ﬁd untig the desired error

per cent age 3 TbtE e T " radhF FFEEY Bh/ 2BADEr 5hEnIrBeRaE N PLi @ possibl e
to convert ndesamneignaiefof skguehasecon attaidet baohppubeisegdral tines so
that a repetitive chai gpk Eyi t tgnal. _chain) is pbtained.

Nf ost erro?ﬂgg%¢§}§¥%%§n§%% hg%éﬁeegfsggggégégahgﬁgt 3gr3%5a$%8econversion
product s aries sttt aregeiraheandr thef af tag £08 aupeiz008 basgetehul-ecul e
that is to,@g,q§§d}é§b§ggaye position informati on can al so be copied in the
sanme manner. I n addi ifn, each sequegcg, giece nax be read many tines
because the nunbdt BFTLAFBERI nbiEcEMBEIEHEREalBVRANLPIehbealSBeClery great .
Kits for patfaidw nfrideesequeatdnginglangoirbhdatli eagiehhedscHessri bed

herei n form.a fy e eff edh 43pept s 0f ohhe L NYEDLT AN, TS, YLeveg, from a further
aspect the present Tnvention provides a Kit for nagan?lng one or nore
bases of a siargjet Fhrirded acedionl eéunuctenpr AsiAdgpaeskehsenohkeor nore

adapt ers as;figscd+ bedrhieriel PR6EE! eanopbiliopabhy1aktaphed toqQpeeqr nore
solid supports, preferably conPr|S|g% ine or magnifying tags thensel ves
a

conpri si ng 3FESYrEteR gy nbanehiept F FY9theoki £hgayinghtaFhrapfes
appropri at ecesimponentishs et #eged hobactbe Lssthbpekuddngyrestricti on enzynes

for use |n{&)e reaction, vectors.int e&@kf@nthe target nol ecules nmay be
| i gated, |i‘gases,; ehzynes necéssary Tor nactivation and activation of

restriction or |igatpenfeimesy perheiguesriavpliingasioglaendtoandpgropriate
enzymes, bylf,&fs. afch SOhiLs onsycKihg Eeﬁv@ﬂﬁéxtmgcgggogbaggﬁﬂépectS of the

sequenci ng redcti ons descri bed” herei'n are also | e In the scope of
t he i nvent iganermHukon opf etapl e Rrtranfsf pelesrArsy Prefespbirigbieaction

ey conpri sheétudLast éhéoéd'id?éé_ﬁpaét aCpEiMbRd iaNgclkmBREgeCONPI enent ary
probes, preferably a series of discrete probes m smatched to each ot her

probe at a AFYFEFER LUACELR"8n the solid support, or on a separate solid
support, by one The n¢ehbdses. wApphoperageikdbeal kihgsmeaascomplaked be

inC|Ud6di'E5“¥§E&£{§y molecules having the terminal bases
necessary to complete that site provides a slightly
different technique to that described in general terms
above, since the adapter binds to an overhang but
carries tags which may not necessarily correspond to one
or more bases of the single stranded region to which the
adapter molecule binds. The single stranded region is

made up of overhang created by cleavage of the



The use of such kits for magnifying target nucleic acid nokeQuhe0ad for
sequencing form further aspects of the invention. The foll ow ng exanpl es
are given by way of illustration only in which the Figures referred to are
as foll ows: 23 June 2003 - 58 Figure 1 shows a nethod of introducing
magni fying tags into a target sequence using two restriction enzynes,
hybridi zation and ligation; Figure 2 shoys_a nmethod of introducing

magni fying tags into a target sequence using a vector carrying 2

restricti on 3igles hldh of; i diPSiilp ey ARANGT A0 BARRLELE whi ch al so

contain such restriction sites; Figure 2A shows the base vector including
the target BR& tRrgHte SERVSHGRs t HEYWI4T o ASBRRCARINERP bBeusdeaxadieri gur e
2C shows thgiteUr (eREETHse STERS diSathyt d@BEY fin easlibaserafiagure 3
shows a net Eod of _sequenci m%nltgggbasﬁ?r}%eﬂr cycle with a gr oof r eadi ng
nechani sm Ei%Gire "8 SHORE - e Afafte aPE §OEATSNY EPGRPECIB shows
the enzymat b€ sicepsarsed e lragrid wasach bdsesteRidguihe 4ddhowsnaowet hod of
sequenci ng i.nvol vi | et - rdyCt i Si tosidentify the

t erm nal bastg‘\éofa\bgr}??%ge en;ﬁaggtf%hlaengm%c%h%A)f%s%ﬁo&g‘ggdggtggggrﬁhi ch may be
used in thewiddcesdy Binshehenend e flest mivitdon ¢isenbasnbagnpart of the

restriction A R O) 8hanstdye t)l mwldaése%lf%r%%@dtaotggg target DNA
to conplete the restriction site; Ficture 5 shows a nethod of sequencing

using a Kl eM&&h [qexmespeRd itéh AuRedtia rasesr odi attofiiBadel i gation in
whi ch A) shews-adirdaseyivecior imigrosiinghyt he sangetref@bacukeghas been
| i gat ed; B)aéﬁoms the structure .of th aq: ter A used, for Cﬁﬁﬁﬁ 1, 3, 5
etc; and C) 3HERENMET S8ISF FCRTE ‘s udSBSH U Sgali ShigeBehlPAg on whet her
si ze conpar ghlierover kargs dlave lpdere rafatlddikel PUine comphdvsing aet hod of
sequenci ng i.ng i j ri:ner s .when _bi ndi .0 single
stranded ta%%g'? r?o%?%gu ggbmlv%ief: A)é glr%oc%glt téggdgﬁﬁgrgsvxlh?ghggﬁg used as
primers to Biondais thaededr getl amlisoul fed laneBPYs Rews cdnsaddpeaeyimeund to a

target nol equle; duQwWae’ N PoRAA |34 rRf1legRed .adant essmWBich carry
magni fyi ng ts%%sp %r;d whi ch hybridize to the target and 23 June 2003
As mentioned previously, sequencing may be

performed on the basis of sorting. This method may be
used independently of, '‘or in combination with the above
described magnification technique. For example, the
sequencing protocol may be effected by sorting target
nucleic acid molecules on the basis of four base pairs,
and subsequently the adjacent base pairs may be
converted to determine their sequence. For example, a
sorting strategy can consist of creating overhangs with
four bases in the target nucleic acid molecules as
described previously. It is then distributed among 256
wells that are all covered by short DNA molecules,
sorting adapters (these adapters do not necessarily
carry magnifying tags). The sorting adapters are fixed
to the well walls and have overhangs with four bases
that can complement the overhangs that have been created
on the target DNA. In addition, the sorting adapters
may contain a binding site for an IIS enzyme or other
appropriate nuclease. The binding site is located in
such a way that the respective IIS enzyme can create an

overhang with the base pairs that are located beside the



_ 59 _ self-hybridize; Ficxure 8 shows a nmethod of making @3apine20%hi ch
contain magni fying tags corresponding to nore than one base; Ficrure 9
shows a conversion nethod based on the use of hairpin adapters in which
magni fying tags are copied to both ends of a target nolecule; Ficxure 10
shows a nethod of conversion based on |inking converted DNA fragnments to
one another; Ficrure 11 shows a net hed3$u% doubling nucleic acid nolecul es;
Figure 12 shows a nethod for DNA sequencing using a priner-based sorting
strategy, ifArehi ekrehaind u&k&am&&;kh%ag@@emﬂ tiie0 aeftiferr imNADI Chpa

[ b d t t to which the t t
ol ccul e5 - S Bof PSR ) Wik A BREoAay FONTBPRE S ensi on (tep 3,

priners caladyipltxgrél,f faelr @rlttalrgxtalw aree tiohdni xbalnesh (tst ep skl Bdd t he chains
ext ended (%gg)gg?c § snijl LAN B ans R gy %c}u%tl?“lalrer then rel eased for .

sorting (s representative primer use in well 1 which
have different §‘ihgn@N§ atqlm@@s amU“@)llsﬁomvtehé\HHAJ@“%ld@mSl nf or mat i on

which is obtahaedntopneaed1fc ik 16, \w%llllsz Ela%reumAﬂcS AOVBahlig procedure

for DNA sequencing using a sortl ng.strateg base on hybri di sa |on and the
resul ts whittk -afbCoBP& wed s Ry ﬁc)o"§l‘t”0\ﬁ§ t RETHIHASPHT @f ngl e
stranded fbu@&ﬁaﬁg@t onalrelure basarget Wl‘i&lrﬁ(EWeG$:atr@eCtCtlmml’aﬁ obggeqn a solid

f | t d mh th t h
Soct on 1v b FetwBalal YRRIRY WhH, 1Rkl s his TRBN ke THLAT cscence
signal s ar ezmtmwﬂ‘ll‘b‘uber@rlmnsxsr anlglﬁl dtitped themsepgomrd g tvweelhel di f f er ent
| engt hs at t%%dﬂa§§grte?§m %th)ms[lap\@ﬁ,gtLJﬂg B%A%%SM of ”15:8:' uorescence at
i Cr

one address hows net ho se uenC|ﬁg in which the
t ar get DNAAfSlesc haad ngr eragthest lvdd ttargeti Rga m@rléucexrl@@ rtchartt weére whi ch A)

shows the Vg AGPESIS LRSI 208 pek +BNA raid fo gRi fying
t ags 23 gﬁgengbggd (identifi e(ﬁlgrelpn z]i:s tr{e S|eglnal chqa|&'3 wth a

cor r espondSRg t&dhp et iterass) BN Folesidsst Reehitagresy ast tha gedmdNA to t he

solid suppefitne abt ach@Rniowirihanghd sPihcadant ehs tardpildceltid Nthe C©) shows
t he appearag:}:{g %f th scanni.n surf%ce after the nol ecul have been

stret ched; 415 ?ﬁ&/\ﬁ? & Mt 0F SPTERhafY R Eonversin bef ore-
nanopor e segeeheinggciam Wiiegh uehelsmdo@@duhé st aptddgc patiartgdtom ecul e

cont ai ni ngn%%n\f%hﬁa%fa%%eﬁ@ | S Shewn s p%lce@% they esul tant signal
consi sting of position and sequence inforimtion as well as direction tags;

Figure 16 §ﬁé‘\)0§rﬁéwne/é‘lalg§lafrl€a&s‘é’6‘ ‘to generate a signal reflecting a base
sequence, in V\hs@ErtAhgslywsatI@gwe@n wiiRianOBR ndladdedst artdhardaiget

l'ecul d thereaft ttached wh f t
" the for AGY RBBGILE: @iaat et v5) LRBad R Lt DN A S  ng the

si gnal di sHoweweironmokitclsegpel isigows ok oret Fogrobosequémcitigihy creating
sequenci ng Ia@gggrg gllf t:%rtl (o\VAR S fya%%dngg‘ntgleegngqi,gq <£agh in which bound
to

target nol Ecules afe cl eave nonspeci fi cal boun adg:pt ers which are

cl eaved t oifdiddgdualorelieagS st o AR 6I’i‘1ﬁa§‘ﬁﬁpﬁl f§ataysrar &oxt ti¥hed;

molecules are required. Thus, even a loss of 99.9 % or
more seldom presents a problem.

Instead of using different wells, an alternative
would be to use different positions on a "microarray".
At address 1 it is only DNA molecules that end with TTTT
that are fixed, at address 2 it is DNA molecules with
TTTG ends that are fixed, etc. Other alternatives are
to let DNA molecules with different ends attach/convert
at different times, the use of gel sorting, etc.

For example, one may use a strategy where there are
256 different sorting adapters distributed among 256
squares on a "microarray". In square 1, there are

sorting adapters with AAAA overhangs, in square 2, they



Fi gure 18 shows a nethod of sequencing by creating ' fixi ng3gen®g80&l ong
the length of a DNA nol ecul e which are attached to a solid support and the
ends of the fragnented DNA are magnified; Figure 19 shows a nethod of
sequencing in which strings of magnified tags are sequentially adhered to a
solid support in which adapters are used which contain a DNA |inker which
spaces the signal fromthe DNA bei ng-$&guwenced, which may be renoved to

al l ow access to the nol ecul e bei ng sequenced in the next cycle; Ficture 20
shows a nethse ahAMbredhangg. pesbtiomhnarkehe targea moizecul e containing a

fragment t e [ sequ hth adapters; 23
June 2003 ?mg%c |%t8§2q2?g %%ﬁgﬁg %g Eﬂgﬁ Yyl(s)%rtlgln%h hquﬁ{ch a target
mol ecul e |§VBG@@@9§Oaaéagtéﬁ§h9ﬂe§@n?qeﬁra é@IGET§upN@mman§hetbernlnaI end

of the nol eguled $,t Bep bowpdatiact ke xsaki ghﬁuem& éﬂ@i fofke nagnd
rel eased to al | ow conversjon of an adj acent strand ﬁbms t he
1,

resul t'ant BNKSEF & ther SPBRT ﬁ@teFlﬁuge ?2t§h8%§té“ﬁéﬁﬁﬁ@t@W' i@par i ng
t ar get nbleﬁMJe&nfQheﬁﬁﬁbhngnpéoceduheSnEﬂtwhlCh several restriction

enzynes are, used. t.hat prod%ce gvgrhgg S d| P hn? g th Ien h and
b h§aP

orientatiof FgerSlog/maggﬁhéﬁSs mhlc ars fPoLEnLilRS of

magni f yi ng teaysngFitgerne p3sshons Dnetgeneeadlpgiptapbe ohomhgii fication in
whi ch the fQur, ?Esgrg@§g§lg% &nkap ﬂthﬁ@bﬂ?EECEE%maﬁ%a gnified by a

| i gation reacti o chai n of nmagni y|n g ar £ “0f "Phe tar get
DNA 1ol ecultéletlwatpqsgtaeﬂsmgnitpu E&enﬁyrﬁédﬂ§@dp atebt hian B6si tion

IﬂfOFﬁHth@ﬁ%id@QpWﬁtolQgthu§1gg$g Byeseading with an optical napping based
strategy; Figure 24 shom§ sortl met hod, descri bed herein which is

performed on a rhtcMY&Fr &y SPn ﬁhP8ﬁ“588rﬂﬂﬁgg 8F 4°B54BY Fanyheftarget DNA
are m xed wiculrse,mber daneayiwht fie266 addneseepeandthigahedchagddr ess 1°

contain AA@% over, a t bi.nd rget mplecules with TTTT
over hangs; “and Fﬁgﬁgg% Bg Qgégxgg %gggkgﬁomfgiﬁﬁg?rg al MYy be used to
obt ai n botWoge@u@mméehnﬁérﬁaﬁuUﬁeéléffw19n@ap@sziwmah bAf 6BAAti on (right)

in which Al;ighaue @ QL,BX&@E bagedonelihgd Hésggbiéuexﬁasnﬁf abel | ed probes

that bind the target nolecules in a characteristic pattern, shows an
optical nmafgiohy BRsby FerhoBgi hhnRrgR breridizatienonleaet er Khis used to
give the p@@uuuomeohuwhecsequeﬁoe mﬁ%ysﬁppm1aaﬁEthd1hnoﬁthht@

characterlstl%cpattern of RgtpﬁgE§%ﬁs a gr%eglstered as they pass
od

t hrough a fcro nar‘?‘o-Success f Rows™ @ e ?1 Gi8F'escence | abel | ed

probes, pr ¢theinedome ﬁHECFFQé ﬂﬁléhsaﬁ@enéghgteﬂeUOQStheySpaés a
fluorescengq c#el@CHAing €8 d4PEcEAP8rsion or magnification.

Sorting can also be performed with non-ligase based
strategies. In principle, one can use aﬁy method that
is suitable for recognizing base pairs, including all
the methods mentioned in connection with magnification.

It should also be pointed out that the specificity
of a sorting method can be adjusted to most purposes by
repeating the same sorting procedure one or several
times. It may also be appropriate to use competing

probes/overhangs in order to increase specificity.
Thus in a preferred aspect the present invention

provides a method of sequencing a target nucleic acid
molecule as described herein wherein said sequence is
determined by assessing the complementarity of a portion
of said molecule by a process comprising at least the
steps of:

a) treating said target nucleic acid molecule so
that at least a portion of said target nucleic acid
molecule is converted to a form suitable for binding a

complementary



- 62 Exanple 1 - Sec~uencing by_ the introduction of mac~ni vincr_ tags by
using two restriction enzynes one creatinct an overhang arfd duAe 280% e,
creating blunt ends Methods 1. A pure DNA popul ation consisting of the DNA
sequence that is to be sequenced is cut/broken in a non-specific manner so
that a popul ation of DNA nolecules is forned that consists of pieces
(hereafter called DNA pieces) of the 3riginal sequence. 2. Base pairs in
the DNA pieces are replaced with four different DNA sequences (hereafter
call ed DNA fragnments, corresponding to the nmagnifying tags) that represent
each of the four bases Adenine, Cytosine, Gianine, and Thym ne. Thus, where
there was an A-T base pair-"fragnent A" is inserted, CGis replaced by )
"fragnenPrebe etda re B SRS 'DNR b | GBI L8 St e RdohSe d SWRAE Y he

ori gi nal thase sender «vfpp>rd ACGERd songpleaaeerd dyy foragrenta vk ies raagment C -
f ragnment %ta\)r\}%t BforTgectla%n tn?? qf tahesoelhﬂ;agﬁug?%,r agnments can, in principle,

vary froM ase pairs severa B (or nore if desired),
accordi ng to heqiiimstizg ssaiChraeupemiiniginy, areeeDNR Atagm@ftts can contain
reporter Qenes ARt ANe LiplagiGalt dgiforsmt ihdamgaensi st only of
sequences w thout a known biol ogical function. 3. The order of the four
types of IHRYGEGFEHRS FGP%ach i ndi vi dual DNA nol ecul e is read. Thereby,

t he base orderc)afptiaa0rliygi made DNA QI ecgss i) detdednined.thd.the conput er
program uytili.zes .the quer et ENQ [+ t together

i nf or mat ¥ From agcp Séﬁfdoracp% e%%%ﬁganrt@;;%o t g%ﬁq%sseeoguag}rjlcqs t hat were
used at taed asteartt iqry P mtaPEHiYUree gl an |afs tyaite £ Ve thetdE it performi ng
step 2 thatid snPased On-destiJEid Onnzyegsod had wiitcrouwlrsd de their own DNA
bi nding site.. The nethod is perfaqrmed as. tollows: 23d£{yne 003 - s3 1)
DNA pi ecESMRIGHSSTEF Y REPS iYatdtf iRkY Db af‘sy\r,f\iﬁjue B Fag B ndi ng sites
for a restri ctd)atetenayimei idEnzlg ddmierganeratssi dltangesnchuitesiand t hat cuts
outside of .ifs own i, ndl Sj e t i Iy over hangs
(Enz2) . Iar?laddlllcfleocnug\%ibb ﬁn(ﬁ%%slef @} q?nﬁ%oéjog{raeﬁtge |ntygqjtstﬁ)ek;%qsera)sm d so that
it sticksa ovhtingh siaieptanahth nrektied aeyamleabe e the reaction takes
place. 2) The reagenf tube.is washed ang a new reaction mx containing Enzl
and Enz2 is adfed Bekcubat eB S8t hhfT6he bPuAh BRBXERALEHE end where the
first basacikeiichediMNA geplbceulonsei gut es. ahiguanbhdagtade ber wad, 3) The
reagent tuhe J§mashed again and a reaction mx containing four different
DNA fragnents together with a thernostable DNA |ipase (e.g. Pfu or_Taq DNA
| i pase) is addedidgri®nakudpetrd. "Treadbdoaheagrchhdeder aostabbe DNA |i gases
is that Haapild@Hea MeprSpechhicabtyasWhi Fﬁiﬁ&rtgﬁdsilﬁewh'i@ﬁ they do not
i gate blunt ends. Thereby "fragnment A" will be li-gated where there is an
adenosi ngag\f;epﬁmeﬁéﬁ%gﬁ%iﬁtégﬂﬁh@?g ?ﬁﬁ?ebﬁspﬁr,g?lf@?ﬁné,s etc. 4) The
reagent hebkesismrwashed.yet another tinme and a reaction mx with T4 |ipase

i s added and iA%lelnbeattei%r'?é)dtabg}) (taheEmfgngodes are Li gat ed.. Since the

i nserted fragnent's have sited Yof EnzP aRd Eng2-5S"PREYHI 48ni d did

ori gi nal pyeferalrly rackfatmedebyt bhei ngepofnnusbiphat t he next base can be
repl aced f i e e ngi ng by the
introducf%ﬁqgﬁg%gaﬁlr“ﬁg |ngbégggngg%g?’%gg?%\gxrﬁgg%g?ét ?O%Hgngymss bot h
Creatin4es§@§gﬁéﬁggpreferably 4 bases are identifiable per cycle

although this information may only be collected at the
completion of the sequencing reaction. Particularly
preferably complementary probes with between 2 and 8,
preferably 4 unique invariant bases are attached to
different discrete sites on said solid support. In the
second and subsequent cycles, target molecules which are
bound to said probes are transferred to one or more
further solid supports bearing complementary probes to
sequence adjacent or overlapping regions of said target

molecules. In order to achieve this, step a) may be



.The starting point for the nethod is that all target DNA fr?grre(iq%that are
*to be converted are treated with BspM -net hyl ase so t hat 43 'E%g sites
becone inactive. They are then ligated into the base vector as illustrated
in Figure 2a which shows the base vector 23 June 2003 - 64 with a DNA
piece ligated into it and fixed to a streptavidin substrate. The base
vector contains a BspM site that is wuséd to cleave the DNA fragnment as
shown with the solid line. The overhang that is created in this exanple
will have aPSr6ATPRE iRsPde 3G YAFAUS (MINYH| KO tHatA darptided ther can be

ligated to the quehhangatie Aalddesd feid S UseGtshb&d Il aigRsd hgebase
vector after adapter A has .been llc%jﬁt ed_to the overhang that was created

with BspM .S9REAHEsB TEELS! SHIY ThitGi 1T BB teRtfed Sidh dibt¥n so that
it can be féxegmeo ahithepllaavdian-coverdd stbsteadien it adapt ersuahi ch are
used are sh in_Fi ... The oy i fference hetween Adapter Al (top)
and A2 (bot ?%Qn'}: S %‘ﬁé%%{)%ga,&ﬁ 19 rs]"llk%/aelf%vlesre é1nnge]‘ﬁagtse%vﬁanged pl aces with the
Pst| site/overhafife FhevAl pamgealizglaptierise widupbed usieth itheevery second

cycle so thﬁég@%é&r%p&sﬁ@oic%d‘?ﬁfé &ydh that s&fen ;;J,eqn s used in cycles

2, 4, 6, etc. overhang consists of three universal nucleotides plus
adeni ne al oR§TEOTMFReBY GvETRHGR I Thet¥LNg @it® nagwifhictattionyer hangs

with a thynkng.onrtbe bReipd®)of dherrawes hang Haliefded B thick line
outside the_ S ovgr Bang on the boétom adapter shows the overhang that wl|
be created BFSEFERGANGORH BHMIR LTS (R REHH APHERPHRNE | i gated to a
DNA fragnmenhaght fgddit cagst mayhéeA watabtes himdlapt essi drustetearimdde for C,
G and T. n th f t ve e | gat i nt o .t.he base vector,
they are fi\/&ggﬁ F%g‘a1 ‘s‘??e%&%g)ﬁgieﬁ‘ su s(%ér)cg Ig?ﬂee.c%‘.be}gaar AETHIR SHERS. By
usi ng Dynabeeddingi kbbasedBliNdERKItags amt Yoy trdeny i iotd tikcst repttawt di n
binding is ghtgkned, w89 hN@hd e fRACHON 01 4H pite G RE chﬁﬂg,edj[,gw ckly
and efficiently wth a mninum|oss of DNA even wth very many cycles.

(Bi omagnet i 8 FEBRRIFEAESs feR tB1%e dltaarP 1% Ty yl 1R i1 RV 1988 858- 60,

di stri but ednbyhBnak AShueha desds e ddiei pED ety & Gansiesits 0f a 23 June
2003 - 65 %cLe of four %nzs‘ymati C reactions Wnercg one base per cycle is
g. S

converted ( 2851 Of nSeAcs SHBEHT 1 1 M 5E Bhith%t ed by cutting
with BspM saghhétichhéohi mett Hyas elaxfct Hee dDNefaiagrent drs aahy adent nsi de of a
5' over hang ' a istod S 4 hydg e ngaaf , | ar ge surplus of
Adapt ers Al?vél,lg%%?ngnggﬂzlardesladded. T ?arée ak?‘}z g@_drgé;iugsralee so that adapter
Al is |igat €8"PoeHPBERANgPTRNGF t3F) AFRCIOPehd S Re, CL with guani ne on

the inside, etc.fhgoadaphes atR: alathiiQad efthowtdn phos phvdiase g 0.
of sequence portions will depend on how the target DNA
is generated for sequencing, e.g. if it starts from a
common point, or if it is generated by fragmentation
which results in target molecules starting from
different points.

Nucleic acid molecules for sequencing may be
generated in different ways. By treating a small amount
of DNA with DNAse, sonication, vortexing or similar
techniques nucleic acid molecules may be fragmented into
pieces. Such techniques are well known in the art, see
for example http://dnal.chem.ou.edu/protocol book/
protocol partIIl.html which describes protocols for
random subclone generation. By adjusting the parameters
of these techniques, it is possible to adjust the
average size of the target DNA fragments (as a rule, the

optimum is to have average sizes of a few hundred base



al kal i ne phosphat ase such as calf intestinal AP, Pronega), so that ) y
| i gati ons between the adapters are avoi ded. By using a the?dd#eaa008 | i gase,
hi gh specificity is obtained in this step. In the third step, cleavage is - '
performed with Aatll so that an overhang is created that is used to
circularize the vector in the last step. This conpletes the procedure and
we return to the starting point. The-odBy-difference is that the BspM site
is placed one base pair further ahead so that an overhang is created with

t he second pedsms)of tThe Dt Hodgneineubd aheoihsi delaTheelat orsite is al so
repl aced w Y tyd n C ten 1 Pst |

over hangs stht)ftlai%s‘%?ﬁ %ﬁ%%%gs%%%y\ﬁgﬁ%ﬁ%y Pés";apggg%?er%g%a\ﬁeﬁ&used every
second ti mialesulesprEsydritat het alebpt £F31 Y oRiBePhgcest areopbtaygaied bef or e
the vector v tCiareulaid A8l e F* o hes 8: p BeeM8NchnenbY obhg iir oducti on of
magni fyi ng tads bar using two restriction enzynes. creating overhangs on
adi acent r &§iE<ST the target DNA al | owi ng proo~readi nq The starting point
for this variantstisii2hf dtapteist Wihd ahds cofibi nat Feagmehceverdangs on four

bases and 1,024 adapters, w i i ons _of qverhangs on five bases

(Fig. 3A). S et%ge%gﬁoarlfa%%%tb%%e(?f)%iﬁ vari ant %ng féof nEVEEEHRIB6  nust
be creat edofii-l2e b2s@svar i Bhtdesxralkeleat lge obvéhbabgtt oanobe. The rel ati ve
size of th r S J r [ fil ipdj.cates.; Note that both
adapters hg\}feea%%{aleqt&veér' a}gge_g%%ﬁi ctﬂggrrai}gegyiﬂt)g%%@%i g?lelﬁ?orgﬁtdﬁ’em toligate to
each- ot her .(Kienove i HlHadnigt hattgd- Wi | | have been treated with phosphatase

so that |igatiopdpgieemthe @&lapé@f&ﬁﬁm@t%)g&%éé’fﬂéﬁghgthtl@é hgve been

treated with a kinase. |In the base vector,_t p Pstl sites are
repl aced by hag@resstsidivatedn cofpr e bl ¢heoBakbevBEPENCldEd i n t he

first vari afitngllel @t rdndethevesiamds | heuPprotedas edcassestis cef maLd e of
four enzymaftic re%ct'%ns v@gcréadlpégsewascs er ;¢ cle are converted

(Fi g'.3B). “APHWEENd oF Bonver'sion, " the VBT or F sSerrcGVarr2&¥r i ngi ng
the reacti ors beok itoechdeafare i gppoiatioThevont gxiingf enadc®Nesehat t he
Hoal and SIaldh 8l LeR Al Sl Splared T basea DB SoLULLDEE; LAY, L he DA

fragnent. I'n the next cycle new base pairs aret y cre;z?t ed, plus
five of themsagespainad (HAavRement eebhver by i nSevpsadyesktudiBy veri fying

that the folive atlowiERHaneth Hase, Redd SaMersa £ONVEI Loty Relihe ssamdray in
both cycles, one can check whether one or severa |nc§%rect conver si ons

|
occurred. WM& HoPaip FYEREATYECTRES it ectl B¢ PVt PigHeREc WAL DNasel or
sim | ar sodamabef ragiantesl of Thdmwyf dwndresv bEE® @arysear eahobeed. These are

lt.reat ed to methvlalg the 'cmrﬁi%miﬂ e)‘?s o641 FROUERLR are then
igated into a base vector that is attached to paramagnéetic beads. 2) Hgal
cl eavage i Hipeingr demaiz) WiaNbindpdid e srycibiaglayion is perfornmed
with Hgal and SHaN JRIWHRES nothesd B hvh&ses: thabnkPaeki vahs, Hgal and
Sfan Slte%fom -5 to +6 bases. If overhangs of more than six
P bases are desired, it may be appropriate to use other
systems/strategies. One possibility is to use nicking
enzymes that produce nicks in dsDNA outside of their own
binding site. Two binding sites for such a nicking
enzyme, that have an internal distance of more than six
base pairs and that are placed on either side of the
double helix should produce an overhang of more than six
base pairs. In addition to existing nicking enzymes, it
may also be possible to create new nicking enzymes, for
example by mutating IP and IIS restriction enzymes.
<ty As an alternative to fragmentation, it is also
possible to choose a strategy where fragments of the

target sequence are produced with the aid of PCR or



' ~ 23 June 2003 - 67 5) A large excess of adaptors are ad@eing?§0Bi gat ed,
e.g, using Pfu or Taq, with the overhangs that were formed by Hgal and
SfaNl in steps 2) and 3). In this step the Pst | overhangs do not becone

| i gated since they have been treated with phosphatase. 6) The adaptors

Pstl overhangs are phosphorylated and then ligated with e.g. T4 DNA |igase
to circularize the vector. 7) The cycLeJis_repeated for the desired nunber
of tinmes by restarting at step 2). 8) TRE Converted target nol ecul es are

rel eased fro h ase, v or C usj e restriction cleavage
site in the %%éé?ggcﬁthgﬁéf fFéﬁk%ggﬁgﬂgiggéégx%gfa% P%D %%ﬁl%s. Any
cutting siteknowat seayebeei ant ke nhghdey i PRA tayd then wee ittt iantad in

advance. 9) The,cppygisted ENA ADLECHLESiArE PEfsH N & stdanfed and

hybridi sed with fluorescent prgbes. 10% The corniverted DNA nolecul es are
anchored to afsRafpFRgdsiifr 4E8d Shebt bHEW BRLT HeG IRRDIEREREE pr obes

Zganned. Wi t heﬁftéh!d@bﬁ?ﬁ@ﬁ&t%@?n@e!’aﬁlbi@hﬂﬁlr8&@({6_?@, i td(iijl RA&) . id1) f
propriate software is use i mage r nition and reconstruction o
the target s&hGRhEe: f“(ﬁélﬁﬁygﬁﬁrﬁhlﬁﬁ @ﬁ?gmﬁ&?: einﬂ#cﬁ?&% is as fol |l ows
in which alldvéEenest alengahsul btedai thoutng hene el ofedrmobeads ) 1)
Random {1 Q0MRIES ALE1 6L PEIhBED PafAshi YER! S ALLACHSY Lo pALATRONEt ] C

e
beads as descri %freV| @sFy. A magnet i's used to sedinme beads
and wash thethabealdtpoappbdri aatleiyaypons af 1feagmepfs grrel p)duded1 10X

NE Buffer 1, fdonihe @irdd Lef€Encd. of uddNA &nd Mmﬁ%ﬁ@kﬂé‘&é a final
vol ume of 100al. This is incubated at 37C for 1 hour. Q “The Hgal enzyne is
i nactivat ed Whessesigy bplymerase extension is the extension lengths

of the various polymerases.

Magnification techniques may be coupled to sorting
and conversion techniques described herein. For example
adapters may be used as primers when binding to single
stranded targets. Polymerase reactions may furthermore
provide means of establishing the existence of
complementarity between adapters and target sequences.

In one preferred embodiment of the invention,
target molecules are fixed to solid supports. This may
be achieved in a number of different ways. The target
molecule may be designed to have attached to one or more
moleties which allow binding of that molecule to a solid
support, for example the ends (or several internal
sites) may be provided with one partner of a binding
pair, e.g. with biotin which can then ‘be attached to a
streptavidin-carrying solid support.

Target molecules may be engineered to carry such a
binding moiety in a number of known ways. For example,
a PCR reaction may be conducted to introduce the binding
moiety, e.g. by using an appropriately labelled primer
{see for example Example 17). Alternatively, the target
nucleic acid may be ligated to a binding moiety, e.g. by
cleaving the target nucleic acid molecule with a
restriction enzyme and then ligating it to an
adapter/linker whose end has been labelled with a

binding moiety. Such a strategy would be particularly



23 June 2003 - 68 mnutes. 5) A nagnet is used to sedi nent23bend2eds and
the tube washed with 1X NE Buffer 3. 6) 10 ul 10X NEBuffer 3, 2 units of
SfaNl per ~Cg of DNA and water is added to a final volume of 100 -, 1. This
is incubated at 37C for 1 hour. 7) The SfaNl and Hgal sites are nethyl ated.
8) A magnet is used to sedinent the beads and the tubes are washed with 1X
| i gase buffer. 9) The solution contai nagg_the conversion adapters is added.
The rati o between target DNA nol ecul es”and conversi on adaptors nay be 1:50.

100 ~1 10X buff 00 LV B.#202 ) and
water is aﬁg&gggjgea% %gl I\%g’l tf%t-c%‘di : 'r\ﬁ Aﬁ%‘azgﬁ?s 1HcUpaT Al §8EFor 12-16
hours. 10)aAngagpelindromég oyegddintent Atk hssadsltewhatheve ube £e washed
with 1X Ki Eﬁéﬁebel‘qgeﬁaréét) m81acdull g ATRe A7 C&!lh]:,l'(%’l &ff@gé‘l? buffer, 2

~.1 T4 polynucl eotide kinase (30 Wul) and water 1s to a final volune
of 100 ul . C¥RF&epsa |Hé8€éf‘8d"‘é’tle§7’c fGr URBERFRES. S¢qEepeeFnucl eot i de

ki nase (7C084} Eé@mmat@dtﬁbatlmzﬁicnfdtqmrcaiﬁ Judi?)a AndBGRet &8cHsed to
sedi nent the at he t. bels washed vg(c')th XI ase buffer 13) 100

e
~.110x1i9 58 %ﬁf ?8?‘ 151 ‘f‘zfll?ﬁ\l,&’ell Yssh Ce N HoH9) and wat er
i s added twaaskérnahsvdkapeibkedlnh m‘ﬁ’.nes data:lrilCLHasa]tcad at 16C for 12-16
hour s. 14) Step r =1y t!;? I f for exanple
Bensi non' s net h%gig%ﬂ][g%al %?Ye?ﬁgﬁteg% %‘S}%(P Cl gencgjelaéSZ %1%18 1523) for
st ret chi ngabNachedetal eeliid §sl@@0ré|§pr‘@>§hﬂa{tell§hel need Nmn D@l acul es of

500kb can Bfnaiﬁgt ABPAcpeins6ann! e THd 3ip1dic saoth hopaly e or ovi des

approxi mately 5 hi s means that each DNA nol ecul
i nf or mat i oht&BSAt 1§eaU§nEé§t6‘f3r1@(f de Barding 'Hﬂ]srﬂeéﬁwi’thaﬁo’éne scanni ng

surface w kkappD¥i §BotBf oNABILAR call@ cHAQ nidd it hasel pad r$.sH saccesst ul

support may be used. PNA molecules have the ability to
hybridize and bind to double strand DNA and the
undissolved nucleic acid material can therefore be
attached to a solid support with this strategy.
Similarly, oligonucleotide probes may be used to bind
complementary sequences to a solid support. Such a
technique may also be used to begin sequencing by
binding particular nucleic acid molecules to particular
locations on a solid support as described below.

Appropriate solid supports suitable as immobilizing
moieties for attaching the target molecules are well
known in the art and widely described in the literature
and generally speaking, the solid support may be any of
the well-known -supports or matrices which are currently
widely used or proposed for immobilization, separation
etc. in chemical or biochemical procedures. Thus for
example, the immobilizing moieties may take the form of
beads, particles, sheets, gels, filters, membranes,
microfibre strips, tubes or plates, fibres or
capillaries, made for example of a polymeric material
e.g. agarose, cellulose, alginate, teflon, latex or
polystyrene. Particulate materials, e.g. beads, are
generally preferred. Conveniently, the iwmmobilizing
moiety may comprise magnetic particles, such as

superparamagnetic particles. 1In a further preferred



23 ,tune 2003 - 69 reconstruction of the target sequence, %leé\?é-’ro,%wi |1
depend on the sequence pieces overlapping so that many base pairs wll have
to be scanned at | east twi ce. Exanple 4~ Method of sequencing involving
conpletion of a restriction site to identify the term nal base of a tarclLet
nol ecul e This nethod is based on the high specificity that many of the
enzynes active in DNA netabolism have in recogni zi ng substrates. The net hod
is illustrated belowwith restriction-efA?ynmes, but a nunber of other DNA
met abol i zi ng enzynmes, such as site specific restriction enzynes,

t r ansposaseEAdInet o R YRS RedEheets Mg ysad itd brwenkisasiont at i on
of one of thg kevedaids ial it eavegeysidie | S B Hrales sy ipignt to
prevent further cl eavag by the ecgz rrf Itn tr}%s niet hod a target nolecule is
ligated to &TEKES WACH ESHRTHE O a-Ppart® & at s &8 tGton site. Wiere

this site i sidemiletsethady dehentttergfetd DNA, cl eavage can be effected, after
whi ch a conpl enpr})}tq:ra)éé‘q%q{g &'y r(ﬁyebbgofépg%aéé@ctﬁﬁg}p%é hp.(?esleforrxpl ecul es which

conpl eted the site and hence exhibite | end ‘base. met hod is
i |1 ustrat ed dgrecddeniore indimiemirly 2ndet o o eghrmigp Dt i eiculws=d hat are

to be sequenpad Aepeid oM thdwsy did eFeNtcu st andad J@sidi&d iQn gnzymes
(EnzA, EnzC, EnzG,_and EnzT). 2) These nol ecul e%are then i1 gated to four

di fferent DREINENKEST rsiedtl fesi 1t (far gt @olgcuss Pr e Ha9athese
mol ecul es haslardlastheneglwie. silter fart &rtzihg CheGrangktl, respectively,

at the end where they only | ack .one se .pair (A d T,

respecti vel %Oqieﬁ:ugre ar geeqleantcc}'rrpéfbte aedgnées%t (p')'gyr .%eA%eeIs{olﬁfﬁ'feéi of such a

| i nker nol eculds riesstdhyovry itrheFiupe eoZBin | at tdvitenars] ecuiles yt herreriie’l arH ndl | |

site that | S T i t.hi A - 7 | i nker
%ﬁ& ntuh:qéAl/c al?ﬁ%f Méeu]‘.és A}ch/oAr/ %l{%%@%ﬁ%he%

ligates to pi eces that do not have tl T base p 9 can be
used to rend@E tha@mdicec @ PFrDME Hef TN i diddimgypae Y@ showy [Henker

nol ecul e A ljgat ed i aOMA Riace Nidpdhe dnl Bass Raid, and g ¢y SO
that a conplete H ndlll site, has be.erhcre teg}ﬁfl n the next step where

Hindl 11 is (S¢S @GSy, (S H fdt 11 0Vethdif vi ITSRIETUatePUHa can be
ligated to adaptter 1Ac dpeklradowequesias dte ovhienz inediards)agdded to t he

solution to [, | eay, i i, | 1RY | et.e cutt] ites where
each |inker aqni)tll%\cgu eeesi, (@%ﬁc& hlgir?g )e'{l'k4 h"léc')s [ goaéjgij%ﬁi&dl e%{uﬁqgjso hat have

t he m ssi ng firasmepdis oat thiee aidqREs ©F BarKenF fodr andlidwdiesa, En G or T,
respectivel Yhest) AdRRL elchargardiad o tdhovskanRgs ddiat iGonlcan@rly t hose

t hat have been generated with restriction enzynes and |igated such that the
adapters get*%i'%o&d % TSI PN Y ectéke’. SM&‘W&’[O tac?:i’bfé&‘f are

shown in Fi guwherdfharthert dp sdaptdred staser fior icyelrently Hard, oftic, while
the bottom aqaptef 1§ HMSeA d Hotblfss 2. dhndk t%tcg-mﬂg&bsa%?m&l%l&ave

over hangs that are conplenentary to overhangs produce The

Aat || over harigashmend sy dgaptead vivgh s AGMRlgatid the it end of
the adapter ited (da,base @ttt Sy e pdr Midded®ycivvculaiigrd. The Ml |
oiie il oeneraba g Bl and of s, FAA Mhecs So el neweyclg oan be
cycl e wher e padgptraris width IR Itoweitm@mngstarg amsethay also be used.
Attachment of appropriate functional groups to the

solid support may be performed by methods well known in

the art, which include for example, attachment through

hydroxyl, carboxyl, aldehyde or amino groups which may

be provided by treating the solid support to provide

suitable surface coatings. Attachment of appropriate

functional groups to the nucleic acid molecules of the

invention may be performed by ligation or introduced

during synthesis or amplification, for example using

primers carrying an appropriate moiety, such as biotin

or a particular sequence for capture.



5) The base vector is circularized with the DNA pi ece/ adapt%’}‘“ﬂlﬁ?tg??ti ng
with, for exanple, Aatll so that the other end of the adapter can be
ligated to the base vector. In cases where no Hindlll site has been
created, a snmall fragment with a Pstl site is ligated into the Aatl]l
overhang of the base vector. 6) Cleavage is perfornmed with a restriction
enzyne that generates a new blunt end on the DNA piece so that a new 23
June 2003 ~71 cycle may be started42Exanple 5- Method of sectuencing
using a Klenow fill-in reaction coupled with hybridization and ligation
This method is Besesoritiest anein ghegricindleauleshare he Kl enow portion

of DNA pol %E%%%qefmyf %rtemaow&té&ﬁbfgmmﬁpt ld&éesa»oﬁl%ne afact that

nost DNA |igases lack the ability to li'gate overhangs of different sizes.
The met hod &t ash&h o tlfiegLﬁ@’SilgrP%’ﬁ’%"h an overhang is made in the target

mol ecul e which i It@mﬁlqtdw ddleugmwhmme rbddwehaéiﬂf&@é nol ecul es. Only-
t hose target | ecul es whic at e extended to include the

correct fufOfereBgddaty rper o%‘%?’h J‘Vh'soetcfl 12l tBeFRe adapter.
Fi gure 5 i difSteraines grhﬂ)elmtamml a‘tdracaM|m d\zhwmﬂxé:)t:IyVA pi eces are

| i gated i ng)%g}sll%alﬁ e (ﬁataegi 3?’“5‘5%“ R ur 1. LR f%%na? ot| n which

makes it possible’t avi d| g.
Dynal 's W@&taqimvmﬁ - dovegredd wakprtlie tspre@rceksabqub@ rmase bect or

contains aggl %aft%rla)a cfeec%trrnlﬁa{tﬁré enzm A SIS g LD «

pol ynucl eot | , as well _as a site for a standard restrlctlon
enzyne (e. “‘g‘ltE@éRl V")EHSZ)‘“%émvé{ﬁ%ﬂ 35 tha sakid mpppeet twhthan over hang

with five bageeiaints grodedy mafl dionihee ol nkalent ie. régl&flé%ftgat e.g.

base A togetgH wi th Kl enow are added é}o t%ov Op S tha start with

T i |1 DECIRG FRBEHG MAY, GEe oy R M S

solution i seﬁaln@ier e;piea@hcffwxidnta psmmetsi omyofbd ilgasel ans gehelfeagaent s

(adapters)dI St il t ur_;Rase pai r overhangs. The overhangs can consist either
a

of univers NGCl€ot1 des ‘or a conbination of all possi bl e conposi tions of
an over hang wi t Atftaphrisade to a solid support may be performed

before or after nucleic acid molecule fragments have
been produced. For example target nucleic acid
molecules carrying binding moieties may be attached to a
solid support and thereafter treated with DNasel or
similar. Alternatively cleavage may be effected and

~ then the fragments may be attached to the support.

In many contexts, the object is to sequence one oxr
several sequences that are present inside or together
with other sequences. For example, only 5-10% of human
genome sequences are assumed to be of direct biological
importance. For mass screenings of human genomes, it
would therefore be useful to be able to avoid sequencing
areas that are of minor biological importance.

Thus one strategy which may be used is to fix
polynucleotides that complement the target sequences
that are to be isolated to a solid support (the inside
of a well, mono-dispersed spheres, microarrays, etc.).
By hybridizing the polynucleotides in the sequence pool
with polymers on the solid support, undesirable
polynucleotides can be washed away before proceeding to
the sequencing stage. If desired, specificity can be

increased by performing several cycles of hybridization



23 June 2003 - 72 pairs. The overhang w th universal nuc|88t“8%§°%as t he
ability toligate to 5 overhang on tour bases in all conbinations. The
gene fragnments also contain a site for a restriction enzynme that cuts

i nside the polynucleotide ' (e. g. Hgal), a site for a standard restriction
enzynme (e. g. EcoRl), and a sequence that contains the signal "T" (a
sequence that can be used as a probe, etc.) (Figure 5B). The Aatll overhang
and the Pstl site have the sanme functrofi3as in EX4,1. Since polynucl eotides
with five base pair overhangs cannot be ligated to gene fragnments with four
base pair or8dhzaghingt i £vem yif hids angio| ke wsdvesttiatsoushafonrigi nal |y had a

"T" i nnermshqtRatuale abpdalcad idhd ha ane fd ameinfussess{ ul and

unsuccessful ligation is shqwn in Exanple 5C._ The top DNA i ece does not
manage to | FH&E eFotQ&aER&P%@Wﬁqﬁﬁ¥¥uPQk¥ﬂ¥Q&%9q%ﬁﬁﬁrﬁﬁ%ﬂ ash itrhe i nsi de

of the overlaggla$ paetefiny o?sa.rmﬂlmgs SMﬁafthefgl sAbaQﬂedftﬂl:M acteloclhﬁve q
i ncor porate is only these overhangs are ligated to adapter
A as shown gpgtﬁggﬁséfgﬁFlfﬁﬁ 9 1945 44F ﬁﬁéﬁxﬁ ece indicates the
over hang t hat w Fbrbexhopied ﬁhrougﬁfﬂqampnﬂuﬁuq;mRNkydENmeprocess is then
repeated w FnBlQ@ﬁ‘iés ,cgmp%%eha'é) %mum& %1%6&61 secct%ré,com and

circularized wt |ece/adapter by ‘cutti ng,

| i gating. GflG?éaﬁagﬁa\KPf“ﬁgﬂg’éllq SRS pent &ﬁk@edl’iﬁhl cThgesphares a new

overhang inchRechNA Beem@xed0 ihal thilk: nerfdined e vHY LAttt ed again.
In instances in which cons cutive bases are identjcal adapters wth

over hangs ofnaft FEPFAENS| TP IHE U SIREVSRCES - ov Eeah fh S RN €DNBas e s
al I owi ng Kl mpdwchiilkk- havef b2ebasgthridiz2d wien2003 wrd/dosaphae6- Met hod

of seguenC|na usi.n apters which functjon._a en bin |ng to
singl e strafdéd fggaeg n% ecuﬁ&?ﬁﬁﬁtuﬁ? S1AG eeﬂgﬁﬁ§%ﬁhshcﬁﬁl ®net hod
whi ch have wwehhdngwavhat ¢ier espend it tase theagmiweir ecoppes ikleipan iar e

illustrated Ay h r co Sitl hat, responds
to the basetggnggggP#gﬁﬁln he&ﬁg%b?ngﬁggﬂ%%k ad gﬁ%éf%’QEAF gorgggpond to

al | combi naF'PdRSUSEST FAFMERES MfsteeaGiistvudnegdeasing the

temperature, changing the pH, or by using another method
that dissolves the hybridized molecules.

A similar strategy that can be used for sequencing
protocols done on a reading plate is to fix specific
target sequences to determined addresses. For example,
single strand target DNA can be hybridized to primers
that are fixed to different addresses. If desired, the
primers can then be used as templates for a polymer
extension. By adjusting the primers to the target
sequence, it can be addressed as desired.

A corresponding strategy can be to fix PNA
molecules to the different addresses. PNA molecules are
known to have the ability to recognize specific
sequences in dsDNA and such a strategy can therefore be
used to address dsDNA by using PNA molecules that
recognize the sequences that one wants to fix.

As mentioned above, molecules which are sequenced
which may be divided into two categories. Those which
have one common end and one arbitrary end and those
which have two arbitrary ends. Positional information
may be obtained from these different types of molecules

in different ways.



2) Target DNA pieces are nmade into single strand pieces a8 Jung208d to t he
adapters at the 3' end and a priner tenplate at the 5 end with the aid of
RNA |ipase (Figure 6B). The prerequisite for successful ligation between
the adapter and DNA piece is that the overhang of the adapter conplenents
the S end of the DNA piece. This ensures that the correct fragments are
connected to the DNA piece. 3) The target DNA pieces are hybridized with

t he adapters before the nolecules are 4% gated to each other. Then one or
several PCR cyck gi Ny Thetpreﬁegu35|t§ for _successf ul CR cycles is
that the ssDNA pfe e B&EM Gt Ad€ Pg&CEE o A additer. 4)
The EcoRl $éngth5065edchotamgeulmoﬂzeuﬂhewDNA balpcobeﬁdnﬁnab tcs eat ed
AL o SaLhonapelaren LBe.BdAPLAe dnENABeRRa THE Hadlesite 1S then
used to create a new cut in the nex cycle can begi n.
In order tarbéduecyi anér- nﬁn@eélaa:ﬁym gagpemeaﬁnéprmat:tlp@g bhath EeoRl, it

may be advaptagsQHagt eof bxphhe jpRhasubesti8nacsubibtatarqgetd-
streptavi di n-covered spheres. Exanple 7~ Method of sequenC|no~ usi ng

adapt er s mﬁP%ﬁcééPfmﬁybPFdP?él?H8“§9aPV|ﬁ@lﬁBﬂﬁFlpartPﬁl§%ﬁﬁ%ﬂﬁﬁ|s singl e

strand DNAfroR3tBENEcRRBA end4tookhBNAiadaptethet Bagubave the ability to

hybridi ze wth the, DNA nmpl ecul e tE t isto Eg Eeguenced, while at the sane
time carryifl °FW5§h8ﬂtsn?ﬁﬂ§ﬁPF§P SYtgég t hdBtc5FABSPGRd to the bases to
whi ch t heyihgbrindtzeni nedddeti on ther egdoaf whiechasgkt- pheadilze (Fi gure
7). By mak Pt er,S,.w S nbi N S..of fr gnents and
by hybrldI%?%gB¥§2ﬁ3§ﬁthgp beDggtgkhégg kp%ﬁagﬁgr% ﬁ%kgz seéh

mul tipl e abhgtentimg telaribdmed side by side (see Figure 7). If the

adapters are COtEeﬁhbieéE'QBQQ fkﬁgm@hEQOHB aoeléegtehftah ghe first two
adapters, it wll be possible to gate themto each other so that t hey

forntIongeFOEH%Pn§ndExBﬁﬁPé18“a$bﬁﬁ 8rBRtEBAsTRYCcPPngPLadpeEst dn

corres pondamgfet@ntmt:aytshanoa@eamaéenéhevét L8t egyctenteonst r uct ing adapters
uses a prirt ct DNA _chips. In that

| d
met hod, di??égéﬁFﬁggb86ﬁﬁ g&&FEaEQEégégﬁa%gnggngéFFouéeréFQ in the

same mannesegsefioe theseqgneticact i Thuef Ehwtphspsioﬁhefsaneegmemmmple IS

then Useda#Qeééx E$m§ r adeR0Ly 52 EQ§%QL599F§C%E§ @?égé P}Q% S%E?Dﬁinner

as base palrs are ed to grow onucl eot |
nol ecul es &fetiedskredasd pﬁaﬁlalgowbﬁrenlﬁftaaaﬁtEﬁgrp§165tamne@ This

Exanpl e al $8ca¢ 8l deérﬁtnmahyetaahhyq\laet bed f)@rc@ﬁgﬁlaétéé adapteyes This is
illustrated in Flgure 8. g dlf er ent g%agters ﬁn one tag each are
used to mak8* 18578 ?tB?eﬁPaﬁ SEFEFE %t Ret 8gs & Shcégavﬁﬁﬁstrated in

Fi gure 8. §baterngoﬁnthserght1onhenzymesagnadapuersgqoaaceanamake:16 new
two-tag ad?@v{;?%ée%@é‘t !an tu(v@tﬁa{?h@e %Smtnegpm&glttﬂsg%hhﬁt' 13 to produce

256 differen our tag apters I'S manner ssible to produce
adapt er ni R&81ihpsreebhpdst he nunber of different nolecules that can fit

into the solutigpel aikhavhheagenber kabwher 8pt abh0Nfapp hfghumehdfs
is that the cutttpg sites for the restriction enzymes
that are used are not always cut. Likewise, incorrect
cleavage can occur and there may be some uncertainty
associated with the length measurements of the DNA
fragments. Therefore, it is necessary to produce an
average picture of each map piece based on an analysis
of many identical DNA molecules. The problem is that it
can be difficult to know what DNA molecules are
identical.

Another problem with current methods of optical

mapping is that treatment with restriction enzymes and
the like must take place after the DNA molecules have

been straightened out in order to be able to observe the



23 June 2003 _75 different one-tag adapters that is initia23dyumece2fi3red is
equal to tour tinmes the nunber of tags in each adapter. For exanple, if we
want to nmake 16-tag adapters (4.29x109 pernutations), 16x4 different
one-tag adapters are needed initially. Method 1) Eight different one-tag
adapters are used as illustrated in Figure 8 The adapters on the |eft
consi st of an EcoRl overhang, a tag t@g{ is specific to the base that is at
the very right on the nolecule and a ting site for BseM. BseM cuts

outside of its own site and will create ? bl unt cut rjght beside the base
on the ri ght&EelePABLERGENE. OFhERgdPfefEagPeNEF so Thést E8dWicEs

phosphat ase hs0 athdll abligatiyons bReweEA tbeseuddapterssach tedweed.asThe
adapters on the ri.ght consiﬁt of a?%ag t hat gorres onds tﬁé% e base at the
u

very left GRARECHSI BEGPETARACY cut P'Fng EPTR f bPVERLEYT ¥ dapters are
al so fi xedphrovdadesbshdaterimanpleveqtehicgati onsadédi wben these adapters. 2)

The processg jS§ diRitha i X gadglbgapigg & dapt er
population??siﬁf%népoggggg%TG d%??grenf Emwpnngécﬁ$e2$?ﬁgt correspond to
all per nut &veswengi-t hSego fpagsxamplecbhe Fechaigue odesendbedliigation is
then perfoiRehph@ ebrcul ari ze the nolecules. 4) Finally, cleavage is

conducted with BseM and thiségrgguces aﬁgopul tioZ wth 16 different
two-tag adapt er SPCELARPPE S§: UBEN Y CHEF BRCABPhBECRRR YR hRPFpi n adapters A
central poidiedte stuetaltetfisthie paeveensly teseribecheopyensipie

| t ti i.s that aft i , irs, fhe.DNA f t
1 anc or r el Tehd B Bor cad ey "PRATRRA RERnPae b A S B0 R onver e
Thi s frees sthategy ﬁhatoigsbehngmignﬁertedm$or®he¢ppneAEah, m2erdune 2U03
- 76 proc?g&&%%pkggsﬂeék NANN m@thS?étfB?eréQFEtékfﬁ%;S¥%”9iE@e DNA

fragments. OW'I'§ anot her strategg or transferring ragments to the
ot her end ém& HOPBNAOPI ede PrPheisfakbrhg2psi Aeund imat many |i gases,

i ncl udi ng ThDMNAGas8c gaRckirdat eeo¥erhangs on dsDNA to the ends of
SSDNA- Thi's can be utilized 10.the, fRONer hljbstrated,in Flause o
previously. For example, if one transforms/transfects
magnified target DNA into cells, one can take advantage
of the fact that the transcription frequency of a
reporter gene varies with the distance to cis-regulatory
elements. If there is an enhancer at one end and one or
more magnifying tags at the other consisting of reporter
genes, the relative quantity of reporter proteins can be
used to calculate the position value.

It is also possible to label or incorporate the
target sequences with elements that are used to derive
the position wvalue. Such strategies can be
advantageous, e.g. if it is difficult to distinguish
between the fingerprints of two very similar sequences.
For example, if one wishes to sequence sister
chromosomes, one can integrate a large number of
insertion elements (transposons or the like) that are
arbitrarily integrated. If one then amplifies the
chromosomes and use the insertion elements as position
markers, there will be one or several characteristic
patterns for each sister chromosome.

An alternative strategy that may be used which can

introduce both a positional marker and allows



n a ho 1) The target DNA is converted into single stranded f23(0une2003
Conversion adapters are added and ligated to the 3 ends of the DNA pieces.
3) Polynerase extension is performed. 4) Hairpin adapters are added and

| i gated. The end of the conversion adapter is treated in advance so that it
does not ligate to the hairpin adapter (e. g. treated with phosphatase). 5)
The DNA nol ecul es are nelted. 6) The single strand DNA nol ecul es are
hybridi zed with DNA nol ecul es that conpliéerent the fragnents. The

conpl ementary DNA nol ecul es_al so have an overhang with universal bases that
are hybri di Wit athien 9512 pigadenfiet pE thagesibNAinMoMWdd e aid of a
cutting sitesd of amlaizme ddasr{nsps ever Bapgw QuLside Of 4ls own
recogni tion. seq enge, t&ee‘%}%& LS made reag¥ for the next ‘conversion cycle.
In each of the above ¢t ds-t HEEHRGhPRYPh Lt BEs tiPe adapiticsst athatn each
cycle. Thi sz |conmneprtenf,- dagdiengthe despenter Bedween2d hiling, 2003 - 'i ?
Exanpl e 105dRvers it Pass e RD hikina copverted DNA ol ecul es
sequences on the target DNA and simultaneously provides
positional information.

The target molecule's sequence may provide the
necessary means for producing a position marker without
modification. For example, if some sequence information
is known, a probe may be used to hybridize to that
sequence which then provides a position marker.
Alternatively, appropriate position wmarkers may be
placed into a target molecule, e.g. different position
markers may be placed at regular intervals in a genome.

To allow discrimination between the different\position
wmarkers different signals are provided by those markers,
e.g. they have different sequences or lengths which may
be probed. Example 21 describes one method in which
position markers are used.

Thus viewed in a preferred aspect the present
“invention provides a method of sequencing (completely or
partially) a nucleic acid molecule comprising at least
the steps of:

a) determining the sequence of a portion of said nucleic
acid molecule;

b) determining the position of said portion within said
nucleic acid molecule by reference to a positional
indicator, preferably a position marker; and

c) combining the information obtained in steps a) and b)
to obtain the sequence of said molecule.

As mentioned previously, multiple sequences and
their positions are preferably determined.

As used herein the positional indicator may as
mentioned previously be the size of the molecule, the
intensity of a generated signal or the distance to a

positional marker, anchor or fingerprint.



Many of the previously described conversion nethods are bas2dune 288ver si on
taking place in a cyclical process. The nunber of converted base pairs per
chain of magnifying tags (or signal chain) thereby increases linearly with
t he nunber of cycles. An alternative strategy is to |ink converted DNA

pi eces into long chains. There are very many possi bl e nethods based on this
principle and one proposal is found below, and is illustrated in Figure 10:
Met hod The nethod starts by cutting aﬁdqdorting the target DNA according to

size. DNA pieces of a speci n 30 base pairs, are then renoved
from the procedurfe nUyb el*heoén%% g?g RE Eﬁ"\g\h‘bf%‘é%% 5‘?’@ PBRbRFRERT Usi ng

previously dasedd hestimihodsll 2howhbe casyerived DNA D] stl-&téSthe

circulari zed. e) th‘ |1'S enzyme that uses a cleatrage site |ocated on the end
of the conver& G H¥ipter is added. This cuts the DNA piece as illustrated
in Figure 10. 4) B Dte tinb@ clibesdarermehieg ane $ihe i df zedl whéhs DNA

mol ecul es t hay ntlﬁhﬁriﬁéggﬁgtsﬁﬁegle gobese! efel Ledu Ll

quorescence 5) Fi na t he converted ple es are hybridize
ligated, if RIRfiRT é’d‘at} rﬁlf%el%%‘ﬂ'a%fbﬁ WHte hpwevwer Mangadmsted arget DNA

in the abovaﬁ&,nt ek BXRNPt eciseeki conpe eaEni A4 Yi O er fRA0) oRés hy gonvert ed
DNA piece w || be h br| ize /I| ate to encountered DNA pieces. This

creates a cH%ﬁE?Flo?l 15 g thgj GRAYCRARI P S TRt ™pF oviP@les i nf or mat i on

about sequence plPEQﬁBnlﬁJEfr &Dbaﬁetlp)adssfd)ﬁtgiidﬂpé@ﬂthyg2@}(1@&(”9{\{\&&1@@393 (e.g.
AGCTGTGA N2 thCFT N22r£rlGA 1hg nggb &9; unknown base pairs is

det er mi ned by FineBho3" LG W, ]t o Tehgt® of "t HEVON pi ece:
m nus t he nuwibdrhefldrasthpadt sp@bm@medh@'eramﬁstprme@as@ﬁ amn averl aps

bet ween si gnala ehal NSradd, 'éegé@pmgs&fb&ﬁetm@p@@&:w L aget
od of

sequence even 1n areas w t repetl trve seqguences.
doubl i ng DNAIOY Qe F APl YREY froF BRI 21¢ sn%rmzé%cfieial%l%wmsm ng

cycles as sh@wth neie gw& dfi atmkbdvl Bgtérﬁelb@ﬁynfDYoﬂ"ésg@éﬂl&Q a hal rpin
adapter to the 3' end o manner  as, for exanpl e,

a reverse tr“é‘n%rcc?%“b‘?%%'e foscés 3 ‘%asﬁaf’?%?%r?‘g%‘br’é’s %Pepr‘f’rf%‘? 2RIt er can
be used as aigas ney Hlovcla pahiyaer ase haadpere endsc t heSuh getbeedixtaal |y,

the DNA mol geull §,d s Hi G YedSPoLBAL - BrE &L WL 195 e sfarfdng Pgint.

determine the sequence, e.g. when gel electrophoresis is
used, reading may be performed on samples separated on a
J gel or eluted from the gel.

The length of a nucleic acid molecule may also be
determined based on the principle that the chance that a
DNA molecule will be cleaved (e.g. by DNaseI, sonication
etc) is proportional to the length of the DNA molecule.
For example, a DNA molecule with 200 base pairs will be
cut twice as often as one with 100 base pairs in a
solution with a limiting amount of DNasel. This could
be achieved for example by end labelling different
wolecules, subjecting them to cleavage and then
monitoring the amount of single and double labelled
molecules relative to standards of known length
similarly labelled.

In order to determine the length of a DNA molecule
or the distance to a fixed point, the DNA molecule may
conveniently be extended or stretched out. One method of
stretching the DNA molecules is to mix them with a large

surplus of small glass beads (they bind DNA molecules



Using this nmethod to double a DNA nol ecul e of x by n tines 3&4uiet2983ai d of
an adapter that is y by long, the length of the DNA wll be: 1) X 2" +
(2n-1) y The difference between two DNA nol ecul es that were x and x+1 by
each before doubling will then be: 2) (x+1)-2n + (2n-1)y - x-2n + (2n-1)y =
2n The difference in | ength between two doubl ed DNA nol ecules is therefore
determned only by their absolute and not their relative |ength differences
prior to nmultiplication. Exanple 12-- M hod of DNA sequencing utilizing a

pri merbased sortjns strat gcxy Ehl S . ex Ie dermnstrat es how to nmake 2S6
sequenci ng"*EERt &Y hEP ERAtHEDGYY| DN ket &% Hy A6l stparat e

gel separ ataons. anthd 6DNRAS fne:rlenhlle@ehil thaye 15 el 2Mkdce Ran

fl h : f. th t b b tiall

| ner cased COpAr 88°aP P et RoLui i ed ot v 0 QoI ot Tadders. 11 i
t hus possithbeei abvay &rpm techedtdert hemtano e dINPsmrdllethlmrks t he nunber
of primnersg Eﬁg&‘ﬁméﬂ SEEor"“i%”tﬁ%q‘i 120 £100 lsse egﬁucillqi jpeguenci ng

| adders and uor op es are used I'n th| S exarrp e, ear | y the
nunber of gbasenetads| addedarard sol Mkaépﬁé!eesilcfeﬁemqmalm ed to swt m)st

requi rem”irés%‘@'aﬁc\fé' bééu@eﬁquherr@m m1edMled SeRHAH R d addel 54
fl uor ophores used er the sequence reactions may be. Mt hods An

over vi ew ofStHESREL hBBeugg relecrde Mavedsern FiHpWYemA thig) A sol ution

of target ﬁ@biémdtxhdad arbadia w |1$M@:Qﬁtr@i tihey fSeMUeIHdd) PF IHPRr S
anchored to the wel#}z stra es g"’i‘ﬁfﬁ‘ ner determne the fixed start
poi nt for tHE"PoFYF ?5 Pgﬁc £8:54 e CSARST origin all owing the

size of theauticahbelpredfidtienni dif abhe mdumdcédtﬂetse dredicoatarupedf t he
di st ance o{ntgerggglggqmgpﬁgrﬁ%hg@ el S eat e%%[%p%r&se ext ensi on

reaction is carri out ecul es are cause nelting and
the wells Hméorm%ﬁ1%8h§dlngfe§§eél PreaT el tpineer.s OCaree wehe fadbisichg 0 each

of the 16 z\_f\ﬁléslgt%aiaeé12§ﬁedbhhe&%r1fecmb@em)tmmdd Y5 %érg Figure
12B. All the prinmers added to ea ch wel |l are identical except for bases 3

and 4 at thbx3tbeRgtopy H%F*gewf"’tlﬁ AR TRIMRE SELieRteY ighie d%ﬂﬂ‘r’&ﬁréd to
signal 1, sreeenstébyA€ikinghmaypbel bichieaed cerimecled ds@rsitgnal, 2, etc.
The prlners |n | | are | L.cal except that they start with for exanple
AC i nst ead” of e? %ﬁseg' Eglg‘ﬁ,ﬂl\sf\lﬁi'l.e the prinmers in well 3 start with AG
etc. Thus in toIla‘&teh@refarléiz%adilﬂﬂelrléntflpwi rer staaighiteg glut t he 256

:1 basehpe;@%@%w@nﬁo%camss ofBdcafl WRkdde pblsY@riRICeMes s @ale | s attached
0 eacC 0 he

pulls the negatively charged DNA molecules in one
direction. Reading efficiency is likely to increase by
using this strategy. The easiest method, in principle,
is to place a positive or negative spot charge in front
of the reading plate. According to Coulomb's law, the
force of the charge on the DNA molecules is inversely
proportional to the distance. The DNA molecules closest
to the charge will then be stretched with a greater
force than those that are further below. In order for
all DNA molecules to be equally affected at the moment
of reading, it will therefore be necessary to move the
spot charge in step with the reading unit. The spot
charge can also be placed far below the reading plate so
that the force difference on the plate is reduced. As
an alternative, it is possible to arrange the charge in
an arc so that the force vectors are equally large in a
straight line at the centre of the arc. Then the charge

needs only to be moved when the reading unit is moved



23 rune 2U03 - 80 16 different prinmers. A further polyner 23¢ue&28i on
reaction is then conducted. Q The wells are then washed before nelting the
DNA nol ecul es. The singl e-strand DNA nol ecul es thereby freed , are then
sorted according to size with 16 separate gel separations (one for each
well). , 5) The fluorescence signals are recorded and the target sequence
reconstructed with appropriate softwar Results The results are shown in
Figure 12C. Each fluorescence signal provides information about a 4-base
sequence pi g¢q wgg%grnation about the first two bases can be derived by
reference to the well fromwhich the _ fluorescence signal is read, while
the last two basBdteznabév@dter fionggdyset hBebbgrgeopnthieeparti cul ar si gnal

whi ch is prgsestulBExanBhend3~aMetilrgd ok PhAns equeNsiP oLt iLsgi Ng a sorting
strategy based osgggbrld ' ggtlon In.this nmethod target DNA nol ecul es are

addr essed t &%gi £ hiceil{¥s CORTIeS RIATRT CaYfReePlyceanader the
hybri di sati esatiéangcpaaeesoanwhhiah siwef aaege Theo hdt el esrareothen stretched

and the distanc rgma, fl yore n i.gn to t per pendi cul ar anchori ng
line is ass%ggggcgggp?ggfngFnigﬁnggggg § 8u$ Y%E?I?ﬁ:??b%eo?h?ﬁgeoctaner
in the targehideqbbackotThe pdréeahasr ecedlnkivel ghowmong pogirevé. 3.

Met hods 1) Ihg,§kartkng pabAtike1y %%%Rfaleagpéﬁﬂé‘f@ fONs! D Ap pL 65,536
addresses. A perpendi cul ar "anchoring line wth single-stran .ocfaners is
attached toPtacRdagdpbtsabpVe-AREAREIGEL HAePEate e iR Rl S bORhe pl ate at

address . 1lrofcAAALAHMCiechamer set grelieep! ehgn athadressc2 & C, so that all

t he 65, 536 gctaner Eernugations each have their . .
orces from the positive plate. The particle will then

be forced upwards. However, moving away from the plate
conditions will be reversed. The attraction force of the
positive plate is greater than the repulsion force of
the negative plate. By adjusting the charges of the
plates, equilibrium will occ¢ur between repulsion and
attraction forces at a given height above the reading
plate. The target molecules will be pushed into this
plane of equilibrium. In this method the net force on
the DNA molecules is equal to zero as long as they
remain in the plane of equilibrium. This reduces the
chance of rupture.

In addition to the two charged plates a positive
charge to the left of the reading plate may also be
used. This will produce a net force in this direction.
The same can be achieved by tilting the two charged
plates in relation to each other and in relation to the
reading plate.

If target molecules are to be moved while stretched
through a flow cytometer or similar device, a negatively
charged tube may be used. By using such a technique,
target molecules will be pushed in towards the middle of
the tube where the repulsion forces are the weakest.

A further alternative stretching technique is
provided by mechanical stretching. 1In this method for
example, two adjacent plates may be used in which

oligonucleotides complementary to either end of the



23 ,tune 2005 - 81 own address. 2) Single strand target DRAJupEEEEBes with
fluorescent |abelling at one or both ends are then m xed over the scanning
surface so they can be hybridised to the octaners. (Figure 13A) 3) If so
desired, octanmer / target DNA bonds nay be reinforced by exposing the

nol ecul es to Wradi ation, carrying out a polynerase extension with the
octanmer as priner, or by other neans. 48 The scanning surfaces are then
washed and the DNA rol ecul es stret ched® (Figure 13B) 5) The surface is
scanned using a fluorescent scanner. to recqord the intensi of the
quorescentEgg?teﬁg eﬁﬁ&?@sgrﬁsaﬁ%'6%%c{on%wpqﬂﬁ?§ﬁ%ﬁeWﬁLg?B{?ﬁe anchor

| i ne and t heveabget behuédieedetondthraset edolsisng EpprmlHtas emspf bwar e.
Results Th e tal re..s ' ' 13C. At the

1 ustr at edBagrced PRLEL EhE BBRRe e MR e ettt es of

appr oxi mat ehgm150, 300, 500, 550, 780, 870 and 104okb (if the DNA nol ecul és

are stretched wegd gégga@eéeHEQQQ@EF%RDth% %HQJetﬁEﬁ%&fﬁ%&iﬂgﬁﬁéﬁgedure

This exanple is based”on a | igase-based sorting procedure in 65, 536
sequenci ng™f¥dberseadelBopt BYPRED G5 B cxGdte 596 . ACRRpdLRd €0 ot her

met hods whiBB 486n41SeHUEACH Bggkaddened hald ersh gRnessandl a base, in this
met hod each _of the, 65,536 _seguencing | adders will represent a sequence
pi ece of 8lngE'Eé.’t3f‘ﬁPs"FeBBC§§ P%«Sagf‘@g]i‘si &% gdiﬁ"}pgrﬁsrﬁo Plo‘?c%'b‘?ti ng by
si ze conpafddonesbenet D¥Aspwbbel atltpahed 4d addengetTiENA enghd ORAt he
Seuence | GR61H015sPABCHMSao LUGIARAN il 5 SRR © (0 11 e

method developed by Weier et al. (Hum. Mol. Gen., 1995,

Vol. 4(10), p1903-1910) known as molecular combing may

be used. In this method a solution with target DNA was

placed on a flat glass surface prepared so that the DNA

molecules attached themselves with one end to the glass

platé. The DNA molecules were then straightened out by

using a liquid flow. With the aid of a fluorescence

microscope they could then observe the relative

positions of the probes which were attached to the

stretched DNA molecules.

In the present invention, by for example using four

proﬁes labelled with different fluorophores and

hagnifying tags which are unique stretches of DNA, the

probes may be directed to those tags such that they

hybridize to the four magnifying tags that represent A,

C, G, and T, ie. using the DIRVISH techniques described

previously. The sequence order may then be read

directly with a fluorescence microscope. As mentioned

previously, more or fewer probes may be used depending

on how the magnifying tags are constructed, e.g. a

single probe may be used in which the manner in which it

binds to each magnifying tag produces a unique signal,

e.g. the development of a binary code. Alternatively,

more than 4 probes may be used where the magnifying tag

corresponds to 2 or more bases. By developing software

that causes the microscope to scan the glass plate while

at the same time automatically analyzing the sequence



- 82 polyners by size. In this exanple, the sorting by si 2248 39935t r at ed
by a nethod in which the | engths of the stretched DNA nol ecules is
measured. Ot her variations are, however, conceivable, in which the sorting
by size is perfornmed directly on a scanning surface - for exanple measuring
t he DNA nol ecul es' signal intensity after using a |abelling nethod whereby
t he DNA nol ecul es' si gnal intensity is proportional to the length etc.
Variations are al so conceivabl e in whi sh the sequencing | adders are kept
physically apart, released fromthe substrate at different tinmes etc.

making it pmk:ixb,l eltt widnalysepeashbbé theré€ad SBéssegaensi ngriyadder s
separately NG 2 flow cytoneter, mass spectronetry, nanopore anal ysis,

gel sorting & et hod 1) A sequencing | adder is produced starting with a
target sequence At . fyirtivy prlepanedivs. deqErfaed herding 2)fTbe tar get

DNA i's net hy) gt &9 nté(}atbé hes&d ey ageagi tRs fpuow@céﬁétﬁkggégn epzynes to
be used in steps 3) an

6) are inactivate & é base_overhang is

pr oduced |rP1f9r¥é3Ct‘h‘r%‘e‘te [ﬁ%st%ﬂ'%l’c‘? ary2en Nléie'g%}‘?%‘é%leﬁela%?ﬁ tlrie DNA
nmol ecul es' arddtdc@ryhendst mayE 1dwrcexanpter be éng@f@ﬂch@dafw sbnker

cont ai ni ng inding site for |1 S rrethat ma ver h of 4 base
pairs. The %fartitdlrlﬁbe g‘?at%mlfsy I}%qi gh ’éesé%n%vlg‘r h(gthr n® ?ﬁ act ual

t ar get DNA.wilhle peod=eciul e:srdaafze thél’hr,d; eaalxedbw pér fduemed Sogmzym?g éhe The
target DNA g r d i b i buting the

g SR SO AL Andpsatdbed | EXATRL B 22y Yol ShiL g

sol ution be wal I's are cover dW|t sorting
adapt or s WRIF ULBERE AT had D cake ¢oRpF epenfaget boef hahdsmamde in

step 3). Thee S@¥dd NthAdapt WS pi@plcs;om@h Ne & @mﬁ 5§ti91e§n 'S
restriction enzyne, e.g. Fokl 2U0 |ch IS positioned so

t une
t hat over haffE: e et ‘*Ctﬁer%if’t%ﬁ%?%‘??\bo’f he TobF ‘B%E%eb%a??§1¢‘9¢‘?19bﬂbe5| de
t hose cut iutzsltleanrﬁ; rﬁ)e Tt aﬂgaat tOINA g Bads gad &dls Mé\kbt@epégittiw adaptors

and the tube is th ed - PNA t been ligated is
removed. 6)° re'qavagellv‘\:/’it G hDg&f a%%é‘gfm S %g?%% TRy nP tHat9 ?‘?1@ t ar get
DNA | oosensearit newe 4surese sl arlkedds nmlst.ead of glass The

beads would then pull the DNA molecules behind them like
long threads.

A critical parameter in this strategy is the lower
fluorescence detection limits of the flow cytometer.
Several groups have managed to detect individual
fluorophore molecules by reducing flow speed. However,
to use conventional flow cytometers with analysis speeds
of 20-30,000 particles per second, longer probes must be
used so that many fluorophores can be fixed to each
probe.

The fastest flow cytometers currently have the
capacity to analyze about 200,000 fluorescent particles
per second, but these flow cytometers are not
commercially available. 1In addition, it is not certain
what the high-speed tolerance of DNA molecules is in
stretched form before they break. However, it is
realistic to assume that the DNA molecules will tolerate
speeds that will allow extremely rapid reading.

A further alternative is to fix the DNA molecules
in a regular fashion on a solid support, e.g. a
streptavidin-covered plate. The sequence (e.g. the

signals generated by a series of magnifying tags) is



7) The target DNA is distributed fromthe 256 wells betmee??éﬁﬂ??ﬂQ§roarrays
as described in Exanple 12. Al the mcroarrays are ali ke and consi st of
256 addresses with sorting adaptors with 4-base overhangs that can

conpl ement the overhangs nade in step 6). At address 1 the sorting adaptors
have AAAA over hangs, at address 2 they have AAAC overhangs etc. 8) Ligase

I s added and the m xture incubated. At address 1 there will be target DNA
with TTTT over hangs, at address 2 ther¥ vi || be target DNA with TTTG

over hangs, etc. 9) The scann&$o$surf aces are was ed, the DNA nol ecul es

addr essed %ﬁ%ﬁc%Yoﬁ?Eﬂ"ﬂs?ﬂ@ BLECtOEYOl PSEL e i fat he1 )R adicxD caner a. or

simlar i pused. t@hehstdgtaphotheaaéddeasesvafhe ceDacaRiat.edrayy f Or
exanple, be set to ta

e phato p dress 1 e software is
used to régaﬁﬁ¥%%rtﬂ8%?F g?eScen Dﬁﬂ %gﬁe@ﬁﬁgl% %Egsg @pth i™S%ngt hs and
then reconstruge fhegmental raggebysbgeehdag Omeewaynbildsbhingh this night be
perf or ed & fo o { Ll V8 ol cEORGARA LY (B0doR88. 8] Laual iy target DA

nol ecul es containing arbitrar bases oOver hangs, |gase buf f er,
1 ~. 1 T4 DNPPPHase Fepoewpmple . NEBTRPO2PORAS waﬁ/ebetéoa”"ﬁdwal vol ume of

100 ~, 1. Ipeubate ahelégpf;@teﬂmb@e&mé% add Reamvest be Ikihgui d and wash the
mells with 1IX NE 23 June_20 84 Buffer 4 one several times. 3) Add

10 ~Cl 10X SiEdBugretake -4 dpi L eF&I?ltt(aﬁe\ﬁaEﬁgthﬁd'“l?’b‘ll&ﬁs,maﬁ'lém per ~Cg
DNA andéﬂhhapé@rlhoSachiaahayothﬂe eheyQ@anChe kbeubabesal Fm for 1 hour.

4) Inactivate at 5C for 20 n1n ) recipitate the DNA nmol ecul es
from each W&fI*FA éBBaPiFE t&Ge &° o) m61 EuRe8 LRL" Tetn away

When the modules come 1oose, they break the current
circuit in a way that registers what modules have been
removed from the reading plate. In order to increase the
chance of a successful binding, several reporter
molecules may be fixed in the same position on the
fragment. One could either use four different reporter
molecules for each of the bases A, C, G, and T, or use
the same reporter molecule positioned on four different
places on the fragments. With multiplex, parallel
computer inputs and other modern electronics, it is
believed to be possible to register several million
signals per second allowing rapid sequending.

In a preferred embodiment these methods are
appropriately used in conjunction with the magnifying
techniques described herein, ie. a portion of said
target nucleic acid molecule is determined by the
presence of one or more, preferably a chain of
magnifying tags. These methods may however also be used
when no magnification is performed. Instead of
magnifying the DNA molecules, one could incorporate
different attachments to the bases that the sensors can
register.

Once the signal information has been accumulated, a
computer program is used to assemble the sequence pieces
into the final sequence. The prcbability that errors
will occur in this step depends primarily on five

parameters: the length of the DNA molecule that is to be



6) Dissolve the pellet and add 10 ~.1 10X |igase buffer, I | i gase
.(400. U ~.1, NEB #202) and water to a final volune of 100 zbc‘ﬁjﬂeﬁ?]’g?ggte wth
the mcroarrays at 16C for 12-16 hours. 7) Stretch out, |abel and anal yse
the nol ecul es. Results The presence or absence and size of nol ecul es at
particul ar addresses indicates bath sequence information and its position.
Thus if address 1 of mcroarray 1 contaigys .DNA nol ecul es of 100m croneters,
this indicates that the sequence corresponding to the octanmer used (al beit

PITTITITT. S ot he bresente of o a1 Terant oo 2o ool eey 5 baul d

. Si.m e presence o | en Si nol ecul es wou

i ndi cate a ié}?eﬁ%fs‘?%‘ge’b%?ﬁ%ul té?esgﬁﬂgﬁée(?ET%}éea LSS S ahha kol ecul es
at a particuwr todresseawul the nuichee theDibspieecofthhe sequesiag

conpl ement arye 4 ey | (WDBLLL 3L N0, 06! BIPERLNLAGHA 81 SEALERGE. A
potential source of ertoneols sorting in the above exanple I's that
rough-sorting addph@rsnveytar seas upntteadyasr ¢ahed soredmiguagapporgrakonever ,

this probl ereaimbey A oigled: iyohexhan 8t Cuhbi Moot fedOfoA00t her
restriction endonucl ease in the rough-sorting adaptor which enables the

rough- sort i MPERIEPIVFS t PHEL RN NAY2BePBREM i Fgpt ARg houfheadyhas not
been menti ongthd neddigedboye ExanphLlysbsi shakh sehafpeitiand poatg{aieate the

end of the iece.that_is not attached to th hsort,ing adaptors.
Thi's may. f OISt E, b ARy | eadinggoh el 8o s the e ding
filling. |f aBeresimman' satetihodlid] ebahehciéhgateactddDOT, ofuptay is used in the

above et hod Lt SALEhEN LML PHLES. 3 Ipdutl LALODENA ML ogl es can be

stretched on a scanni ng ace neasuring 1. cm fie 256
addr esses windadovit o rE Uk xRN §e 4T 8a0DDoR t ard cheth DA yof@eul es. As a

sequence pi ege oMl £ RAse/ PR &Si | bRokepeat %@V@ia’%&@iéﬁq base pair,
there will bé on average_ 15 different | engths at each address If the target
sequence is VY (OBDURRRAINEEESF5EA3S 2y SaEathi te ik #id Iotkes be measur ed
260- 520 ti Masegdt AVEFagerd s B, DO 4 5 Re260A 520 ce X1 dhgtids imWst b0 t N es a
cor a'xd.a cpoi nt (]Sn t,gils met?od.gl\@ og%arrers. carryi a linear
arrangement QIS HERHTY yi ng 'S dgs°(THE-R1 ghaf CERF i 5 htir}geﬁ%li?é%a?o t ar get
DNA fi xed orheawescanni g slrddeerdinatei smpherascanmsdgane tthe podinvgon of
the region Q‘%}gj&@@é azfﬁ’d to dhe. et arers Within 4 he target sequence

P

det er m ned. eneral procedure 1s shown in Figure 14. Methods 1) The
starting point fdatheoidl 210 t HRaOUNEhdT i Ffvf2 t et Hdut e <Y r anded

DNA nol ecul esded in fikekdpiaietg POABLION Bs SEaTbE Meh tSet f £ & ewlddn

described herel gl Of; QAAMPLE: 1% 20 ANSPOELAS: ! T Mot Nalad Sy pergpnds oul ar to

reading ten times as many base pairs as the length of
the sequence, most deletions and spot mutations will be
eliminated even with a high error rate in the sequencing
reaction.

Depending on the technique which is used for
sequencing it is in certain circumstances possible to
perform sequencing on a heterogeneous sample, e.g. to
perform parallel sequencing. Procedures which allow
this form preferred aspects of the invention. Such
techniques requires that signals from different target
molecules may be discriminated. This may be achieved in
a number of ways, e.g. by restriction to particular
locations, inclusion, or identification, of markers
which identify particular target molecules etc. For
example, solid supports which complement a region of a

target nucleic acid molecule may be used to isolate and



2) 65,536 permutations of conversion adaptors (ie. adaptew%ﬁéuﬂ%%ﬂoﬁg

magni fying tags) consisting of a PNA octaner attached to a signal chain
with a conposition corresponding to the octaner are then added. The signals
may be fluorescence | abell ed spheres, beads or carry 23 June 2003 ..; .
- 86 other appropriate |abels. The PNA nol ecul es are thus hybridised with
the target DNA nol ecules. 3) The nolecul es are stretched and their
positions recorded as well as the cdhﬁ%%iTion of the signal chains. 4)
Appropriate software is, usid to eco stru bﬁthe tar uence. Jresults

The resul t $85RENsAORAT FhCR ﬁﬁr@o ﬁe di éhgﬁnbé{ %r AE"efgnal chai ns
and the f|wedhahﬂhole@gepofnatpleasdea pafcar ot ioscahotiicé heikocabi on of

each sequepee,p) e%&wlgpemafégsaege%egNgar%1%uaar 1000 gt hog mkes !t

pOSSIb|e t 0 map or “sequence ex sequences To nones, in a ‘
mappi ng orwsquehceucbabmouhedgﬁeUﬁénﬁoéSéant@@hl%urdmdompblndhngapp|ng

al one or ngoBEprﬂnglHﬁ é?ﬂh‘é%hﬂgmoh&chie marmarﬂlr;& o4&,k haf, the

nmet hod makes It possible to seqguence nani ferent target sequences in the
sane sequefd¥ EbBaetponseuprensad($Br PragL Fénelbﬁﬁ@kﬂé}%o‘éis%foéxgﬁﬁl e 14 is

fol I owed byt maﬁée@é'cl@xﬁléuéﬁ dot kelhaegehe DNAGuS e a/@sttlfhﬂ-\lasel or simlar
so that fra TE of a few hu reg bgges ar e for %Eﬂég to 8 are
per f or med 5& ged i?rb%dgrn'ﬁx% F&SE4°7THR é&éﬁﬂl Eﬁges The then washed
and t he DNAeﬁhhéquéesdéﬁéﬁibhédheﬁa1npareabaWﬁnmun@rpnocedure or simlar is
scanner. or SV AN AFCaNE SDBrbpr el e ea PP At Pa et i) Fathit: FRchet he
sequence. sequenced thus further aiding the facilitation of

parallel sequencing reactions.

A number of the techniques described herein may be

used for sequencing only a part of a target molecule or

for fingerprinting, profile analyses or mapping, ie.

identifying discrete and distinctive portions of a

molecule, e.g. for analysis of RNA expression {(which may

first be converted to c¢DNA for analysis). For example,

as described in Example 23, a target sample may be

digested with a restriction enzyme which produces a

particular overhang to which a magnifying tag

(preferably a chain of magnifying tags) may be attached.

In addition to carrying sequence related information,

such tags may additionally carry information relating to

the enzyme which resulted in cleavage, ie. as a marker

of fragments resulting from that cleavage. More than

one restriction enzymes may be used simultaneously if

these produce different length overhangs to which

different adapters may be bound. Alternatively

different restriction enzymes may be used in consecutive

-%, ’

cycles. .. N
The resultant fragments may then be aligned for '
example by virtue of the amplifying tags attached to
complementary overhangs, e.g. by the use of {ags which
reflect this complementarity, e.g. wherein the tags
themselves are made up of nucleotide bases. From this a

restriction map may be built up as described in Example



23 June 2003 - 87 ~-. . . Method (sorting with ¢ nversion) Steps 1 to 5 are
conducted as for the optical mappi ng nmethod above, thereaf 28rdun&R02%6
conversion adaptors are added and ligated with the overhangs formed in step
6). The conversion adaptors may, for exanple, have binary signal chains in
whi ch the 1-signals are DNA sequences_cgg%aining many cl eavage sites for a
specific restriction enzyne, while the gnhal s are DNA sequences that do

not contaign anyrsich 4 $l8S%er %EEEQE gg@yiy%%%ngwﬁngﬁl c%#g;lfron1each

well, is transferred to its own scanning surface mappi ng
procedur e PEOVALES &d Msthoft of e dussNg ¢t e erfz pmé atriyett mas: letitd | ng si t es

inthe 1 abg@ah&ie&hlEh@o&@&ﬂ%ﬁ%@ @%&E@@qnbss%a@@agg Wintely g Jfely Qr escent
scanner O%nSHQ%E%% %ndo%Qq%%prl e sof%mare is used to reconstruct the
sequence. xa ho D A“aPié BEE §TbS38fa teEAGEr Seheignachsnawdesdeal ysis |t
has been 3Bofiscabesh helredtr iin fidelid ioantdr pveisinghe- shrarded iRNA and DNA

mol ecul es ohhkayah poeR 16AANAS! Selst rdpkiPhd ABAbrane. The passage of the
nol ecul es can Ee detected as a transient decréase of ionic current. It has

been shown thatti @ PEepESSER deasudrséEpriifi Babeibepwedncpdr byes and
pyri mi di nebtbéodusge sefjueheier isitzendtfibar eAca: sktehaspbber ghar g¢been

suggest ed t hat could.be used for high-speed sequencing. It has
however sﬁéag 5??§FE3FP8§818i§8%.nwﬁi?guggtmggﬁeapfF@}gn905appn@s ( Adeni ne
or Guani nEYNBHEdSBethdenrdbhier efit thyr chiedirags £OyessbBeondhymi parar Uracil)

because ohuthehbesmahh/skzg1di fie e t hj le it.is shown how
this problgn1cane?e sol/vedg%)g %gnéggglﬁg LH?hgé?BfégﬁPﬁﬁwF%BGE Bifnary code
consi st i ng~of BHF'ﬁ@feﬁyﬁpﬂighﬁepgﬁbﬁéP§$ of said sequences are

determined by comparison of the sequences at the terminal
ends of fragments of said target nucleic acid molecule
- after digestion with said nucleases.

Preferably sequence information is obtained by
cleange of said target molecule by one or more
nucleases as described herein, pPreferably to produce
complementary single stranded regions, and binding of
adapter molecule to a region of said target molecule -
(preferably at, or adjacent to the cleavage site)
wherein said adapter molecule carries one or more
magnifying tags as described herein wherein said tag
comprises a signalling moiety which Corresponds to one

; Oor more bases of said region to which said adapter
molecule binds and additionally comprises a further
signalling moiety which corresponds to the nuclease used
for cleavage. 1In instances in which sufficient
nucleases are employed, this method may be used as a
method of sequencing.

For example, a bacterium wmay be identified in the
following manner. Bacteria may be lysed and the DNA
isolated. The molecules may then be cut with a class IT
restriction endonucleases or other such nucleases as
described herein. The DNA molecules may then be bound
to adapters to identify the overhangs. The DNA

molecules may then be fixed to a reading plate andg



23 June 2003 - 88 ethod 1) Fragments of the target DNA areoprgdsegss by
cleavage with DNase | or the like and treated to produce blunt ends. 2) The
target DNA nol ecules are ligated with Iinkers containing one or nore
binding sites for IS restriction enzynes (for exanple Fokl). 3)Overhangs
are generated in the target DNA by cleavage with the IS restriction
enzyne. 4)The overhangs are treated with a phosphatase enzyne. 5) The
overhangs are ligated with conversion agdaptors. The adapters al so contain
direction tags to nmake software anal ysis easier. 6) The conposition of

purines/ pxeiratdhBas | 8y erthiM idy byhdaren@iggapahysi gichhg part of the
target DNA Rhat has not been converted nma used to obtain position

be
i nf or mat i ohlU9YeARCRGHr SHAME s W%tbgﬁg?ﬁﬁpgrﬁgéﬁrfﬁtFEconst ruct the
target segpencernTheyobver kdng itegi oon be¢ sweeict hencosxgt Rsoanadapt er and

br oot readi RECRERREn LR st g 28 PSR PhEcBuag; L Ehnde, ™ °
puri ne/ pyringitdenéesode Tiedyrel urgrur i hesiplelh neuciC=mpgni. Aecat pyni iEdi ne etc.
This is ilystiabadahlcfi-owiee 1hsEXammhL: 18x élﬁemeieeekg§ L %Hs
generation of sicrnals in sequencing reactions This exanple illustrates the
use of cel F3MBoBhzeobYeNdrdtue Qigrdieianrd os?%'é?rﬁ‘éﬁﬁesn:gbtlsa%nnagni fying
tags indi cahi¥Reof faapanle @i arhdasevémt PosqURECHRGsERACIAGENL joR3 June
2003 Method A) .In this th dtr_e orter.xgenes are used as the magnifying
tags and tREPVifEFaf; PET oﬁﬁaﬂ Cﬁ?t&’s‘ﬂﬁo% EABIGLRY LAt of LR clrBgetin
i ndi cat or DRAt heleelaki venpasidimn e pasd i ofil arie basesord dhecsequence. The
techni due whiyGhnlendo BEcAIL % 'Soblin i B2l 28! 8hRE: e ghown 1
obtaining positional information as described herein.

In preferred features of the invention, positional
information is obtained by reference to a characteristic
restriction map of said target molecule. Further
preferred features include the use of restriction
mapping to identify one or more magnifying tags and the
use of tags which may effectively be read using flow
cytometers or nano/micro pore analysis.

Using the principles and protocols that are
introduced in this patent application error rates can be
reduced by using proofreading techniques both in the
sequencing/sorting reactions and when reading the
signals.

If sorting is used, it is possible to sort the same
piece of sequence several times. For example, all
target DNA that begin with AAAA are sorted into well 1.

Then the same procedure is repeated where incorrectly
sorted DNA molecules that do not end with AAAA are
washed away. The procedure can in principle be repeated
until the desired error percentage is obtained.

If magnification/conversion is used, it is possible
to convert the same piece of sequence on a target
molecule several times so that a repetitive chain of
magnifying tags (signal chain) is obtained. Most error
conversions can then be discovered when the repeated

conversion products are not alike. The portion of a



1) A pol ynerase extension reaction is perfornmed using targes JuhA20883

tenpl ate and a sequencing priner that is attached to a single or double
strand with an enhancer and reporter gene as illustrated in Figure 16. The
sequencing prinmer is used to bind to a known sequence in the target DNA
indicative of the start of the sequence which will be sequenced. 2) A

pol ynerase extension is performed with a primer mx that consists of four
different prinmers. Each priner consi st3’ of uni versal (U or random bases
(N) except for the st .3' ,base .that i,s either A.C. Gor T, .The priners
are attachgarfggttf i eﬁuflfeertlcglr‘i‘tsrC rlésp%r &° élesr?gs.toPrdFr?éP’S RPEATARTA in the
nost 3' posnificamadrienatdaaclsdea da epuritest igetdieAsame menhierth. The

conversion pringrs il t @a%k?tsee‘?;ufgr{l% glggeamg,;Pg:V@egP (nggggm except

for the nost 3' Dbase which'is critical for "a succe ol'ynerase
ext ensi on. t3egndesraufst & heopRbteds @ feXrgiwsitonolesediesns hakeaper f ormed with

primers thahaakgLomiemntany, t-ddte S ends of the prinmers used in step 1
and 2. 4) The converted DNA | ecul es are transforned/transfected into

sui tabl e cel|s. *HESTHE T QL A N FRERETEIRG CFoMeIPRSLCatiow t he
reporter geeehdds hiexanesset:redn Huarmexpraedicaredl atbectep@r tée genes are

anal yzed w.th a f.l Qqw cyto r i tabl ftware i ed to reconstruct
t he sequenégg.enlg)lqnn' tﬁl}hg@ﬁé%ﬁg%%if;#j%gggg&eé ggp\?\ncf“hgg'fef ferent bases
are direct edeserdi firereitidrogatdvditesyia iy £ogemagni2gisgnen2003 - 90 or

other st r Uit ot £ o Ofr ddeiudinsic 100 bR udeS LGRB kAN 1) The
target DNA Is fragnmented with se | or by a simlar_ techhique. “2) 16 base

pairs per B&r JEAIINCIHDIBT MV ardlaRYRIST B6d de§Cx isegnhprehabaforesi gnal s
are used i PitGirnialgPlaacthed dmnsfe Ar Gore @ollid Eappogtgnal consists of

a reporter er%e A. C Gor T, linked to a pr.omoter that }q/ill e expressed

'n a dif 1 oPOREATARRY GG Sidish Qe MG IRt 59535 EREEERLVERe. i gnal s

are direct edntpr il relj o erientalllocet iy 16 different pronoters. The

| ocat ion may be 4, cella Oy 21l QR Ylasf Ut i BTt LEgkbUlan groani sm 1
a cell (e. ‘g. a part of the outer

may al so be a | ocation o ! ) ] ‘nmenbrane). The
si gnal chaioerippneris feglasd/ad dixedhed liito ingd uddng rRatErgrtésnrise to

the organi SHSIUCttEL.usd itha eldsad ol @Mk torsCendbt wWARent bak al | ow the

OrganlSnis%éﬁ%ﬁﬁ!?néfgéh\gg(M%y be ligated, ligases, enzymes
necessary for inactivation and activation of restriction
or ligation sites, primers for amplification and/or
appropriate enzymes, buffers and solutions. Kits
for carrying out other aspects of the sequencing
reactions described herein are also included within the
scope of the invention. Thus for example kits for
performing the sorting reaction may comprise at least a
solid support carrying one or more complementary probes,
preferably a series of discrete probes mismatched to
each other probe at a different address on the solid
support, or on a separate solid support, by one or wmore
bases. Appropriate labelling means may also be included
in such kits.

The use of such kits for magnifying target nucleic

acid molecules or for sequencing form further aspects of

the invention.

The following examples are given by way of illustration

only in which the Figures referred to are as follows:



4) The distribution of the four different signals in each 23 June 2003
organi snistructure is registered at the different |locations to build up a
pi cture of which base appears at which position along the sequence used to
devel op the signal chain. Results A) The signal intensity generated at
particular |ocations may be examned. This is illustrated in Figure 16.
Since the signal intensity is inversely proportional to the distance

bet ween t he enhancer and the reporter f&ne, the position of a particul ar
signal (and hence base) relative to the start base may be established.

| deal |y, t8igugedilssihoetsi en megtheekm i hatdidduerient mngﬁxiwfﬁgmhhgb are

created taggeh BUEkele agyumblReHl A h,d Hddudldot Sa1 ted agear ding Lo

their term nal ;sequenice suc hat the “extension pro ¥9%Jtne 2003 -91
differ by kypEifiAzAtdre Baseligadddine 19- Method of sequencincr by creating

sequenci ngphiadger s enhbler angehddicre iMARdIAH P IR SAFINd N §,0Bt hod
describes the formation of a sequenci ng | adder i'n which “con rs?on (ie.

magni fi cat FBhY &nd2r85di f§WEC e & S5E e SRdUA g o t he sane solid
support. Amesmpdrtabh pdicets mtthnkhbsenmﬁo&e@uﬂesJhSchhﬁ&héﬂgéthél0“ to
obt ai ni ng c si_tian of short areas (6- or nore, in
|ncrenentsgagpggggsggnggnglg s§COBEAThE IR 6F %ﬁ%%ﬂﬁnﬁlQ%%rr i nterna

| ocati ons Baghzaegeh BNAW#DW@@U&@@%%u@xﬂmnsemeﬂahﬂd@ tHBn&argeof i mportance

to the recoRallpsbiied ob LRBWSCRURNCAHNLLTRH N dNd e Jelhod gan, for

exanpl e, used to conpl enent sequenc ormati on erlve
preV|ouslthgHFPOHGdSHPW§rﬁ&?|ﬁ@@r‘?W@Y@@ﬁﬁ@l9&@9&;u5ddnn¢emagh1ﬁyFlgure
17 for theesenusastng of a 9 base pair long polynucleotide. Method 1) The

DNA sequence that _is to be se?ﬁe ceg is anplified by PCR One of the
primers i sELGBEEIE4SHPIR Bi BEFRO ECANENSANPh Bl nendaes meecul es can be

fixed to acytlepanhdanpsubfkeaﬂengThec&hheBhavng&ﬂéS?Nrgﬁgw@ fRea thin

line, so tPﬁBpEQ?sDwﬁ1?R ggglﬁgﬁﬁa%ndl¥eduggshg ach oggﬁr inarow 2)
d wt | §

The nol ecu are trea erate random
cuts_ (stepniyoftErgareps7usg8iThe magneﬁdseace bag&bed to a pol ynucl eoti de

t hat contapmé fe b NdhBgsSht RetBbad ot asgukhci B8t HGH donuclease t hat
cuts outside th own blﬁdlngeS|te Fln taﬁs gés% Ea%%l st ep 2 of Figure

17). 4) F@E?WPE?Fbﬂ“eﬁgoﬁu€F§5§éCt§°Ph§ﬁt&d&@dlﬁén@#éatéﬁﬁh overhang in the
pol ynucl eotedesné st Bpsd of Ei gHirgel7hol8ruMdaphensiahe naddghtdat recogni ze

and |1 gat e, §pEELLLC3hY ¥n' Ral "BePRYA T heRhLI8, 48LAANAS (HLSR 41
linker molecule containing part of the restriction site
and C) shows the linker molecule bound to the target DNA
to complete the restriction site;

Figure 5 shows a method of sequencing using a Klenow
fill-in reaction coupled with hybridization and ligation
in which A) shows the base vector into which the target
molecule has been ligated; B) shows the structure of the
adapter A used for cycle 1, 3, 5 etc; and C) shows
unsuccessful and successful ligation depending on
whether size comparable overhangs have been created;
Figure 6 shows a method of sequencing using adapters
which function as primers when binding to single
stranded target molecules in which A) shows the adapters
which are used as primers to bind to the target
molecules and B) shows an adapter bound to a target
molecule;

Figure 7 shows adjacently aligned adapters which carry
magnifying tags and which hybridize to the target and



23 June 2003 - 92 Figure 17). Thereby, the top pol ynucl eotige)netdnogn AGC
overhang is ligated to an adapter with the AGC fragnent conbination etc. 6)
The DNA nol ecul es are straightened with the aid of liquid flow, an electric
field or simlar, so that the adapters | abelled with fluorescence can be
read with a fluorescence scanner. 7) The sequence is reconstructed by
aligning the pieces with the sequence_ig ormation. Note that the relative
position for each adapter varies according to where the pol ynucl eoti de was
cut by DNasekl fl-hytdyiigiiwey., each piece with sequence information can be

given a relg..i\l/l% pgsi tion on the pol ynucl eotide and this nakes it easier to
reconst ruct ‘%ﬁe—?eéué ¢S B athed iaf siediing bdaphphaswhedht bahtrreadi ng
several difmegentydNg seqiserees <dpdnd $Are headi gﬁﬁglggg gggs ure 17) can

i ncrease thejpgadi ng potential . For .exanpl e, w th the ai CR, one can
anpl i fy a |arger nunber of “g&ndy ity 8lvéhefebrred pni bkesusdhes uni que
over hangs ah@lxnde édaphersnphi fheédhgeaeni€QiRGCesSgs THE-S & 198 Egne, for

exanpl e, bybdshngn@st bz LOpg BL! in.the last cycle and Tnsert cutting
r?’egg@éﬁteﬁgtle(ﬁut sel dom etc. One can thereby

sites for rgstriction endonuc

hybri di ze tﬁ'égﬁ%?re%-ot §haveNA BREpodherfecenehrsiomriea SOnshSt Bi @ ing

ol i gonucl eotddesrtbat DﬁAefSQ?ﬁaEﬁEQ tor ohbe yag)Qus genes. The DNA nol ecul es
that correspp o] (f“eng A wll tFereb¥ hybridrzé to Square A, Gene B to
Squar e B, e‘t‘cﬁg)#rr%‘. rsemBtR8E fsTpLPPACcaE afPybhig oprdlaties faridrass screeni ng
of the genomebecfiléesndi vi duals when it is possible to pick out those
specific ar j g hat, ar f nedical interest etc. Parall el
sequenci ng %eﬁg&gn&es{n%&glg T pNACH BRIF Ing argdind icati on usi ng
gene speci fREIRRT neased Grer homgss iyt ednen he Wganray ahed 1hhat- ane specific to

23 June 20GheagdhIeNE o €; re hybridized to the
Iﬁ%c%@lf@ﬁrgwcihﬁ p TG Beieer dssuch a way

ol i gonucl ecgi des on a \ p.
t hat the ol |od‘8'h(fjcqcéo‘i‘ i L] hHPREEE coMptRMENt Aoy whd chhe hei ihegert genes
have di ff ementecsiltees.aden Baald t bsddp | 5 RARSINL LR CLEal.e Several thousand

different adgresses on the sane reading plate so that”i Polymsgasep| e to
sequence severeai tcﬁ%ugsatrﬁ? ned TPt 14Ying fdffhernal ségnatlsve is to

obt ai n posidGeortdien dfomeat (sorep et mdﬂiﬂl‘EW$h&ﬁ%sa§xEEhH§%r\IXE€gPi n Figure

18. 1) Thes9t,artHenG-Ri1Ma {0 i Argeedure is that the mof ecul es t hat
are to be gequenced are cut into %O%c%%gg%&tsaapév\/[%“o?eF%ﬁgéiﬂ. Then

biotin is incorPdrat¥ (SHe® e BA Shsisc wepsesent hat ve hpremarg, onN
aver age, b&oes usiet hrbiwetliln 1€ whi cit haRtee M #lrs 0 a5 a{l ngégd%f%%ﬁes (nore

or fewer dgg@n@i)n%lﬂ%@ \Mg?’% Itﬁ requi red). .The DNA nof ecul e af en fixed
p a

with one end to a plate USTESTENER WPERTESREEPR awhith. iThe fi xi ng

mechani sm PEBE2ipedefgr ehohl o fbeheomst Wed@set her than streptavidin/biotin.
Figure 13 shows the procedure for DNA sequencing using a
sorting strategy based on hybridisation and the results
which are obtained, in which A) shows the binding of
single stranded fluorescent labelled target molecules to
octamer probes on a solid surface with multiple
addresses which are then stretched; B) shows a section
from a scanning surface which illustrates how the
fluorescence signals are distributed in straight lines
corresponding to the different lengths at each address;
and C) shows the intensity of the fluorescence at one
address;
Figure 14 shows a method of DNA sequencing in which the
target DNA molecules are attached to a fixed reference
point, in which A) shows the conversion adapters

consisting of PNA and a chain of magnifying tags



2) The nolecules are straightened with the aid of a liquid p3Qude 2003
electric field or other nmeans. The DNA nol ecul es are anchored to the
substrate by adding a reaction solution that creates a bhiotin-streptavidin
bi ndi ng. 3) The DNA nol ecules are then cut with DNasel or other means
before the free ends are ligated to the preadapters that contain binding
sites for type II1S restriction endonucl eases (nat shown). By then cutting
with the respective endonucl ease, ovethangs are produced that are |igated
to adapters with sequence .i nforrr?%:i on. 4). An ad%pte,r wi th a fragnent

conbi nat i dAERLAEERY SRR PSyatEd I e G ovErHarfy, etc. 5) A liquid
f ld ow, el eebirire spiosldd nar Oﬂm@iolﬁiiltal’onpr@)ea'a]i&ués&fést alsd rlaighiﬁg blre DNA f
adapters in_a 90 gree 2 une - 9 inection tot irection o
the DNA n&laéfg&I%eD at S & eo% élgeﬁug)%c%g&,' g"etftoarceh"f%ty “élrghaggﬁo%&ﬁ with the
bi ot i n/ st reippderd mnsly sttamt cWiag ;al) tstheowBNA heol appdasamae eobeeheanchor ed
to the subsliglity Lhe MIACGTS AR He ARRANE UtId sdig, desirted number of

base pairs has béen converted/ magnified. Al so note that the relative

di st ances sfake®edine adapters correspond to the internal distances of the

sequence @i-%«g% 1% hwaNA HEohRewoR URbinshP i SHEROESHon! t shoul d al so
3 that | ’ ¥ ﬁon

be nenti one t is of course possible to sequence very many DNA
mol ecul es ek oFEr BANOPGE GFAUEESATHg 15 athe-C IRFORRIAWEL Wb of
sequenci n@rdgiured tadapitemleicul el icokerad it paaerdie sragiddpedrporti ons

awa~r fromthe tarqget l.ecul e, Th t described bhelow illustrates one
t echni que i*n |w(§‘h%ﬁ0|wgeqtlh§r‘? grkllé3 %f‘?c & g’?\tsgqlt?enn% ncé)rfﬁffwb’en%cﬂ eved. In
thi s nmet hpdsitdgm fayidngeaagaoghiiok camatdosateed wald atst atheectdoa solid

support. ﬁald'snker spacing the tags fromthe sequence to which they
correspond I's 'subsequentl_ renoved and an adj acent portion of the target
|;*I'3iW

sequence Faguieed 6h&hemsnitve §e19e 3o dEGS &9 IasRte m Farallo. Met hod

1) CIThe DNA-efleRG U@ thafades s&%u@&c%QQ%ﬁanMf_ cHAGGT %%h _iﬁo&ihéﬁfjdwbth one
end to a streptavidin-covere ate. e fixing nechanj sm shou e a
mechani smeSHRECEha? {965t &9 g}"ﬁ/ Eiatftg‘ier‘f. ™) PRI HeereafEefigated to
a pol ynuclpadiniede tahal atasichieds wa iloihn diang ys intagyifidty imd wegd | imeshei ction
endonucl e W th a cutti ite irde Qf Eglel] ite (e. g. BspM
as shown %?1) Fi é)tf?er?féﬁgteg%léﬁletgﬁe%%g(tﬂstsglﬁv{%:ga ?{elsr%({%%n endonucl ease is
added and idlewkage ingr reheas ignadhsiFtwitmtigses from the DNA nol ecul e t hat

is to be FQYNRRCAE. shows a method of sequencing by creating
sequencing ladders differing by three magnified bases
each in which bound target molecules are cleaved non-
specifically, bound to adapters which are cleaved to
generate overhangs to which magnifying tags are
attached;
Figure 18 shows a method of sequencing by creating
fixing points along the length of a DNA molecule which
are attached to a solid support and the ends of the
fragmented DNA are magnified;
Figure 19 shows a method of sequencing in which strings
of magnified tags are sequentially adhered to a solid
support in which adapters are used which contain a DNA
linker which spaces the signal from the DNA being
sequenced, which may be removed to allow access to the
molecule being sequenced in the next cycle;
Figure 20 shows a method of introducing position markers
into a molecule containing a fragment to be sequenced

which is sequenced with the aid of adapters;



23 June 2003 - 95 4) A solution with various adapters and2B8iJyes2803 s t hen
added. Figure 19 shows an adapter that has recognized and bound to the ACGT
overhang. In addition to fragnents |labelled with fluorescence that
correspond to the ACGI overhang, two or nore biotin nol ecul es have been

i ncorporated on the adapter. 5) The DNA nolecule is straightened out with
the aid of aliquid flow or an elect‘rsé'c field, and the fragnents may be
fixed to the substrate as shown. (Th Yunction of the DNA I'inker region is

to space the fragnents away from.the DNA nol equl e that is bei ng sequenced.
This | eavé'gq&g@ﬂﬂ%%oﬁkSWﬁeﬂ/ QSEBPQr o|E%n SR RS s I AR &) '@ ERfage i s

per f or med nwi iteeuSrmli sabduBdphb adaphatrst pereBiAt onk & salerbved at the sanme
time as a Newdq ert}%“Qt'e%mE%éfgngﬂog% NGl dAS Q%thcehfﬁ%ggoao&aﬁ balrs on

t
theDNArnSéﬁpé)é)tﬁe‘_ i S nmakes ossi bl'e to T gate W th
f 1 uor escerce Hhebelolled Bragreht sndThdeowithedi finer emdeadsed hat allisvy adapt er

does not  QRhRIM ;3nDNR 5hn5§1amgnfd uerescerte phabel l@d adppiercyd |1 then be

fixed to a new position an e streptavidin substrate. By using DNA |inks
of differdiftSulitemgt RYA pfLtpy §b6E&tKINE™P6 perform nul ti pl e consecutive

conver si oriGlee2 EXaWRl 8 Adthbse off pReplatiion MRKRS rdlexRadienci na
nmet hods | %et hi s net hod Bosi tion narker.s.are assqciated wi.ith the nplecule to

be sequencsd tBPRITISPTRSEARFERI AL & 1EHe SS¥GTE & S5k d e ™n which is
obt ai ned. dvetyhwed hlre meeHodhwhi plrodsices ederhainklsustirfaiead nign il gure 20. The

starting i i ci.rqulat . egyl f 0 ..The nol ecul e
cont ai ns ?)\c/\ui)trﬁselcﬁ %geénﬁa?gégh\%gtggroﬂ[)gét n%%d%da?)ﬁgépggfg(sﬁn%qé:&re 20), that
Wil |l be usad dhepodiighbadnbrkehsins 23 pagaifyddg- tgs;1) The DNA nol ecul es

are net hylpaitﬁglewiztah sRslZ! En@%@ﬁéé@@,p@m@hﬁ@%@wae,%iafri%éei%@ri sed with
DNasel or simlar, after which an ada&taor cont ai ni ng cl eavage sites for
Bst 711 i s dyadd By thegdPrEncutsRRosht PRF§SsPfed &PE95Ead® so they can be

used to naks aulevarkanggwiEletihdyf ar 3t ghtibnbasestiivbn R tharget DNA _

ol ecule: Tl 3. ARBRSLSAEnERay | HASHSRL B tile dadpiotde | ormacion
molecule that is not magnified may be used-to obtain
position information as shown, in this case by reading
with an optical mapping based strategy;
Figure 24 shows the sorting method described herein
which is performed on a microarray in which overhangs of
4 bases in the target DNA are mixed with a microarray
with 256 addresses and ligated. Address 1 contain AAAA
overhangs and thus binds to target molecules with TTTT
overhangs; and
Figure 25 shows examples of how signal chains may be
used to obtain both sequence information (left) and
positional information (right) in which A) shows a
DIRVISH based method using fluorescence labelled probes
that bind the target molecules in a characteristic
pattern, B) shows an optical mapping based method in
which the restriction pattern is used to give the
position of the sequence, €} shows a method in which a
characteristic pattern of DNA binding proteins are
registered as they pass through a micro/nano-pore and D)
shows a method using fluorescence labelled probes,
proteins or the like which are registered as they pass a

fluorescence detector.



3) Cleavage is perforned with Bst7l1 and the fragnent adaptesgymréeogsided
and ligated. 4) The DNA nol ecul es are converted to single-strand form

bef ore bei ng anchored and stretched on a slide by nmeans of nol ecul ar
conbing, an electric field or simlar, at the sane tine as hybridising with
fl uorescent probes that recognise the fragnents and position markers. It
may al so be relevant to colour the DNA nolecules with YOYO 1 or simlar_ 5)
The sequence pieces are then scanned féi ng a fluorescent m croscope/
scanner and th ave, attached to_the position
mar kers i$% ey : : 3 LTRG

assi gned tageabl sedu i
Exanpl e Z%i/eyﬁtad , gol | owed by
maa~ni fi catTo ’ ' 1T el 5 on a solid support by
virtue of'their termnal 4 bases after which the end termnal of the

nol ecul e t'%étﬂgggched to the solid support. The adjacent 4 bases may then be
assessed by nagnification. An exanple of this nethod is shown in Figure 21.
ethod A DNA chi purs (¥@d R GICTHI SRR d 266t ReldP¥d seequeneg June
2003 _ 97thaEagh 2d01es%LAMmidtd SOrdut b Rsiadh 018, a AloRVEsE gica bi nding
site for a class Il S_ restrictian endonucl ease d albi nding site for a
restricti BATBRYoRGcFEate & r%p‘ﬁ@@soré lRHAe‘h?aj{]%%‘f.eﬁ'h’eso Pethgs vary
from addr eaatt ecaddsess 0 giwtesaddicassa fitdmscsbléd MNAGEEEES) WoE h an AAAA
over hang, dress .2 _has, _an C overhang etc. In addition all the addresses
are covergﬁgwofagénﬁgl esce%ue "Wth bindi ng properties, e.g. streptavidin. 1)
The sorti Bg sBasts payireutiti fgha HEA grigree DN ¢ tep reedswirld fowati ng t he
ends of t e 4rhase, haith T, g?@nts are

i ntroduce gf%ﬁgtsgﬁ?d%u%%%&ca& i,ngp%/eﬁfe sort?%gg%%la%teaoéng 0 Which they
are | i gat E@rTERROPAdESs bR tihey meErf hdmrPsh | that geerreseriddress 1 in
whi ch t heegeht by tRGAFRNS Brness LR e b s e OVEI e AAAYy DNA pi eces
with a GI'TT overhang will ligate to address 2 etc. 3) The other overhang on
the pNA plB¥BLP§ ¢ sy w%f’attrl%ee P Hh Ib‘eTat??ﬁfzor%%I“fo t he underl ay.
For exanplérbhmenimay "be sacinswadcedy G Kl enareplidded roy eattagnernto | abel the
end with piot ie@t: Iigl%te;:t £ %ﬁ/ﬂt%%‘;&i@élﬁbeel eerg J.U;ﬂié’ rv?r?éradaptors
etc. 4) eévage.'v_vith'ﬁl an l'unt_end enzyne 1s erforned (1A This case

i |l ustrat EBewPrAgRsi]l nbeDrander |9f this- BT nesy xoriekaeed ¥% obtained in
the DNA piceagmbhat ar eprrasfiiend he nesgtadutic k@sesSec. The length

of these four DNA fragments can, in principle, vary from

two base pairs to several hundred kbp (or more if
desired), according to requirements. Correspondingly,
the DNA fragments can contain reporter genes and other
biological information or consist only of sequences
without a known biological function.

3. The order of the four types of DNA fragments for
each individual DNA wmolecule is read. Thereby, the base
order of the original DNA pieces is determined.

4. A computer program utilizes the overlaps between the
DNA pieces to put together information from Step 3 for
the sequence of the DNA sequences that were used at the

starting point.

Figure 1 illustrates one method of performing step 2
that is based on restriction enzymes that cut outside
their own DNA binding site. The method is performed as

follows:



5) Conversion adaptors are added to convert these bases i n3 Jansi2003l

chain. 6) The DNA nol ecul es are stretched and scanned using e.g. a
fluorescent scanner. The position of one end of the DNA nol ecul e provides
us with informati on about four bases, and the signal chain at the other end
provi des informati on about the next four. 23 June 2003 98 Exampl e 23-
Met hod for _preparing target nol ecules for napplnngrocedures) profile

anal ysis and the |like The principle betithd this protocol is to digest the
target DNA wjth one or seyeral nucl eases Rhat referentl nake cuts
out si de its¥%mﬂN9eBbﬁﬁ??lgﬁogeEESRC af Gy L&gahp el?P% %nE?ﬁ%% but ot her

ki nds of nueh&asrasnBynalfg betusedox a.gestmlgememaéﬁzpmerhamgs)ranging
from-5 to #+5.. The Qver han e lhe i.0 naI i ns_consi sting
of one partta%ﬁt%eﬂ hd %%quHcE oh Po?ﬁ% |%n ah on%u%ar con %i B ng

i nf or mat i oniaboownt A¥ANRindéngf sihe ewdr bangrétes. omm|bms¢e§axrct|on enzyne

that has ”agsemsnﬁger(ma@ E@ﬁhaaalmendl B%él’:?ﬂ pRieculgs are thereby

converted into si at ures dl feri ng he si % conposl tions at their
ends and thenP@ﬁ@PﬁaE@tﬂmxéHOt hBeeR §Sm|391 8Pi § ﬁﬁglén%i@%% ht@orlpf ement ar y

sequences (§tr§ptﬁbh@ﬁ]ﬁﬁﬂ{:eéﬁe@neea§eﬂﬁr eubt whersvgné fysagriags associ ated
with the co kﬁ overhangs created on digestion) it is possible to
use the |nfg$ ti B aF ‘make a restriction map. The signatures may al so be
used to idenlifThet aeggbnsequbaces washeletrdogenewusedNAigopuiati on. The

principle Fokl i s.sho [ gure I Fokl sites in
a target DN@#?ga Hitde Eﬁagk%QgAEngoﬁé %égglég 1}(\@l‘?ﬁ"—i‘éecln&gcan use the
fol | owi ng p@l)@obbhntlﬁenﬁddnd anet eofl Rbkre( New EhystnRr Bt odhbihe109), 2.5

~ 1 1 OXNE BHM\E{)'écel oH ?ﬁ&@blé aRd VRLRENGOaRe! FORheyOl UME Of 25 ~I 2)
%or Iﬁ. %

I ncubate at 37 Heat i nactivation at 65C tor 20mn. -~)
Preci pi t at e3{ hEhenreapent EkePe &5 PRrebsdyadphe BRA| 2t reaCRRihd add

Phosphat asecbﬁeaiﬁdngowafsa@nfadantenmx(thagﬁmhag tadéehdetowesn 4 he

conversi on @Hg@&gg%agTd bﬁ&gflgase hOU|d ?e %aaséNA ligase) 1is
added and incubated. The advantage of thermostable DNA
ligases is that they ligate very specifically, while at
the same time they do not ligate blunt ends. Thereby
“fragment A" will be ligated where there is an adenosine
overhang, "fragment C" where there is a cytosine, etc.
4) The reagent tube is washed yet another time and a
reaction mix with T4 ligase is added and incubated so
that the blunt ends are ligated. Since the inserted
fragments have sites for Enzl and Enz2 as the plasmid
did originally, we are back at the starting point so
that the next base can be replaced by a DNA fragment in

a new cycle.

Example 2: Sequencing by the introduction of magnifying

tags by using two regtriction enzymes, both creating

overhangs

The starting point for the method is that all target DNA
fragments that are to be converted are treated with
BspMI-methylase so that all BspMI sites become inactive.
They are then ligated into the base vector as

illustrated in Figure 2a which shows the base vector



23 June 2003 _ 99 _ 50:1) 200 units T4 DNA |igase (New Engl agd,Ri shgps
#202), 2.5 ul 10X T4 DNA ligase reaction buffer. Final volune : 25 ~.|

| ncubate at 16C for 4-16h. It is now possible to performthe analysis. It
may however be preferable to performa procedure to renove unligated
adapters. For exanple; 7) Add 1.5-2 x 108 Dynabeads M 280 Streptavidin
(Dynal #112.0S or #112.06) coated with, adapters containing all pernutations
with 5, 4 bases overhangs, 200D units T4 DNA |igase (New Engl and Bi ol abs
#202), 22.5¢n b R g‘lewlli'ggﬁ%‘%i HGAG 1N i T8ixandyajer to a final
volume of 250 i.11. 8) Incubate at 16C for 4-16h. 9) Precipitate the beads
with a maghEeravidimnaistdgtinateni otdn&dse FeRgurantaingl acul ar

Bi ol ogy", papirediilieon ha@i Sie it Dy1Raval tAs DN eagmede r ggove the
super nat anb. 10%’"Prht6frrl pi tatlﬁlﬂt ge DNA Ieecul es in tt;he suger natant with )
Et OH. 11) SBP¥Bod&N fiEepRR Ai%s iNCalVad i sbf utFeatedd vol une.
The convelisi chiadexaerd eusad li matvie s plotatd herains Bfe esenthatl 1256

permut ati Qns oyer hangs, I f ot 56, qver hangs or over hangs
with one of r?glfrlé/ gzlge%er%?tag%%géegl%{?%%ﬁe%ﬁoIlrelgh eesd g:roe lgl(])? ng to be

anal ysed wvelrhandopt iThal Aatddi vd tst rit eppdt fe siigimallsamege fohe exanpl e

consi st 0},50=5,L8083 LHleALRYRE H HEEOBeeH W8y AUE kksignal s containing

a huge nunber of EcORI sites. The above procedur€ may al so be repeated one

or nore tPYEEhANGh thafke wage I egt eck dtitihe s Ienz yihes Rare sye@ePrchai ns
before thgimel ecutas nd daded) tseded withSbiotdh HO&03it can be

fixed to a streptavidin-covered substrate.

6)

The adapters which are used are shown in Figure 2b. The
only difference between Adapter Al (top) and A2 (bottom)
is that the AatlIl site/overhang has changed places with
the Pstl site/overhang. The Al and A2 adapters will be
used in every second cycle so that Al is used in cycles
1, 3, 5, etc. while A2 is used in cycles 2, 4, 6, etc.
The S5' overhang consists of three universal nucleotides
plus adenine along 5'. These overhangs will thereby
ligate to other §' overhangs with a thymine on the
inside of the overhang (along 3'). The thick line
outside the 5' overhang on the bottom adapter shows the
overhang that will be created by cleaving with BspMI
after the adapter has been ligated to a DNA fragment.

In addition to the A adapters, adapters must be made for
C, G, and T.

When the DNA fragments have been ligated into the base
vector, they are fixed to a streptavidin substrate, e.g.
parametric spheres. By using Dynabead's kilobase BINDER
kit, a very strong biotin-streptavidin binding is
obtained, so that the reaction solutions can be changed
quickly and efficiently with a minimum loss of DNA even
with very many cycles. (Biomagnetic Techniques in
Molecular Biology, 3rd Edition, pp.158-60, distributed

by Dynal AS). The rest of the procedure consists of a



- 1 oo however, be pointed out that the signal chains |igategswidrdde
over hangs generated in the first round nust be protected from di gestion of
the enzynes used in the second round. This nay be acconplished by using
signal chains free of binding sites for the restriction enzynes used in the
second round, nethylating the sites, etc. The procedure may al so be
performed in connection with a sorting procedure or other procedures that
i ncrease the sequence-| ength obtai nedéPn-each end. Restriction site
positions within a target sequence nmay be determ ned by determ ni ng which
restricti ofYSteeSfffamk anpErdt ol 58a¢esens e st Pagel peby identifying
the restriegytda skteohVatcéd progent) at the other end of the resultant
fragnents of target DNA and partly by identifying other target fragnents
containing a conplenentary overhang and the restriction sites to which
t hese fragientbiarprocedede theicyabt hecbstaratded hieteunnt iegthethengt h of
each fraomgpbysi BEechlie £S!H Al GallbbeoAalial et Ah & PT PEI S Y DY the

[ thod ha

use of suf ient restrictron enzynes. is nme ~Several "Inportant,
advant ageotibef dasidesotonpal edvak kg onvEht vkl care hotls f9r opti ca

Mappi Ng: 1} hyRenk eSOtRE +ORr i Sr MUe M HEGd esurptud o POSSh P& - ondi Stingui sh
between restriction sites separated by only a few base_pairs ile
conventiongF'tgéhn?ﬂﬁeglr%ﬁ%i?éﬁ%ﬁ‘Ie 5% 3 IR b3Ret Pafrs. 2) It s
easi er to gakpteesAli £&i DigaERs wo tdverthingd evidstthwhime enzynes. 3) The
statistical grgblegg with the recqgstrﬁgtioqh%s qéeatly reduced since the
al i gnment sTBPEYGasel Ypoh THEEErpddi tiont 5 4 griatS chal B rat her t han
uncertai n adaptieeseats alsONAré¢zned helibetmemsphasise cfeop. sites that are
onl y parti by b phogndiinge 2005 -ad Wai )WL S12Y RS, Whi ch cl eave

outside their recog n site are used, eac cation in"the map i s based
upon the | BRgRAIA! .t fe bhali higatienp| krtyern |Eigytadaptere aver hang

(usual ly 9305iHBHE bByessindMaiScite FRSEEaSTd ONi g de, NByglhe identified on the
basis of both the seguence of . th leﬁ@g site and the overﬁgng it creates.
This is adVBAFA§EGHEY cHRAPEPEHIFT ht o 15l gehdnte b9 made with rare

cl eavage eanzgpesclB8abages)s performed with AatII so that an
overhang is created that is used to circularize the
vector in the last step. This completes the procedure
and we return to the starting point. The only
difference is that the BspMI site is placed one base
pair further ahead so that an overhang is created with
the second base of the DNA fragment on the inside. The
AatlIl site is also replaced with a PstI site so that in
the next cycle adapters with PstI overhangs must be
used. (The reason why Aatli/Pstl adapters are used every
second time is to prevent the adapters from being cut

out again before the vector is circularized.)

Example 3: Sequencing by the introduction of magnifying

tags by using two restriction enzymes, creating

overhangs on adjacent regions of the target DNA allowing

proofreading

The starting point for this variant is 256 adapters with
all combinations of overhangs on four bases and 1,024
adapters with all combinations of overhangs on five

bases (Fig. 3A). Of the top adapter type, 1024 variants



23 June 2003 -102 Clainms 1. A nethod of magnifying a signal asapeiffggd with
one or nore nucl eotide bases of a nucleotide sequence in a target nucleic
acid nol ecul e conprising the steps of: (A) treating said target nucleic
acid nolecule so that at |east a region of said target nucleic acid

nol ecul e is converted into a formsuitable for binding an adapter nol ecul e
(adapter binding region); wherein said adapter nol ecul e conprises: (i)one
or more magnifying tags, or (ii) a meéfs for attaching one or nore of said

magni fyi ng tags to sajd_adapter hinding regi on wherein said_nmagnifying
t ags) aregBﬁS?B%t%F?gFFé'fH - Fa)%giyé%l?é%%a?ﬁ%l%ﬁ??ﬁ@db8§e§ 8f the
adapt er bbadtog orgionThe k)l atrnereorsinvy eohucheof ragnbasesiadj acent to the

adapt er bjindi region_Qr e .Qr..nor.e nucleotide bases ich overlap

t he adapt ?e%E%ﬂiﬁga?eﬁﬁgn%g%&%%ﬁﬁﬁgég%%%ﬁd 5§a%?e?hﬁglg8ﬁpg to at least a
porti on okdzpieradbpver PbLAdiovgmegiamn orteiatlednakest &p pApstibléorm a

nucl el c aghd ppLecubel adaal eb MIGPUGEOMPlRKeL&) ophLonal Iy, 1igating
said target nucleic acid nolecule to said adapter nolecule such that at

| east sai aVaBEBANFSi HEllahayer &g HEd el i phosahdtagrgee nucl eic acid

nol ecul e gREf DigraibhoBtedebuC|c@icc ARt M acatfor agdaphier ufpk ecul e
ex of step (B) or the resulting

conpl ex; treati the resul ting.conpl
conpl ex oéEEYeBaY%DggﬁntﬁﬁﬁaﬁFq«&éﬁhaﬁnk*ﬂﬁsﬁegion of said target nucleic
acid nolecule is converted into a formsuitable for binding another adapter

nol ecul e, ;wh i ali her_.regqj o] i ope, or nore nucl eotide
bases mhi%ﬂ gﬁ% ﬁ% eaggggggfe&ﬁﬁt é@%ﬁf%E%H? y%ﬁ%l?%ﬁsag? step b); and
t her eaf t erepl2Beduby HGOZ ahd2$f@EH) idmentdompatepst¢Byrheobé®:, with the

provi so pp@£t5peuggapgﬁrtggl§ﬁg§%iJgfﬁ%ﬁﬁgyggf_qi)steps (B) to (C binds

to a region adjacent to a region of sa nucl eic acid nolecule to
whi ch the adapter nolecule of a previous cycle bound, or the adapter

nol ecul e tRe &8t CHEl enef peberSurB) dohdi@r PidEsa tOy&1EegEopouhi ch overl aps
with a region of, K said tatget ng%%glc.aC| nol ecul e to which the adapter

mol ecul e OP2¥"PFLGi bEECEYEPE BOGTF "Hhitf & PEhe“Yadfi #¥Fng tags of each
cycl e of sbepsr{di tBigCpBare lAtgathed drayeitheronversion, the

vector is circularized bringing the reaction back to the
starting point. The only difference is that the Hgal
and SfaNI sites are displaced four base pairs further
into the DNA fragment. In the next cycle four new base
pairs are thereby created, plus five of the base pairs
that were also converted in this cycle. By verifying
that the four last-mentioned base pairs were converted
in the same way in both cycles, one can check whether

one or several incorrect conversions occurred.

Method

1) The target DNA molecules are fragmented with DNasel
or similar so that fragments of a few hundred base pairs
are formed. These are treated to methylate the Hgal and
SfaNI sites. The fragments are then ligated into a base
vector that is attached to paramagnetic beads.

2) Hgal cleavage is performed.

3) SfaNI is performed.

4) Methylation is performed with Hgal and SfaNI
methylase or other methylases that inactivate Hgal and

SfaNI sites.



to thereby magnify said signal. 2. The nethod as clained in claiml,

. Wherein in step (A, said formis a single-stranded nucl e| qful e.
3. The nmethod as clained in claiml1l, wherein said magnifyi nftags
characterise one or nore nucl eotide bases of said adapter binding region.
4. The nmethod as clained in claim1l, wherein each magnifying tag is
characteristic for at least two nucl eoti de bases in said adapter binding
region or to at least 2 nucl eoti de‘ b&%es adj acent to sai d adapter binding

region. une 2003 -103 rret hod as d m 1, wherein
sai d ﬁ)f% jr@‘rﬁgg?xtcg&?t 3 qd:nggg{a %'eoti de bases in
sai d adapt.gr lmsriahlgn@fmegxromaq, tvmizsh ﬂl'@s:tveérhangsedcthate wEases adj acent to
sai d ada @) @% Ie%l I‘I’hﬁ_] r’geggigpéj AS quau:ﬂed i7h ¢haidn 5, wherein
sai d nagnl |ng ag oge er aracterlse 4t Teast 4 nuclect]de bases in

sai d adaﬁtt@tp tibved iBsg rle@vtmfltﬂrn‘:'ifb dp neafRernudicntiath By adj acent to

sai d adapifky, tpiaq,(y NP H AR d Witth r@&%@@ag aimed in claiml1, wherein a
chai n of rra n| ying tags are associated V\Ilth7pshal d tar et nucleic acid

mol ecul e 58 Thh @ GRRWFF 'ad <t i PEF HIPLT a7 TR ALEY FMAi n conpri ses
4 or nor ngmlfgatregi Wi Ghag ACTerbsi i Tidade ato I@ﬂﬁdu]@ﬁm | EhOUS

nucl eoti de hases. 9. The nethod as clained in claim1, wherein said

magni f yi ﬁ’&ctta?d"s‘ are nucl eic acid sequences of at |east 2 nucleotide bases
in |ength) Il!he e etihod agseat ed nEdr | the | demi®sd whenlsen shidimagni fyi ng

tags are s&q qﬁngﬁs f 10 to 30 nucleotide bases in length. 11.
The net ho %gﬁ%% C ﬁ wherein said adapter nol ecul e conprises a

recogni t i®n T§1€t ecqmrewtemcn@@g@t welepuhes are|eelearedi fromepaeate from
its recogfidd Q& d£L by cleavage using the restriction cleavage

site in the base vector that flanks the ligated target

molecules. Any cutting sites that may be in the

magnifying tags must be inactivated in advance.

9) The converted DNA molecules are made single stranded

and hybridised with fluorescent probes.

10) The converted DNA molecules are anchored to a

scanning surface, stretched and the fluorescent probes
N scanned with a fluorescent scanner or similar (as with

DIRVISH) .

11) Appropriate software is used for image recognition

and reconstruction of the target sequence.

One way in which this may be performed is ag follows in
which all volumes are calculated without the volume of
the beads):

1) Random fragments are cloned into a base vector
attached to paramagnetic beads as described previously.
2) A magnet is used to sediment the beads and wash the
tube with approximately 100 pl 1X NE Buffer 1.

3) 10 pl 10X NE Buffer 1, 4 units of Hga I per ug of DNA
and water is added to a final volume of 100ul. This is
incubated at 37°C for 1 hour.

4) The Hgal enzyme is inactivated at 65°C for 20



23 June 2003 -103a 12. The nethod as clainmed in claim1, “heﬁfﬂdhéﬁﬂdg
adapter nol ecul e conprises recognition sites for 2 or nore nucleases, which
have cl eavage sites separate fromtheir respective recognition sites,
wherein cl eavage with said nucl eases produces single stranded regi ons which
are adjacent or overlapping. 13. The nethod as clainmed in claim1, wherein
two or nore adapter nolecules are bound in step (B). 14. The nethod as
claimed in claim13, wherein said adagp8er nol ecules are bound to

overl apping or adjacent regions. 15. The nethod as clainmed in claim 14,
wher ei n smigugggpt er nol ecul es are bound to overl appi ng regi ons thereby

al | owi ng eaa @t s ; AV w t ach
nucl eot i dglybgsg.%%@egi% l%ﬂrﬁlceg%%&-él%%%l%te%%ee{ o%%arg&%%?ne an claiml,
wher ei n sWa8gheed) Wit hpds dFdNEfex 3the nethod as clainmed in claimi,

further cenpriosingiiolxe NHERE @Iz I F)2 SRAUNTMG ARG LRHI6lq NYE! Biig aci d
nol ecul e b¥l I dent i f)_/.Ll n dtéﬁé% magni fé’i'nnaq{ tv% sum%ssoqul%toed vmc%h the target
nucl ei ¢ atfd WBI&EEUIS. pl. This is
incubated at 37°C for 1 hour.
7) The SfaNI and Hgal sites are methylated.
8) A magnet is used to sediment the beads and the tubes
are washed with 1X ligase buffer.
9) The solution containing the conversion adapters is
added. The ratio between target DNA molecules and
conversion adaptors may be 1:50. 100 pl 10X ligase
buffer, 10 gl T4 DNA ligase (400 U/ul, NEB #202) and
water is added to a final volume of 1ml. This is
incubated at 16°C for 12-16 hours.
10) A magnet is used to sediment the beads and the tube
is washed with 1X kinase buffer. ’
11) 2 1 10 mM rATP, 10 pl 10 X kinase buffer, 2 pul T4
polynucleotide kinase (30 U/pl) and water is added to a
final volume of 100 gl. This is incubated at 37°C for
10-30 minutes. (T4 polynucleotide kinase (70031) from
United States Biochemicals.)
12) A magnet is used to sediment the beads and the tube
is washed with 1X ligase buffer.
13) 100 pl 10X ligase buffer, 10 pl T4 DNA ligase (400
U/pl, NEB #202) and water is added to a final volume of
Iml. This is incubated at 16°C for 12-16 hours.
14) Steps 2)-13) are repeated one or several times.

If for example Bensimon's method (Michalet et al., 1997,
Science, 277, pl1518-1523) for stretching DNA molecules
is used, approximately 1 million DNA molecules of 500kb
can be stretched per scanning surface. If each signal is
approximately S5kb, this means that each DNA molecule of
500kb provides information about sequences of 100 base
pairs. This means that one scanning surface will provide

information about 100 million base pairs. A successful



18. The method as clainmed in claim17, wherein 2 or nore nugkgghe ggoPases
are sequenced per cycle. 19. The nethod as clained in claim18, wherein 4
or nore nucl eotide bases are sequenced per cycle. 20. The nethod as cl ai ned
in claim17, wherein the signal associated with each nucl eotide base is
magni fied by increasing the nunber of tinmes that said nucl eotide base
appears in said sequence. 21. The net g_gs claimed in claim17, wherein
the resulting magnified signal is converted into readable signals and said
sequenci ng _i ' QU hy S ' readabl e signal s.,.22. The met hod
as clainedéé?éﬁ%s#n :ég%¢i§é?% g%%h%?eéggﬁ §C8rghaﬁe fpr i*Ses' a pattern
made up of depsinghlan dignsleanenee WiieckscpEerdspaingi goe thiagnalaron each
magni fyi ng ya@ paidd duna 03 042 %%anﬁeHEBEOQeQ% S%g&%@&'hg.a" or part
of a nucleic acid nolecule conprising at |east the X) eterm ning the
sequence of a portion of nucleic acid nolecule; (B) determ ning the

posi tion ofExsapd epar:t iMen Hodr @t seutledicdnaciidvenheadl eonpnd thiaigelr st eps of :

said target, wilin 59,0, (G .Comi N0 He ) prumi oy ghtarned ' steps (A

and (B)
target _molecule

This method is based on the high specificity that many
of the enzymes active in DNA metabolism have in
recognizing substrates. The method is illustrated below
with restriction enzymes, but a number of other DNA
metabolizing enzymes, such as site specific restriction
enzymes, transposases etc. can also be used. For most
restriction enzymes mutation of one of the base pairs at
the cleavage site is as a rule sufficient to prevent
further cleavage by the enzyme. In this method a target
molecule is ligated to a linker which contains only a
part of a restriction site. Where this site is
completed by the target DNA, cleavage can be effected,
after which a complementary adapter may be bound
indicating those molecules which completed the site and
hence exhibited a particular end base. The method is

illustrated for adenine in Figure 4.

Method

1) The DNA molecules that are to be sequenced are cut
with four different, standard restriction enzymes {(EnzA,
EnzC, EnzG, and EnzT).

2) These molecules are then ligated to four different
DNA linker molecules (Molecule A, C, G, and T). Each of
these molecules has an almost complete site for EnzA, C,
G, and T, respectively, at the end where they only lack
one base pair (A, C, G, and T, respectively) in order to
get a complete base pair. An example of such a linker
molecule is shown in Figure 4B. In this molecule there
is a HindIII site that lacks the A/T base pair. If this



23 June 2003 -105 to obtain the sequence of all or part of ?gi L 3pgst
nucleic acid nolecule. 24. The nethod as clainmed in claim 23, whefern said
position is determ ned by reference to a positional marker. 25. The net hod
as claimed in claim23, wherein said position is determ ned by reference to
a restriction map of said target nucleic acid nolecule. 26. The nmethod as
claimed in claim 23, wherein the portion which is sequenced has 4 or nore
nucl eoti de bases and/or the position @ said portion within said target
nucleic acid nolecule is determned with an accuracy of less than 1 kb. 27.
The met hodinker| diigatiesntel My 2d.ecgfertdiat s¥e dnporhava Ebesddlienced by

i denti fyi pgsEBgRikyi Rfe! AGT 123SOC IR QbeM tih thénd #& 9ehe NMEh 8EG1ACT d
nol ecul e, wherein said magni fying tags correspond to one_or nore nucl eotide

bases of AWCHALPEePNBi RAERE -r e§iHON ST %Q)%Fﬁy%rlbﬁﬁeﬁu@PééFPéé Bases in

proxi m tyjtigadadadaphebndi pdick@ MEGHMEhavre/ i BasSai gla agdagteenhbi ndi ng regi on
nor e

b s an 230U et IRLecd S MLEN SOIMLIRER's (L) GO Qolorogl.321 0

magni f yi ngnt ahs. n2&c Ehepnmmhm¢eﬂ;nﬂkﬁlmxb|m6@¢a£mr26uthBge|a t he

sequence gf ket araet aUclahe LI UNERWRhe 1098 be 1igated to
adapter A.
3) The four restriction enzymes are added to the
solution to allow cleavage. There will only be complete
cutting sites where each linker molecule A, C, G, and T
has ligated to DNA molecules that have the missing base
pair at the end (A, C, G, or T for molecule A, C, G, or
T, respectively).
4) Adapters are added with overhangs that complement
those that have been generated with restriction enzymes
and ligated such that the adapters get fixed to the
correct DNA pieces. Appropriate adapters are shown in
Figure 4A. The top adapter is used for cycles 1, 3, 5,
etc, while the bottom adapter is used for cycles 2, 4,
6, etc. The adapters have overhangs that are
complementary to overhangs produced by HindIII. The
BatII overhang on the top adapter will be used to ligate
the other end of the adapter to the base vector so that
it will be circularized. The MnlI site will generate a
blunt end on the DNA piece so that a new cycle can be
initiated. The Pstl site will be used to ligate a new
adapter in the next cycle where adapters with PstI
overhangs are used.
5) The base vector is circularized with the DNA
piece/adapter by cutting with, for example, RatIl so
that the other end of the adapter can be ligated to the
base vector. In cases where no HindIII site has been
created, a small fragment with a PstI site is ligated
into the AatII overhang of the base vector.
6) Cleavage is performed with a restriction enzyme that

generates a new blunt end on the DNA piece so that a new



acid nolecule is determ ned by assessing the conplenentaritysgfinodqartion
of said target nucleic acid nolecule by a process conprising t%e steps of:
(i) treating said target nucleic acid nolecule so that at | east a region of
said target nucleic acid nolecule is converted into a formsuitable for

bi ndi ng a conpl enentary probe, wherein said conplenentary probe is bound to
a solid support or said conplenentary probe carries a neans for attaching
to a solid support; (ii) binding said npl enentary probe to at |east a
portion of said region suitable for binding a conplenentary probe; (iii)
optional | y“¥& %a’i‘?’%gb%t%tp%r??‘%“ and (ii), with the proviso that said

conpl enentary probe binds to an adjacent or overlapping region of said
target nucleic acid nolecule relative to the region to 23 June 2003 -106
whi ch the conpl enentary probe of the previous cycle bound; and (iv)

det er m ni nBxahele oy dfe od_@hi geagHeneinguebang ackbeneovefil b- by

i dentifyingeibe; &R !%@Fﬁ akye R RPBE) dli 8avhbhha 5@ ﬁi%é‘Eﬂ@ﬁ nucleic acid
nol ecul e bound. 29. e method as clained in clalm28, erein in step (i)
said formis a single-stranded nucleic acid nolecule. 30. The nethod as

cl ai ned i nThi &l we28ed Wherehdsed nost epe( veyyshighpopédt DRicsc¢ tRad?2

nucl eot i de gasgf in Ien%%h. 31f gpg ng&hodrgs clainmed in claim28, wherein
a portion bF€s %n%%dﬂ% T sCde ernPneHm%y ?%e%?%f ?ﬁg magni fyi ng tags
associ at edimcohpohet tam gef mucleptidesd aptieché efacherkean sasd bwayni fying
tags are chagacleristi ClOraBIei el FBr 81888eSo0ldnadap er binding region
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over | appi NS pbPRFSh BRAR aFie seYyTEheBdi 4tgk rﬁﬁ?@&?%ym%léﬁﬁk%%s conpri si ng

t he steps Ofhly those target molecules which are appropriately

extended to include the correct further base to reduce
the overhang will be ligated to the adapter. Figure 5

illustrates the method for adenine.

Method

1) DNA pieces are ligated into the base vector as shown
in Figure 5A. Apart from biotin which makes it possible
to fix the molecule to a streptavidin substrate (e.g.
Dynal's M280 streptavidin-covered magnetic spheres), the
base vector contains a site for a restriction enzyme
that cuts inside the polynucleotide (e.g. Hgal), as well
as a site for a standard restriction enzyme (e.g.
EcoRI) .

2) The vector is cut with Hgal so that an overhang with
five base pairs is formed from the polynucleotide.

3) After that e.g. base A together with Klenow are added
so that the overhangs that start with "T" will be
shortened to a four base pair overhang.

4) The reaction solution is then replaced with a
solution of ligase and gene fragments (adapters) with
four base pair overhangs. The overhangs can consist
either of universal nucleotides or a combination of all

possible compositions of an overhang with four base
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aci d nol ecuitsh Vi inte dreseorparor eoverchangescannot be ligated to gene
fragments with four base pair overhangs, it is only
those polynucleotides that originally had a “T*"
innermost that are ligated to the gene fragments.
Successful and unsuccessful ligation is shown in Example
SC. The top DNA piece does not manage to ligate to
adapter A since no base was incorporated on the inside
of the overhang. Since only overhangs with an "A" on the
inside have incorporated a base, it is only these
overhangs that are ligated to adapter A as shown at the
bottom. The full line in the DNA piece indicates the
overhang that will be formed through Hgal cutting.
The same process is then repeated with bases C, G, and
T.
5) Finally, the base vector is circularized with a DNA
piece/adapter by cutting, e.g. with EcoRI and ligating.
6) Cleavage with Hgal is then performed, which generates
a new overhang in the DNA piece, so that the reaction

cycle may be started again.

In instances in which consecutive bases are identical
adapters with overhangs of differing size may be used,
e.g. overhangs of three bases allowing Klenow fill-in of

2 bases.
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target nucleic acid nol ecule, wherein said adapter nol ecul e conpri ses one
or nore magnifying tags as as clained in claim1l, wherein each tag
conprises: (i) a first signalling noiety which corresponds to one or nore
nucl eoti de bases of said region to which said adapter nol ecul e binds, and
(ii) a second signalling noiety mhlchﬁﬁorresponds to a nucl ease used for
cl eavage, wherein said portions ne 2003 -107 conprise all or part of
the cl eavage si.tes of ?{d nqgleases and/ or . all [ the restriction
sites of SEYPHGcIEasEs: ; EhE £%55i d portions
W t hi n saifdiricarig HiMe rEC | D bdoudie 1S i ' & p of the
t ar get nu%_ %d%e Ifgéne 36 The nethod as clalned in claim 35,
wherein s a cleavage site which is separate fromits
recognition site.

Method

1) Adapters used in this method which have overhangs
that correspond to the fragment composition are
illustrated in Example 6A. Note the fragment composition
that corresponds to the base composition in the
overhang. DNA adapters that correspond to all
combinations of fragments must be constructed.

2) Target DNA pieces are made into single strand pieces
and ligated to the adapters at the 3' end and a primer
template at the 5' end with the aid of RNA ligase
(Figure 6B). The prerequisite for successful ligation
between the adapter and DNA piece is that the overhang
of the adapter complements the 5' end of the DNA piece.
This ensures that the correct fragments are connected to
the DNA piece.

3) The target DNA pieces are hybridized with the
adapters before the molecules are ligated to each other.
Then one or several PCR cycles are run. The prerequisite
for successful PCR cycles is that the ssDNA pieces have
been hybridized and ligated to an adapter.

4) The EcoRI site is used to circularize the DNA
molecule that is created after ligation between the
adapter and DNA piece. The Hgal site is then used to
create a new cut in the DNA piece so that the next cycle
can begin. In order to reduce inter-molecular ligations
after cutting with EcoRI, it may be advantageous to fix
the molecules to a substrate, e.g. streptavidin-covered

spheres.

Example 7: Method of sequencing using adapters which

self-hybridize

The starting point for this method is single strand DNA
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different one-tag adapters that is initially required is
equal to four times the number of tags in each adapter.
For example, if we want to make 16-tag adapters ({4.29x10°
permutations), 16x4 different one-tag adapters are

needed initially.

Met hod

1) Eight different one-tag adapters are used as
illustrated in Figure 8. The adapters on the left
consist of an EcoRI overhang, a tag that is specific to
the base that is at the very right on the molecule and a
cutting site for BseMl. BseMI cuts outside of its own
site and will create a blunt cut right beside the base
on the right of the molecule. The adapters are also
treated with phosphatase so that ligations between these
adapters are reduced. The adapters on the right consist
of a tag that corresponds to the base at the very left
on the molecule and a cutting site for EcoRI. The
adapters are also fixed to a substrate to prevent
ligations between these adapters.

2) The process is initiated by mixing and ligating the
two adapter populations. This produces 16 different DNA
molecules that correspond to all permutations with two
tags.

3) EcoRI is used to cleave. Ligation is then performed
to circularize the molecules.

4) Finally, cleavage is conducted with BseMI and this
produces a population with 16 different two-tag

adapters.

Example 9: Conversion method based on hairpin adapters

A central point in several of the previously described
conversion alternatives is that after conversion of base
pairs, the DNA fragments are transferred to the other
end of the DNA molecule that is being converted. This

frees the end that is being converted so that one can
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proceed to the next cycle while at the same time saving
the DNA fragments. Below is another strategy for
transferring DNA fragments to the other end of the DNA
piece.

The starting point is that many ligases, including T4
DNA ligase, can ligate overhangs on dsDNA to the ends of
SsDNA. This can be utilized in the manner illustrated in
Figure 9.

Method

1) The target DNA is converted into single stranded
form.

2) Conversion adapters are added and ligated to the 3!
ends of the DNA pieces.

3) Polymerase extension is performed.

4) Hairpin adapters are added and ligated. The end of
the conversion adapter is treated in advance so that it
does not ligate to the hairpin adapter (e.g. treated
with phosphatase) .

5) The DNA molecules are melted.

6) The single strand DNA molecules are hybridized with
DNA molecules that complement the fragments. The
complementary DNA molecules also have an overhang with
universal bases that are hybridized with the first bases
in the target DNA.

7) With the aid of a cutting site for an enzyme that
forms overhangs outside of its own recognition sequence,
the DNA is made ready for the next conversion cycle.

In each of the above cycles the magnifying tags are
duplicated in each cycle. This allows proof-reading to
be performed.
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Many of the previously described conversion methods are
based on conversion taking place in a cyclical process.
The number of converted base pairs per chain of
magnifying tags (or signal chain) thereby increases
linearly with the number of cycles. An alternative
strategy is to link converted DNA pieces into long
chains. There are very many possible methods based on
this principle and one proposal is found below, and is

illustrated in Figure 10:

Method

The method starts by cutting and sorting the target DNA
according to size. DNA pieces of a specific length, e.qg.
30 base pairs, are then removed from the procedure.

1) The ends of the DNA pieces are converted using
previously described methods.

2) The converted DNA molecule is circularized.

3) A IIS enzyme that uses a cleavage site located on the
end of the conversion adapter is added. This cuts the
DNA piece as illustrated in Figure 10.

4) The DNA molecules are melted and hybridized with DNA
molecules that complement the fragments, e.g. probes
labelled with fluorescence.

5) Finally, the converted DNA pieces are hybridized and

ligated, if required, in the solution.

Since the overhangs with target DNA in the above-
mentioned example seek complementary overhang, each
converted DNA piece will be hybridized/ligated to
encountered DNA pieces. This creates a chain of
magnifying tags (signal chain) that provides information
about sequence pieces of 8 base pairs interrupted by 22
unknown bases (e.g. AGCTGTGA N22 AGTCTGCA N22 TGAC). The

number of unknown base pairs is determined by the
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initial length of the DNA piece minus the number of base
pairs converted per DNA piece. Based on overlaps between
signal chains, it is then possible to reconstruct the

target sequence even in areas with repetitive sequences.

Example 11: Method of doubling DNA

A single strand DNA molecule is subjected to two
doubling cycles as shown in Figure 11. Doubling is
begun by ligating a hairpin adapter to the 3' end of the
molecule. In the same manner as, for example, a reverse
transcriptase uses a 3' hairpin loop as a primer, the
adapter can be used as a primer for a polymerase that
extends the molecule. Finally, the DNA molecule is
dissolved so that we return to the starting point.

Using this method to double a DNA molecule of x bp n
times with the aid of an adapter that is y bp long, the
length of the DNA will be:

1) x-2" + (2n-1)y

The difference between two DNA molecules that were x and

x+1 bp each before doubling will then be:

2) (x+1) -2n + (2n-1)y - x-2n + {2n-1)y = 2n

The difference in length between two doubled DNA
molecules is therefore determined only by their absolute
and not their relative length differences prior to

multiplication.

Example 12: Method of DNA sequencing utilizing a primer-

based sorting strategy

This example demonstrates how to make 256 sequencing
ladders that can be divided from each other using 16

separate gel separations and 16 different labels, e.g.
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be substantially increased compared with methods which
use only 4 sequencing ladders. It is thus possible inter
alia to reduce the amount of sorting work, the number of
primers required etc. when sequencing long sequences. 16
sequencing ladders and 16 fluorophores are used in this
example, but clearly the number of sequencing ladders
and fluorophores can be adapted to suit most
requirements and available equipment. The more
sequencing ladders and fluorophores used, the longer the

sequence reactions may be.

Methods

An overview of the method used is illustrated in Figure
12A. "

1) A solution of target DNA is divided into 16 wells
containing sequencing primers anchored to the wells'
substrates. These primers determine the fixed start
point for the polymerase reaction and hence the common
origin allowing the size of the ultimate products which
are produced to be indicative of the distance of the end
sequence from that origin.

2) A polymerase extension reaction is carried out, the
DNA molecules are heated to cause melting and the wells
are then washed.

3) 16 different primers are then added to each of the 16
wells (total of 256 different primers) as illustrated in
Figure 12B. All the primers added to each well are
identical except for bases 3 and 4 at the 3'-end.
Primers with AA in this position are connected to signal
1, primers with AC in this position are connected to
signal 2, etc. The primers in well 2 are identical
except that they start with for example AC instead of AA
at the 3' end, while the primers in well 3 start with
AG, etc. Thus in total there are 256 different primers
covering all the 256 4-base permutations at the 3'-end.

A unique fluorescence signal is attached to each of the
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4) The wells are then washed before melting the DNA
molecules. The single-strand DNA molecules thereby freed
are then sorted according to size with 16 separate gel
separations (one for each well).

5) The fluorescence signals are recorded and the target

sequence reconstructed with appropriate software.

Resultg

The results are shown in Figure 12C. Each fluorescence
signal provides information about a 4-base sequence
piece. Information about the first two bases can be
derived by reference to the well from which the
fluorescence signal is read, while the last two bases
can be determined on the basis of the particular signal
which is present.

fo i ilisin

sorti t ba (o) idiga

In this method target DNA molecules are addressed to
different sites on a scanning surface by means of
hybridisation to octamers on that surface. The
molecules are then stretched and the distance from a
fluorescent signal to the perpendicular anchoring line
is assegsed to provide information about the location of
the octamer in the target sequence. The general
procedure is shown in Figure 13.

Methods

1) The starting point is a scanning surface consisting
of 65,536 addresses. A perpendicular anchoring line with
single-strand octamers is attached to each address.
ARAAAAAA octamers are anchored to the plate at address
1, AAAAAAAC octamers to the plate at address 2,etc, so
that all the 65,536 octamer permutations each have their
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labelling at one or both ends are then mixed over the
scanning surface so they can be hybridised to the
octamers. (Figure 13A)
3) If so desired, octamer / target DNA bonds may be
reinforced by exposing the molecules to UV radiation,
carrying out a polymerase extension with the octamer as
primer, or by other means.
4) The scanning surfaces are then washed and the DNA
molecules stretched. (Figure 13B)
5) The surface is scanned using a fluorescent scanner to
record the intensity of the fluorescence at each address
as a function of the distance to the anchor line and the
target sequence reconstructed using appropriate
software.,

Results

The results which are obtained are shown in Figure 13C.
At the illustrated address there are 7 different lengths
of DNA molecules of approximately 150, 300, 500, 550,
780, 870 and 1040kb (if the DNA molecules are stretched
with 2 kb per micrometer).

> E H O D i i i nd

This example is based on a ligase-based sorting
procedure in which 65,536 sequencing ladders are sorted
into 65,536 addresses. As opposed to other methods which
use 4 sequencing ladders that each represent a base, in
this method each of the 65,536 sequencing ladders will
represent a sequence piece of 8 bases. This reduces the
precision requirement for sorting by size compared with
methods which only use 4 ladders. The length of the
sequence reactions can thus be increased and it is also

possible to utilise a wide range of methods for sorting
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In this example, the sorting by size is illustrated by a
method in which the lengths of the stretched DNA
molecules is measured. Other variations are, however,
conceivable, in which the sorting by size is performed
directly on a scanning surface - for example measuring
the DNA molecules' signal intensity after using a
labelling method whereby the DNA molecules' signal
intensity is propoxtional to the length etc. Variations
are also conceivable in which the sequencing ladders are
kept physically apart, released from the substrate at
different times etc. making it possible to analyse each
of the 65,536 sequencing ladders separately using a flow
cytometer, mass spectrometry, nanopore analysis, gél
sorting etc.

Method
1) A sequencing ladder is produced starting with a
target sequence of e.g. 1Mb, prepared as described
herein.
2) The target DNA is methylated so that the cleavage
sites for the restriction enzymes to be used in steps 3)
and 6) are inactivated.
3) A 4-base overhang is produced in the target DNA's
arbitrary ends as described herein. The DNA molecules'
arbitrary ends may, for example, be ligated to a DNA
linker containing a binding site for a IIS enzyme that
makes an overhang of 4 base pairs. The binding site is
positioned to make an overhang in the actual target DNA.
The molecules are then cleaved with the IIS enzyme.
4) The target DNA is then sorted as described in
Example 12 by distributing the solution between 256
wells. The well walls are covered with sorting adaptors
5 with 4-base overhangs that can complement the overhangs
made in step 3). The sorting adaptors also contain a
binding site for an IIS restriction enzyme, e.g. FokI,
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which is positioned so that overhangs can be formed
comprising the four base pairs lying beside those cut in
step 5.
5) The target DNA is ligated with the sorting adaptors
and the tube is then washed so that the DNA that has not
been ligated is removed.
6) Cleavage with the IIS enzyme is performed so that
the target DNA loosens and new 4-base overhangs are
formed.
7) The target DNA is distributed from the 256 wells
between 256 microarrays as described in Example 12. all
the microarrays are alike and consist of 256 addresses
with sorting adaptors with 4-base overhangs that can
complement the overhangs made in step 6). At address 1
the sorting adaptors have AAAA overhangs, at address 2
they have AAAC overhangs etc.
8) Ligase is added and the mixture incubated. At
address 1 there will be target DNA with TTTT overhangs,
at address 2 there will be target DNA with TTTG
overhangs, etc.
9) The scanning surfaces are washed, the DNA molecules
addressed and coloured using TOTO-1, YOYO-1 or similar.
10) A CCD camera or similar is used to photograph the
addresses. The CCD camera, may for example, be set to
oo take one photo per address.
11) Appropriate software is used to recognise the
fluorescent DNA molecules, measure their lengths and

then reconstruct the actual target sequence.
One way in which this might be performed is as follows:

1) To each well; add one aliquot with target DNA
molecules containing arbitrary 4-bases overhangs, 10 ul
10X ligase buffer, 1 gl T4 DNA ligase (400 U/pl, NEB
#202) and water to a final volume of 100 pl. Incubate at
16°C for 12-16 hours.

2) Remove the liquid and wash the wells with 1X NE
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Buffer 4 one or several times.

3) Add 10 pl 10X NE Buffer 4, 4 units FokI (New England
Biolabs, #109) per pg DNA and add water to a final
volume of 100 ul. Incubate at 37°C for 1 hour.

4) Inactivate at 65°C for 20 minutes.

5) EtOH precipitate the DNA molecules from each well in
separate tubes.

6) Dissolve the pellet and add 10 ul 10X ligase buffer,
1 pul T4 DNA ligase (400 U/pul, NEB #202) and water to a
final volume of 100 pl. Incubate with the microarrays at
16°C for 12-16 hours.

7} Stretch out, label and analyse the molecules.

Results

The presence or absence and size of molecules at
particular addresses indicates both sequence information
and its position. Thus if address 1 of microarray 1
contains DNA molecules of 100micrometers, this indicates
that the sequence corresponding to the octamer used
(albeit by 2-step sorting) to bind that molecule is
present at +200kb (e.g. TTTTTTTT). Similar the presence
of 2 differently sized molecules would indicate a repeat
of the particular sequence. The absence of any
molecules at a particular address would indicate the
absence of the sequence complementary to the

immobilizing octamer in the target sequence.

A potential source of erroneous sorting in the above
example is that rough-sorting adaptors may also function
as fine-sorting adaptors. However, this problem can be
avoided by having a cutting site for another restriction
endonuclease in the rough-sorting adaptor which enables
the rough-sorting adaptors to be cut away before
scanning. Although it has not been mentioned in the
above example, it is also important to terminate the end
of the DNA piece that is not attached to the rough-

sorting adaptors. This may, for example, be done by
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used in the above method for stretching DNA molecules,
1-2 million DNA molecules can be stretched on a scanning
surface measuring 1.28x1.28cm. Each of the 256 addresses
will contain approximately 4-8.000 stretched DNA
molecules. As a seguence piece with 8 base pairs will be
repeated every 65,536th base pair, there will be on
average 15 different lengths at each address if the
target sequence is 1Mb (1,000,000/65,536=15.2). Each

“ length will thus be measured 260-520 times on average

(4-8,000/15.2=260-520) .

% Y . DNA sequenci in whic
ta t DN es anchor a _fixed e
point

In this method PNA octamers carrying a linear

B arrangement of magnifying tags (the signal chain) is

_ hybridized to target DNA fixed on a scanning surface
which is then scanned and the position of the region
complementary to the octamers within the target seguence

determined. The general procedure is shown in Figure
! ) 14.

Methods
1) The starting point for the protocol is the anchoring
of target double stranded DNA molecules to a fixed
reference point on a scanning surface as described
herein, for example to an anchoring line that is
perpendicular to the scanning plate.
2) 65,536 permutations of conversion adaptors (ie.
adapters carrying magnifying tags) consisting of a PNA
; octamer attached to a signal chain with a composition
corresponding to the octamer are then added. The signals
may be fluorescence labelled spheres, beads or carry
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other appropriate labels. The PNA molecules are thus
hybridised with the target DNA molecules.

3) The molecules are stretched and their positions
recorded as well as the composition of the signal
chains.

4) Appropriate software is used to reconstruct the

target sequence.

Results

The results are shown in Figure 14. The distance
between the signal chains and the fixed anchoring point
provides information about the location of each sequence
piece in the target sequence.

This method makes it possible to map or sequence extra
long DNA sequences, e.g. genomes, in a mapping or
sequence reaction. The method can be used for optical
mapping alone or for mapping plus seqguencing. It is
important to note that the method makes it possible to
sequence many different target sequences in the same
sequence reaction.

Method (sorting alone)

The method of Example 14 is followed but instead of step
1 the target DNA is cut with DNasel or similar so that
fragments of a few hundred bases are formed. Steps 2 to
8 are performed as described in Example 14. The
scanning surfaces are then washed and the DNA molecules
stretched. An optical mapping procedure or similar is
then carr:~d out. The scanning surface is scanned with
a fluorescent scanner or similar and appropriate

software is used to reconstruct the sequence.



' 1096 HEHE! ()--13 L0YBNBE! () - - 5! Bl #$&( (((}[MP10 10 10

10! Sy109%&' ()-: 3! Sy10%& ()-: 3! Sy10% ()-: 3Sy10%& () -: 3" @6%RIPPE( P27, - { o]
0} 0~0"PB4Q 1 1o 1o 10! Fy- 109%& ()-3! Fy- 10% () - 3Fy-

1098 ()- 37169 () - "3@09%&' ()-~000P16B8C8D8ES} [ M?10 10 10  “I¢ ...

10! " 109%&' () - MB! " 10%m& () - MB! " 1094JU&' () - MB10% & ()- " @0% & () - EBR8Y88: d<=
}[9MP10 101 10%0C& ()-3!° 10%CC& () - 8! BIOUCCE’ () - 3!

109CRORE, () - 3' 10%& () " @O%E () - =772222@QIVA0 11" 10%h h () - NBLO%

Steps 1 to 6 are conducted as for the optical mapping
method above, thereafter;

7) 256 conversion adaptors are added and ligated with
the overhangs formed in step 6). The conversion adaptors
may, for example, have binary signal chains in which the
l-signals are DNA sequences containing many cleavage
sites for a specific restriction enzyme, while the 0-
signals are DNA sequences that do not contain any such
sites.

8) The converted DNA molecules from each well, 1is
transferred to its own scanning surface and an optical
mapping procedure is carried out with the restriction
enzyme that has cutting sites in the 1 signals.

9) The scanning surface is scanned with a fluorescent
scanner or similar and appropriate software is used to

reconstruct the sequence.

xa : ho DNA seguenci bagsed on bi

end conversions and nopo a

It has been shown that an electric field can drive
single-stranded RNA and DNA molecules through ion
channels in a lipid membrane. The passage of the

(-~

molecules can be detected as a transient decrease of
ionic current. It has been shown that it is possible to
discriminate between purines and pyrimidines because of
their size difference. It has therefore been suggested
that the method could be used for high-speed sequencing.
It has however shown difficult to discriminate between
different purines (Adenine or Guanine) and between
different pyrimidines (Cytosine, Thymine or Uracil)
because of their small size differences. In this example
it is shown how this problem can be solved by converting
the target DNA to a binary code consisting of purine/
pyrimidine signals.
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with DNase I or the like and treated to produce blunt
ends.
2) The target DNA molecules are ligated with linkers
containing one or more binding sites for IIS restriction
enzymes (for example FokI).
3)Overhangs are generated in the target DNA by cleavage
with the IIS restriction enzyme.
4) The overhangs are treated with a phosphatase enzyme.
5) The overhangs are ligated with conversion adaptors.
The adapters also contain direction tags to make
software analysis easier.
6) The composition of purines/ pyrimidines is read with
by nanopore analysis. The part of the target DNA that
has not been converted may be used to obtain position
information.
7) An appropriate software program is used to
reconstruct the target sequence. The overhang region
between the conversgion adapter and target DNA can be
compared with the sequence piece information as a proof-

reading mechanismn.

Results
The signal consists of a binary purine/pyrimidine code
where A=purine+purine, C= purine + pyrimidine etc. This

is illustrated in Figure 15,

Example 18: Use of cells in the generation of signals in

gsequencing reactions

This example illustrates the use of cells both to
generate signals and to themselves act as magnifying
tags indicative of a particular base in a sequencing

reaction.
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magnifying tags and their relative signal intensity on
expression is used as an indicator of the relative
position of particular bases in the sequence. The
technique which is used and the results which are
obtained are shown 1n Figure 16.

1) A polymerase extension reaction is performed using
target DNA as template and a sequencing primer that is
attached to a single or double strand with an enhancer
and reporter gene as illustrated in Figure 16. The
sequencing primer is used to bind to a known sequence in
the target DNA indicative of the start of the sequence
which will be sequenced.

2) A polymerase extension is performed with a primer mix
that consists of four different primers. Each primer
consists of universal (U) or random bases (N) except for
the most 3' base that is either A, C, G or T. The
primers are attached to four different reporter genes.
Primers with an A in the most 3' position are attached
to reporter gene A and so forth. The convergion primers
used in this step bind the target DNA at random, except
for the most 3' base which is critical for a successful
polymerase extension.

3) One or more polymerase extension reactions are
performed with primers that are complementary to the 5!
ends of the primers used in step 1 and 2.

4) The converted DNA molecules are
transformed/transfected into suitable cells.

5) The cells are grown under conditions that allow the
reporter genes to be expressed.

6) The expression of the reporter genes are analyzed
with a flow cytometer and suitable software is used to

reconstruct the sequences.

B) In this method signals associated with different

bases are directed to different locations within a cell
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1) The target DNA is fragmented with DNase I or by a

similar technique.

2) 16 base pairs per target DNA molecule are converted

to a signal chain. 4 signals are used indicative of

each of bases A, C, G or T. Each signal consists of a

reporter gene A, C, G or T, linked to a promoter that

will be expressed in a different location for each

signal, ie. for 16 base pairs the signals are directed

to 16 different locations by 16 different promoters.

The location may be a cell or a group of cells in a

multicellular organism. It may also be a location on a

cell (e.g. a part of the outer membrane). The signal

chain is transformed/transfected into the cell that

gives rise to the organism/structure.

3} The cells are grown in conditions that allow the

organism/structure to develop.

4) The distribution of the four different signals in

each organism/structure 1is registered at the different

locations to build up a picture of which base appears at

which position along the sequence used to develop the

signal chain.

Results

A) The signal intensity generated at particular
locations may be examined. This is illustrated in
Figure 16. Since the signal intensity is inversely
proportional to the distance between the enhancer and
the reporter gene, the position of a particular signal
(and hence base) relative to the start base may be
established.

Ideally, to aid distinction between the different
molecules which are created target nucleic acid
molecules are initially sorted according to their

terminal sequence such that the extension products
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differ by more than one base.

Example 19: Method of sequencing by creating sequencing

ladders differing by three magnified bases each

This method describes the formation of a sequencing
ladder in which conversion (ie. magnification) and
reading of the sequence are conducted on the same solid
support. An important point with these procedures is
that in addition to obtaining the base composition of
short areas (6-9 bp or more, in increments of 3 bases)
one also obtains information about their internal
locations on larger DNA molecules (up to several kb).
This is of importance to the reconstruction of the
sequence information and the method can, for example, be
~used to complement sequence information derived through
the previously mentioned alternatives. The principle is
illustrated in Figure 17 for the sequencing of a 9 base

pair long polynucleotide.

Method

1) The DNA sequence that is to be sequenced is amplified
by PCR. One of the primers is labelled with biotin at
one end so that the DNA molecules can be fixed to a
streptavidin substrate. The streptavidin is arranged in
a thin line, so that the DNA molecules are fixed beside
each other in a row.

2) The molecules are treated with DNase I {or similar)
to generate random cuts. (step 1 of Figure 17)

- 3)The cut ends are ligated to a polynucleotide that
contains a binding site for a class II restriction
endonuclease that cuts outside its own binding site (in
this case EarI) (step 2 of Figure 17).

4) Restriction endonuclease is then added to create an
overhang in the polynucleotides (step 3 of Figure 17).
5) Adapters are added that recognize and ligate
specifically to the polynucleotide overhangs (step 4 of
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Figure 17). Thereby, the top polynucleotide with an AGC
overhang is ligated to an adapter with the AGC fragment
combination etc.
6) The DNA molecules are straightened with the aid of
liquid flow, an electric field or similar, so that the
adapters labelled with fluorescence can be read with a
fluorescence scanner.

7) The sequence is reconstructed by aligning the pieces

with the sequence information.

Note that the relative position for each adapter varies

according to where the polynucleotide was cut by DNasel.
In this way, each piece with sequence information can be
given a relative position on the polynucleotide and this

makes it easier to reconstruct the sequence.

Finally, it should be emphasized that reading several
different DNA sequences on the same reading plate
(Figure 17) can increase the reading potential. For
example, with the aid of PCR, one can amplify a larger
number of genes with gene specific primers. Then unique
overhangs are made on the amplified gene sequences. This
can be done, for example, by using extra long primers in
the last cycle and insert cutting sites for restriction
endonucleases that cut seldom, etc. One can thereby
hybridize the genes to a DNA chip where each square
consists of oligonucleotides that are specific for the
various genes. The DNA molecules that correspond to Gene
A will thereby hybridize to Square A, Gene B to Square
B, etc. This method is particularly appropriate for mass
screening of the genomes of individuals when it is
possible to pick out those specific areas in a genome

that are of medical interest etc.

Parallel sequencing of different genes may also be
achieved by amplification using gene specific primers.

Overhangs may then be generated that are specific to
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each gene before the genes are hybridized to the
oligonucleotides on a DNA chip. The DNA chip is
constructed in such a way that the oligonucleotides that
are complementary to the different genes have different
sites. In reality it is possible to create several
thousand different addresses on the same reading plate
so that it is possible to sequence several thousand

genes in parallel.

A further alternative is to obtain positional
information in two dimensions as illustrated in Figure
18.

1) The starting point for the procedure is that the DNA
molecules that are to be sequenced are cut into
molecules of a few kb or longer. Then biotin is
incorporated into the DNA molecules so that there are,
on average, bases with biotin e.g. at intervals of a few
hundred bases (more or fewer depending on what is
required} . The DNA molecules are then fixed with one end
to a plate that is covered with streptavidin. The fixing
mechanism for the ends should be something other than
streptavidin/biotin.

2) The molecules are straightened with the aid of a
liquid flow, an electric field or other means. The DNA
molecules are anchored to the substrate by adding a
reaction solution that creates a biotin-streptavidin
binding.

3) The DNA molecules are then cut with DNasel or other
means before the free ends are ligated to the
preadapters that contain binding sites for type IIS
restriction endonucleases (not shown). By then cutting
with the respective endonuclease, overhangs are produced
that are ligated to adapters with sequence information.
4) An adapter with a fragment combination of ACGT is
then ligated to the ACGT overhang, etc.

5) A liquid flow, electric field or a similar process is

used to straighten the DNA adapters in a 90 degree

10



() - & 5109 ()- 109 ()-; 23 June 2003
§>§1)A<nbiw!%'(12w&'()(-@fL‘gn)'locy&'()-!m' 109&' ()-"s310%& ()-"s310% &'() 8109%&
()-nz| V}[9nbCl "3 1"10%h& ()- '3 1"10%c& ()-

+GLO%& ()-*910%&' ()-! nm'10%& ()-! n 10%&' ()-VuVv710%& ()-&10%& ()- &

8&10%g & ()-f#@O%g&' ()- 10hh 10hh 10hh!3 1"10%h& () -

7dEUV7109%gH8 () - & 10%& () - &10%@& () - &10%;5&'() 810%g&' () - &10%g8&' ()-&z{|}b
CLO%& ()-" F@O%&'() 1OgB&i00g/B - QL @ECIAC. 10 10

10gB0$10%gB&' () - 10%g&

18?\(&00/&9 %ng@%o() h % Olo% Ohe PNvEheaPF JENAC is

$10% & () t& $é0%e)q&e(’1):ea$lﬁ%fo&e( 3 Ahe’ A hin @D % éh (Qhe #- 10% U& () - 77
eF biotin/streptavidin system. When all the DNA molecules
have been anchored to the substrate, the process can be
repeated until the desired number of base pairs has been
converted/magnified. Also note that the relative
distances between the adapters correspond to the
internal distances of the sequence pieces in the DNA
molecule that.is to be sequenced. It should also be
mentioned that it is of course possible to sequence very

many DNA molecules in parallel on one reading plate.

Example 20: Method of seguencing using adapters with

linkers to space the magnified portions awav from the

target molecule

The method described below illustrates one technique in
which more than one cycle of sequencing may be achieved.
In this method, magnifying tags which are created are
attached to a solid support. A linker spacing the tags
from the sequence to which they correspond is
subsequently removed and an adjacent portion of the
target sequence may then be magnified. The procedure is

shown in Figure 19.

Method

1) The DNA molecule that is to be sequenced, ACGTGAGCT
is fixed with one end to a streptavidin-covered plate.
The fixing mechanism should be a mechanism other than
streptavidin/biotin.

2) The DNA molecule is ligated to a polynucleotide that
contains a binding site for a type II restriction
endonuclease with a cutting site outside of the binding
site (e.g. BspMI as shown in Figure 19).

3) 1In the next step the restriction endonuclease is
added and cleavage forms an overhang with bases from the

DNA molecule that is to be sequenced.
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4) A solution with various adapters and ligases is then
added. Figure 19 shows an adapter that has recognized
and bound to the ACGT overhang. In addition to fragments
labelled with fluorescence that correspond to the ACGT
overhang, two or more biotin molecules have been
incorporated on the adapter.

5} The DNA molecule is straightened out with the aid of
a liquid flow or an electric field, and the fragments
may be fixed to the substrate as shown. (The function of
the DNA linker region is to space the fragments away
from the DNA molecule that is being sequenced. This
leaves room for a new adapter in the next step.)

6) Cleavage is performed with Smal and BspMI so that
the DNA link is removed at the same time as a new
overhang is formed consisting of the next four base
pairs on the DNA molecule. This makes it possible to
ligate a new adapter with fluorescence labelled
fragments. The only difference is that this adapter does
not contain a DNA link. The fluorescence labelled
adapter will then be fixed to a new position on the
streptavidin substrate. By using DNA links of different
.lengths, it is possible to perform multiple consecutive

conversion cycles.

Example 21: Use of position markers in sequencing

methods

In this method position markers are associated with the
molecule to be sequenced to assist positioning of the

sequence information which is obtained.

Method

The method which is used is illustrated in Figure 20.
The starting point is a circular target DNA molecule of
eg, 100kb. The molecule contains two sequences marked
with light and dark grey (in Figure 20), that will be

used as position markers.

10
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1) The DNA molecules are methylated with Bst711

methylase.

2) The molecules are linearised with DNasel or similar,
after which an adaptor containing cleavage sites for
Bst711 is added by ligation. {(The cutting sites are
placed so they can be used to make an overhang with the
first four bases in the target DNA molecule. The two 4bp
overhangs will thereby be able to provide information on
a continuous sequence on 8bp.)

3) Cleavage is performed with Bst71I and the fragment
adaptors are added and ligated.

4) The DNA molecules are converted to single-strand form
before being anchored and stretched on a slide by means
of molecular combing, an electric field or similar, at
the same time as hybridising with fluorescent probes
that recognise the fragments and position markers. It
may also be relevant to colour the DNA molecules with
YOYO-1 or similar.

5) The sequence pieces are then scanned using a
fluorescent microscope/ scanner and the distance to the
probes that have attached to the position markers is
then measured. This allows an approximate position to be
assigned to each sequence piece of 8bp on the DNA

molecule to be sequenced.

Example 22: Method of sequencing involving sorting

followed by magnification

In this method fragments are sorted on a solid support
by virtue of their terminal 4 bases after which the end
terminal of the molecule is attached to the solid
support. The adjacent 4 bases may then be assessed by
magnification. An example of this method is shown in

Figure 21.

Method
A DNA chip is used which is divided into 256 addresses.
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Each address contains sorting adaptors, an overhang, a

binding site for a class IIS restriction endonuclease
and a binding site for a restriction endonuclease that
makes a blunt end cut. The overhangs vary from address
to address so that address 1 has sorting adaptors with
an AAAA overhang, address 2 has an AAAC overhang etc. In
addition all the addresses are covered with a molecule

with binding properties, e.g. streptavidin.

1) The sorting starts by cutting the target DNA into
pieces and treating the ends of the DNA pieces to form a
4-base overhang.

2) The fragments are introduced to the solid support
carrying the sorting adaptors to which they are ligated.
DNA pieces with a TTTT overhang will ligate to address 1
in which the sorting adaptors have the complementary
overhang AAAA, DNA pieces with a GTTT overhang will
ligate to address 2 etc.

3) The other overhang on the DNA piece is treated so
that the end can be anchored to the underlay. For
example this may be achieved by a Klenow fill-in
reaction to label the end with biotin, ligate the ends
with biotin-labelled universal adaptors etc.

4) Cleavage with IIS and blunt end enzyme is performed
(in this case illustrated with FokI and Dral). In this
way a new overhang is obtained in the DNA piece that
represents the next four bases.

S) Conversion adaptors are added to convert these bases
into a signal chain.

6¢) The DNA molecules are stretched and scanned using
e.g. a fluorescent scanner. The position of one end of
the DNA molecule provides us with information about four
bases, and the signal chain at the other end provides

information about the next four.
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Example 23: Method for preparing target molecules for

mapping procedures, profile analysis and the like

The principle behind this protocol is to digest the
target DNA with one or several nucleases that,
preferentially, make cuts outside its own recognition
sequence, for example IIS enzymes, but other kinds of
nucleases may also be used., e.g. to generate overhangs
ranging from -5 to +5. The overhangs are then ligated
with signal chains consisting of one part containing
sequence information and one part containing information
about the nature of the overhang (i.e. which restriction
enzyme that has made the overhang). Each of the
digested molecules are thereby converted into signatures
differing by the signal compositions at their ends and
the length between the ends. By aligning ends with
complementary sequences (e.g. alignment of one or more
of the magnifying tags associated with the complementary
overhangs created on digestion) it is possible to use
the information to make a restriction map. The
signatures may also be used to identify target sequences
in a heterogeneous DNA population. The principle using

FokI is shown in Figure 22.

If we want to map FokI sites in a target DNA that is a
100kb BAC clone dissolved in water we can use the

following protocol:

1) Add 1 unit of FokI (New England Biolabs #109), 2.5 ul
10XNE Buffer 4, 1 pg BAC DNA and water to a final volume
of 25 ul

2) Incubate at 37°C for 1h.

3) Heat inactivation at 65°C for 20min.

4) Precipitate the DNA with EtOH.

5) Dissolve the pellet in water and add Phosphatase
treated conversion adapters (the molar ratio between the

conversion adapters and target DNA should be at least
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50:1) 200 units T4 DNA ligase (New England Biolabs
#202), 2.5 pul 10X T4 DNA ligase reaction buffer. Final
volume: 25 pul.

6) Incubate at 16°C for 4-16h.

It is now possible to perform the analysis. It may
however be preferable to perform a procedure to remove

unligated adapters. For example;

7) Add 1.5-2 x 10° Dynabeads M-280 Streptavidin (Dynal
#112.05 or #112.06) coated with adapters containing all
permutations with 5', 4 bases overhangs, 2000 units T4
DNA ligase (New England Biolabs #202), 22.5 pul 10X T4
DNA ligase reaction buffer and water to a final volume
of 250 ull.

8) Incubate at 16°C for 4-16h.

9) Precipitate the beads with a magnet as explained in
"Biomagnetic Techniques in Molecular Biology", 3rd
edition (distributed by Dynal AS, Norway) and remove the
supernatant.

10) Precipitate the DNA molecules in the supernatant
with EtOH.

11) Dissolve the DNA molecules in an appropriate

solution and volume.

The conversion adapters used in this protocol may
represent all 256 permutations of overhangs, only a
subset of the 256 overhangs or overhangs with one or
more degenerate bases. If the molecules are going to be
analyéed with an optical mapping strategy the signals
may for example consist of 0-signals that are free of
EcoRI sites and 1-signals containing a huge number of

EcoRI sites.

The above procedure may also be repeated one or more
times with other sets of restriction enzymes and signal

chains before the molecules are analysed. It must
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however, be pointed out that the signal chains ligated
with the overhangs generated in the first round must be
protected from digestion of the enzymes used in the
second round. This may be accomplished by using signal
chains free of binding sites for the restriction enzymes

used in the second round, methylating the sites, etc.

The procedure may also be performed in connection with a
sorting procedure or other procedures that increase the

sequence-length obtained in each end.

Restriction site positions within a target sequence may
be determined by determining which restriction sites
flank a particular restriction site partly by
identifying the restriction site that is present at the
other end of the resultant fragments of target DNA and
partly by identifying other target fragments containing
a complementary overhang and the restriction sites to
which these fragments are linked. It is not necessary
to determine the length of each fragment since the
position can be determined quite precisely by the use of

sufficient restriction enzymes.

This method has several important, advantageous features

compared with conventional methods for optical mapping:

1) The resolution is much better: It is possible to
distinguish between restriction sites separated by only
a few base pairs while conventional techniques require
at least a few hundred base pairs.

2) It is easier to make restriction maps with multiple
restriction enzymes.

3) The statistical problems with the reconstruction is
greatly reduced since the alignments are based upon the
composition of signal-chains rather than uncertain
measurements of DNA lengths between restriction sites

that are only partially cut.
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creates. This is advantageous compared with
conventional genomic maps made with rare cleavage

enzymes (8 bases).
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Claims

1. A method of magnifying a signal associated with one
or more nucleotide bases of a nucleotide sequence in a
target nucleic acid molecule comprising the steps of:

(A) treating said target nucleic acid molecule so
that at least a region of said target nucleic acid
molecule is converted into a form suitable for binding an
adapter molecule (adapter binding region);
wherein said adapter molecule comprises:

(1)one or more magnifying tags, or

(ii) a means for attaching one or more of said

magnifying tags to said adapter binding region

wherein said magnifying tag(s) are characteristic
for: (a) one or more nucleotide bases of the adapter
binding region or (b) one or more nucleotide bases
adjacent to the adapter binding region or (c) one or
more nucleotide bases which overlap the adapter
binding region;

(B) binding said adapter molecule to at least a
portion of said adapter binding region created in step
(A) to form a nucleic acid molecule:adapter molecule
complex;

(C) optionally, ligating said target nucleic acid
molecule to said adapter molecule such that at least said
magnifying tag(s) remain associated with said target
nucleic acid molecule and form a ligated nucleic acid
molecule:adapter molecule complex;

(D) treating the resulting complex of step (B) or
the resulting complex of step (C) so that at least
another region of said target nucleic acid molecule is
converted into a form suitable for binding another
adapter molecule, wherein said another region comprises
one or more nucleotide bases which are not associated
with the magnifying tags of step b): and thereafter
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(E) repeating steps (B) to (D), with the proviso
that the adapter molecule in each cycle of steps (B) to
(C) binds to a region adjacent to a region of said target
nucleic acid molecule to which the adapter molecule of a
previous cycle bound, or the adapter molecule in each
cycle of steps (B) to (C) binds to a region which
overlaps with a region of said target nucleic acid
molecule to which the adapter molecule of a previous
cycle bound, and wherein the magnifying tags of each
cycle of steps (A) to (C) are ligated together,
to thereby magnify said signal.

2. The method as claimed in claim 1, wherein in step
(A), said form is a single-stranded nucleic acid
molecule.

3. The method as claimed in claim 1, wherein said

magnifying tag(s) characterise one or more nucleotide
bases of said adapter binding region.

4, The method as claimed in claim 1, wherein each
magnifying tag is characteristic for at least two
nucleotide bases in said adapter binding region or to at
least 2 nucleotide bases adjacent to said adapter binding
region.
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. The method as claimed in claim 1, wherein said

magnlfylng tags together characterise at least two
nucleotide bases in said adapter binding region or to at
least 2 nucleotide bases adjacent to said adapter binding
region.

6. The method as c¢laimed in claim 5, wherein said
magnifying tags together characterise at least 4
nucleotide bases in said adapter binding region or to at
least 4 nucleotide bases adjacent to said adapter binding
region.

7. The method as claimed in claim 1, wherein a chain of
magnifying tags are associated with said target nucleic
acid molecule.

8. The method as claimed in claim 7, wherein said chain
comprises 4 or more magnifying tags characteristic for at
least 4 contiguous nucleotide bases.

9. The method as claimed in claim 1, wherein said
magnifying tags are nucleic acid sequences of at least 2
nucleotide bases in length.

10. The method as claimed in claim 9, wherein said
magnifying tags are nucleic acid sequences of 10 to 30
nucleotide bases in length.

11. The method as claimed in claim 1, wherein said
adapter molecule comprises a recognition site for a
nuclease, which has a cleavage site separate from its
recognition site.
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12. The method as claimed in claim 1, wherein said
adapter molecule comprises recognition sites for 2 or
more nucleases, which have cleavage sites separate from
their respective recognition sites, wherein cleavage with
said nucleases produces single stranded regions which are
adjacent or overlapping.

13. The method as claimed in claim 1, wherein two or
more adapter molecules are bound in step (B).

14. The method as claimed in claim 13, wherein said
adapter molecules are bound to overlapping or adjacent
regions.

15. The method as claimed in claim 14, wherein said
adapter molecules are bound to overlapping regions
thereby allowing the association of more than one
magnifying tag with each nucleotide base.

10"
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16. The method as claimed in claim 1, wherein step (C)
is performed.

17. The method as claimed in claim 1, further comprising
the step of:

(F) sequencing the target nucleic acid molecule by
identifying the magnifying tags associated with the
target nucleic acid molecule.

18. The method as claimed in claim 17, wherein 2 or more
nucleotide bases are sequenced per cycle.

19. The method as claimed in claim 18, wherein 4 or more
nucleotide bases are sequenced per cycle.

20. The method as claimed in claim 17, wherein the
signal associated with each nucleotide base is magnified
by increasing the number of times that said nucleotide
base appears in said sequence.

21. The method as claimed in claim 17, wherein the
resulting magnified signal is converted into readable
signals and said sequencing is carried out by assessing
the readable signals.

22. The method as claimed in claim 21, wherein each
readable signal comprises a pattern made up of a single
signal event which creates a unique signal on each
magnifying tag.
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23. A method of sequencing all or part of a target
nucleic acid molecule comprising at least the steps of:
(A) determining the sequence of a portion of said target
nucleic acid molecule;

(B) determining the position of said portion within said
target nucleic acid molecule; and

(C) combining the information obtained in steps (A) and
(B)
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to obtain the sequence of all or part of said target

nucleic acid molecule.

24. The method as claimed in claim
position is determined by reference
marker.

25. The method as claimed in claim
position is determined by reference

23, wherein said
to a positional

23, wherein said
to a restriction map

of said target nucleic acid molecule,

26. The method as claimed in claim
portion which is sequenced has 4 or
and/or the position of said portion
nucleic acid molecule is determined
less than 1 kb.

27. The method as claimed in claim
portion is sequenced by identifying

23, wherein the

more nucleotide bases
within said target
with an accuracy of

23, wherein said
magnifying tags

associated with the target nucleic acid molecule, wherein

said magnifying tags correspond to one or more nucleotide

bases of an adapter binding region or to one or ore
nucleotide bases in proximity to an adapter binding
region, wherein said adapter binding region binds an
adapter molecule which comprises:
(i) one or more of said magnifying tags, or
(ii) a means for attaching one or more of said
magnifying tags.

28. The method as claimed in claim 23, wherein the
sequence of the target nucleic
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acid molecule is determined by assessing the
complementarity of a portion of said target nucleic acid
molecule by a process comprising the steps of:

(i) treating said target nucleic acid molecule so
that at least a region of said target nucleic acid
molecule is converted into a form suitable for binding a
complementary probe, wherein said complementary probe is
bound to a solid support or said complementary probe
carries a means for attaching to a solid support;

(ii) binding said complementary probe to at least a
portion of said region suitable for binding a
complementary probe;

(iii) optionally repeating steps (i) and (ii), with
the proviso that said complementary probe binds to an
adjacent or overlapping region of said target nucleic
acid molecule relative to the region to
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which the complementary probe of the previous cycle
bound; and

(iv) determining the sequence of said target nucleic
acid molecule by identifying the complementary probe(s)
to which said target nucleic acid molecule bound.

29. The method as claimed in claim 28, wherein in step
(i) said form is a single-stranded nucleic acid molecule.

30. The method as claimed in claim 28, wherein in step
(ii) said portion is 4 to 12 nucleotide bases in length.

31. The method as claimed in claim 28, wherein a portion
of said sequence is determined by identifying magnifying
tags associated with the target nucleic acid molecule,
wherein said magnifying tags are characteristic for one
or more bases of an adapter binding region or to one or
more nucleotide bases in proximity to an adapter binding
region, wherein said adapter binding region binds an
adapter molecule which comprises:

(1) one or more of said magnifying tags, or

(1i) a means for attaching one or more of said

magnifying tags; and
an adjacent or overlapping portion of said sequence is
determined by a process comprising the steps of:

(i) treating said target nucleic acid molecule so
that a region of said target nucleic acid molecule is
converted into a form suitable for binding a
complementary probe, wherein said complementary probe is
bound to a solid support or said complementary probe
carries a means for attaching to a solid support;
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(ii) binding said complementary probe to at least a
portion of said region suitable for binding a
complementary probe;

(iii) optionally repeating steps (i) and (ii), with
the proviso that said complementary probe binds to an
adjacent or overlapping region of said target nucleic
acid molecule relative to the region to which the
complementary probe of the previous cycle bound; and

(iv) determining the sequence of said target nucleic
acid molecule by identifying the complementary probe (s)
to which said target nucleic acid molecule bound.

32. The method as claimed in claim 1, wherein said
method is performed on a sample comprising a
heterogeneous mixture of target nucleic acid molecules.

33. The method as claimed in claim 17, wherein said
method is performed on a sample comprising a
heterogeneous mixture of target nucleic acid molcules.

34. The method as claimed in claim 23, wherein said
method is performed on a sample comprising a
heterogeneous mixture of target nucleic acid molcules.

35. A method of producing a map of a target nucleic acid
molecule comprising the steps of:

(A) obtaining sequence information on portions of a
target nucleic acid molecule by cleaving said target
nucleic acid molecule with one or more nucleases
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and
(B) binding an adapter molecule to a region of said
target nucleic acid molecule, wherein said adapter
molecule comprises one or more magnifying tags as as
claimed in claim 1,
wherein each tag comprises:
(1) a first signalling moiety which corresponds to
one or more nucleotide bases of said region to which
said adapter molecule binds, and
(ii) a second signalling moiety which corresponds to
a nuclease used for cleavage,
wherein said portions
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comprise all or part of the cleavage sites of said
nucleases and/or all or part of the restriction sites of
said nucleases; and

(C) determining the position of said portions within
said target nucleic acid molecule so as to produce a map
of the target nucleic acid molecule.

36. The method as claimed in claim 35, wherein said
nuclease has a cleavage site which is separate from its
recognition site.

37. The method as claimed in claim 35, wherein said
cleaving produces complementary single-stranded regions.



